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The Epstein-Barr virus (EBV) is 
associated with three human diseases: 
infectious mononucleosis (IN), 
Burkitt's lymphoma (BL), and naso-
pharyngeal carcinoma (NEC) • the latter 
two being malignant. When considered 
on a world basis, these three diseases 
have a different distribution and are 
to a certain extent mutually exclu-
sive. 

The restricted geographical dis-
tribution of BL (Burkitt, 1962) 
suggests the intervention of an envi-
ronmental factor, whereas the epidem-
iological characteristics of NEC 
suggest €;enetic factors (ii, 1972; 
de-Thé, 1972). The prevalence of II 
in upper socio-economic groups in 
temperate zones reflects a delayed 
primary infection by EBV, as compared 
to early childhood infection in most 
parts of the tropical zones, where 
Paul Bunnell positive IM syndrome is 
very rare, if not absent. 

The first question is: what is 
the relation between the epidemio-
logical characteristics of EBV and 
the distribution of the three EBV-
associated diseases? Knowledge of the 
epidemiological behaviour of EBV in 
populations at risk to a varying 
degree is essential if a testable 
hypothesis regarding the nature of the 
association (causative or non-
causative) between EBV and these di-
seases is to be proposed, and also 
for an understanding of the patho-
genesis of such an association, and is 
a prerequisite to proposals for any 
type of control of EBV infection; such 
control might be the only way of es-
tablishing the role of this virus in 
human malignancies. 

Antibodies to EBV have been found 
in every population tested so far in 
Africa, America, Asia, Australia, 
Europe (Deinhardt et al., 1969), and 
even the North Pole (Tischendorf et 
a1., 1970). Sотe Indian tribes in the 

remote plateau of Natto Crosso in 
Brazil, in whom measles, mumps aid 
respiratory virus antibodies were 
practically absent, showed EBV anti-
bodies (Black et al., 1970). 

Whereas, in tropical countries, 
children are infected very early in 
life (Kafuko et al., 1972), the hygiene 
conditions prevailing in developed 
countries appear to influence the age 
of primary infection, since up to 40 or 
50% of the adolescents entering some 
colleges in the USA have no detectable 
antibody to BBц  (Wahren et al., 1970; 
Evans, 1974). 

We present here a preliminary 
analysis of an epidemiological study on 
EBV carried out in different populations 
and conducted in collaboration with a 
number of institutions in Hong Kong, 
Singapore, Uganda and France. This 
will mainly be concerned with the si-
tuation in 5ingapore and Uganda. Data 
from Hong Kong are not yet complete; 
detailed reports now in preparation 
will cover all the areas and ethnic 
groups studied. The situation in 
Singapore 1s unique in as much as three 
different ethnic groups are represented 
there: Chinese, :4alауs and Indians, 
with pronounced differences in NPC 
risk (very high, medium and nil, respec-
tively). Because these ethnic groups 
live in similar environments, the dif-
ferences between them in the charac-
teristics of EBV infection and immune 
response should improve our understan-
ding of the relationship between ESV 
and NEC. 

NATERIALS AND METHODS 

Population samples were taken in 
Hong Kong, Singapore, the West Nile 
District of Uganda, and the city of 
Nancy in France. In Singapore, a new 
housing development was chosen with a 
population of some 150 000. Census 
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lists were used to obtain a random 
sample of households, and all family 
members were included. The sample was 
selected to ensure equal numbers of 
Chinese and Indians. А  similar proce-
dure was used iп  Hong Kong. In 
Uganda, in the ongoing prospective BL 
study (дe-Thë & Caser, 1973), which 
involves 35 000 children aged 2-5 from 
а  population of 160 000 inhabitants, 
a census of the population had been 
made, and from this census eight 
families were chosen at random, the 
nearest 75 neighbouring families of 
each of these eight forming the sample 
In Nancy, the 'Centre de Mëdeсine 
Préveпtivе" sees a sample of families 
on a routine basis, half volunteers, 
half randomly selected. 

The main interest of the present 
study lies in the comparison of two 
апtј-SBц  antibody activities against 
the viral capsid antigen (VCA) and 
soluble complement-fixing antigen 
(CF/s). The number of sera titrated 
for antibodies to the EBV VCA and to 
the CF/s from each area is given in 

Table L The CF/s titres of sera from 
Hong Kong having not yet been deter-
mined, the preliminary analysis pre-
sented here does not discuss these 
sera in detail. 

Testing procedures included the 
manipulation of all sera by only one 
laboratory, and the mixing of sera from 
each area for each testing experiment, 
so as to reduce as far as possible the 
variability in the titres observed as 
between different antigen batches and 
different laboratories (Geser et a1., 
1974). The VCA titration was carried 
out according to Henle & 1fеnle (1966), 
using Jijoye cell line having approx-
imately 5% immunofluorescent cells at 
the time of harvest. Series of 400-600 
sera were tested with every antigen 
batch. Titration for CF/s antibodies 
was carried out using a soluble antigen 
prepared from the NC-37 cell line as 
the source of antigen (Vonka et ai., 
1970), except for sera from Nancy, 
France, where the QI1R/WIL cell line 
was used as the source of soluble antigen 
(Sohier & de-Thé, 1972; de-Thd et al., 
1973). 

Table 1. Epidemiology of EBV in various populations: number of sera tested 

Place of origin and ethnic group Number of sera 
tested for VCA 

Number of sera 
tested for CF/S 

Total 

Hong Kong (Chinese) 888 - 888 

Singapore (Chinese) 956 676 1 	632 

Singapore (Indians) 716 304 1 	020 

Singapore (Malays) 251 170 421 

East Africa - Uganda, West 
Nile District (Sudanic 	tribes) 764 357 1 	121 

Nancy (Caucasians) 2 	182 609 2 	791 

Total 	 5 757 	 2 116 	 7 873 
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RESULТS 

Prevalence of VCA antibodies accor'di-ng 
to age and ethnie дrоир  

The age-specific prevalence of 
VCA antibodies in the four ethnic 
groups studied is shown in Fig. 1. Up 
to five years of age, large differ-
ences in the percentage of individuals 
with antibodies against VCA were ob-
served between the four groups. As an 
example, 97% of the Ugandan children 
aged two to three years were found to 
be VCA-positive, whereas the same age-
group in Singapore showed only 20% of 
the Chinese and 37% of the Indians to 
be positive. These large differences 
tapered off progressively in older 

age-groups. All Ugandan children 
aged three to five years (151 were 
tested) were found to be VCA-positive. 
During that period, the Chinese 
children in Singapore experienced a 
moderate rate of infection with per-
centages of VCA-positive reaching 65% 
in the fifth year of life. The Indian 
children appeared to be exposed to a 
higher risk of infection, with a pro-
portion of VCA-positive children of 
72% between three and four years of 
age, and reaching nearly 90% at five 
years. In Hong Kong, the infection 
rate in the one-to-four-years age-
group appears higher than that in 
Chinese 5ingaporians, and a higher 
proportion of VCA-positives in females 

FIG. 1. AGE-SPECIFIC PREVALENCE 0F VCA ANTIBODIES IN FOUR POPULATIONS 
(BOTH SEКES) 
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as compared to males was fir.rncl in groups concerned are shown in Fig. 2. 
both areas. High VСA GMT were observed in individ- 

In Uganda, an unexpected dесliпе  uals in the four populations. 

in the percentage of VCA-positive The most dramatic situation concerns 
individuals was observed. 	As will be the Ugandans, who exhibited a very high 
seen from Table 2, none of the 151 humoral response to VCA early in life, 
sera from children aged three to five with a GMT reaching 42% in the one-to- 
was found to be negative, whereas in two-years age-group. 	After this high 
the age-groups 5-9 and li-14 years, peak, the VCA titres of Ugandan chil- 
1% and 5% respectively were found to dren sharply and steadily decreased to 
be VCA-negative. 	This phenomenon was a GMT of 61 at ten years of age, this 
more pronounced ип  males than in level being maintained up to the age 
females, and was not observed to the of 65. 
same extent in any other population 

Singaporian Indians showed a very 
studied 	(5оhier et al., 	1974)e 

different pattern of immune response 

Geometric mean titres iGМТ} of цCА  to VCA. 	As seen in Fig. 2, the VCA 

antibodies in various age and ethnic GЛIT were relatively high and stable 

aantibo 
 

from 2 to 52 years of age, varying 
around 15i (the value for all ages 

The CMT of the VСA antibodies of taken together being 154,9). 
seropositive sera in the four ethnic 

ТаЬ1 е  2. Oistribution of viral capsid antigen (404) titres in 290399 

А9е 	OCA titre (both sexes) 	 Total Total 	2 	2 	GMT of Stan- 	GMf 	Stan- 

xli 10 20 40 80 160 320 640 1280 >2560 Posi- 
	 Naga- High 	sera dard all 	dard 

ttves 	 hives titres a 	error0 sera 	errurСХ  
(<10) 	(a640 

7лопL'па : 

0-5 8 - 1 - 2 - 1 - - - 4 12 67 0 67.3 0.7 11.9 0.6 

6-11 16 - - 3 1 2 l - - - 7 23 70 0 84.1 0.5 11.8 0.4 

12-23 7 - - 1 1 4 8 11 4 2 31 38 18 39 423.2 0.3 150.8 0.5 

04-35 2 - 1 3 13 ii 16 9 7 4 64 06 3 24 249.4 0.2 221.6 0.2 

35-47 - - 2 12 13 23 13 13 11 1 88 88 0 27 196.4 0.2 196.4 0.2 

48-59 - - 3 8 12 14 15 4 4 1 63 93 0 13 149.8 0.2 149.8 0.2 

5-9 1 7 10 21 41 44 36 11 13 5 109 190 1 13 134.2 9.1 131-9 0.1 

10-14 3 3 4 18 14 7 6 1 - - 53 56 5 2 61.6 0.2 53.8 0.2 

15-19 1 2 2 7 5 7 3 - - - 26 27 4 9 64.6 0.3 58.8 0.3 

20-24 2 4 1 10 7 6 2 2 2 - 34 36 6 11 74.5 0.3 64.1 0.3 

25-29 1 1 5 9 8 7 4 - - - 34 35 3 0 62.6 0.2 58.3 0.3 

30-34 3 1 2 7 10 8 1 2 - - 31 34 9 6 77.4 0.2 50.8 0.3 

35-39 1 4 4 6 8 4 4 - - - 30 31 3 0 54.6 0.3 50.6 0.3 

40-44 1 1 2 2 2 6 2 - - - 15 16 6 0 78.2 0.4 65 8 0.4 

46-54 2 2 3 8 4 5 7 - - - 29 31 6 0 71.8 0.3 60.5 0.3 

55-64 - 1 2 2 3 1 3 - - - 12 12 t 0 59.2 0.5 69.2 6.5 

65+ 1 - - 1 1 - 2 1 - - 5 6 17 17 183.8 0.7 190.8 1.1 

Total: 

No. 49 26 42 118 l45 151 124 54 41 14 
715 764 6 12 1211 0.1 98.7 0.1 

4 6 3 5.5 15 19 26 iS 7 5 2 

~ 1п  dilution 
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FIG. 2. AGE-SPECIFIC GEOMETRIC MEAN ТIТRES OF VCA ANTIBODIES IN FOUR 
POPULAТIONS (BOTH SEКES) 

423 

GMT ~•~~w24~ 	 717 

Siпgaporiаn Chinese showed peak 
velues of VCА  titres in the three-to-
nine-years age-group (GMT of 120-
140) . Later in life., the level of 
цСА  GMT decreases to 80 and then rises 
again around 40 years of age (the 
value for ai age groups taken to-
gether was 95). lie values for Hong 
Kong, to be reported in detail later, 
are similar to those for Chinese 
Singaporians. 

Caucasians in Nancy showed cuite 
a stable immune response to ❑СА  with 
the CMT fluctuating around 90-95 in 
all age-groups observed. 

Comparison between GMT in males 
and females in all age and ethnic 

groups showed that, in general, 
females respond more to VСА  antigen(s) 
than males. 

Prevalence of СУ/P antibodies 
according to age and ethnic group 

The data on the proportion of 
individuals with CF antibodies against 
EBV soluble antigen in the various age 
and ethnic groups are shown in Fig. 3. 
Ugandans develop CF antibodies earlier 
than any other group, since more than 
60E of babies aged one to two have 
СГ/S antibodies, and by the age of 
three to four years, 94% are CF/S-
positive. The proportion of positive 
sera for CF/s antibodies decreases 
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FIG. 3. AGE-SPEСIFIC PREVALENCE OF СF/5 ANTIBODIES IN FOUR POPULATIONS 
(BOTH SEXES) 

L'1 positive 

25 	25 	35 95 55 b`•+ 

thereafter to 75% апд  remains around 
this level up to 45 years of age, 
when the proportion decreases again 
to 50%. 

Chinese 5ingaporians are next with 
regard to the prevalence of CF/5 
antibodies. Bétween two and five 
years of age, hpproximately 50% of 
the children have CF/S antibodies. 
The proportion then increases to 70% 
by ten years, and subsequently fluс--
tuates around 70-80% up to 65 years 
of age. 

Indian 5ingaporians have a slight-
ly lower prevalence of CF/S anti-
bodies than Chinese, with only 30-40% 
having antibodies up to five years of 

age, 50% at ten years, and the level 
then remaining stable up to 55 years 
of age. 

Caucasians are quite stable, with 
50% of individuals having CF/S anti-
bodies in all age-groups, starting 
at five years. 

Geometr2c neuf titres (GMT) of CF/s 
antibodies in various age and ethnic 
groups 

The age-specific GiT for CF/5 
antibodies of the positive sera in 
the four ethnic groups are shown in 
Fig. 4. Again, the Fgandans show a 
peculiar pattern: between one and 
four years of age, more than one-third 
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FIG. 4 
	

RGE-SPECIFIC GEOMETRIC MEAN TITRES OF СF/5 RNTI80DIES IN FOUR 
POPUEATIONS (BOTH SEXES) 

SIT 

25 

1 	2 	3 	4 	5 

Age 

20 	2~5 	35 45 55 65; 

of the children have CF/S titres 
greater than or equal to 160, with 
the GMT reaching 100 in the 2-3 years 
age-group. The level of inmiune res-
ponse to СF/S decreases sharply there-
after, and in the five-to-nine-years 
age-group, the CF/5 CMT decreases to 
50, remaining at that level until 40 
years of age. 

Chinese 5ingaporians also respond 
well to the soluble antigen, although 
later in lite and at a lower level 
than Uganclans. Between five and nine 
years of age, 27% of the sera had a 
titre of ?160, with the CMT at 70. 
Later on, the number of high titres 

decreased as well as the OIT, which 
fluctuated around 40. 

In contrast, Indians responded 
poorly to the soluble antigen. Bet-
ween five and nine years of age, 9% 
of the sera had a titre ?lб0, with 
the GMT at 45.6. The GMT of the older 
age groups fluctuated around 35. 

Caucasians' CF/S titres are diffi-
cult to compare with the above data, 
since sera were not titrated beyond 
1:64, using a different cell line as 
source of antigen. However, the 
distribution of titres seems to be 
quite similar to that observed in 
Indians. 
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Differences exist between sexes 
in the humoral response to the solu-
bic antigen. These are most apparent 
in Uganda, where boys under seven 
years- of age appear to react signif-
icantly more than girls to the S 
antigen. The Chinese show a similar 
trend, though in a milder way and 
later in life. 

DISCUSSION 

The historical development of 
reseaгch in poliomyelitis provides an 
example of the unique value of sen -
epidemiology ип  understanding the 
pathogenesis and achieving the control 
of virus-induced disease (Paul, 1973). 
The development of the Lansing, 
mouse-adapted, strain of polio virus 
allowed the age-specific prevalence of 
antibodies in various parts of the 
world to be established, indicating 
that countries with warm climates and 
poor socio-economic conditions suf-
fered earlier and higher rates of 
infection than countries having tem-
perate climates and developed econ-
ouiies. The contrasting epidemiolog--
iсаl distribution of the paralytic 
disease and of early infection by the 
polio virus led to the understanding 
of the pathogenesis of poliomyelitis. 

In a similar way, much of the 
distribution of infectious mono-
nucleosis (lI) in different рориlа-
tioпs can be explained by the distri-
butioii of age at first infection with 
EBV in populations at risk. When EBV 
primary infection takes place early 
in life and is holoendemic, there is 
no "susceptible" population available 
in the 15-25-year age-group for IM 
syndromes to occur in. 

The relationship between a malig-
nant disease and viral infection is 
unlikely to be as simple as the 
relationship between poliomyelitis 
and such infection. Nevertheless, it  

is instructive to examine the extent 
to which the serological results des-
cribed in the previous sections can be 
related to the epidemiology of BL or 
NPC, and whether testable hypotheses 
can be rejected or others suggested. 

E'urkitt's Zyмр7wraa 

The main epidemiological features 
of Burkitt° s lymphoma are: (1) the 
age distribution of the tumour, rising 
from a very low incidence below the 
age of tour to a peak at ages 5, 6 and 
7, then falling rapidly, with few cases 
over age 10; (2) the sex difference, 
with a preponderance of males (2.5:1); 
(3) the geographical distribution, the 
high-incidence areas coinciding with 
areas of holoendemic malaria; and 
(4) the clustering phenomena, including 
both the space-time clustering and the 
seasonal effect (Williams at a1., 1974). 
This last aspect strongly suggests a 
short interval (6-18 months) between 
some necessary triggering environmental 
factor and the clinical development 
of BL. 

The following comments can be made 
with regard to the sero-epidemiological 
behaviour of EBV in the communities 
studied, 

The environmental load of EBV in 
the pre-BL age group (0-3 years) is 
far higher in Uganda than in any of the 
other environments considered in the 
present study. All children aged 
three to five tested in Uganda were 
found to be infected, whereas in 
Singapore 20-50% of children of the 
same age had not been exposed. It is 
unlikely that this greater load of 
microbiological infection is restric-
ted to ЕБУ. 

The high humoral response to both 
VCA and CF/s antigen in Ugandan 
children around three years of age is 
probably related to early primary 
infection, occurring in infants whose 
reticulo-epithelial system is 
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immature, thus allowing a heavier arid 
more prolonged viral multiplication 
to take place and leading to massive 
production 0f antigen. The efféct of 
early infection on cell-mediated 
response to EBV is unknown but is 
probably important. 

During the period of peak IL 
incidence and thereafter, an appre-
ciable proportion of African children, 
especially boys, have undetectable 
levels of VСA antibodies. A similar 
phenomenon was observed by Kafuko et 
al. in 1972, during a health survey 
of the same population of the West 
Nile. A cohort phenomenon due to 
epidemics of EBV infection was pro-
posed as one alternative to explain 
such a phenomenon. The fact that the 
same phenomenon, involving the same 
age-groups, was observed a few years 
later makes a cohort effect very 
unlikely. 

During the follow-up of the popu-
lation surveyed in the prospective 
EL project (de-The & Geser, 1973), 
regular rebleeding of some randomly 
selected groups is being carried out. 
In this follow-up study, four chil-
dren out of 446 individuals have 
showed a decrease in цСA antibodies 
over the 10-15 month period from 
titres at 40-80 to I0, and for two 
children to undetectable levels. This 
loss of detectable VCA antibodies can 
result either from the formation of 
antigen-antibody complexes or from a 
severe immune impairment. Early and 
massive primary viral infections are 
known to lead to persistent infection, 
allowing immune complexes to be 
formed. 

In this context, it is important 
to remember that most cases of sub-
acute sclerosing panencephalitis 
(ssPE) are seen in individuals infec-
ted early in life by measles virus, 
and that persistent viral infection 
and impaired cell-mediated immunity  

(CMI) appear to be critical for 
disease development (Brody & Detels, 
1973). 

Impairment of the immune defence 
mechanisms, possibly due to malaria, 
may lead in part to depression of 
humoral immunity. Detection and 
titration of antibodies to other 
viruses and parasites, such as cyto-
megalovirus and malaria, will indicate 
whether the lack of antibody is res-
tricted to EBV. 

In view of the probable short 
latent period of BL, and because a 
100% prevalence of EBV was observed 
between 3 and 5 years of age in 
Uganda, it is unlikely that BL could 
follow shortly (6-12 months) after 
primary LBV infection, as is the case 
fir infectious mononucleosis. The 
oncogenic potential of EBV, if it is 
to be expressed, may need to be en-
hanced by other factors. Reactivation 
is one of the characteristic properties 
of herpesviruses, and more research is 
needed on EBV reactivation; this may 
help to solve the problem. 

Nasopharyngeal carcinoma 

Two aspects of the epidemiology 
of NPC are relevant here. The first 
is the age distribution of the disease: 
among Chinese populations there is an 
incidence peak in the 45-54 age group 
arid then a fall; in the intermediate 
risk areas (North and East Africa), 
there is a second peak between 10 and 
20 years of age. This behaviour would 
suggest that exposures to environmental 
factors during teenage life, or per-
haps earlier, are important in the 
etiology of NPC. The second aspect 
is the role of genetic factors in 
Chinese and related populations for 
NPC risk (Ho, 1972). 

The question that obviously arises 
is whether the sero-epidemiological 
pattern observed, particularly before 
the age of twenty, can be linked to 
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NPC risk. The answer appears to lie 
in the differential evolution of the 
anti-VCA and СF/S antibody response 
with age among the Chinese and non-
Chinese populations. The anti-VCA 
antibody is often taken as a measure 
of exposure and, for this activity, 
it can be seen tram Fig. 5 that the 
Singapore Chinese lie between the 
Singapore Indiaпs and the French 
Caucasians. 

Tri contrast, the CF antibodies 
evolve with age in a very different 
way. As shown in Fig. 5, both the 
Indian and Nancy populations show a 
prevalence of approximately 50% of CF  

antibodies in all age-groups over 
five. Among the Chinese, the preva-
lence of CF antibodies rises steadily 
from the 5-9-year age-group, reaching 
85% by 40 years of age. It may be 
speculated that the difference in CF 
prevalence is a specific Chinese res-
ponse to EBV. The question that must 
be answered next is whether serological 
responses can be associated with cer-
tain genetic markers, such as IL-A 
profile, for which a characteristic 
pattern is now being linked with high 
NPC risk (Simons et al.1), 

1 See р.252. 

FIG. 5. AGE-SPECIFIC PREVALENCE OF VCA AND CF ANTIBODIES (BOTH SEXES) 

%p 

Caucnsians Nап :у) 

1 	2 3 4 	5-9 	io-н 	5-19 	20-24 	25-29 	30-34 	35-29 	40-49 	50-99 	
50-64 AGE ~• 
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SUMMARY 

Samples of Chinese, Indian, 
African and Caucasian populations, 
randomly selected in Hong Kong, 
Singapore, the West Nile District of 
Uganda, and Nancy, France, were 
titrated for antibodies to EST, viral 
capsid (VCA) and complement-fixing 
soluble (CF/S) antigens. The age-
specific prevalence of infection (as 
reflected by the proportion of VCA-
positive individuals) varied greatly 
up to the age of 10 years in the four 
populations studied, the West Nile 
District of Uganda being outstanding 
in having an early and massive infec-
tion rate. Differences were also 
observed between ethnic groups iп  
Singapore, where the Chinese appeared  

to have a delayed iпfectioп  rate 
compared to the Indians. 

Immune response, as measured by 
the prevalence of CF/S antibodies and 
by the geometric mean titres (GMT) of 
VGA and CF/s antibodies, differed 
significantly between ethnic groups, 
Ugandan infants (1-3-year age-groups) 
having a humoral response to VCA and 
СF/5 antigens as high as or higher 
than that of Burkitt's lymphoma pa-
tients, decreasing thereafter to 
levels lower than those of any other 
ethnic group observed. Indians iп  
Singapore, known to be at no risk for 
NPC and BL, exhibited a higher and 
steadier immune response to VCA in 
going from young to old age-groups 
than did the Chinese. 
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ЕXРЕШМЕNТАL EVIDENCE FOR INFLUENCE OF TYPE-C VIRUSES 
ON MАRЕК'S DISЕАSЕ  VIRUS-АSSOCIАТED ONCOGENЕSIS 

J.W. FIEL, I.E. SP-1TH, W.F. CNWBEII, J.R. f-цTCНЕN & V. GROUPE 

Life Sciences Research Taboratories, 
Life Sciences, Inc., 

St. Petersburg, Lia., USA 

Мarek's disease (MD) is и  highly 
contagious lymphoproliferative disease 
of chickens with which a Group-B 
herpesvirus is associated (Churchill 
& Biggs, 1967; Nazerian et al., 1968). 
Enhancement of an avian leukosis virus 
(ALT) by interaction with Marek's 
disease virus (MDV) was demonstrated 
in vitro (Frankel & Groupé, 1971). 
The following report summarizes exper-
irnental evidence that interactions 
between type-C viruses and MDV may 
influence the responses of chickens 
initially free of active ALT infec-
tion. 

MATERIAL АND METHODS 

Viruses 

Cell-free DV pools were extracted 
(Calnek et al., 1970) from skin and 
feather follicle epithelium (FFE) of 
four-week-old sPAFAs chickens. The 
chickens, housed in isolators, were 
inoculated intra-abdominally (i.a.) 
at four days of age with a duck embryo 
fibroblast (DEF) cell suspension in-
fected with the Georgia (CA) isolate 
(Eidson & Schmittle, 1968) of MDV. 

ALV was not detected in this inoculum, 
or in any of the MDV pools, during 
direct examination by the complement-
fixation test for avian leukosis 
(COPAL) (Barra et al., 1964), simul-
taneous detection (Bchlom & 5рiеgеlmап, 
1971), radioimmune precipitin (5uni et 
al., 1973) and 60-70 5 RNА  assays . Chicken 
embryo fibroblast (CEF) cultures into 
which the original MDV inoculum and 
pools were inoculated did not contain 
ALV by these techniques. Resistance-
inducing factor (RIF) tests (Rubin, 
1960) were also negative. Viable 
mycoplasmas, bacteria, or other ad-
ventitious avian viruses were not 
detected. For certain experiments 
(see Table 1), cell-free MDV was 
similarly produced in Cornell 8-line, 
Athens-Canadian (A-C) or LSI-5PF 
chickens. The number of focus-forming 
units (FFU) in each MDV pool was 
determined (Adldinger & Calnek, 1971) 
in chicken kidney (CK) cultures 
(Churchill & Biggs, 1967)_ The kidneys 
were obtained from strictly quarantined 
LSI-SPF chickens 10 days of age. In 
other studies (see Table 1), the 
CEF cultures (Kottaxidis et al., 
1968) used were derived from LSI-52F 
embryos. 
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Table 1. Characteristics of cell-free 40V plais contaminated with an PLO during skin extraction 

Preparation 	 Characteristics 

Chickens 

 

MDV 	Focus formation 	L5I-5PF chicke-nsl 
pools and plaqses 	

Cumulative 
mortality 

Type 	PLO 	ALV 	CFF 	CK 	3 weeks V weeks 

5-line chickens^ 	{h) 

Tonsure 	 Сиmиl аtтче 	 Tumour' 
mortality 

Э  weeks 8 weeks 	3 weeks 8 weeks 	3 weeks 8 weeks 

5-lige 	j a Seal] 100 	- o - 	 12 72 16 96 

V-C + 	G sciai] 100 	- o - 	 60d Nid иоd гооd 

SPAFAS 	0 6 	Large Large 18 	40 8 	35 	 9 87 22 91 

L5I-5PF 	0 Q 	Large Large 11 	56 11 	67 	 N0 ND° Nid Nid 

C Isolator-held four-day-old chickens inoculated Intra-abdominally with 100 FF6 of cell-associated MDV; 
ALV not detected in this inoculum. 

Ъ  100 FF6 per chicken. 

Gross lyrephoid tumours in visceral end/or neural tissues. 

u Not determined. 

serum samples from newly-hatched L5I-
5РF and SРАFАS chickens. CDFAL and 
RIF tests were consistently negative. 
Cornell 8-line (Hutt & Cole, 1947) 
embryonated eggs were supplied by 
Dr R. Cole, Cornell University, 
Ithaca, N.Y. Three-day-old A-C 
chickens were obtained from Dr C. 
Eidson, University 0f Georgia, Athens. 
With both 5-line and A-C chickens, 
embryonic expression of ALV gs antigen 
was detected by COPAL tests, and RIF 
assays were frequently positive for 
ALV. 

Embryonated eggs and chickens 	Сontaet-exposure апd inoculation from the L5I-82F flock (Frankel et 
al., 1974) were supplied by Dr W. 	 As donors in viral exposure exper- 
Farrow, Life Sciences Research Labora- iments, groups of 20 three-day-old 
tories. Tests with trap-nested LSI- 	LSI-8FF and sPAFAs chickens were 
5PF chickens revealed that 95% were 	distributed every two weeks for three 
of the C/E phenotype. EPAFAS embryo- months into each of four widely 
hated eggs, obtained from SPAFAE, 	separated areas. These chickens were 
Inc_, Norwich, Conn., were also pre- 	inoculated with 20-150 FF11 of MDV 
dominantly of the C/F phenotype. 	(area A), 105 TCID5p of RAT-2 (area 
Neutralizing antibodies (NAs) to ALV, 	B), MDV, RAT-2 or both viruses to- 
MDV and a variety of other avian 	gether (area C), or diluent (area D). 
viruses were not demonstrated in 	Experimental LSI-5PF and sPAFAS 

The Rous associated viruses 
(RАV-1, RAV-2, RAV-7, RAV-50; ALV 
5ubgroups A-D, respectively) were 
supplied in tissue-culture fluids by 
Dr Е. Bernstein, University Labora-
tories, Highland Park, N.J., and Dr 
P. Vogt, University of 5outherп  
California School of Medicine, Los 
Angeles. Fluid from reticuloendo-
theliosis virus (REV)-infected CEF 
cultures was obtained from Dr H. Bose, 
University of Texas, Austin. 

Chickens 
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chickens were subsequently introduced 
at three days of age into each of the 
four areas. Studies involving paren-
teral administration of virus were 
conducted in isolators with LSI-sPF 
or SPAFAS chickens inoculated i.a. at 
four days of age. At necropsy, 
tissues were collected and fixed in 
Petrunkevitch cupric-paranitrophenol 
(Petrunkevitch, 1933), embedded in 
paraffin, sectioned, and stained with 
haematoxylin and eosin. 

кгsцЕтs 

Mortality ($I%) and gross tumour 
(100%) development occurred in LSI- 

5PF chickens during eight weeks of 
concurrent exposure to fЮV and RAц-2 
(Fig. 1). In this representative 
study, neither mortality nor gross 
tumour development was observed in 
chickens exposed to this ALV or MDV 
alone; however, histological examina-
tion revealed lymphoid cell infiltra-
tiоп  in visceral organs and peripheral 
nerves of the latter group. Although 
it was not possible to control the 
infecting virus dose, since the levels 
of virus contamination may have varied 
in each of the environments, periodic 
sampling of contact-exposed chickens 
revealed the presence of ALV and/or MDV. 
ALV is not readily transmitted horizon-
tally in nature but, under the 

FIG. 1. MORTALITY AND TUMOUR INCIDENCE FOLLOWING VIRAL EXPOSURE 
OF LSI-SРF CHICKENS 

Cumulative mortality and gross tumour incidence at eight weeks among LSI-SРF 
chickens housed from three days of age in a RAV-2 + MDV environment. The 
tumour incidence reflects gross lymphoid tumours in visceral and/or neural 
tissues. Figures in parentheses denote number of chickens per group. 

❑ Mortality. 	 ■ Tumour response. 
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VIRAL EXPOSURE 



20 
	

FRANKEL FT AL. 

conditions of these experiments, was 
detected during monitoring of sera 
from randomly selected, appropriately 
exposed chickens Although these 
samplings were positive, it is con-
ceivable that ALV could not have been 
isolated from all chickens in these 
groups. MDS was demonstrated in 
homogenates of skin from representa-
tive chickens housed in environments 
contaminated with fDV, and specific 
NAs developed. 

In another еxреrimеnt, six-day-old 
SPAFAS embryonated eggs were inocu-
lated via the yolk sac with RАV-2 
(10 1с  b50) or diluent. The chickens 
were placed in either an MDV or юW-'2 
environment. Table 2 shows that the 
frequency of MDV recovery during 3-5 
weeks was 54% from the RАV-2 + MDV 
group, although NAs to MDV were  

detected in each serum sampled at 
eight weeks. However, 50V was isolated 
from all chickens in the diluent + IDV 
group. 	nhаnced mortality rates (33% 
by six weeks; 71% by eight weeks) were 
exhibited in the RАV-2 + MDV group, 
compared with the diluent + 50V 
chickens (16% and 42%, respectively). 
Although the gross tumour incidence 
was similar in both groups throughout 
this experiment, differences in tumour 
characteristics were observed during 
necropsy of survivors at eight weeks. 
The appearance of extensive nodular 
lymphomatous masses replacing the 
normal architecture of one or more 
organs was noted in 16% of the 
RАV-2 + 50V chickens, compared with 
54% of the diluent + MDV group. 
Chickens that did not show this type 
of response exhibited only moderate 
focal or diffuse tumour involvement. 

Table 2. Response of SPAFAS chickens infected in ovo with RАV-2 and housed° 
in an MDV environment 

Inoculum Viral No. Response (%) 
(yolk 	sac) exposure MDVb Cumulative Tumours 

isolation mortality 

6 weeks 	$ weeks 

RАц-2â MDV 34 54 33 	71 16 
RАV-2d RАV-2 10 0 0 	0 0 

Diluent MDV 45 100 16 	42 54 
Diluent RАV-2 15 0 0 	0 0 

a From three days of age. 

b Iп  skin homogenates from five chickens per group individually examined 
weekly (3-5 weeks). 

С  Extensive nodular lymphomatous masses completely replacing normal 
architecture of one or more organs in survivors necropsied at eight weeks. 

d 105 ТС TD50 per egg (tissue culture infectious dose) 500). 
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Differences in response between 
the two groups were also revealed in 
2n vifro cell--mediаtad immuriity 
studies with washed lymphoid cells 
and sera randomly collected from 10 
survivors (Fig. 2). Microcytotoxicity 
tests (Mitchen et a1., 1973) showed 
that autologous sera conferred a 
killing effect on lymphoid cells from 
the RAV-2 + MDV chickens when the 
mixtures were added to NDV-infected 
CEF target cells. Lymphoid cells 
mixed with autologous sera from the 
diluent + MDV group did not show the 
killing effect, although lyrnphoid 
cells alone were active. 

Other avian type-C viruses affec-
ted the response of chickens infected  

with MDV (ТаЪ1e 3). Inoculation of 
LSI-SPF chickens with MDц  (50-150 FFU) 
combined with ALV, Subgroups A-D 
(10s TCID50), or REV resulted in 
enhanced mortality rates, compared to 
chickens infected with MDV alone. 

50V pools contaminated with an ALV 
(MDV-ALV) during the extraction process 
from skin of chickens naturally infec-
ted with ALV (5-line, A-C) were dis-
tinguished from ALV-free MDV produced 
in chickens without ALV infection 
(SPАFAS or LSI-sРF). Table 1 shows 
that MDV-ALV, in contrast to MDV, did 
not induce characteristic focus forma-
tion or any other cytological changes 
in CEF cultures. MDV-ALV produced 
smaller foci than MDV in СK cultures. 

FIG. 2. МIСRОСУТOТOКIСITУ  TESТSNTТЧ  SERA FROM ЅPAFAS CHICKENS INFECTED IN DUD 

Microcytotoxicity tests with lymphoid cells and sera from SPAFAS chickens 
infected with RAV-2 in ovo (105 ТCID50) and housed from three days of age 
in an MDV environment. The ordinates represent the difference between MDV-
infected and uninfected CEF target cells in two studies with 10 chickens 
randomly selected at eight weeks. 

❑ Lymphoid cells without autologous serum. 

■ Lymphoid cells with autologous serum. 
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Table 3. Mortality rate in LSI-SPF chickens inoculated with MDV combined 
with a variety of type-C viruses 

Inoculuma No. Cumulative 

Weeks: 
2 	3 

mortality 

4 

(%) 

5 6 

RA'!-] 18 0 6 6 6 6 
MDV 19 0 0 0 0 5 
RA'!-] 	+ MDV 18 6 6 11 33 50 

RАV-2 14 0 0 0 0 0 
MDV 40 0 0 0 5 5 
RАV-2 + MDV 40 3 3 13 22 33 

RАV-7 20 0 5 5 5 5 
MDV 18 11 17 28 33 44 
RАц-7 + MDV 18 5 35 72 78 83 

RАV-50 16 6 19 25 25 25 
MDV 18 11 17 28 33 44 
RАV-50 + MDV 12 0 50 75 75 75 

REV 35 49 61 68 78 81 
MDV 32 3 3 3 3 3 
REV + MDV 27 78 100 - - - 

Z̀ Administered intra-abdominally to four-day-old chickens. 
RAV: ]05 ТCID50; REV: titre unknown; MDV: 50-150 FFU per chicken. 

Further, inoculation of L51-5PF S-line chickens with DV-ALV did not 
chickens with 100 FFU of ЛЮV-ALV result in an early, high mortality 
resulted in an early, high mortality (12%) by three weeks. 	During necropsy 
(100% by three weeks), соmрагед  with of 5-line survivors at eight weeks, 
chickens infected with MDV (11-18%). it was observed that MDV-ALV and MDV 
Although gross tumour development was produced similar tumour responses 
not observed in chickens inoculated (96% and 91%, respectively), 
with MDV-ALV, histological ехатiпа- 

preliminary experiments indicate 
tioп  revealed extensive lymphoid cell 

that significant levels of ALV-specific 
infiltration in visceral organs and 

mRVA can be found in tissues from 
peripheral nerves by three weeks. 

isolator-held SРАFАS chickens four 
LSI-SPF chickens injected with MDV 
exhibited 35-67% gross visceral and/or 

weeks after inoculation with MDV. 
A DNA probe 	(Киfe et а1., 	1972), 

neural tumour incidence at eight 
Prepared from RAV-2 	60-70 S RNA, 

weeks. 	In contrast, inoculation of 
was used to detect the ALP-specific 
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mRNA, and hybridization was analysed 
by means of thermal elution from 
hydroxyapatite (Kobne & Britten, 
1971). Table 4 shows that the extent 
of hybridization with the DNA probe 
was significantly greater with poly-
sinai RNA (pRNA) (Axel et a1., 1972) 
extracted from tissues of chickens 
infected with MDV compared with pRNA 

from tissues of control chickens. 
Since ALV was not detected in the MDV 
inoculum, and infectious ALV was not 
isolated from any of the tissues, 
the ALV-specific mRNA synthesis may 
represent expression of endogenous 
type-C virus. It is conceivable, 
however, that MDV and ALV may share 
some nucleic acid homology. 

Table 4. АLU-specific RNA sequences in tissues from isolator-held SPAFAS 
chickensts inoculated with MDVb 

Inoculum 	Chicken 	Tissue 	 Percentage 3Н-DNА  
No. 	 probe hybridized0 

Diluent 	1 	 Kidney O 

2 	 Kidney O 
Liver O 

3 	 Kidney 1.5 

4 	 Kidney 2.1 
5рl ееn O 

5 	 Kidney O 

MDV 	 6 Kidney tumour 15.9 

7 Kidney tumour 7.3 

8 Kidney tumour 12.4 
Ovary tumour 8.3 

9 spleen tumour 5.7 

a Four weeks of age. 

100 FEU administered intra-abdominally at four days of age. ALV not 
detected in this inocuium. 

С  Approximately 200 Ug pRNA (treated with deoxyribonuclease I) were 
annealed with 500 cpm of 31-DNА  probe in 0.8 1 phosphate buffer (pi 6.8) 
at 67°C. At a Ct of approximately 3 000, the annealing mixture was 
adsorbed on to hydroxyapatite (Bio-Gel HT) and eluted with 0.12 M phosphate 
buffer. The amount of probe eluting at 85-98оС  was considered hybridized 
to RNA. 
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CONCLUSIONS 	 effects in vivo is of general 
interest. Thus, type--C viruses 

The observation that the con- 	that may be present in the host could 
current presence of an avian type-C 	conceivably influence herpesvirus- 
virus and IЮV produced additive 	associated oncogenesis. 

This work was supported by Public Health 5ervice contract 
NOI-CP-33205 within the Virus-Cancer Program of the 
National Cancer Institute, National Institutes of Health. 
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M. NONOYAMA 

Department of Мicrobiоlogy, 
Rush-М  ев  ъгу tвrian-St Luke's Medical Сепtеr, 

Chicago', Iii., USA 

It appears of importance and 
interest in relation to the problem 
of human carcinogexnesis to investigate 
dual infections of human cells with 
Epstein-Barr virus (EBV) and type-C 
virus (Hampar et а1., 1970; Maruyama 
& Dmochowski, 1971; Essex et al., 
1972; Miyoshi et al., 1972; 1lampar et 
al., 1973). In order to provide an 
experimental model for investigating 
the possibility of co-narcinogenesis 
in man by two viral agents, particu-
larly a latent dual infection, we 
attempted several years ago to estab-
lish a cell line of human lymphoid 
origin neither producing EBV nor 
type-C virus, by infecting NС-37 cells 

1 Present address: Department of Bac-
teriology, Asahikawa Medical College, 
Asahikawa, Japan. 

(Jensen2) with Friend murine leukaemia 
virus (FLV) (Friend, 1957). As a 
result, a cell line (FVNC) has been 
established and maintained for three 
years which is free of detectable 
EВV- and FLV-related intnunofluores-
cent antigens, but which has both 
virai genomes in all individual cells 
in a repressed form (Osato et al., 
1975). This paper describes some 
distinct properties of such FУ1 С  cells 
as compared with the original NC-37 
cells. In view of our findings, the 
possible effects of a co-existing 
type-C viral genome on ESV-human cell 
interactions will be discussed. In 
addition, the possibility of type-C 
virus co-carcinogenesis will also 
be described. 

2 Unpublished data. 
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OUTLINE OF FVNC ЕХРЕRIMENTAL SYSTEM 

The FVNC experimental system is 
shown in Fig. 1. Human lymphoid NС-37 
cells not producing EBV (Durr et al.. 
1970) but harbouring the repressed 
viral genome in each individual cell 
(5ugawara et аle, 1972, 1973) were 
exposed to type-C FLV. FLV synthesis 
was clearly demonstrated by immuno-
fluorescence, but the antigen dis-
appeared in the weeks following ex-
posure to the virus. Such FLV-
infected NС-37 cells (designated FVNC) 
grew well and have been maintained 
for three years; both EBV and FLY 
markers were barely seen by iminuno-
fluorescence and electron microscopy. 
The establishment of the non-productive 
FVNC cell line has prompted us to  

examine whether the EBV genome is 
involved in FVNC cells as in NC-37 
(Sugawara et al., 1972, 19739 sugawara 
& Osato, l973а, 1973Ъ) and whether the 
FLV genome co-exists in the cells 
along with the resident EBV genome in 
a repressed form. A striking induc-
tion of both EBY and FLY occurred when 
FVNC cells were exposed to 5-
iododeoxyuridine (IUDR). We subse-
quently examined a number of FYNC 
clones for the dual induction. Both 
EBV and FLY antigenic markers were 
evident in all IUDR-treated FYNC 
clones tested. We therefore feel 
that our FVNC experimental system may 
be unique, as ЕBV and type-C viral 
genonmes are present together in each 
individual cell in a repressed form 
(Osato et al., 1975) 

FIG. 1. FVNC EКPERIмENTAL SYSТЕМ  
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MORPHOLOGY ANII CHROMOSOMES 	for the former. However, when grown 
0F FVNC CELLS 	 in semi-solid agar (Hinuma & Grace, 

1968), a remarkable difference in 
FVNC cells were of lymphoid 	colony-forming capacity was noted 

morphology, similar to the original 	between the two cell lines, as shown 
NC-37 cells. However, when examined 	in Table 2. In contrast to the growth 
chromosomally (osato et al., 1969), 	in fluid culture, only a small number 
one D-group chromosome was consistent- of FVNC colonies could be seen, namely 
1y missing (Fig. 2). This change was 	about 1/10 of those formed by NС-37 
first noted several weeks after expo- 	cells. 
sure to FLY as the viral immunofluo-
rescence (osato et a1., 1964) dis- 
appeared rapidly from the infected 	SUPERINFЕCTION OF F'TNC CELLS WTTH EBY 
NC-37 cells (Osato et al., 1975) 
(Table 1). 	 When FVNC and the original NC-37 

cells were exposed to EBV, FVNC cells 
were three times more sensitive than 

GROWTH GHАRАCTERISTICS OF FVNC CELLS 	NC-37, as shown by imrnunofluorescence 
using sera from a nasopharyngeal 

FVNC cells grew slightly faster 	carcinoma patient. Many more early 
than uпinfected NC-37 cells in fluid 	antigen (EA)-positive (Hen1e et al., 
culture, the latter having a doubling 
	

1970) cells with intense fluorescence 
time of 24 hours compared to 22 hours were seen. In addition, an obvious 

FIG. 2. KARYOTYPE 0F FVNC CELL 

One of the D-group chromosomes is missing (arrow), 
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Table L Decrease in D chromosomes in FVNC cells 

Time after 	 NC~37 with 6 	 FVNC with 5 
FLV infection 	 D chromosomes 	 D chromosomes 
(days) 	 (%) 	 (%) 

27 93 

36 90 

41 97 

58 100 

80 97 

94 93 

60 

63 

90 

83 

93 

93 

FLV induction occurred in FVNC cells 
following the suрerinfection, as 
demonstrated by murine type-C virus 
group-specific antigen (Geering et 
а1., 1966) iтmuпofluorescеnce, using 
anti-Cross lymphoma serum. These 
results are summarized in Table 3, 

NUMBЕR OF EBV GENOMES IN FVNC СELLS 

In view of these results, the 
question arose as to whether the 
remarkable differences between FVNC 
and NС-37 cells can be attributed to 
an unstable interaction between the 
repressed EBV and FLT genomes in FVNC 
cells. The number of EBV genomes was 
therefore measured by a nucleic acid 
hybridization technique (Noпoyama & 
Раgапо, 1971). A striking decrease 
in the number of resident EBV genomes 
was noted in FVNC cells. There were 
too few viral genomes to be detected, 
as seen in Table 4, but the immuno-
fluorescence investigations showed 
that EBV-associated nuclear antigen 
(EBNA) (Reedman & Klein, 1973) was 
intensely positive in all FVNC cells 
as well as NС-37 cells. 

POSSIBLE EBV-TYPR-C VIRUS СОСАаСINO-
GENЕSIS IN MAN: ITS SIGNIFICANCE AND 

MECHANISM 

Our findings strongly suggest 
that EBV-human lymphoid cell inter-
actions can be markedly modified by 
the co-existence of type-C viral 
genomes. 

Although the significance and 
mechanism of the consistent D chromo-
some change in FVNC cells are not 
known, this change may be primarily 
due to a close association of the 
exogenous FLV genome with the human 
lymphoid NC-37 cell genome and a sub-
sequent competitive and unstable 
interaction between the resident EBV 
genome and the newly associated FLV 
genome in FVNC cells. 

FVNC cells grew rather faster 
than NC-37 in fluid culture but much 
slower in medium with semi-solid 
agar. A possible explanation for 
this difference is that NС-37 сe11ѕ, 
which normally contain about 80 ЕСТ  
genomes and are capable of growing 
well in agar medium, may revert to 
"поrmаl" as the number of viral 
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Table 2. Colony formation by NС~37 and FVNC cells 

Colony formation 

NC-37 	 FVNC 

41.2 
51 .7 
53.7 

a In semi-so1~d agar medium. 

genomes decreases. Alternatively, 
EBV induction may occur in FVNC cells 
in agar, leading eventually to cell 
degeneration. This is plausible, as 
EBV induction by IUDR occurred more 
readily in FVNC cells than in the 
original NC-37 cells (Osato et ai.1). 

It appeared of particular impor-
tance that FVNC cells were much more 
sensitive to EBV superinfection than 
NC-37 cells and that, in addition, an 
obvious induction of the repressed 
FLV genome occurred simultaneously. 
Our preliminary data showed, in con-
trast, that FLV superinfection result-
ed in a high frequency of induction 
of an EBV-related early product, early 
nuclear antigen (ENA) (sugawara & 
Osato, 19735) , in FVNC cells (Osato 
et al.2), Thus, the exposure to 
"human cancer viruses" of cells pri-
marily harbouring both EBV and type-C 
viral genones appears to be particu-
larly importait among many oncogenic 
environmental factors. 

We have not yet tried to determine 
the number of 1V genomes; however, 
the striking decrease in EBV genomes 

1 Unpublished data. 

2 Unpublished data.  

4.1 
708 
5.8 

in FVNC cells (though the mechanism 
of this elimination is not clear), 
strongly suggests that the inter-
action between the repressed EBV and 
FLV genomes may be unstably compet-
itive. It is therefore conceivable 
that FVNC cells themselves may be in 
an unstable state, and that the 
remarkable differences in properties 
between FVNC cells and the original 
NC-37 may primarily be attributed to 
an unstable competitive interaction 
between the two repressed viral 
genomes. 

In view of our present and previous 
findings, the significance 0f dual 
EBV and type-C viral infection in 
relation to human carcinogenesis and 
the mechanism of the possible co-
carcinogenesis by the two viral 
agents are illustrated in Fig. 3. 
When man is exposed to both EBV and 
type-C virus, these viral genomes may 
be closely associated with the genomes 
of some cells, possibly of lymphoid 
origin. Such cells harbouring the 
two repressed viral genomes might 
appear to be normal but could perhaps 
be in an unstable state and highly 
sensitive to various stimuli. Above 
all, exposure to exogenous EBV or 
type-C viruses, which may often occur 
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Table 3. Responsiveness of NC-37 and FVNC cells to EBV superinfection 

Time after EA-positive cells GSA-positive cells 
superinfection (%)a (%)b 

(days) 
NС-37 FVNC NС-37 FVNC 

2 6.9 28.2 - - 

4 13.4 32,6 0 1204 

10 2.9 6.4 0 4.4 

15 0.6 3.5 - - 

a Immunofluorescence, stained with serum from nasopharyngeal carcinoma 
patient. 

b Immunofluorescence, stained with anti-Gross lymphoma serum. 

Table 4. Number of EBV genomes in NC-37 and FVNC cells 

Cells 	 No. genomes/cella 	 EBNA-positive cells 

(%
)b 

NС-37 	 80 	 100 
FVNC 	 Not detectable 	 100 

a By cRNA-DNA hybridization. 

b By anticomplement immunofluorescence. 

during аgiпg, may be particularly ire- 	fir a potent human viral earcino- 
portant. Bу  exposure to such exigea- 	genesis, although а  dual effect of 
ous "human cancer viruses", the pro- 	EBV transformation and type-C virus 
duction of superinfecting viruses and 	transformation is also worth consid- 
activation of their resident viral 	eration. 
genomes could occur in the unstable 
"normal" cells described above. Such 	Our findings thus suggest that a 

an unstable state and high sensitivity single infection by either EBV or 
of cells harbouring both EBV and type- t

уPе-C virus is not necessarily enough 
C viral genomes coula be responsible 	

°n its own to bring about viral 
carcinogenesis in man. 
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FIG. З. POSSIBLE МECHANISM 0F EBV-TYPE-C VIRUS 
C0-CARCINOGENEsI5 IN MAN t 
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We have recently established а  
cell line, designated FVNC, by infec-
tien of non-EBV-productive human 
lymphoid NС-37 cells with the type-C 
virus FLY. The FVNC cell line has 
been maintained free of detectable 
EBV-- and FLY-related iinuuunotluores-
cent antigens for three years but both 
viral genomes exist in the cells in 
a repressed farm. The FVNC cells 
were morphologically similar to the 
uninfected NC-37 cells but a D-group 
chromosome change was consistently 
seen. The colony-forming capacity of 
FYNC cells in semi-solid agar medium 
was about 1/1D if that of NC-37, al-
though the former grew rather faster  

than the latter in fluid culture. 
FVNC cells were three times more 
sensitive to EBV superinfection than 
NC-З7, as shown by inimunofluorescence. 
Iп  addition, an obvious induction of 
ELY antigenic markers occurred in 
FXTNC cells on exposure to EBV. Nu-
cleic acid hybridization experiments 
showed a striking decrease in the 
number of EBV genomes in FVNC cells. 
The number of genomes was too small 
to be measured, but FBNA was clearly 
present in all FVNC cells as well as 
in NC-37 cells. The implications of 
these findings were discussed from 
the point of view of a possible co-
carcinogenesis in man by ESV and the 
type-C virus. 
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Some lymphomas in the USA have 
similar clinical features, response 
to treatment (Levine & Cho, 1974) and 
relationship to Epstein-Barr virus 
(EBV) (Levine et al., 1972; Ablashi 
et al., 1974) as found in African 
Burkitt's lymphoma (AfBL). Although 
Burkitt-type lymphomas are rare in 
the USA as compared to Africa, coin-
parative studies in various parts of 
the world may lead to a better under-
standing of the etiology of this 
disease, and in particular its 
possible relationship to EBV. In 
this paper, we present serological 
studies using soluble antigen derived 
from an American Burkitt's lymphoma 
(AniBL) patient, and review some of 
the serological data relating to EBV 
and Burkitt's lymphoma. 

MATERIALS AND METHODS 

Patients described in this paper 
were registered in the AmBL registry 
(Levine, 1971). The soluble (S)  

antigens used in this study were 
prepared for complement fixation (CF) 
according to the methods of Sohier 
& дe-Thê (1972). The cell lines from 
which the four S antigens were 
derived include NAB-1 (an EBV non-
producer line from a case of AmBL 
(Gravell et аl.1), HKLу-28 (a low 
EBV producer from a case of naso-
pharyngeal carcinoma), Rail (an EBV 
non-producer line from a case of 
AfBL), and PЗHR-1 (an ЕБУ  producer 
line from a case of AfBL). Four 
other assays performed in these 
studies included measurements of 
fluorescent antibody directed against 
the viral capsid antigen (VCA), early 
antigen (EA), and EBV-associated 
nuclear antigen (EBNA), utilizing 
methods described previously (Ablashi 
et a1., 1974). Complement fixation 
was also performed against a 

1 Unpublished data. The NAB-1 cell 
line was derived from a histo-
pathologically confirmed malignant 
retroperitoneal mass. 
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particulate CF-associated antigen, as 
previously described (Ablashi et a1.5 
1974). All 1yruphoblastoid cell lines 
were grown in the same manner. Com-
parability of CF antigens was assured 
by using in each test exactly four 
units of antigen titrated against the 
same serum. 

RE Ѕ11LТЅ  

studies using the S antigen in 
the CF test showed close correlations 
between the assays using each of the  

four cell lines. Although there were 
occasional discordant sera (Fig. 1 
А-С), indicatiпg that the antigens may 
not be identical, similar geometric 
mean titres (GMF) suggest that 
similarities are more numerous than 
differences (Table 1). The relation-
ship of the soluble antigens to the 
particulate CF antigen (Fig, 2) was 
not as close as between the different 
S antigens. Discordant sera included 
two with high S antibody titres and 
low particulate CF antibody titres, 
as well as two with the reverse  
suggesting two separate antigen- 

FIG. 1. CQMPARISON QF ANTIBODIES TO EBц  SOLUBLE ANTIGENS FROh9 UARIOUS SOURCFS 

Sera from AmBL patients. 
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Table I. Geometric mean titres of 23 American Burkitt's lymphoma sera 
against EBV soluble antigen prepared from various EBV cell culturesa 

5 Antigen and source 

нкLy-гв  (NPC) 	NAB-1 (AmBL) 	Raji (AfBE) 	РЭНR-1 (AfBL) 

6.479 	 7.091 	 6.677 	 6.677 

а  Four units of antigen were used in the microtitre CF test. All sera 
were diluted 1:2, tested for anticomplementary activity, and found to 
be negative. 

antibody systems. Similar conclusions 
can be drawn regarding the relation-
ship between the VСA titre and anti-
body to the CF particulate antigens 
(Fig. 3). 

Analysis of the titres in the 
American Burkitt's patients and 
controls indicated that, in each of 
four test systems, titres in American 
Burkitt's patients were higher than 
those in the control groups (Table 2). 
In addition, the geometric mean titre 
of 10 patients who were still alive 
on 31 December 1973 (three of these 
patients were long-term survivors) 
suggested a correlation between 
antibody levels and survival. 

On occasional patients, serial 
serum samples could be studied. 
Different patterns were observed and 
will be described more fully in a 
subsequent communication. One patient 
was shown to seroconvert in the course 
of her disease to four EBV-associated 
antibodies (Fig. 4). 

DI5сU55IОN 

A major problem in laboratory 
studies in Burkitt's lytnphoma is the 
diagnosis and characterization of  

patients. In their original study 
on the serology of EBV and AeBL, 
Levine et al. (1972) graded the AmBL 
cases according to the availability 
of pathological material; they 
noted that all cases with typical 
histological sections and satisfаc-
tory imprints were EBV VCA-positive, 
and that the percentage of EВV-
negatives increased as the technical 
problems of making the diagnosis 
increased. A similar rating was not 
available for all of these cases, 
so that it is possible that our AmBL 
cases do not form a completely homo-
geneous group. This is not unique 
to BL in the OSA, since studies of 
AfBL also refer to cases with atypical 
features, and it is uncertain whether 
this relates to etiological factors, 
histological preparations or bio-
logical factors relevant to the age 
at the time of diagnosis (Lirsdahl 
et al., 1974). Biological differences 
are apparent in AfBL, since most 
tumours contain the ЕВУ  genome but 
occasional typical AfBL cases do not 
(Lindahi et a1., 1974). 

While multiple etiologies and 
difficulties in making a specific 
diagnosis can cause some confusion in 
studies of ВL, it is still possible 
to state that the American cases share 
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FIG. 2. COMPARISON 0F ANTIBODIES TO EBV SOLUBLE ANTIGEN WITH TНOSE TO 
EBV PARTICULATE CF ANTIGEN 

Sera from AmBL patients. 
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Table 2. Geometric mean titres against four EBV antigens in sera from American 
Burkitt's lymphoma patients believed alive and known деад, and from controls 

Patients 	Geometric mean titresa 

anti-EBNA 	anti-CFb 	 anti-EA 	 anti-VCA 

AmBL 
alive 81.8 	(11) 	[9] 6.13 	(13) 	[10] 19.7 	(13) 	[10] 158 	(13) 	[10] 

AmBL - 
dead 44.4 	(9) 	[8] 2.94 	(9) 	[8] 4.77 	(9) 	[81 59.3 	(9) 	[8] 

Controls 1.55 	(9) 	[9] 2.94 	(9) 	[9] 2.68 	(7) 	[7] 20.2 	(9) 	[9] 

a Figures in parentheses are numbers of sera, those in square brackets are 
numbers of subjects. 

Particulate. 

5ource: Ablashi et al. (1974). 

FIG. 4. ANTI-EBV ANTIBODY LEVELS IN AN AmBL PATIENT WHO WAS AN 
ANTI-EBV SEROCONVERTER 

Patient details: sex: female; registry No.: 00032; date of birth: 3.51; 
date of diagnosis: 12.69; age at diagnosis: 18; site of onset: colon, 
mesenteric lymph-nodes; initial clinical stage: 2. 
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many of the clinical aid laboratory 
features of AfBL. In this study, 
it was again noted that antibodies to 
EBV are higher in AmBL patients than 
in controls. The finding that the 
immune response to the EBV S antigen 
is quite similar, although the 
antigens are prepared from different 
cell lines, suggests that the viruses 
associated with AfBL and AmBL are 
similar, but the discordancy in some 
sera between 5 antigen obtained from 
the NAB-i line and the Raji line 
indicate that there may be some 

differences. Biochemical identifica-
tion of these differences, if they do 
exist, may be possible when the anti-
gens are studied in the purified form. 

The observation of EBV sero-
conversion in the course of disease 
indicates that further studies are 
needed before EBц  can be excluded as 
a cause of most cases of AmBL. At 
the present time, data from African 
and American cases suggest the possi-
bility of more than one etiology for 
this syndrome. 
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Herpes simplex virus type 2 
(1iSV-2) has been intensively studied 
as a possible etiological factor in 
cervical cancer (Nahmias & Roizman, 
1973; Munoz, 1973). Most of the sen -
epidemiological studies aimed at dem-
onstrating an association between the 
presence of HSV-2 antibodies and the 
risk of developing cervical cancer 
have used neutralization tests. 
Although, in most studies, higher 
frequепciеs of HSV-2 antibodies have 
been found in women with cervical 
cancer than in control women, there 
are some interesting exceptions, In 
Call, Colombia, which has one of the 
highest incidence rates for cervical 
cancer, and in Israel, with the  

lowest incidence rate, rio difference 
was observed between cases and con-
trois and a similar prevalence of 
HSV-2 antibodies was observed in 
both countries (Rawls et al., 1972; 
Pridan & Lilienfeld, 1971). Besides 
Н5V-2, cytomegalovirus (CMV) and human 
papilloma virus are known to cause 
infections of the uterine cervix. 
The following study was carried out 
to study further the relationship of 
ASV-2 and CMV to cervical cancer, 
using the indirect immunofluorescence 
test (IF), and to compare their anti-
body pattern with that of herpes 
simplex virus type 1 (IsV-i) and 
Epstein-Barr virus (EBV), which have 
not been related to cervical cancer. 
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ted as above, but 40 цg/m1 of cytosine 
arabinoside was added to the medium. 
EBV-VCA titres were determined on 
acetone-fixed smears of the HR1k cell 
line, while EA titres were determined 
on Raji cells infected with EBV con- 

cinomas) diagnosed histologically at 	I noflиoгеnсепce tests 
the University Hospital of Санi, Col- 
ombia, from 1970 to 1972; 58 patients 	The basic IF tests used to detect 
with condyloma acuminatum diagnosed 	antibodies to VCA of 15V-1, HSV-2, CMV 

at the venereal diseases clinic of 	and EBV, and antibodies to early anti- 
Cali from 1970 to 1972; 109 control 	gens of CMV and EBV, have been described 
patients matched by age, sex and socio- elsewhere (Raj ni et аl.,1973; The et 
economic status without cytological 	al., 1974; Pearson et al., 1970) 
evidence of carcinoma or clinical 
evidence of condyloma; 35 blood 
donors at the National Cancer lnsti- 	 RESULTS 
tute, Bethesda, USA in the same age 
range as the controls from Cali. 

Viruses 

A plaque-purified syncytial sub-
strain of the MS strain of 15V-2 and 
the 11124 strain of HSV-1 were grown 
and titrated in the Vero line of 
African green monkey kidney cells. 
The McKinley strain of CMV obtained 
from Dr C. Alford was grown and 
titrated in VI-38 cells. The HRlk 
lymphoblastoid cell line was used for 
EBV studies. 

Viral capsid antigens (VIA) and ваrlгу  
antigens (EA) 

For the VGA of HSV-1 and Н5V--2, 
Vero cells were inoculated with 1 
plaque-forming unit (PFU) virus/cell, 
absorbed for 1 hour at 3б°С  and incu-
bated for 24 hours at 36°C. Smears 
were prepared on Teflon-coated slides, 
fixed for 10 minutes in acetone and 
stored at -70°C' For the VCA tests 
with CMV, WI-38 cells were inoculated 
with approximately 1 PFU virus/cell, 
absorbed for 1 hour at 3б°C and incu-
bated for 72 hours at 3б°C. For the 
early antigens of CMV, WI-38 cells 
were inoculated, absorbed and incuba- 

MATERIALS AND METHODS 

Patients 

Serum samples were obtained from 
259 patients distributed as follows: 
57 patients with cervical cancer (22 
carcinomas w sгtи  and 35 invasive car- centrates 

The slides were read with 98% 
agreement between two independent 
examiners. Table 1 shows the distri-
bution of the antibody titres against 
VGA of HSV-2 and CMV in patients and 
controls. No significant difference 
in the distribution of these titres 
among the three groups fгоm Cali, 
Colombia, was observed. All of them 
were positive, but high titres were 
more frequent among the patients 
with cervical carcinoma and condyloma 
than among the control group, while 
23% of the controls from the USA did 
not have HSV-2 antibodies. No dif-
ferences were observed, however, in 
the distribution of antibody titres 
against VGA of CMV (Table 1) and 
15V-1 (Table 2). It is interesting 
to note that 80-90% of the patients 
from the three groups from Cali have 
EBV-VCA antibody titres higher than 
1:160 (Table 2) and that a consider-
able proportion of these patients 
have antibodies against EBV early 
antigens, with titres higher than 
1:40 in 20% of patients with cervical 
cancer and condyloma (Table 3). 0f 
the patients with cervical cancer, 
36% have antibodies against early 
antigens of CMV, as do 18% of the 
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Table 1. Distribution of antibody titres against viral capsid antigens of 
15V-2 and CMV in patients and controls 

Antibody VCR - 15V-2 	(%) VCA - CIV (%) 
titres 

Cervical CorLdyl- Control Control Cervical Condyl- Control Control 
cancer orna (Cali) (USA) cancer orna (Ca]i) (USA) 

<l0 - - - 22.9 - - - - 

10-80 10.5 17.3 32.1 25.7 3.5 - - - 

160-640 82.5 81.0 65.1 51.4 5.3 3.5 5.8 2.9 

`l280 7.0 1.7 2.8 - 91.2 96.5 94.2 97.1 

No. of 
cases 	57 	58 	109 	35 	57 	58 	104 	35 

Table 2e Distribution of antibody titres against viral capsid antigens of 
15V-1 and EBV in patients and controls 

Antibody 	VGA - 15V-1 (%) 	 VCA - EBV (°%) 
titres 	

Cervical Condy]- Control Control Cervical Condyl- Control 
cancer 	orna 	(Сан i) 	(USA) 	cancer 	orna 	(Cali) 

<10 - 

10-80 1.7 

160-640 38.6 

X1280 59.7 

No. 	of cases 57 

- - - - 2.4 1.3 

3.5 1.0 8.6 13.8 9.5 20.0 

29.8 32.4 31.4 65.5 69.1 74.7 

66.7 66,6 60.0 20.7 19.0 4.0 

57 105 35 29 42 75 
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patients with condyloma, 19% of the 
controls from Санi and 11% of the 
controls from the ц5А  (Table 3). Mi 
differences in the HSV-2 or CMV anti-
body patterns were observed between 
patients with carcinoma in Situ and 
patients with invasive cancer. The 
VGA of IsV-i and YISV--2 appeared as a 
diffuse cytoplasmic and nuclear fluo-
rescence, the VGA of CIV as diffuse 
cytoplasmic and nuclear fluorescence, 
arid large cytoplasmic inclusion bodies 
were often observed. 

The early antigens of CMV appeared 
as fine punctate structures in the 
nuclei. Attempts to demonstrate anti-
bodies to early antigens of 15V-2, 
using cells harvested three hours 
after infection or cells infected in 
the presence of cytosine arabinoside, 
showed no differences in nimber of 
positive sera or titres from the 
standard VIA antibody determination. 

DISCUSSION 

A low prevalence and rio difference 
in the frequency of Н5ц-2 antibodies 
between cases and controls have been 
reported in Cali, Colombia) using a 
microneutralizatiori test (Rawls et 
al., 1972). In the present study, 
different series of sera from the 
same population were tested using the 
indirect immunofluorescent test. 
Although no significant differences 
between cases arid controls were found, 
all Санi sera showed Н5V-2 antibodies, 
and a higher frequency of high titres 
was observed in patients with cer-
vical cancer and condylotna acuminatum 
than in the controls. The controls 
from the ц5А  showed a lower preva-
lence of 15V-2 antibodies and a lower 
frequency of high titres than the 
three groups from Cali. These data 
suggest that the IF test is more sen-
sitive than the microneutralization 
test, although it is certainly less  

specific for 15V-2. The association 
between the frequency of HSV-2 
neutralizing or immunofluorescent 
antibodies and cervical cancer is 
difficult to interpret. Studies 
aimed at determining 15V-2 specific 
antibodies are more valuable in the 
understanding of this association: 
positive associations between 15V-2 
early and нnon-virion" antigens arid 
cervical cancer have been described 
(Sabin & Tarro, 1973; Hollinshead & 
Tartu, 1973; Aurelian et al., 1973). 
Our attempts to demonstrate anti-
bodies to early antigens of 15V-2 
by the IF test were unsuccessful. 

CMV is another virus that cari be 
transmitted venereally, and has been 
isolated more frequently than HSV-2 
from cervical swabs of patients 
attending venereal disease clinics 
(.Iordan et al.) 1973). It has also 
been shown to persist in high titre 
in the semen of asymptomatic carriers 
(Lang et al., 1974). In vüгЮ  trans-
formation of hamster embryo fibro-
blasts after exposure to 11V and 
15V-2 inactivated with ultraviolet 
irradiation has been reported 
(Albrecht & Rapp, 1973; Rapp & Duff) 
1973). Few studies have looked into 
a possible association between CIV 
and cervical cancer, and the results 
have been '"controversial" (Sprecher-
Goldberger et al.) 1971; Vestergaard 
et al., 1972). One of the reasons 
may be that the complement-fixation 
(CF) test, which has been shown to be 
less sensitive than the IF test, has 
been used (Isiantos et al., 1974). 
However, in the present study, while 
no differences were observed in the 
frequency of CMV-VCA titres between 
cases and controls, a higher fre-
quency of antibodies to early antigens 
of CMV was observed among patients 
with cervical cancer than among 
controls. This suggests that cervical 
carcinoma patients have a higher prev-
alence of active CMV infection or that 
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Table 3. Distribution of antibody titres against early antigens of CMV and 
EBV in patients and controls 

Antibody 
titres 

EA - CMV 

Cervical 
cancer 

(%) 

Condyl- 
orna 

Control 
(Cali) 

Control 
(USA) 

EA - EBV 

Cervical 
cancer 

(%) 

Condyl- 
orna 

Control 
(Call) 

i0 64.0 82.1 80.8 88.6 65.5 45.0 67.3 

10-20 36.0 17.9 19.2 11.4 13.8 35.0 24.5 

X40 - - - - 20.7 20.0 8.2 

Mo, 	of cases 50 56 99 35 29 20 49 

the virus is in some way related to herpesvirus types 1 and 2, cyto- 
the development of the tumour. megalovirus and EBV in sera from 

The large number of people with 
patients with cervical carcinoma, 

high titres of antibodies Cо  EBV-VCA condyloma acuminatum and controls 
from Cali, Colombia, and а  control 

and EBV early antigens is surprising. 
group from the USA. 	No significant 

None of these people were known to 
differences were found in the prey- 

malignant lymphoma or паsoрharуп- 
alence of antibodies to viral capsiâ 

geai gеаl carcinoma. 	The results suggest 
antigens of 15V-1 and CMV among the 

that the Сзнi population is exposed 
to а  high prevalence of active EBV groups studied. 	However, titres for 

infection that stimulates high EBV- 
1-15V-2 were higher in the three 

VCA antibody titres as well as anti- 
groups from Cali (cervical carcinoma, 

body to some of the early antigens of 
condyloma and controls) than in the 

EBV. 	These results also bring out 
control groups from UsA. 	High 	ВV 

the difficulties of establishing etio- 
antibody titres (VCA and early anti- 

logical roles f or viruses in cancer 
gens) were found in the three groups 

by sero-epidemiological methods, 
from Санi. 	Antibodies to early anti- 
gens of CMV were detected in a sub- 
sample of the subjects and with 

SU 	EY higher frequency in patients with 
cervical cancer. 	The significance 

The indirect immunofluorescent 
of these findings is discussed. 

test was used to detect antibodies to 
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As herpes simplex virus type 2 
(HSV-2) is predominantly transmitted 
by venereal contact, it was thought 
that antibodies to 1Sv-2 would be 
correlated with antibodies to other 
venereal diseases, such as syphilis. 
We therefore compared a group of 
patients who had fluorescent treponema 
antibodies (FTA-ABs test) with matched 
coпtrolS by the microneutralization 
test with HsV types 1 and 2. The 
neutralizing titres were adjusted to 
neutralizing potencies (р  V) (Fazekas 
de 5t. Groth, 1961) and t4he р  оf 
HSV-1 antibodies related to the p0 
of H5V-2 antibodies by the p0-
difference (hр  = pN type 1 - pN 
type 2) (Pauls 	Dowdle, 1967). Pа- 
tients without any neutralizing HSV 
antibodies were rare among syphilis 
patients as compared to the controls; 
sera with a low р0-difference were 

more frequent in the syphilis group. 
The р0-values of type-1 antibodies 
were similar in both groups, whereas 
syphilis patients had higher рт1-
values of type-2 antibodies ana 
consequently a lower pi difference 
(Table 1). These findings are in 
agreement with earlier results by 
Dumas et al. (1972) ii young pros-
titutes, who were positive for syphilis 
by the Veпereal Disease Research Labo-
ratory (VDRL) test. They show clearly 
that promiscuity is an essential fac-
tor when the incidence of HSV-2 
antibodies is analysed. In certain 
studies on the relationship between 
genital herpes and cervical cancer, 
the influence of promiscuity was eli-
minated by the comparison of carefully 
matched pairs (Adam et al., 1971, 
1972a, 1972b, 1973). Our view was 
that it might also be useful to 
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ТаЫ  e 1. Mlicrenentralization test with HSV types 1 апд  2 in patients senoposittiцe erS seronepative for вyph 1 is 

Patients 	No. 	Mean 	Negative for 	n 	o p5± 	Р 	Geometric 	Р 	Geometric 	Р 	Geometric 

age 	neutralizing 	 ~0 50 	 mean pfd 	 rпean p 	 meп n 
(years] 	15ц 	

type 1 	 type Z 	 ~p1г  
antibodies 

5yphilis-
sero- 
пegatiее 	106 	39 	21 	 28 	 0.07±0.32 	 2.09±2.33 	 0.5710.27 

<0.001 	 nO.025 	 <0.4 	 a0.01 	 X0.02 
еб.005 	 ±0.3 	 ±0.001 	 ±3.01 

Syphilis 
sero- 
positive 100 40 	3 	 53 	 2.72±0.35 	 2.24±0.39 	 0.47±0.27 

° Ср± = рГ7 ISV type 1 - p., 115V type 2, where р.~ is neutralizing potency 

compare cervical cancer patients with the higher risk of infection with 
the patient groups mentioned above 	HSV-2 in this group. 
(Fig. 1). 	

It was of interest to see whether 
The lowest рN-values of both types the quantitative differences found 

of antibodies were observed in the 	with neutralizing antibodies were 
sera without syphilis antibodies. The linked with qualitatively different 
results are not very different when 	reactions in tests involving special 
men and women or women only are con- 	antigens or antibodies (Table 2). 
sidered. There is an equal increase 	Complement-fixing (CF) antibodies to 
in both antibody types when the re- 	an early antigen (EA) of HSV-2, which 
suits are restricted to the older 	was prepared from four-hour infected 
women of the group. The break in the human-embryo lung cells, were equally 
curve shows that only type-2 anti- 	frequent in both cases and controls, 
bodies increase when the curve changes and seemed to correlate with neutral- 
from the syphilis-negative to the 	izing antibodies; the latter were 
FTA-positive group. In this group, 	present in the sera of all of 60 
there is an equal increase in both 	cancer patients and in 77 of 87 control 
antibody types in going from men and 	sera. CF antibodies to an antigen 
women to women only, and then to 	derived from a cervical cancer cell 
older women. The curve continues to 	line were found more often in control 
rise as values for the sera ii both 	sera than in the cancer sera. Fluores- 
younger and older patients with cer- 	cent Ig: antibodies to an early 
vical cancer are reached, the increase antigen of HSV-2 were demonstrated in 
in type-2 antibodies prevailing over 	acetone-fixed preparations of four- 
that if type-1 antibodies. 	 hour infected cells mixed with equal 

These results suggest that with 	
numbers of non-infected cells (Fig. 

increasing age, women in particular 	
Z)• They were found in 281 of the 

are ехроsед  to a continuous or inter- caner sera, less frequently iп  the 

mittent antigenic stimulus by HSV and 
control sera. 

that this is especially true of cer- 	The investigations reported here 
vital cancer patients - apart from 	show that, in patients with cervical 
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FIG. 1. NEUTRALIZING ANTIBODIES TO HSV TYPES 1 AND 2 

Sera without treponema antibodies; x 55 men + 45 women, mean age 
39 years; o 45 women, mean age 40 years; • 27 women, mean age 52 years. 
------ Sera with treponema antibodies; x 55 men + 45 women, mean age 40 
years; o 45 women, mean age 41 years; • 27 women, mean age 52 years. 

Sera of patients with cervical cancer (carcinoma in situ + invasive 
carcinoma); o n = 27, mean age 40 years; • n = 90, mean age 54 years. 
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Table 2. Search for pathognostic antibodies in cervical cancer patientsa 

Patients 15V-2 EA, 
CF 
antibodies 

C-4-1 	cells, 
CF 
antibodies 

15V-2 EА, 
fluorescent 
I9' antibodies 

Cervical 	cancer with 55/66 8/60 16/56 
neutralizing ISV antibodies (92%) (13%) (28%) 

Controls with 73/77 17/77 4/66 
neutralizing HSV antibodies (95%) (22%) (6%) 

Controls without 0/10 1/10 0/10 
neutralizing 15V antibodies 

а  EA = early antigen, i.e., antigen prepared from human embryo fibroblasts, 
four hours after infection; C-4-1 = cell line derived from human cervical 
cancer (Auersperg & Hawryluk, 1962); CF: patient's sera 1:10, complement 
titrated. Values shown are ratios of numbers with CF or fluorescent IgM 
antibodies to numbers tested. 
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FIG. 2. INDIRECT IMMUNOFLUORESCENCE 0F IgM ANTIBODIES IN THE SERUM 0F 
PATIENTS WITH CERVICAL CANCER 

Acetone-fixed preparation of four-hour 15V-2 infected cells, mixed with 
mock-infected cells. x 320 

cancer, neutralizing HSV-2 аntibodгes 
can be found at а  higher rate and 
with higher titres than in syphilis 
patients, who also have a higher risk 
of infection with HSV-2. The elevated 
titres of neutralizing antibodies are 
linked with the appearance of fluo- 

rescent IgM antibodies in some of 
the cancer рatiетats. The results 
are in agreement with either the 
"рrefereпtial" or the "etiology 
hypothesis" but not with the 
"promiscuity hypothesis" (Aurelian, 
1973). 
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A modification of the indirect 
immunofluorescence test of Schmitz & 
Scherer (1972) was used to detect 
Epstein-Barr virus (EBV)-specific 
IgM. The main modification, made for 
reasons of supply of reagents, was 
the use of an antihuman 1gM 
fluorescein-isothiocyaiate (FITC) 
conjugate (Wellcome Research Labora-
tories) in place of an antihuman IgM 
rabbit serum followed by an anti-
rabbit IgG/FLIC conjugate. A full 
description of the test is given by 
Edwards & МсSwiggаn (1974). 

5erum samples were obtained from 
a diagnostic laboratory to which they 
had been submitted for heterophil-
antibody (HA) testing, and were 
examined for 1gM to EBV without 
knowledge of the results of the HA 
tests. The results obtained on 166 
sera are shown in Fig. 1. Both tests 
were positive in 51 sera and both  

negative in 108 sera. The EBV IgG 
test was also negative in 16 of the 
latter. In six sera, EBV IgM was 
detected but the HA test was negative, 
and in one serum the HA test was 
positive but EBV 1gM was not деteс-
ted. Both tests were repeated on the 
six sera in question and the results 
confirmed. In the 13 cases known to 
be under 10 years of age, no dis-
agreements were found between the 
results of the two tests. A propor-
tiori of the sera were absorbed with 
the ox cell preparation used in the 
HA test. After absorption these 
sera were still found to be positive 
in the EBV IgM test, showing that 
the two tests involve reactions with 
distinct antigens. 

The University Health Physicians 
and Public Health Laboratory Service 
Laboratories (1971) ii the United 
Kingdom have made a six-year study 
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FIG. 1. COMPARISON OF RESULTS OF HETEROPHIL-ANTIBODY (HA) AND EBV-SPECIFIC 
IgM TESTS 

Comparison of results of heterophil-antibody (HA) and EBV-specific Igi tests 
on 166 routine sera submitted for heterophil-antibody testing. 

	

HA 	1 	HA 

Positive ј  Negative 

EBV IgM 

Positive 	51 	 6 (1 trace) 

EBV TgМ  

Negative 	1 	ј 	108 

of infectious mononucleosis in five two months after onset. 	With the 
Universities. 	A full report is to be exception of the onset specimens from 
published shortly. 	From this study, two cases, all the acute and conva- 
serial sera were available for inves- lescent sera from these 48 cases were 
tigation of EBV IgM. 	All sera were also positive in the HA test. 	The respec- 
tested for EBV IgG by the method of tive proportions of sera reacting in 
lenle & Hеnle (1966). 	Sera from the tests for EВц  IgG and EBV IgN 
patients with illnesses resembling are shown at each time of sampling in 
infectious mononucleosis were tested relation to the onset of the illness, 
by the heterophil-antibody test des- the time intervals being shown at the 
cribed by Davidsohn & Неnrу  (1969). bottom of the diagram. 	All pre- 
Both these HA tests aid those on the illness specimens were negative for 
sera in Fig. 1 were performed by one EBV IgG and IgM at a dilution of 1 in 
of us 	(IhA.M.). 8. 	All convalescent and post-illness 

Fig. 2 shows the results of the 
specimens were positive for 88V IgG 

EBV IgG and IgM tests on specimens 
at a dilution of 1 in 32 or more.  

from 48 cases of infectious того- Weak reactions and negative reactions 
at a dilution of 1 in 8 occurred in 

nucleоsis from whom pre-illness апд  
either or both the IgG and IgM tests 

late post-illness sera were available, 
in a small proportion of cases at 

as well as an acute serum at onset and 
onset. 	Only two cases showed a 

usually a convalescent serum one to 



	

EBV-SPECIFIC IgM Iи  HUMAN SERA 	 {,I 

FIG. 2. RESULTS 0F EBV-SPECIFIC IgM and IgG TESTS 

Results of EBV-specific Igi and IgG tests on serial specimens from 48 
confirmed cases of infectious mononucleosis. 

Pis. WEAK NEG. 

нe.ci п~ ј I "t 	11 	19 	18 	48 	44 	26 	13 	23 
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Р  
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negative heterophil-antibody test at 	reactions were detected in a small 
onset, and in one of these a weak Тgм  proportion of 13 specimens taken 
reaction was detected. IgG was detec- between seven and 12 months, and all 
ted in the convalescent sera of all 	specimens 13 months after illness 
the cases whose specimens, taken at 	were negative. 
onset, gave negative results. IgM 

EBV 1gM was not detected in later 
was detected in most convalescent 
specimens, but there was already a 	

sera from 159 students whose sera had 

drop in the proportion of positive 	
been positive for EBV IgG on arrival 

tests in 26 specimens taken between 	
at University. These later sera 

three and six months. Only weak 	
were from: (z) 69 healthy students 
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on leaving University three years 
later; (b) 42 students from whom 
paired illness specimens were ob-
tamed during an influenza epidemic; 
and (c) 48 students from whom paired 
specimens were investigated during a 
"glandular fever-tуpе  illness. This 

illness was not clearly distinguish-
able from infectious mononucleosis but 
all heterophil-antibody tests were 
negative. 

In a small series of sera from 37 
cases of Hodgkin's disease, EBV 1gM 
was not detected. 
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Since tests for antibodies to viral capsid antigens 
(VCA) of Epstein-Barr virus (EBV) were considered sub-
jесtiце, the question was raised whether the drop in 
antibody titres to this antigen in older children was 
real It was mentioned that, in sera collected from 
1 200 children from the West Nile region of Uganda, the 
incidence of antibodies to EBV УСА  followed a bell-shaped 
curve when high and low dilutions of sera were used. 
5era from children that at one point had a titre of 40-80, 
had no detectable level of antibodies 12-18 months later. 
The specificity of these antibodies to EBV was not, however, 
quite clear, and they required further differentiation from 
antibodies to human cytomegalovirus. It was mentioned that, 
although there is no quantitative relationship between 
titre of antibodies to EBV УСА  and EBV-determined nuclear 
antigen (EBNA), these two types of antibodies were quali-
tatively related and the EBNA test could be used in 
future epidemiological studies. 

On the interaction between avian leukosis viruses (ALV) 
and Marek's disease virus (MDV), data were presented indi-
cating that, contrary to some recent published reports, 
MDV alone is capable of producing a typical lymphoma in 
genetically susceptible chickens that were free from ALV 
group-specific antigens and chick helper factor. These 
chickens remained free from ALV group-specific antigens 
following the infection with MDV and development of the 
lуmphота. It was pointed out that the reported enhancement 
of MD lymphoma by Rouse-associated virus (BAV-2) could be 
both non-specific and mediated by several factors, such as 
the immunosuppression caused by either or both viruses. 
It was mentioned that both the genetic susceptibility of 
experimental chickens to infection with ALV and MDV and 
their susceptibility to tumour formation by these viruses 
must be carefully studied before they are used in studies 
on the interaction of viruses in oncogenesis. 
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The paradoxical situation that Friend virus (FV)-
infectеd NС-37 human lymphoblastoid cells are positive 
for EBNA while negative for EBV DNA gave rise to several 
comments. Tt was mentioned that the results of DNA-DNA 
reassociation kinetics studies were not available yet, 
and that inducibility of the FVNC line by iododeoxyuridine 
(IUDR) indicated that the line must contain EBV DNA. 
Although the possibility of all ENV DNA having been 
associated with the lost chromosome in FVNC cells was 
ехсlидед, it was suggested that non-integrated ENV DNA 
might have been eliminated by infection of NС-37 cells 
with Friend virus. 
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The pathogenesis of recurrent 
herpetic disease has intrigued a 
diverse group of investigators for the 
past 75 years. The suggestion that 
there is a relationship between 
herpetic disease and the nervous system 
was one of the earliest to be put 
forward, and was made by Howard (1903, 
1905) at the turn of the nineteenth 
century. At that time, he expanded 
upon the earlier observations of Head 
& Campbell (1900), which concerned 
zoster, and documented coincident 
herpetic lesions, trigeminal ganglio-
nitis, and pneumonitis. At about the 
same time, Cushing (1905) noted that an 
intact trigeminal tract was necessary 
for the development of herpetic lesions 
(individuals in whom the trigeminal 
ganglion was removed as a treatment for 
trigeminal neuralgia subsequently 
developed herpetic lesions on the 
contralateral side of the face but not 
on the ipsilateral side). These 
observations, coupled with those of 
Howard, led Cushing (1904) to assert 
that "posterior-root ganglia lesions 
are responsible for the common forms of 
herpes about the eyes and nosey°. This  

assertion was obviously the result of 
considerable insight, and as will be 
seen, rigorous experimental confirmation 
is now almost complete. 

Somе  15 years after the obser-
vations of Howard and Cushing, Crüter 
(1920) and LBwenstein (1919) began the 
chain of experiments that now strongly 
support Cushing's statement. At that 
time, by transmitting herpetic 
keratitis, they established the rabbit 
as an important experimental animal 
in which to study herpetic infections. 
In this model, principally as a result 
of the later work by Goodpasture (1925a, 
1925b) and Qoodpasture & Teague (1923), 
the disease was unequivocally demons-
trated to be infectious and viral-
induced, and the role of the nervous 
system in pathogeriesis was firmly 
established. When these results were 
coupled with the epidemiological data 
gathered by Andrewes & Carmichael 
(1930), which showed that individuals 
with recurrent herpetic disease 
possessed neutralizing antibody to the 
virus, it became clear that the natural 
history of herpetic disease was both 
complicated and unique. 

Principally as a result of these 
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experimental and epidemiological 
considerations, and of observations 
concerning the outcome of various 
manipulations of the trigeminal tract 
in niai (Carton & Kilbourne, 1952; 
Carton, 1953), a general hypothesis has 
been formulated to explain the patho-
genesis of recurrent herpetic disease 
in man. Неге, primary infection would 
result in viral replication in 
epithelial cells of the skin or mucous 
membrane, and subsequent invasion of 
superficial nerve endings. The virus 
would then travel intra-axonally in 
sensory nerves to the corresponding 
sensory ganglion (most often the tri-
geminal) where a latent infection would 
be established, most probably in 
neurons, Upon "reactivation", the 
virus would travel centrifugally from 
the neuronal soma in axons, ultimately 
reaching the epithelium where lesions 
would again be produced. If this 
hypothesis is a true one, then three 
phenomena obtain. Firstly, and most 
importantly, virus must be harboured in 
sensory ganglia. Secondly, the infec-
tion must travel to aid from ganglia in 
associated nerve trunks. Thirdly, 
various "insults" must result in re-
activation of the virus from the 
ganglion and reappearance of clinically 
apparent disease at the body surface. 
In the remainder of this communication, 
the evidence derived from experimental 
infections in animals and natural 
infections in man that support this 
hypothesis will be suuiinarized, As will 
be shown, all phenomena, except re-
appearance of clinical disease follow-
ing defined manipulation of experimental 
animals, have been demonstrated to 
occur. In these considerations, 
results obtained in experimental 
animals will be discussed interchange-
ably with those observed in man. At 
the moment, this decision is justified 
since, where phenomena have been 
defined in both animals and man, the 
results are similar. 

FSTABLISHMENТ  AND CHARACTERIsTIC5 
OF ТHE LATENT INFECTION 

It is now well established and 
appreciated that an infection of skin, 
cornea, or mucous membranes is followed 
by a latent infection of the corres-
ponding sensory ganglia. The initial 
demonstration was made in a munie 
model established in our laboratories 
(Stevens & Cook, 1971, 1973a, 1973Ъ). 
Here, herpes simplex virus was shown 
to remain latent for at least one year 
in the sacrosciatic spinal ganglia of 
mice previously infected in a rear 
foot-pad. In this system, virus could  
not be recovered directly, but was 
demonstrated only after the ganglia 
were removed and cultured as organs 
i? vitro. Several days after the 
expiant was made, infectious virus was 
replicated, and could be detected in 
supernatant fluids bathing the ganglia. 
Using similar techniques, we then 
succeededin demonstrating latent virus 
in trigeminal ganglia and brainstems 
of rabbits inoculated on the cornea 
(Stеveпs et al., 1972; Kпotts et al., 
1973). subsequently, we and others hav 
established latent infections in 
sensory ganglia of mice inoculated by 
various other routes (Knotts et al., 
1974; Waiz et al., 1974). Finally, and 
most importantly, when the techniques 
were applied to human ganglia, natural 
herpetic infections in man were shown 
to induce latent infections in sensory 
ganglia (Bastian et al. , 1972; Baringer 
& Swoveland, 1973; Rodda et al., 1973; 
Baringer, 1974). Here, particularly 
from the more extensive data presented 
by Baringer & Swoveland (1973) and 
Baringer (1974)1, it now appears 
likely that half or more of the human 
population harbours latent herpes 
simplex virus in trigeminal ganglia. 

The ganglionic cell involved in 

1 
Personal communication, 
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maintainance of the latent infection, 	elsewhere (Cook & Stevens, 1973; 
and the mechanism by which this infec- Stevens, 1975), but relates chiefly 
tion is maintained have also been 	to the fact that axonal flow is now 
studied in some detail in our labora- 	known to be bidirectional, and to the 
tories. At this time, the bulk of the speed with which the infection moves 
experimental evidence is most con sis- 	in nerves, even in the presence of 
tent with the proposition that latent 	antibody. 
virus is associated with neurons 
(Cook et al., 1974), and that the viral 
genome is maintained in the neurons iп 	REACTIVATION TO ACTIVE INFECTION 
a non-replicating state (5tevеns, 
1975). In addition, experiments in 	Sоon after we had demonstrated 
which latently infected ganglia were 	that latent infections could be 
transplanted into latently infected 	established in spinal ganglia of mice, 
mice, and into animals treated passive- we began an intensive study of re- 
ly with antiviral IgG have led to the 	activation. Until recently, our 
provocative, tentative conclusion that efforts in this direction were un- 
the latent infection is somehow 	rewarding. Despite the use of a 
modulated by antiviral IgG (5tevens & 	variety of methods that are known to 
Cook, 1974)a Here, we proposed that an be associated with reactivation in 
interaction between the IgG and viral- man, we were completely unable to 
induced membrane antigens on the 	reactivate either infectious virus or 
surface of neurons may, through adds- 	clinically apparent disease in mice 
tional intracellular effector mole- 	(Stevens & Cook, 1973b)e However, very 
cules, repress complete expression of 	recent experiments have shown that the 
the viral genome. This mechanism was virus can be reactivated when mice 
modelled after the TL system of 	are severely ill with pneumoeoccal 
antigenic modulation that exists be- 	pneumonia (Stevens et al, 1975), Here, 
tween murine lymphocytes and antibody mice with latent infections in sacro- 
(Old et al., 1968)e There, exposure 	sciatic spinal ganglia were instilled 
of lymphocytes possessing an organ- 	intratracheally with pneumococci and 
specific surface isoantigen to the 	given intensive penicillin therapy 
corresponding antibody results ип 	24 hours later when they became very 
disappearance of the antigen. 	 ill with lobar pneumonia. Analyses 

of ganglia indicated that viral DNA 
and infectious virus appeared 1-2 days 

EVIDENCE THAI VIRцS GRAVELS IN NERVES after the bacteria were administered. 
In addition, proximal and distal 

The early work of Goodpasture 	sciatic nerve roots and the nerve 
suggested strongly that herpes simplex trunk were co-cultivated with RК13 
virus travels in nerve trunks. More 	cells. the data derived from this 
recently, convincing experiments by 	procedure indicated that virus passed 
Johnson (1964), Wildy (1967), and 	from ganglia to the nerve roots and 
ourselves (Cook & 5tеvens, 1973) have 	then to the trunk itself, and that 
made this concept one that is now 	the greatest number of nerves and 
generally accepted. Beyond this, it 	roots (50%) were positive (agзinst 
also seems likely that the virus 	a background of 5-10% in control 
travels in axons. The evidence that 	animals) by four days after bacterial 
supports this latter conclusion is 	infection. It should be pointed out 
indirect and is summarized in detail 	that the model is not a perfect one, 
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however, since clinically apparent 
disease was not prnduсеd, and virus was 
not recovered from the feet of the mice 
studied. Finally, it should also be 
noted that Walz et al. (1974) have also 
reactivated virus in this system by 
transecting the distal nerve roots at 
the point from which they leave the 
intervertebral foramina. There, 
infectious virus could be detected in 
the ganglia a few days after the roots 
were severed. 

CONCLUSIONS AND PERSPECTIVES 

From the evidence summarized here, 
it can be concluded that herpes simplex 
virus remains latent in sensory ganglia 
and travels in nerves. It is also 
likely that the endoneural route taken 
is axonal. In addition, the virus  

probably persists in some non-
replicating state in neurons, and this 
interaction may be modulated by 
specific immune IgQ. The virus can 
be reactivated from spinal ganglia by 
superimposed pneumococcal pneumonia 
or distal root section. However, 
induction of clinically apparent 
cutaneous disease has not yet been 
achieved. If this lattez phenomenon 
can be accomplished experimentally, 
and surgical interruption of appropriate 
nerves then prevents the development 
of lesions, the last significant 
obstacle to acceptance of the general 
hypothesis presented earlier will have 
been removed. Beyond this, it is 
probable that a definition of the 
biochemical basis of latency and 
reactivation will depend upon develop-
ment of a simpler system that can be 
readily manipulated in vitro. 

Work performed in these laboratories was supported by US 
Public Health Service Grants numbers AI-06246 and N5-08711. 
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Herpes simplex virus is well known 
for its propensity to cause recurrent 
mucosal or cutaneous eruptions in man. 
A variety of clinical observations 
have suggested that the disorder may 
be related to involvement of the 
peripheral nervous system. Among 
these are the paraesthesias that 
commonly herald the eruption, and the 
less frequent neuralgic pain that may 
precede or attend the appearance of 
vesicles (Behrman & Knight, l954)d 
Further evidence that sensory ganglia 
might harbour the virus comes from the 
studies of Carton (1953) and Ellison 
et al. (1955), who demonstrated that 
injury to the centrally projecting 
fibres of the trigeminal ganglion 
resulted in herpes simplex lesions 
around the mouth in over 90% of 
patients. The eruption could not be 
provoked if the nerve between the skin 
and the ganglion had previously been 
cut. Rustigian et al. (1966) were un-
able to recover herpes simplex virus 
from cultured skin fragments at the 
site of recurrent eruptions, sugges-
ting that the virus did not remain in 
latent form in the skin. 

Recent studies in animals (Stevens 
et al., 1972; Baringer & 5wovelаnd, 

1974) have indicated that, when 
herpes simplex virus is inoculated at 
the periphery, it can travel to sensory 
ganglia, where it resides in latent 
fashion fir prolonged periods and can 
be recovered only by maintaining the 
ganglia in explant culture or by 
co-cultivation techniques. These 
studies prompted a reinvestigation of 
the possibility that herpes simplex 
virus might reside in latent form in 
human sensory ganglia. 

In previous studies (Baringer & 
swoveland, 1973), trigeminal ganglia 
were removed from unselected cadavers 
and divided into the ganglionic mass, 
the root, and the divisions of the 
trigeminal nerve. These tissues were 
separately explanted and observed for 
the appearance of a viral cytopathic 
effect. In a series of seven patients, 
a cytopathic effect appeared within 
10-45 days after the time of expiai-
tation. The virus recovered was iden-
tified as herpes simplex virus on the 
basis of fluorescent antibody test, 
electron microscopy, and neutralization 
by specific antisera. Explant cultures 
of the roots and trigeminal nerves did 
not yield virus after similar periods 
in vitro, but when deliberately exposed 
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to herpes simplex virus they did 
exhibit a cytopathic effect. Other 
studies (Bastian et al., 1972; Nahmias 
& Roizman, 1973; Plummer, 1973) indi-
cated that the virus in trigeminal 
ganglia was а  type-1 straiп> 

The studies reported here have 
attempted to assess more сотрlеtelу  
the frequency with which herpes 
simplex virus can be recovered from 
trigeminal ganglia and to see whether, 
iii an analogous fashion, the virus may 
be recoverable from sacral ganglia. 

Ganglia were removed in sterile 
fashion from unselected cadavers 
undergoing autopsy less than 24 hours 
from the time of death. The trige-
rainai ganglia were removed as in 
previous studies (Baringer & 5woveland, 
1973). Bу  means of sterile instru-
ments, the sacral and mid-thoracic 
spinal laminas were removed exposing 
the underlying ganglia, which appear 
as fusiform swellings on the roots. 
The second, third, aid fourth sacral 
ganglia were removed bilaterally; in 
addition, mid-thoracic ganglia were 
removed. The ganglia were transported 
in sterile containers to the labora-
tory, where the connective tissue was 
removed, they were washed in Hanks° 
balanced salt solution, and minced 
finely. They were then re-washed 
twice in Haпks' solution, after which 
the tissues from the second and third 
sacral ganglia were divided into four 
portions and inoculated into 25-cm2 
plastic flasks; the smaller amounts 
of tissue from the fourth sacral and 
mid-thoracic ganglia were divided into 
two portions and similarly inoculated. 
To the tissues was added a suspension 
of approximately 500 000 freshly tryp-
sinized human embryonic lung cells 
(Flow 2000) followed by 5 ml of 
Leibovitz L-15 media containing 10%  

fetal calf serшm The flasks con-
taining the co-cultivated ganglia were 
incubated at 35°C and the media changed 
weekly. The cultures were observed for 
the development of a viral cytopathic 
effect. Presence of virus was confir-
med by assay of the supernatant fluid 
using Flow 2000, Vero, or primary 
rabbit kidney ce цs. The identity of 
the viruses recovered was confirmed by 
fluorescent antibody test, neutraliza-
tion test, or electron microscopy 
(Baninger & Swoveland, 1973). Typing 
of the viral isolates was performed 
by plaque reduction using rabbit 
antisera prepared against known type-1 
and type-2 strains (Plummer et al., 
1970) or in the laboratory of Dr A»'. 
Nahmias by fluorescent antibody 
technique (Nahmias et al., 1969). 

RESULTS 

The trigeminal ganglia of 71 cases 
have yielded herpes simplex virus in 
31 or approximately 44% (Table 1). 
Of 26 positive cases in which both 
tnigeminal ganglia were removed, the 
virus was recovered from both sides in 
20. Typing of seven 0f the trigeminal 
isolates has revealed them to be of 
type-1 strain. 

Sacral ganglia removed from 46 
patients have yielded herpes simplex 
virus in five; in each case, the 
virus has been identified as a type-2 
strain. One thoracic ganglia of 34 
removed from patients has yielded virus 
that has been identified as a type-1 
strain. Cell-free passage of this 
virus, the production of a cytopathic 
effect on rabbit kidney cells, and 
neutralization by anti-herpes sera 
indicated that the virus was herpes 
simplex rather than varicella-zoster 
virus. 1n two cases, a simultaneous 
infection by type-1 and type--2 virus 
was present in the trigeminal aid 
sacral ganglia respectively. 
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Table 1. Recovery of herpes simplex virus from human sensory ganglia 

Ganglia Number of Number 
cases positive 

Trigeminal 71 31 

Sacral 46 5 

Thoracic 34 1 

Viral cytopathic effect in tri-
geminal ganglia appeared as early as 
two weeks and as late as six weeks 
after explantatioп, and in sacral 
ganglia, from two to 13 weeks after 
explantation (Fig. 1). In nine of 
the trigeminal ganglia, all of the 
four flasks yielded virus. 

DISCU55ION 

These studies indicate that herpes 
simplex virus is commonly present 
within the trigeminal ganglia of un-
selected cadavers, where it 1s most 
often present bilaterally. Prelimi-
nary data indicate that the virus from 
trigeminal ganglia is uniformly type-1 
strain. Herpes simplex virus can be 
recovered less frequently from sacral 
ganglia. The virus appears to reside 
in the third or fourth sacral ganglia, 
and has not to date been recovered 
from the second sacral ganglia. The 
sacral isolates have uniformly been 
type 2. Iп  two cases, a simultaneous 
infection by type-1 and type-2 virus  

at the trigeminal and sacral ganglia 
has been observed. 

The finding of latent herpes 
simplex virus within sensory ganglia 
may afford an explanation for the 
paraesthesias or neuralgic pain 
that may be experienced in relation to 
recurrences of herpes simplex lesions. 
It is possible that either the 
reactivation process or phenomena 
associated with travel of virus down 
the nerve are important in the produc-
tion of such symptoms. The activation 
0f virus latent in the ganglia by 
damage to the sensory root can be 
readily understood on the basis of 
the reactivation of such latent virus 
in response to root injury. 

The role of the ganglia in 
providing a safe harbour for the virus 
against the host's defence system or 
antiviral treatment remains unknown, 
as does the possible relationship of 
the residence in ganglia to the trans-
forming and possible oncogenic role 
of the virus. 



1.. 

	

76 
	

BAR I LAGER 

FIG. 1. HERPES SIMPLEX VIRUS PARTICLES IN CO-CULTIVATEd 
SACRAL GANGLION EXPLANT 
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The association of herpesvirus 
type 2 (HSV-2) with squamous carci-
noma of the human cervix is based on 
biological and sero-epidemiological 
data (Naib et al. , 1969; Rawls et al. , 
1973; Nahmias et ai., 1970; Aurelian 
et al., 1970). Exfoliated cervical 
tumour cells contain HSV-2 antigens 
(Aurelian et al., 1972; Call & Haines, 
1974). Virus was isolated from tumour 
cells in culture (Aurelian et ai,, 
1971), and complete virus particles 
were observed in two of 14 tumours 
(Herrera et ai,, 1974). Nucleotide 
sequences corresponding to 40% of the 
viral genome were reported in one 
tumour (Erenkel et al., 1972). 1гп  
vitro transformation of hamster cells 
with 15V-2 has been described (Rapp & 
Duff, 1973). However, direct evidence 
in support of a causative role for 
HSV-2 in cervical cancer is not yet 
available. Two questions pertaining to 
this problem constitute the focus of 
this presentation, specifically: 
(a) do cervical tumours contain a 
virus-induced antigen that is cervical 
tumour-specific; and (b) what is the 

The molecular basis for understan-
ding the possible oncogenic role of 
HSV-2 in humans is based on knowledge 
accumulated from work with animal 
models. Cells transformed by DNA 
tumour viruses: (i) acquire permanent 
new properties and lose normal growth 
control; (ii) contain viral gene 
copies, complete or partial, in a non-
infectious state; (iii) transcribe 
specific viral gene sequences other 
than those associated with the inhi-
bition of host macromоlecular synthe-
sis; and (iv) contain viral protein(s) 
that regulate the growth of the trans-
formed cells and are most probably 
coded by virus-specific sequences. 
Secondary effects on the course of 
differentiation and evolution of the 
new (transformed) cell type wоi.iд  
explain tumour formation. Accordingly, 

antibody Co this antigen and is it 
different from antibody to 15V-2? 

PRESENCE 0F A VIRUS-INDUCED TUMOUR- 
SPЕCЕFIC ANTIGEN IN CERVICAL CANCER 
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it has been predicted (Aurelian, 1972) 	The early HSV-2 induced antigen 
that cervical tunmur cells contain the studied in this series (АG-4) is a 
Н5V-2 genome iп  a non-infectious 	crude extract of HEp-2 cells infected 
state, transcribe specific gene func- with HEP-2 for 4 hours. The control 
tions and contain virus-coded 	 antigen (AG-H) is а  similarly prepared 
protein(s) that regulate the growth of extract of uninfected HEp-2 cells. The 
the transformed cells (Ca-Protein), 	patients were seven women with atypia, 
The exact nature of Ca-Protein, 	20 with carcinoma in sifu, 34 with 
however, could not be predicted with 	untreated invasive cervical cancer, 26 
accuracy. In DNA tumour viruses, two with invasive cervical cancer success- 
specific antigens, synthesized early 	fully treated 2 months to 19 years 
in the replicative cycle and non- 	prior to blood collection, and seven 
structural in nature, are the T- and 	with histological evidence of recurrent 
transplantation antigens; antibody to neoplastic disease. Control subjects 
these antigens is present in tumour- 	matched for age, race, and socio- 
bearing hosts. It should be stressed, economic class according to economic 
however, that at present thexe is no 	deciles of the resident census tracts 
evidence that these antigens regulate 	for the city of Baltimore were hospital- 
the growth of the transformed cell 	ized for unrelated illness and had a 
(Green et al., 1971). Furthermore, 	negative history of cancer. the micro- 
evidence is accumulating that T-antigen quantitative complement-fixation test 
may not even be necessary for trans- 	of Wasserman & Levine (1961) adapted to 
formation (Robb et al., 1972). 	 the herpesvirus system has previously 

The rationale for studying the 
been described (Aurelian et al» 1973)e 

presence in human sera of antibody to 
'early' IsP-2 induced antigens, dif-
ferent from those antigens involved in 
neutralization, is two-fold. Firstly, 
if cervical tumour cells contain Ca-
Protein(s), cancer patients should 
have Ca-Proteins) specific antibody. 
Ca-Protein(s) could be virion or non-
virion in nature, unique to the tumour 
cells or also made in the productive 
infection; they should, however, be 
"early" protein(s), synthesized before 
the virus expresses those functions 
responsible for the inhibition of host 
macromolecular synthesis (Aurelian & 
Roizman, 1965; Roizman, 1971; Aurelian, 
1974). Secondly, the antigens re-
acting in neutralization tests are 
indicative of previous infection with 
the virus and are not tumour-specific. 
The relatively high percentage of 
women without cancer, but with anti-
body to ISP-2, raises further doubts 
about the validity of the association 
of HSV-2 with cervical cancer. 

Sera reacting with both AG-H aid AG-4 
were considered negative for AG-4. 

Two features emerge from the results 
summarized in Table 1. The first is 
that the prevalence of antibody to АG-4 
is significantly higher in patients with 
invasive carcinoma (85%) than in a 
matched control group (10%), and 
correlates with the gradation (Koss, 
1969) expected of cervical cancer 
(atypia: 35%; in situ: 72%). The 
second feature is the absence of AG-4 
antibody in patients with cervical 
cancer successfully treated prior to 
blood collection and its presence in 
those with recurrent neoplastic disease. 
Neutralizing antibody to 15V-2, however, 
is highly prevalent in controls and is 
not affected by therapy. 

Finally, AG-4 activity is observed 
in extracts of five out of six cervical 
tumours prepared by freezing and thawing 
and sonication and reacted with a serum 
(No. 64) containing antibody to AG-4 
and obtained from a case of invasive 
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Table 1. Presence of antibody to АG-4 in cancer patients and controls 

Group 	 No. 	Positive for 	Positive for 	Positive for 

tested 	АG-4 	 AG-N 	 HSV-2 

No. 	% 	No. 	% 	 No. 

Atypia 7 3 43 0 0 7 100 

Matched controls 7 0 0 0 0 4 57 

Carcinoma in situ 20 13 65 0 0 19 95 

Matched controls 20 1 5 0 0 10 50 

Invasive 34 29 85 0 0 33 100 

Matched controls 34 4 12 5 15 24 71 

Treated 	invasive 26 0 0 0 0 26 100 
cancer 

Recurrent cancer 7 6 86 0 0 6 100 

carcinoma, but not observed гп  two out salivary gland, breast, stoтaach, lung 
of two biopsies from women without 	and bronchi. Antibody to AG-4 is also 
cancer and ип  one from adenocarcinoma absent in carcinoma of the pancreas, 
of the cervix. It is also present in vagina, and endometrium, and in adeno-
extracts of three cell cultures estab- carcinoma of the cervix (Aurelian et 
lished from cervical tumours reacted 	al., 1973); (ii) AG-4 antibody appears 
with serum No. 64. AG-4 activity is 	to be associated with active tumour 
not observed in all cases with a 	growth, being present ïn recurrent 
second serum (No. 28) obtained from a 	neoplasia and absent in successfully 
control and negative for АG-4 activity, treated patients; and (iii) iп  favour 

of its viral nature are its absence from 
Is AG-4 the predicted Ca-Protein(s) uninfected cells and its synthesis in 

and what do we know about it? In 	
nitгю  , four hours after infection of 

favour of the interpretation that AG-4 HEp-2 cells with H5V-2. However, this 
is a possible candidate are the 	evidence does not prove that AG-4 is 
following observations: (i) unlike 	virus-coded nor that it plays a regu- 
the non-virion antigen (Tartu & 	latory role in tumour growth. Piirif j- Ѕabјn, 1970; Hollinshead et al., 1973), cation and characterization studies 
AG-4 is specific to squamous carcinoma will determine whether AG-4 is one or 
of the human cervix. In a recently 	more proteins, virus- or cell-coded, 
completed blind study on 38 sera 	and its location inside the cells. 
supplied by Dr R. idanaker of the 	

The question of its role in control National Cancer Institute, AG-4 anti- 	
of tumour growth must, however, await 

body was not observed in sera from 	
the results of the purification 

patients with carcinoma of the vulva, 
studies. 

bladder, prostate, kidney, tonsils, 
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15V-2 for four and 24 houes by the 
indirect immunofluorescence procedure, 
using Evans Blue as a counterstain. 
The anticomplement immunofluorescence 
test (Reedman & Klein, 1973) was also 
done on HEP-2 cells infected with H5V-2 

significance in view of the presence The results of these studies 
of structural (at least 15V-1) viral 	(able 2) may be summarized as follows, 
antigens in cells infected between O-4 Antibody to AG-4 is present only in 
hours (Honess & Roizman, 1973), and 	cancer but not in control sera, and 
the presence of neutralizing antibody 	resides in the IgM fraction; 1gG does 
in patients sera (Table 1). It is 	not fix complement with АG-4. In 
probable that, during the first four 	contrast, complement-fixing activity 
hours after infection, not enough 	to 5V-2 resides in the IgG fractions; 
viral structural proteins are made to 	1gM does not fix complement with H5V-2 
be detectable. Possibly also, neutral- iп  nine out of 11 sera. The IgM 
izing antibody recognizes those anti- 	fractions also do not stain HSV-2 
gens after they undergo some modifica- infected cells. All IgG fractions 
Lion (individual or due to interac- 	stain 24 hours-infected cells and nine 
fion) occurring during the later 	out of 11 stain the four hours-infected 
intervals of the repl.icative cycle, 	cells. Neutralizing antibody to 15V-2, 
Finally, it is possible that antibodies however, resides in both IgG and IgM 
specific to the various viral antigens fractions of most seras and addition of 
(and AI-4) reside in different immuno- complement does not substantially 

globulin fractions and preferentially improve the neutralizing potential of 
react in some, but not other, serolog- either fraction in seven of these sera. 
ical procedures. 	 Following аЪsогрtiоп  with H5V-2, 

To inquire into this possibility, 
we studied 11 human sera obtained from 
cancer and control subjects, and frac-
tionated by zone centrifugation iп  
10-40% (w/v) sucrose gradients at 
35 000 rpm for 18 hours in an 5W50 
rotor. Protein distribution in frac-
tions collected from the bottom of the 
tube was monitored by absorbance 
measurements at 280 nm iп  an ISC0 
model NA-4 absorbance monitor. IgG 
and IgM quantities in the peak frac-
tions were determined by iminunodiffu-
siori assays using Hyland immuno-plаtеs 
(Hyland, California). They were tested 
for their ability: (a) to fix comple-
ment with AG-4, control antigen, AG-H 
and HSV-2; (b) to neutralize 15V-2 in 
an artificial mixture with ISV-Mi' by 
the multiplicity analysis previously 
described (Aurelian et a1., 1970); and 
(c) to stain HEp-2 cells infected with 

WHAТ  I5 THE ANTIBODY TO AG-47 

The specificity of the AG-4 anti-
body to cancer and the observation 
that AG-4 does not block the neutral-
izing ability of human sera (Aurelian 
et а1 	1974} аre of particular p' 	 for four hours, 

anticomplement iirnnunofluorescent 
staining was observed only in the four 
hours-infected cells stained with IgM 
from AG-4 positive sera, 

CONCLUSIONS AND PERSPECTIVES 

The data presented provide evidence 
for the presence in cervical tumours of 
a virus-induced antigen, designated 
АG-4. This antigen is specific to 
squamous cervical cancer, consistent 
with the infectious epidemiological 
pattern of the disease (Kessler, 1974). 
The conclusion that AG-4 is associated 
with tumour growth rests on the follow-
ing observations: (i) antibody to AI-4 
shows the gradation expected of the 
development of cervical cancer (Koss, 
1969); it is present in 35% of women 
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Table 2. Immunological reactivity to NSц-2 and AG-4 of immunoglobulin 
fractions from human sera 

Serum 	Diagno- 	Positive for 	Positive for 13V-2 
No. 	sisa 	4G-4 

CFb 	 CF7 	 NTe 	IFS 

Igi 	IgG IgM 	IgG 	IgM IgG IgM IgG 

4h 	24h 	4h 24h 

3 СаСх  +0/2) 	- NDe 	NDe + + - 	- 	+ + 

8 СаСх  - 	- +0/2) 	+(l/4) + + - 	- 	- + 

12 СаСх  +(1/2) 	- - 	±0/8) + + - 	- 	+ + 

13 СаСх  ±(1/2) 	- - 	+(l/4) + + - 	- 	+ + 

15 control - 	- - 	+0/16) - + - 	- 	+ + 

17 СаСх  +(l/2) 	- - 	+(1/1 б) - + - 	- 	+ + 

10 Control - 	- - 	+(1/4) + + - 	- 	- + 

25 Control +(l/2) 	- ±(l/8) 	+(l/8) + ± - 	+ + 

63 СаСх  +0/8) 	- - 	- - + - 	- 	+ + 

160 Atypia +(1/4) 	- - 	+(1/8) — + - 	- 	+ + 

133 CaCx - 	- - 	±(l/32) + + - 	- 	+ + 

a СаСх: invasive cervical cancer. 

b Complement fixation. The antibody titre, defined as the highest serum 
dilution fixing more than 10% of complement, is given in parentheses. 

C Neutralization. 

d Immunofluorescence. 

e Not done. 



w- 

84 
	 AURELIАh EТ  AL. 

with atypia, 65% of those with carci-
noma in situ and 85% of those with 
invasive cancer; (ii) antibody to 
AI--4 is not present in sera of control 
subjects even with recurrent Н5V-2 
disease; (iii) antibody is absent in 
sera from cancer patients who have 
undergone successful therapy hut 
present in the sera of those with 
recurrent neoplastic disease; and 
(iv) AI-4 is present in squamous cervi-
cal tumours biopsied or grown in 
culture but not in normal cervical 
tissue or in adenocarcinoma of the 
cervix. Viral antigens detected by 
other tests (Table 2) cannot be 
correlated with cancer. 

It is significant that IgM and IgG 
iminunoglobulins differ in their abil-
ity to recognize 18V-2 and AG-4 in 
different serological assays. AG-4 
antibody is an IgM inununoglobulin in 
all sera positive for AG-4 studied in 
this series. Antibody to 18V-2, in 
contrast, is in the IgG fraction if 
assayed by complement fixation or 
immunofluorescence, or in both the IgG 
and IgM immunoglobuline, if assayed 
by neutralization. 

The significance of this observa-
tion in terms of the possible confu-
sion in interpreting the results of 
various serological assays for HSV-2 
and "non-virion' antibody in cancer 
patients should be given special con-
sideration, Unfractionated serum 
possesses the sum of activities of the 
various iтпmuпoglobulin fractions; 
however, their different avidity, the 
proportion and nature of the various 
antigens in the specific preparation  

used as antigen, and the sensitivity of 
the specific modification of the test 
used, will clearly affect the final 
interpretation of the data. 

0f particular interest is the ob-
servation that antibody to АG-4 is an 
IgM immuпoglobulin. The ratio of 
different 1g classes is not the same in 
all general responses. Thus, IgM is 
the preferential response to a sarcoma-
specific antigen (Eilber & Morton, 
1971), Antibody to antigens having a 
large number of identical epitopes, 
like bacterial polysaccharide, are 
mainly I1M, and antiflagellin responses 
are richer in IgG than antiflagella 
responses (Makela et al., 1971)a The 
Igo nature of anti-AI-4 antibody further 
suggests that immunity to AG-4 may be 
T-се11 independent (Mitchell et al., 
1971), The exact significance of this 
observation in terms of tumour growth 
and/or control must await further 
investigation. It should be pointed 
out, however, that a few observations 
indicate the beneficial nature of IgM 
responses. Firstly, 19 5 antibody 
appears to be cytotoxic in presence of 
complement, whereas i S of the same 
specificity can inhibit cytotoxicity 
(Makela et al., 1971). Secondly, IgM 
is not as effective as, or less effec-
tive than, IgG in the feedback-type 
inhibition of antibody synthesis and 
immune response (Miller & Wigzell, 1965), 
Finally, IgM cannot inhibit cell-
mediated immune responses in vitro 
(Shin1), 

;Personal communication. 
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Marek° s disease (MD) is a conta-
gious lymphoproliferative disease of 
the domestic fowl associated with 
infection with a herpesvirus (MDV). 
Interest in the disease has been a 
consequence of its importance as a 
major cause of loss to the poultry 
industries of many countries (Biggs, 
1971). With the development of suc-
cessful vaccination techniques against 
NID, attention has been focused upon 
its relationship to other neoplastic 
diseases, especially those putatively 
associated with herpesviruses. Inves-
tigation of the nature of NID has 
been hampered by the lack of any NID 
lyinphoma-derived cell lines (Klein, 
1972)9 this contrasts with Burkitt`s 
lymphoma (BL), where cell lines were 
readily produced soon after the des-
cription of the clinical condition 
(Epstein, 1970), Recently, MD lympho-
blastoid cell lines have been estab-
lished in vit2ю  (Akiyama et al. 19739 
Powell et al,5 1974), and in vivo 
(Theis et a1.5 1974). We now describe 
the establishment and characterization 
of two cell lines, HРRS Line 1 and 
HPRs Line 2. 

ЕSтАBLISHMЕNТ  Ahi) CHARACTERIZATION 
0F NID CELL LINЕ5 

The approach used was that found 
to be successful in the long-term 
culture of lymphocytes from EL 
biopsies (Epstein & Sиrr, 1964). 
Ovarian lymphomas were collected from 
experimentally infected birds, aid 
dispersed into single-cell suspensions 
by agitation in 0.05% trypsin. The cells 
were adjusted to a concentration of 
5 x 106 per п1 and cultures of volume 
5 ml were incubated at 40°C in screw- 
cap glass universal bottles, 20 mm 
in diameter. The medium used was 
RPMI 1640 supplemented with 20% fetal 
calf serum (FCs), 10% tryptose 
phosphate broth, and 1% non-essential 
amino-acids. Cultures of peripheral 
blood lymphocytes were initiated in 
a similar manner. The cultures were 
re-fed by carefully replacing half 
the supernatant medium, taking care 
not to disturb the settled cells, 
thrice weekly for the first week, and 
thereafter weekly, until signs of 
growth of non-adherent cells were 
apparent. Many cultures gave rise to 
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a profuse growth of adherent 	 calf serum could not be used to replace 
fibroblast-like cells. 0f 120 cultures Fс5 in the medium. Normal chick serum 
initiated from 49 tumours and 11 blood could be used (at 20%), but some sera 
samples, only two continuous cell 	were toxic. 
cultures have been established 	a 9 

third culture, which started to grow 
as non-adherent lymphoblastoid cells 
after a latent period of 90 days, 
failed to survive subculture. A 
further 32 lymphocyte preparations 
from normal blood failed to grow in 
long-term culture. More recent 
attempts to produce additional cell 
lines have so far been unsuccessful. 
This contrasts with the relative ease 
with which lymphablastoid cell lines 
may be established from human blood 
and BL biopsies, and suggests that 
the method described is not optimal, 
though it may reflect the notorious 
difficulty of establishing avian cell 
lines (Klein, 1972). 

All cultures were re--fed weekly 
for a period of three months before 
being rejected. One culture was 
found to be growing as non-adherent 
lymphoblasts after 31 days of incuba-
tion. This was designated 'HFRs Lime 
1" and has now been growing for 12 
months. НРRS Line 2 had a latent 
period of 92 days, and has now been 
growing for 9 months. subculturing 
by division of the cultures into two 
was done every seven days. 

In the growth of both cell lines, 
a high proportion of dead cells has 
been consistently observed. Medium 
supplemented with 30% FC5 or with 15% 
FCS aid 15% chick serum supported 
growth but did not provide the solu-
tion to this problem. The cells of 
both cell lines were fastidious about 
their culture conditions. Growth was 
better at 40°C than at 37°C. Line 1 
cells failed to divide at the lower 
temperature; Line 2 cells divided 
more slowly. The percentage of FCS 
in the medium was critical. Medium 
containing less than 10% or more than 
30% did not support growth. Normal 

Cultures grew to a cell concentra-
tion of about 1.2 x 106 per ml, which 
remained static on refeeding. Divi-
sion of such a culture into two 
containing 0.6 x 106 cells per ml was 
followed by rapid cell death, presum-
ably owing to the fragility of the 
cells, producing cultures containing 
0.3 x 106 cells per ml after 24 hours. 
Cell numbers then increased with a 
doubling time of 3-4 days. The cells 
were never attached to glass. Line 
1 cells appeared singly or in pairs, 
but Line 2 cells consistently formed 
clumps of large numbers of cells. 
Most cells were round, but some cells 
had one or many pseudopodium-like 
projections. The living cells ranged 
in size from 5 цт  to 12 цт, with a 
mean of 8 im. In smears, and in 
suspensions stained with Natt and 
Herrick's stain (Natt & derrick, 
1952), the cells showed a degree of 
heterogeneity, perhaps related to 
their stage in mitosis. Smears 
showed cells to have large nuclei and 
a rim of intensely basophilic cyto-
plasm containing vacuoles (Fig. 1). 
Some large cells contained two nuclei. 
Nucleoli were not seen. 

Ultrastructurally, the cells were 
similar to those seen in MD lymphomas 
(Fig. 2). The nucleus was round or 
oval and sometimes slightly indented, 
with marginated chromatin. Nucleoli 
were occasionally seen. The cyto-
plasm contained several mitochondria 
and osmiophilic (lipid) bodies, but 
sparse endoplasmic réticulum. single 
ribosomes and polyribosomes were 
frequent. The cells were remarkably 
similar to cultured BL lymphoblasts 
(Frazier & Powell, 1975); about 3% 
of the cells showed projections of 
the nuclear envelope enclosing 
portions of cytoplasm, and parallel 
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FIG. 1. PHOTOMICROGRAPH 0F A STAINED FILM OF 
LYMPHOBLASTS OF HPRS LINE 1 

The regular rounded cells, which vary considerably in size, have large nuclei 
and basophilic cytoplasm. One large binucleate cell is present. (May-
GrUnwald Giemsa) (x 1 300) 

arrays of annulate lamellae were 
present in the cytoplasm of a few 
cells. A very small proportion of 
Line 1 cells (с0.5%) contained imma-
ture ixtranuclear herpesvirus capsids 
(Fig. 3). The particles measured 
about 90-95 nm in diameter. No 
enveloped or cytoplasmic particles 
were observed. No herpesvirus parti-
cles have yet been seen in Line 2 
cells. 

Both cell lines acted as plaque-
forming infectious units (NFU) to 
chick kidney-cell monolayеrs, as well 
as being infectious in vivo. The 
numbers of PlI varied considerably  

with time, Mean estimations were 660 
and 145 PFU per million viable cells 
for Line 1 and Line 2 respectively. 
Neither cell line produced any cell-
free virus. 

Suspensions of living cells were 
examined for membrane аntigéпs, using 
the indirect fluorescent antibody 
technique (Hudson & Рayne, 1973). 
The specific antisera were raised in 
chickens against HPRS-1б  infected 
chick-kidney cells (anti-МDV) and in 
rabbits against suspensions of NB 
lyniphoma cells (antitumour) , normal 
thymus cells (anti-T), and normal 
bursa cells (апti-В). All antisera 
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FIG. 2, ELECTRON MICROGRAPH OF A TYPICAL LYMPHOBLAsT OF HPRS LINE 1 

The large nucleus contains a nucleolus, and has a projection of the nuclear 
envelope. The cytoplasm is rich in ribosomes, and also contains two large 
lipid bodies, vacuoles and mitochondria. 	(x 10 000) 

had been extensively cross-absorbed 
(Payne et al., 1974). The results 
are shown in Table 1. The anti-B and 
anti-T antisera were specific, as 
assessed by the staining of suspen-
sions of bursa and thymus cells. 
These sera stained B and T 
lymphocytes, respectively, in the 
blood. The anti-МDУ  serum was 
specific for virus plaques in chick-
kidney monolayers. The staining of 
a high proportion of cell-line cells 
and of lymphoma cells with antitumour 
antiserum suggests the presence of a 

tumour-specific antigen. The results 
indicate that such an antigen is not 
identical with the known virus-
associated antigens. Line 1 cells 
stained for T-cell determinants, 
showing smooth staining with frequent 
capping, typical of T cells (Fig. 4). 
Line 2 cells also stained for I-cell 
determinants. 

The immuпocompetence of the cells 
as T cells has been measured by 
their response to stimulation with 
phytohaemagglutinin (PuA), and by 
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FIG. З. PORTION OF A CELL CONTAINING IMMATURE 
INTRANUCLEAR HERPESVIRUS PARTICLES 

their capacity to mount a graft-
versus-host (g.v.h.) reaction, Fig. 5 
shows that the background level of 
incorporation by the cells of 
tritiated thymidine was high, and 
higher than that of freshly explanted 
lyniphotna cells. There was little or 
no response to increasing PTA levels, 
in contrast to the effect of PTA on 
the incorporation of tzitiated 
thymidine by blood lymphocytes. The 
specificity of the action of PlIA on 
T cells was demonstrated by the 
response of the bursa- and thymus-cell 

suspensions to PTA. 

The results of the g.v.h. reactions 
are presented in Fig, 6. Line 2 
differed from Line 1 in possessing no 
detectable g.v.h o capacity. Line 1 
was intermediate between Line 2 and 
normal blood. Histologically, the 
splenic enlargement produced by Line 
1 cells was typical of a g.v.h. 
reaction (Biggs & Payne, 1961). This 
difference may reflect the variable 
effect of malignant transformation 
upon cells. Further work is necessary 
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Table 1. Percentage of cells showing specific membrane Fluorescence" 

Antiserum HPRS Line 	1 Thyrses Pesa BisaS MD lyrnphornn hO virus 

suspension suspension lymphocytes Plaques 	iv 
chicken- 
kidney cells 

Anti-T 99.5 ± 0.3 93.9 	! 	2.3 4.0 ± 0.4 73.5 	± 	2.8 75.5 	! 	3.9 - 

Anti-6 1.1 ± 0.4 4.3 	± 	0.3 94.0 ± 0.9 21.8 	! 	3.3 20.4 	± 	2.4 - 

Antitenaje 96.3 ± 	1.2 0 0 Э  ± 0.2 35.1 	±- 	9.6 

Vntr-мOV 1,0 w 	1.0 0 0 0 2.8 F 	LB +i --i 

a NeOn of five determinations ! standard error 

to establish the immunological nature 
of this reaction, and to eliminate the 
possibility of its being due to the 
differential ability of the two cell 
lines to multiply in vivo. The prop-
erties of the two cell lines are 
summarized in Table 2. 

DISCUSSTON 

The majority of cells in NID 
lymphomas are of thymus origin (Hudson 
& Payne, 1973; Rouse et al., 1973; 
Payne et al., 1974). The role of 
these cells in the histopathogenesis 
of the disease is not clear. 

Payne (1972) suggested either 
that they represent foci of malig-
папtlу  transformed lymphoid cells 
(intrinsic mechanism), or that these 
lymphocytes are participating in an 
excessive proliferative response to 
new viral antigen (extrinsic mecha-
nism). 5iпсе  NID usually has a multi-
focal origin, an extrinsic mechanism 
is obviously a possibility. There is, 
however, a poor correlation between 
the presence of viral antigen and the 
site of tumour development (Payne & 
Rennie, 1973). Cell-surface antigens 
have been reported in ND (ishikawa et 
al., 1972); the results of our 

fluorescent-antibody studies suggest 
that the cell lines carry membrane 
tumour-specific antigens. Prelim-
inary results of 51Cr-release 
cytotoxicity tests suggest that 
immune lymphocytes are capable of 
killing the cells 0f HРRS Line 1 and 
Line 2. This and other evidence 
supports the role of MDV as an agent 
capable of transforming lymphoid 
cells, and associated with the con-
tinuous growth of such cells in 
Vit ro. DNA hybridization studies 
have revealed the presence of 60-90 
MDV genome equivalents per diploid 
cell in the cell line 1SB-1 (Nazerian 
& Lee, 1974); after cloning of the 
same line, all ten clones produced 
had a small proportion of MDV antigen-
expressing cells (Akiyama & КаСо, 
1974), and induction with IUDR and 
BUDR caused the increased expression 
of virus-specific antigens. The 
failure of the cell lines to respond 
to PHA stimulation, and their reduced 
capacity to mount a g.v.h. reaction, 
suggest that transformation of the 
cells has altered their functional 
capabilities. The striking similarity 
between the cell lines and cultured 
human lymphoblaste is surprising in 
view of the B-cell nature of the 
latter. 
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FIG. 4, CELLS 0F HPRS LINE 2 SHOWING T-CELL SURFACE DЕTERMINRNT5 

Two cells of НPRS Line 2 showing T-се11 surface determinants stained by the 
indirect fluorescent antibody technique. (x 2 000) 

Herpesviruses are, however, 
involved in the transformation of T 
lymphocytes in other systems (herpes-
virus saimiri). We conclude that the 
development of acute Marek'в  disease 
involves the malignant transformation 
of thyтпus-дерепdепt lymphocytes by 
Marek's disease virus. 

SцMMARY 

The establishment and continuous 
culture of two lymphoЪlastoid cell 
lines derived from Mгrek° s disease 
lymphomas is described. Although the 
cells carried T-lymphocyte surface  

antigens, they had many features in 
common with cultured Burkitt`s 
lyinphoma lymphоblasts, which carry 
B-cell determinants. A small propor-
tion acted as infectious units in 
tissue culture, and a similarly small 
proportion contained intranuclear 
immature herpesvirus particles. The 
cells did not respond to phytohaemag-
glutinin. One cell line possessed 
some graft-versus-host capacity, as 
measured by the induction of spleno-
megaly. It is concluded that the 
development of acute Marek's disease 
involves the malignant transformation 
of thymus-dependent lymphocytes by 
Marek`s disease virus. 
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FIG. 5, EFFECT 0F STIMULATIОN BY PHYTOHAEMAGGLUTININ 

Effect 0f stimulation of suspensions of various cells by phytohaemagglutinin, 
as assessed by incorporation of tritiated thymidine. Each point is the mean 
of eight cultures; vertical lines show standard errors. Culture period: 
48 hours; pulse iabел  ing for 16 hours; cell concentration 2 x 106 per ml; 
culture niedium RPMI 1640 + 10% FCS. 
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FIG. 6> INDUCTION OF SPLENOMEGALY 

Splenomegaly=inducing capacity of cells of HPRS Line Z and Line 2 and of 
allogeneic peripheral blоод  in R.P.L. Line 6 chick embryos. Dashed lines 
indicate ± 2 standard errors of the mean of uninoculated control embryos. 
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Table 2. Properties of lyniphoblastoid ccii lines 

Cell line 	Source 	Latent 	Graыth 	Infective 	Infective 	Anti-ilDV 	Herpes- 	Response 	OvO. 	95- 

period 	i» vitro 	in сitx=o 	in vivo 	fluores- 	virus 	to PHA 	capacity 	antigen 

(days) 	 cerce 	particles 

HPRN Line 1 	Ovarian 
lyvphoisa 31 	Singly 0.066 	Yes 	 nО.5% Yes 	 le 	 Yes 	No 

HP6% Line 2 	Ovarian 
iупphoтa 92 	Clumps 0.015% Yes 	 <0.5% No 	 No 	 No 	 No 
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Among oncogenic herpespviruses, 
Marek's disease virus (MDV) has been 
studied extensively, especially from 
the standpoint of host-virus inter-
actions in vivo. However, lack of а  
lymphoid cell line derived from MD 
lyiriphoma has prevented studies on 
virus tumour-cell interactions in 
vitro such as those pursued extensive-
ly with Epstein-Barr virus. Two cell 
lines, the MOB-1 line and the 1sB-1 
line, derived from MD lymphomas, were 
established in 1973 (Akiyama et al., 
1973; Akiyama & Kato, 1974а), and 
recently we have established a third 
line, the MOB-2 line, from another MD 
lymp borna. 

The present paper reports further 
studies on the characterization of 
these three cell lines. The cell 
lines were also compared with a cell 
line, 1104В, derived from a bursal 
tumour induced by avian leukosis virus 
(ALV) (Hihara et al., 1974). 

CONTINUOUS CELL CULTURES FROM 
LУMPНОMAS OF MAREK's DI5EA5E 

Three cell lines were obtained 
from two ovarian lyrphomas and one  

splenic lyiaphoma, of chicks with 
Marek's disease. They were designated 
as lines MOB-1, MOB-2 and M5В-1, 
respectively. They were grown in RPM' 
1640 medium supplemented with 10-20% 
fetal calf serum and incubated at 41°C 
in a humidified atmosphere of 5% carbon 
dioxide in air. These lines consisted 
of lymphoblastoid cells (Fig. 1) and 
grew singly without becoming attached 
to the surface it the culture vessel. 
They grow better at 41°C than at 37°C. 
MSB-1 cells have now grown well for 
over 420 days. The MOB-1 cells de-
generated after 320 days, but re-
cultivation of the cells from an early 
culture that had been kept in a deep 
freeze is under way. MOB-2 cells have 
grown for 60 days. The biological and 
virological characteristics of these 
cell lines are summarized in Table 1. 

CLOSE ASSOCIATION OF THE CELLS 
WITH MDV 

A small prapоrtion оf the MOB-1, 
М5В-1 and MOB-2 cells were consistently 
MD viral antigen (VA)-positive (Fig. 2), 
but the percentage it VA-positive cells 
varied (0.1-10%) from passage to passage. 
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FIG. L SМEAR PREPARATION OF 1SB-1 LINE CELLS 
AFTER 385 DAYS CULTIVATION 

Giemsa stain. Scale: 10 pi. 

These lines also consistently соп--
taiпed a small proportion of cells 
with MDV-induced cell-surface antigen 
(CsA), Electron microscope examina-
tion showed that a similar number of 
nuclei contained herpesvirus nuclei-
capsids (Fig. 3). Attempts to recover 
cell-free virus from cells of these 
lines failed. However, MDV could be 
easily isolated by co-cultivation of 
cells of these lines with susceptible 
се11s, such as chick kidney cells or 
chick embryo fibroblasts (CEP). All 
10 cloned cultures derived from the 
MSB-1 line contained some MDV antigen-
positive cells. It is unlikely that 
cell-free virus was transmitted to all 
these cloned cells, since cell-free 

virus was rarely obtained from the 
line, Siпсe the proportion of cells 
in this line showing replication of 
MDV is very small, it is probable that 
the genome is closely associated with 
most of the cells. 

ONCOGENICII 0F CELLS 

When day-old chicks were inoculated 
with MOB-1 cells or 1SB-1 cells, MD 
lesions appeared as frequently as after 
inoculation of virulent MDV. A dose 
of over 103 cells of 1SB-1 line per 
chick was enough to produce MD lesions, 
and these cells were as virulent as 
the original MDV BC-1 strain (Okaniwa 
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TaLle 1. Characteristics of M6 ccli lines' 

Characteristics 1DB-1 М5В-1 MOB-2 1104Вt 

Origin 	of 	coils liD ovarian 	tumour 110 	splenic 	tumour Mt) ovarian tumour 4LV-induced 
bursal 	tumour 

Origin 	of virus 10V 	BC-1 1108-1 	line-associated 1101 450-1 	line-associated lilt 9LV, subNroCp A 

Length of cultivation 320 days 	(22 Jan 	1973) >470 days 	(10 Aug 1973) >60 days 	(12 Aug 1974) >4 years 
>126 days 	(a 	outline) 

Latent period to obtal e 
actively growing cells Short 	(4-5 days) Short (4-5 days) Lang 	(30 days) NT 

Manner of growth Singly, 	transient clamp Singly, 	transient ciunip Singly. transient clump Singly 

fqоrphoiеgy Lyrephohiast Lylophoblaat Lymnphoblast tyniphoblast 

Peroxidase reaction - - lIT IT 

Optimal 	temperature 
for growth 4100 41°C 1100 38-41°C 

DоsЬli пg 	time Ca. 	20 hours Ca. 	10 hours Ca. 	48 hours Ca. 	16 	hears 

Surface character with 
scanning electron With scattered With scattered lVT With 
microscopy" nmicrovilli microvilli rnicrovilli 

Iseonaglabulin with 
cytotaxic test - - NT - 

Karyotype Chicken female Chicken female Chicken female NT 

Chromosomal 	aberration - + + ItT 

Cells with 	MDV viral 
antigen 0.1-By 0.3-12% 11% - 

Ce11s with MDV CSA 0.1 	or less 3% or less 0.9% - 

l-ierpes-typs capsids + + lIT - 

Cell-free MOP with CEP - - NT NT 

Isolation 	of 113V 	by со- 
cultivation with CEP + + NT 

Cloning efficiency poor High Poor High 

Clones free from 
110V 	antigen NT - IT NT 

MDV viral 	ganse NT - IT NT 

Agglutinability with 
Concomiovalir 	A -ь- и  +++ ++ NT 

Oncogenicity in chicks + + NT + 

Oncogeпicity in 
chick embryos w NT NT IT 

Oncogenicity of virus 
from cells NT NT NT 

Transplantability in 
Chicken cling web - _ o + NT NT 

Transplantability on 
chorioallantoic eeinbrurne + + NT NT 

C particles - - NT + 

Complement-fixation test 
for avian leukosis - - NT + 

Resistance-inducing 
factor - - NT 

go-Antigen e - NT +e 

Susceptibility to ALV, 
subgroup N NT + NT NT 

Susceptibility to ALV, 
subgroup B NT - NT NT 

a NT: 	eut tested. Vibora et 01. 	(1974). Akiyamo & 	Kato 	(197ПЬ). 

Nezeriae & Lee (1974). 	 0 ALt, subgroup А. 
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FIG. 2. MDV VIRAL ANTIGEN-PDSITIVE CELLS OF THE MSB-1 LINE 
DEMONSTRATED BY IМMUNOFLUORESCENCE 

et ai.1). The distribution of ND 
lesions in the tissues of chickens 
inoculated with the cells of this line 
is similar to that found with the MDV 
BС-1 strain. Chicks that had been 
raised in contact with chicks inocula-
ted with the cells, also developed ND 
lesions, due to contact infection. 
This indicates that M5В  cells behave 
like the original MDV BC-i strain when 
inoculated into chicks. No difference 
was found between the original MDV 
BC-1 strain and MDV isolated from 
1SB-1 cells in plaque morphology or 
antigenicity, as demonstrated by gel 
diffusion (Ishikawa & Каtо 1), MDV 
isolated from the cells (210 days 
cultivation level) was inoculated into 

1 Unpublished data. 

eight day-old chicks intraperitoneally, 
5јх  chicks developed MD lesions in 
various visceral organs and nervous 
tissues within li weeks after inocu-
lation. 

We have not obtained any evidence 
of continuity of growth of the inocula-
ted cells. When a male chick was 
inoculated with MSВ-1 cells, which 
have the female karyotype, gonad 
lymphoma lesions appeared. Twenty 
mitotic lymphoid cells from these 
lesions were examined and all wére 
found to have the male karyotype 
(Akiyaina & Kato2). 

Transplantability of the cells in 
day-old chicks was also examined by 

2 Unpublished data. 
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FIG. З. COLONIES 0F 1513-1 LINE CELLS 10 DAYS AFTER PLATING 
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inoculating ii cells of the М58-1 
line or the MOB-1 line per chick into 
the wing webs of 10 chicks. Transient 
tumour growth was observed in the wing 
webs after inoculation of I07 М5B-1 
cells, and one chick died due to 
progressive growth of the local tu-
mour. In contrast, chicks inoculated 
with 107 MOB-1 ce1Ls did not show any 
tumour growth. However, most of the 
chicks developed MD lesions in various 
visceral and nervous tissues after the 
transplants had regressed (Akiyama & 
Kato1). 

These results indicate that MDV 
associated with the cell lines remains 
oncogenic, even after long-term culti- 

Unpublished data.  

vatlon, and that most if not all of 
the lyniphoma cells were derived from 
cells newly transformed by MDV from 
the cultured cells. 

DISCUSSION AND CONCLUSIONS 

Three chicken lyrnphoid cell lines 
derived from Marek's disease lymphomas 
have been obtained, One of the essen-
tial conditions for successful culti-
vation of chicken cells seems to be 
the incubation temperature, since the 
optimal temperature for growth of these 
lines is 41°C, rather than 37°С, and 
this is supported by the similar 
successful establishment of other 
chicken lymphoid cell lines (Powell et 
a1., 1974; Hihara et al., 1974), 
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The former authors established two 
chicken lymphoblastoid cell lines from 
MD lymphoma, which also grew better at 
40°C than 37°С. The latter authors 
developed lymphoid cell lines associa-
ted with avian leukosis virus, which 
again grew well at 38-41°С. However, 
other factors also seem to be involved 
in the establishment of chicken cell 
lines, since the rate of success was 
rather low (three out of 53 trials in 
our work and two out of 120 in that of 
Powell et al. [1974]). The close 
association of these cell lines with 
MDV has been demonstrated by the con-
sistent presence of MOV antigen, 
herpesvirus capsids and infectious 
virus in these lines during long-term 
cultivation. This was further suppor-
ted by the presence of MDV antigen-
positive cells iп  all of 10 sublines 
cloned from the MS8-1 line; since the 
proportion of cells showing replica-
tion of MDV is very small, a large 
proportion of the cells in the line 
must therefore have MDV genome in a 
repressed form. This possibility is 
supported by the presence of 60-90 
genome equivalents per diploid cell in 
cells of the М5В-1 line, as demonstra-
ted by DNA-cRNA hybridization cx- 

periments (Nazerian & Lee, 1974). 

MDV associated with these cell 
lines is as oncogenic as the original 
MDV BC-i strain, in spite of the long-
terni in v2tro cultivation. This con-
trasts with studies on MDV grown in 
normal avian cells, where attenuation 
was easily achieved by repeated passages 
through chick or duck cells (Churchill 
et aL, 1969; Kato et aL, 1970)a It 
is most likely that the oncogenicity 
of these cell lines in chicks is largely 
due to the oncogenicity of the MDV they 
release. We have not obtained any 
evidence of growth of the cultured cells 
inoculated in chicks. 

The characteristics of the lines 
vary considerably. In the case of 
М5В-1 cells, the characteristics that 
may be related to transformation are 
the lymphoblastoid appearance of the 
cells long-term cultivation, unusually 
high growth rate, high cloning effi-
ciency in soft agar (Fig. 4), agglutin-
ability with Concanavalin A, and 
transplantabllity in chicks. Further 
studies are in progress to clarify the 
characteristics of these lines as 
regards their transformed state. 
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FIG. 4. THIN-SECTION ELECTRON MICROGRAPH OF R 
LYMPHOID CELL OF THE MSB-1 LINE 

Several herpes-type capsid structures are observed. Scale: 1 um. 
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We bave found that cytomegalovirus 
(СЛ1V) viraemia associated with the 
leukocytie fraction of blood ("huffy-
coat" cells) was an early diagnostic 
finding in nine (35%) of 26 renal 
transplant patients with disseminated 
CMV infections, in a patient with 
mononucleosis and thrombocytopaenia  

and in another patient with mono-
nucleosis and hepatitis. All trans-
plant patients with CMV viraemia 
showed a rise in complemont-fixing 
antibody, virons or both and 
manifested compatible clinical 
findings (Fiala et al.., 1975). 
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CMV viraeтпia appears to be impor-
tant in the pathogenesis of virus 
dissemination for the following rea-
sons: (1) it was noted early in the 
natural history of СMV disease; 
(2) thе  onset of CMV viraemia preceded 
or was concurrent with viral pneumo-
nitis in four transplant patients, 
whereas chronic viraemia (lasting 1 
and 22 years) was complicated by 
retinitis in two patients; (3) anti-
body response to CIV did not interrupt 
viraemia as the virus is protected 
inside leukocytes. 

CMV titres in the blood cells were 
determined using a microplaque assay 
(Fiala et al., 1973) of blood frac-
tills separated on the Fico Ы-Hypaque 
(F-H) gradient (Bг5уит, 1968) (Table 1). 
With the exception of the patient with 
lymphoblastic leukaemia, the poly-
morphonuclear (PIN) fraction had the 
highest titre of virus. This was 
approximately ten-fold higher than the 
mononuclear fraction, Electron 
microscopy of about 300 leukocytes 
from the buffy-coat preparations of 
three viraemic patients were negative 
for virus particles. 

CASE HISTORIES 

An adult male without a signifi-
cant past medical history developed 
fever, arthralgias, rash, hepatomegaly 
and elevation of serum glutamic 
pyruvic transaminase to 700 units per  

ml. CIV was first isolated from both 
PIll and mononuclear leukocytes, then 
from PIN leukocytes and the pharynx 
and finally, from the urine. 

DISCUSSION 

The relationship of CMV to leuko-
cytes may be highly complex and dy-
namic. CIV viraemia in PI leukocytes 
may represent phagocytosis of virus or 
virus-antibody complexes. In immuno-
logically competent patients, phago-
cytized virus may be rapidly killed, 
whereas in immunologically deficient 
patients, it may persist. In leukaemic 
patients, however, mononuclear cells 
may, perhaps because of co-infection 
with another helper virus, such as 
Epstein-Barr virus, be permissive 
for CMV. 

However, we have recently seen a 
seven-year-old female with a four-year 
history 0f acute lymphoblastic leukaemia 
in haematological remission with a 
two-week history of fever and cough. 
Chest X-ray revealed bilateral inter-
stitial infiltrates. Lung tissue 
obtained by open biopsy revealed 
intranuclear inelusioпs compatible 
with CIV, and СЛХТ  was isolated from 
the tissue. After the surgery, the 
patient developed a haemorrhagic 
pleural effusion, a sample of which 
was separated on the F-Il gradient. 
CMV grew, at a high titre, from the 
mononuclear leukocytes, whereas the 
PIN leukocytes were virus-negative. 
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Table 1, Cytomegalovirus titres in blood fractions (separated on Fico11-
Hypaque gradient) from six patients with CMV infections 

CMV titrea 

Mononuclear Polymorpho- Red 
cells nuclear cells 

cells 

1.2 + 5 0.003 
4.3 ND' ND 
2.4 9.6 ND 
0.4 9.6 0 

0.13 ND ND 
0.33 +b 0 
0.5 ND ND 
0.22 3.1 0 
0 0 0 

Patient 	Immunological 	Interval after 
status and 	transplantation 
diagnosis 	 or onset of 

illness (months) 

F.М. Immunosuppressed 12.2 
renal 	transplant 12.6 
recipient 14.4 

14.8 

C.R. Immunosuppressed 1.2 
renal 	transplant 2.1 
recipient 2.2 

2.4 
2.7 

L.M. Immunosuppressed 14.0 
renal 	transplant 
patient 

J.L. Chronic uraemia; 14.0 
haenodi alysi s 

W.С. Normal; CMV 0.5 
mononucleosis 1.0 
and 	hepatitis 

R.S. Acute 48 
lymphoblastic 
leukaemia 

+ 	 + 	 0 

0.6 	3.0 	 ND 
0 	 5.0 	 ND 

>20.0 	0 	 0 

a Virus titre is expressed as cytomegalovirus focus-forming units per 105 
inoculated leukocytes or red cells separated frog peripheral blood, except 
for the last patient (A.s.), in whom haemorrhagic pleural effusion was used 
for isolation of blood cells. 

Virus was found in the blood fraction but the titre was not determined. 

C Not done. 
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Herpesvirus saimiri (HVS), first 
isolated in 1968 (Melёаdez et al.,, 
1968), is an indigenous virus of 
squirrel monkeys that causes malignant 
lymphoma and/or lymphocytic leukaemia 
when injected into owl monkeys, mar-
mosets and several other species of 
New World monkeys (Меlёпдег  et a1., 
1972; Deinhardt, 1973). Virions of 
HV5 cannot be detected in normal or 
neoplastic tissues of infected monkeys 
by electron microscopic (EM) eхаmiпa-
tion, nor can 1VS rtucleocapsid anti-
gens be detected in these tissues by 
fluorescent antibody examination 
(Ablashi et al., 1971; Falk et al., 
1972; King & Meléndez, 1972; Wolf et 
al., 1971). 'Vs can be isolated from 
intact tumour cells, however, by 
establishing cell cultures of Chem or 
by co-cultivating them with permissive 
cells. Falk et al. (1972) reported 
that peripheral lymphocytes from Нц5-
infected monkeys latently carry the 
1VS genome, because viral antigens can 
be demonstrated by immunofluorescent 
(IF) microscopy of lymphocytes within  

24-72 hours after in vitro incubation. 
Infectious virus was nоt produced by 
lymphocyte cultures alone, but when 
lymphocytes were co-cultivated with 
permissive cells, viral antigens and 
infectious virus particles were pro-
duced. The cellular events underlying 
the replication of 1V5 in latently-
infected lymphocytes are not known. 
Preliminary EM examination failed to 
reveal HVS virions in cultured lymph-
cytes, and it was speculated that 
transmission of the genoine from 
lymphocytes to permissive cells might 
occur through some other medium, such 
as cell fusion or cell-to-cell transfer 
of viral genome in some form other 
than the ITS virion (Falk et al., 
1972; Deinhardt, 1973). 

I conducted an ultrastructural 
study of short-term cultured lympho-
cytes from control and HVS-infected 
monkeys in order to determine whether 
virions were produced, whether defec-
tive or complete particles were formed, 
the percentage of cells in which 
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replication occurred, and the extent 
to which virion production observed by 
~M was related to the presence of 
viral antigens determined by IF. 

Five male and female adult owl 
monkeys (Aotгss trivиrgatus) weighing 
600-800 g were inoculated with 105 
tissue culture infective doses of 
herpesvirus saimiri, stock Е940F, 
strain 5295С  (kindly supplied by Dr 
L.V. Мelêndеz and associates). They, 
and three uninfected control monkeys, 
were part of an experiment aimed at 
providing an animal model for naso-
pharyngeal carcinoma (Giddens, 1974), 
Monkeys were bled at 91-210 days post 
infection and lymphocytes were sepa-
rated on Fico11-Hypaque gradients, 
cultured in RPM' 1640 medium with 20% 
fetal calf serum, and examined by IF 
and EM at 24, 48 and 72 hours after 

the beginning of culture (AC). Virus 
isolation was also attempted by со-
cultivatioп  of lymphocytes with mono-
layers of Vero cells (Giddens, 1975). 

At the time of lymphocyte culture, 
two of the five infected monkeys were 
leukaemic: pre-injection white blood 
cell counts had doubled and there were 
large numbers of atypical lymphocytes. 
Within 50 days AC, four of the five 
infected monkeys had died with inalig-
nant lymphoma and lymphocytic leukaemia' 
Lesions did not differ significantly 
from those described previously (Ablashi 
at al., 19719 Hunt et а1®, 1970; Wolfe 
et ai., 1971). The fifth monkey is 
still alive and has a normal white cell 
count at 380 days post infection. 

'f each specimen of cultured lympho-
cytes or buffy coats studied by EM, I 
examined 50-100 lymphocytes. No virus 
particles were observed in control 
monkeys or in huffy coats of infected 
monkeys. Herpesvirus nucleocapsids 
were evident in two of five lymphocyte 
cultures from infected monkeys 24 hours 
AC, four of five at 48 hours AC, and 
all of five at 72 hours AC (Table 1). 
Virus particles were seen only in 

Table 1, Percentage of lymphocytes containing HVS particles by electron 
microscopy and isolation of 1VS by co-cultivation with Vero cells 

Animal 	 Buffy 
	

Time after beginning of culture 
	

1VS isolated by 
coat 	

24h 	48h 	72h 
	 ca-cultivation 

62 Control 0 0 NЕa 0 0 
63 Control 0 0 0 0 0 
61 Control NEa NЕa NЕ  0 NЕa 

74 Infected 0 0 5-10%b 10-20%b + 
73 Infected 0 1-5% 5-10% 5-10% + 
56 Infected 0 0 1-5% 1-5% + 
52 Infected 0 5-10% 5-10%b 5-10% + 
70 Infected 0 0 0 1-5% + 

a Not examined. 

Enveloped virions were observed. 
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lymphocytes, which had always under- 	cytоpathic effect was produced in 
gone degenerative changes. The 	them. 
capнids were 95-105 no' in diameter and 

hollow core, an inner ring 	serum £rоm guinea-pigs and owl monkeys s or 	
Indirect IF studies using anti-HV5 

had a ho 
a dense lо  (Fig. an Nucleocapsids  
were often seen in the cytoplasm of 	

were conducted on cultured lymphocytes 
and on Taro cells that had been iпfес  

cells that had advanced degenerative 	
-° 

ted with the viruses isolated from the 
changes in their nuclei (Fig' 2). 	co-cultivation experiment. 0f the 
Enveloped virions were 160-180 nm in 	cultured lymphocyte preparations from 
diameter and were extremely rare, 	infected monkеys9 5-20% stained 
having been observed in only three 	brilliantly with anti-FITS serum 
cells. Both naked and enveloped vi- 	(Table 2), staining was in a variety 
rions were similar in size and morpho- of patterns, and occurred in both 
logical features to those described 	cytoplasm and nucleus. No significant 
by King et al. (1972) and to the pleo- difference was observed iп  the percen- 
morphic virions described by Heine & 	tags of stained cells at 241 48 and 
Ablashi (1974) and Heine et al. (1971). 72 hours. There was relatively good 
Viruses were isolated from all five agreement between the EM (Table 1) 
infected monkeys by co-cultivating 	and IF (Table 2) data. Generally, 
their lymphocytes with Vero cells 	lymphocytes with positive IF staining 
(Table 1). No virus was isolated from were about 1-2 times as frequent as 
control monkey lymphocytes and no  

FIG. 1. LYMPHOCYTE FROM 1VS-INFЕСТED MONKEY 48 HOURS AC 

Capsids have empty centres (A). inner rings (B), or dense cores (С). An 
enveloped virion is present in the cytoplasm (D). (х  48 SOD) 
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FIG, 2. DЕGENЕRATED LYMPHOCYTE FROM HVS-INFECTED MONKEY 48 HOURS RC 

There are riucleocapsids (N) in the centre arid enveloped virions (E) in the 
periphery of the cell. (х  28 l00) 
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lymphocytes with virus particles on 
EМ  examination. 

The virus in the cultured lympho-
cytes of infected monkeys was identi-
fied as HVS on the basis of its 
ultrastructural features, its presence 
in ËN5--infected monkeys but not con-
trols, the characteristic cytopathic 
effect produced in Vero cells by со-
cultiцation with lymphocytes, and 
specific IF staining of cultured 
lymphocytes and infected Vero cells 
with anti-HVS guinea-pig and owl 
monkey sera, but not with pre-
inoculation sera or anti-herpes 
simplex serum. 

The results of these studies 
confirm those of Falk et al. (1972) on 
the latency of 1УS infection of 

circulating lymphocytes. They provide 
EM evidence that nucleocapsids are 
formed within 24 hours AC and that 
enveloped virions are produced as 
early as 48 hours АС, Production of 
enveloped virions is rare, however, 
and this is probably why studies by 
others have failed to isolate HVS from 
the supernatant of lymphocytes when 
they have been cultured alone. A 
sensitive, permissive cell system, such 
as the Vero cell, appears to be needed 
to pick up the occasional complete 
virions and become infected. 

There seemed to be some prognostic 
value in the incidence of lymphocytes 
containing virus particles. lonkey 
70, which had the smallest percentage 
of virus-containing lymphocytes of 
any of the infected monkeys studied, 



HVS REPLICATION IN OWL NONKE'( LYMPHOCYTES 
	

117 

Table 2. Percentage of positive lymphocytes with HVS antigens by immuno-
fluorescent examination 

Animal Time after beginning of culture 

24h 48h 72h 

62 	Control O NFa 0 
63 	Control 0 0 0 
61 	Control NEa NEC 0 

74 Infected ]020% 10-20% 10-20% 
73 Infected 5-10% 5-10% 10-20% 
56 Infected 5-10% 5-10% 5-10% 
52 Infected 10-20% 10-20% 1i-20% 
70 Infected 5-10% 5-10% 5-10% 

а  Not examined. 

is still alive, and 'VS can still be 
isolated from its lymphocytes by со-
cultivation. 

Preliminary studies in my labo-
ratory of lymphocytes from healthy 
squirrel monkeys with naturally 
occurring НV5 infection indicate that, 
although ‚VS can he isolated by со-
cultivation with Vero cells, it has 
not been detected by ultrastructural 
and IF examination similar to that 
described herein. This suggests that 
only a very small percentage of lympho-
cytes in squirrel monkeys is latently 
infected with HVS. This may be the 
result of some mechanism, possibly 
immunological or genetic in nature, 
that has evolved in the squirrel 
monkey to allow it to live symbiotic-
ally with HVS. Klein et al. (1973) 
have shown that squirrel monkeys have 
an earlier antibody response than owl 
monkeys to experimental 1X75 infection, 
There may also be a difference in the 
cells that are infected and in their 
susceptibility to malignant transfor-
mation. Wa11en et al. (1974) and Falk  

et al. (1974) have shown that T 
lymphocytes are infected with HV5 in 
owl monkeys and marmosets that have 
‚VS-induced lymphoma. Perhaps in 
the squirrel monkey, as in man with 
Epstein-Barr virus (EBV) infection, 
B lymphocytes are infected, and 
malignant disease is apparently a 
rare event. 

SWIMARY 

The lymphocytes of five owl 
monkeys infected with herpesvirus 
saimiri (HVS) and of three control owl 
monkeys were studied by electron 
microscopic (EM) and immunofluorescent 
(IF) techniques. Buffy coats of whole 
blood immediately after bleeding were 
also prepared for study. At the time 
of the study, two of the five infected 
monkeys were leukaemic; within 50 
days after the study, four of the five 
had died with malignant lymphoma and 
lyniphocytic leukaemia. lys virions 
were demonstrated by EM and HVS 
antigens by IF in 1-20% of the 
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lymphocytes from infected monkeys in 
2/5 cultures at 24 hours AC, 4/5 at 
48 hours AC, and 5/5 at 72 hours AC. 
There was quite good agreement bet-
ween the EМ  and IF data. None of the 
control monkey cultures and none of 
the buff  coat preparations contained 
HVs virions or antigens. By ЕM, the 
great majority of the virus particles 
were nucleocapsids within the nuclei 

of lymphocytes. Enveloped virions 
were rare. There was some evidence to 
suggest that the higher the percentage 
of lymphocytes containing HVS, the 
poorer the prognosis for the monkey. 
HV5 was isolated from all five irifec-
ted monkeys by cо-cultivation of 
lymphocytes with Vero cells. Control 
lymphocyte co-cultivations were 
negative. 
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TUMOUR INDUCTI®N IN VIVO: MAJOR ЕVЕNТS LЕADING TO 
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Inoculation of Ranci pip2еns em-
bryos with zonal centrifuge-purified 
fractions of Luсkë tumour herpesvirus 
(LTHV) results in a high percentage 
of rénal adenocarcinimas (Mizell, 
1969; Mizell et аl. 1969Ь), The 
study of tumorigenesis in these inoc-
ulated embryos has revealed charac-
teristics and conditions that must be 
fulfilled for tumours to develop. 
Paramount aтпing these are the follow-
ing two requisites: (1) the injected 
animal must be sufficiently young to 
be immunologically tolerant; and (2) 
the virus "target" tissue must con-
tain dividing and differentiating 
cells. Frog embryos and young tad-
poles fulfill these conditions. 

These frog embryo-LTHV inoculation 
studies have provided us with an 
approach to an understanding of the 
mechc'nisrn of tumour induction by 
herpesvirus in amphibia. This is of 
obvious value to the study of the 
putative oncogenic herpesviruses of 
man. Nevertheless, it has become in-
creasingly evident that, in order to 
understand the underlying mechanism 
of such tumour induction in mammals, 
a comparable mammalian model system 
is needed. 

The newborn opossum, DidеZphуs 
maoвирiаlis virUinicina (Kerr), a 
marsupial common in North America, 
has promise of providing this rani-
realian model system. After an ex-
tremely short gestation period (l2 
days), the young opossums leave the 
birth canal, migrate to the marsupial 
pouch, attach to the nipples and com-
plete their extra-uterine development 
and differentiation within this 
readily accessible maternal environ-
ment. Another unique feature of 
newborn opossums - also related to 
their immaturity at birth - is the 
absence of the usual mammalian immune 
mechanism. In fact, lymphocytes are 
absent at birth and the thymus is 
merely an epithelial sheet or anlage. 
Because of the above attributes, 
these unique mammals have been inoc-
ulated with Epstein-Barr virus (EBV). 

In this paper I shall discuss and 
compare some of the results of these 
dual herpesvirus inoculation studies. 

FROG EМBRY05 ANI1 THE LцСКÉ 
TUMOUR HERPESVIRUS 

Injection experiments have 

-12]- 
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indicated that the LTHV has a prefer-
ential affinity for differentiating 
kidney tissue. Only if the pronephric 
kidney was differentiating at the time 
of injection did an unusually high 
incidence of pronephric tumours devel-
op during subsequent metamorphosis 
(see Fig. 1); if injection was de-
layed until after this early larval 
kidney was fully formed and the late 
larval kidney or mesonephros was dif-
fеrепtiаting, then mesonephric tumours 
resulted. Thus these studies have 
indicated that the target cell of the 
Luckd tumour herpesvirus is the 
different2аЫng kidney cell - not a 
differentiated cell, but a cell in 
the process of differentiating. It 
is during this period of ontogeny that 
immunological competence first emerges 

in these larval forms of the leopard 
frog (Marchalonis, 1971) Although 
proteins similar to the IgM and IgG 
antibodies of higher vertebrates are 
found in adult leopard frogs, IgG 
does not make an appearance until 
late metamorphic or young adult stages 
(see Fig, 2)o Thus injection of LTHV 
into embryos or tadpoles results in 
a high incidence of renal tumours if 
the inoculation was performed before 
the emergence of immunological com-
petence. hven when these inoculated 
larvae enter the later stages of 
metamorphosis or complete metamor-
phosis and emerge as young froglets, 
the tumour-bearing animals often 
retain the irnmunoglobulin pattern of 
a young tadpole (see Fig. 21)). Fre-
quently, many of these tumour-bearing 

FIG. 1. LATERAL VIEW OF STAGE 19 FROG EP96RY0 

Lateral view of Stage 19 frog embryo removed from egg membranes. The longi-
tudinal bulge (arrow) indicates the region of the developing pronephric 
kidney into which LTHV fractions were injected. (From Mizell, 1969) 
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FIG. 2. IM1UNOELECTROP1ORFSIS PATTERNS OF "IETA1ORPHIC TADPOLE SERUM 

Immunoe1ectropharesis patterns oF tadpole serum samples of increasing age 
during metamorphosis into frogs. Anode is at right. A: upper well - Metamor-
phic Stage КIц; lower well - Stage XVIII_ B: upper well - stage XIX; lower 
well - Stage XX. C: upper well - Stage XXI; lower well - stage XXII. Note 
that immediately below the asterisk an IgG precipitin arc is lacking in the 
Stage XIV animal's serum. However, in the Stage XVIII tadpole (lower portion 
of A), IgG is detectable as a faint line. With increasing age (B and C) the 
IgG line becomes increasingly prominent. D: upper well, serum from a tumour-
containing tadpole. This animal, a full two months older than the Stage XXII 
animal illustrated in C, merely has a faintly detectable IgG arc. (The lower 
well of C was prepared with serum from the Stage AIV tadpole in A for compar-
ison). The antiserum used in these studies was produced in rabbits using 
adult frog serum. 

_ 

tumour 

ç 	 ï 

larvae are delayed in metamorphic 
development for appreciable periods of 
time (see Fig. 3). 

Unlike the characteristic constant 
temperature of mammals and birds, 
northern 2fl6 pipiens undergo seasonal 
changes in body temperature. Minimal 
temperatures are attained during the 
winter and spring (hibernation) only 
to rise once again with the onset of  

summer. Concomitantly, the sponta-
nous renal carcinoma of northern N. 
ргpiens exists in two seasonal forms 
within the same populations of north-
em United States frogs. Neoplasms 
of hibernating frogs or frogs that 
have been maintained in the cold for 
several months ("winter" tumours) 
contain LTHV, whereas "summer" tumours 
from animals maintained at or near 
room temperature are devoid of 
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FIG. 3. METAMORPHIC TADPOLE WITH PRONEPNRIC AND МESONEPIIRIС  TUMOURS 

Ventral internal view of a metamorphic tadpole with bilateral pronephric (p) 
and mesonephric (m) tumours. The animal was injected with 0.2 1 of LTHV at 
Embryo Stage 19 (see Fig. 1), seventeen weeks before this photo was taken. 
(From Mizell, 1969) 

demonstrable virus. Because of these 
observations, we suggested, at the 
Frog Kidney Adenocarcinoma Conference 
of 1961, that the Luсké tumour agent 
existed in two recognizably different 
forms and that the Luсkê agent might 
represent a metazoan counterpart of 
temperate bacteriophage (Mizеll, 1961) 

In 1965, we published a possible 
life cycle for the Luckê agent that 
was consistent with the then available 
evidence and postulated the existence 
of an integrated provirus state 
(Mizell & Zambernard, 1965) (see Fig. 
4). The main feature of this scheme 
is that the virus can exist in three 
states within the frog kidney: (1) 
latent state (within 41norma1" cells);  

(2) lysogenic state (actively growing 
tumour); and (3) vegetative state 
(degenerating "tumour" with visible 
virus particles). The first two 
states represent integrated states: 
(1) the latent state is a highly 
integrated state, in which the presence 
of provirus is virtually unexpressed; 
(2) the lysogenic state is a less 
integrated stata, in which the pro-
virus gains expression within the 
genome of the host cell. Its presence 
in the host cell is reflected by 
features usually associated with 
typical, growing neoplasms - mitotic 
activity, cytoplasmic basophilia, etc. 
Seldom, if ever, can visible viral par-
ticles be seen. The non-integrated state 
is represented by (3) the vegetative 
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FIG. 4, PОSTULATED LIFE CYCLE OF THE LUCKÉ TUMOUR WERPESVIRUS 

Postulated life cycle of integrated and non-integrated states of the Luckë 
tumour herpesvirus. An essential feature of the scheme is that the virus 
can exist in three states within the frog kidney: (1) latent state, (2) 
lysogenic state and (З) vegetative state. The various pathways of the life 
cycle are indicated by arrows, and the two major routes are marked by letters 
that facilitate recognition of the sequence of events. (For further details, 
see text) (From Mizell & Zambernard, 1965) 
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state. It is during this state that vis-
ible viral particles can be deтonstrated . 
Host cells contain intranuclear inclu-
sions, lack mitotic activity, and man-
ifest margination of chгов atinmaterial. 
Viral particles can be demonstrated by 
electron microscopy during this stage. 

The various pathways of the life 
cycle are indicated by arrows in Fig. 
4. The two major routes are marked 
by letters that facilitate recognition 
of the sequence of events (e.g., А1-
А2' АЗ). Note that the latent state, 
upon activation, can follow one of 
two pathways: (i) А2' leading to the 
lysogenic state; or (ii) А2 leading 
to the vegetative state, А  similar 
choice may be available to normal  

kidney cells via В2' or B2. In this 
same paper (Mizell & zamberпard, 
1965), we pointed out that: "the 
definitive relationship of the sus-
pected viral etiology would have to 
await the fulfillment of conditions 
similar to Koch"s Postulates - re-
quirements which had been used to 
establish proof of a causal relation-
ship in bacterial diseases. In fact, 
Koch's first tenet, that the inves-
tigator should find the agent in 
every case of the disease, was ob-
viously not fulfilled: some adeno-
carcinomas contained an appreciable 
number of virus particles, whereas 
other tцmоцrЅ  were `virus free'". 

During the ensuing years, low 
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temperature was used as a probe to 
test this postulated life cycle and 
to gain insight into the tumour and 
the suspected provirus state. Virus 
production was induced by low-
temperature treatment of the "virus-
free' form of the frog adenocarcinoma. 
Virus recovered after this low-
temperature treatment fulfilled the 
morphological requirements of herpes-
virus (Mizell et а1., 1968). Herpes-
virus development was also induced in 
tumour explants of these "virus-free" 
primary tumours; in homologous host 
eye chambers (Mizell et al.. 1968; 
Skinner & Mizell, 1972) and in hetero-
logous host eye chambers (Mizell et 
а1., 1969а). In vitro herpesvirus 
rescue from cultured expiants of 
1!suаппвr-phase" kidney was attained in 
1971 (Breidenbach et a1.). All results 
indicated that the two naturally oс-
curring seasonal forms of the Luckë 
tumour were temperature-related states 
of the same tumour and suggested that 
the "virus-fre&' tumour cells con-
tained the LTHV genome in masked or 
latent form (Idizell, 1972). Direct 
evidence demonstrating the presence 
of LTHV genetic information in 
summer-phase tumour cells was recently 
obtained. By means of molecular 
hybridization, we were able to demon-
strate that the so-called "virus-free" 
carcinoma transcribes Lисkê tumour 
herpesvirus-speciflc RNA (Collard et 
a1.3 1973). Koch's first postulate 
was thereby fulfilled. 

Although the Lucké tumour herpes-
virus has not been cultivated in 
"pure1' culture, we had previously 
succeeded in preparing zonal centri-
fuge-purified fractions of enveloped 
LTHV from productively infected 
winter tumours. When the enveloped 
LTHV zonal cut was injected into frog 
embryos, typical Luckê tumours devel-
oped (adjacent fractions lacked this 
particle and were not oncogenic). 
The resulting tumours, as expected,  

were found to be "virus-free". "5тal1 
portions of one of these pronephric 
tumours were transplanted to eye 
chambers of 20 frogs. Ten of these 
frogs were transferred to a low-
temperature environment (7.5°C). 
After 11 weeks, virus was noted in 
the transplants of animals maintained 
at low temperature. Thus, a fraction 
of the frog LTHV purified by zonal 
centrifugation, when injected into 
an embryo, induced а  pronephric renal 
aderiocatcinonia which was initially 
"virus-free"; however, after low-
temperature treatment, pronephric 
tumour parenchymal cells contained 
herpes-type virus" (Mizell et al., 
1969Ь). 

This 1969 experiment was recently 
repeated in another laboratory. Al-
though a crude mitochondrial fraction 
(which was not further purified by 
zonal centrifugation) was used to 
inoculate the embryos, similar re-
sults were reported (Naegele et al., 
1974). 

Thus the Lucké tumour - a spon-
taneous tumour of an outbred pipe-
lation of animals - with its herpes-
virus, external fertilization, and 
the ability to work at egg and 
embryo levels, and its readily avail-
able embryo-injection carcinoma-
induction attributes, provides an 
ideal system whereby additional iп-
sight can be gained into the сm7iаnimг  
of herpesvirus tumour induction. 

OPOssUM "EMBRYOS" АNгI THE 
ЕPSTEIN-BARK VIRUS 

Undoubtedly it would be beneficial 
to have a comparable mammalian model 
system to study the Epstein-Barr 
virus. The newborn opossum is uniquely 
suited for such investigations; many 
of the desirable characteristics of 
the LT1{V-embryo system discussed in 
the previous section are present in 
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this mammal, Opossums are born at a 
very early state of development (see 
Fig. 5)n Estimates have been made 
that indicate that, when born after 
12 days of gestation, the newborn 
has attained a stage of development 
corresponding only to that of з  12-day 
mouse embryo or a 2-month human fetus. 
The progressive development of immuno-
logical competence in opossum pouch 
°embryos'° has been studied by Rowlands 
& Dudley (1969), and the immaturity 
of the neonate immune system has been 
used to advantage in previous investi-
gations in our laboratory (Mizell & 
Isaacs, 1970). In recent experiments, 
we have been able to predict the time 
of birth and thus obtain neonates as 
they leave the birth canal aad before 
they reach the maternal pouch (see 

Fig, 6). With the aid of timed 
matings, we have been able to extend 
our studies to earlier embryonic 
stages by removing developing young 
from the uterus and culturing these 
embryos in viiro (New & Mïzeц  , 1972). 

Therefore we now have a mammalian 
system that indeed does approach the 
LTHV-amphibian embryo system. 

The preliminary results obtained 
this year, аfter inoculation of pouch 
young with live human EDT-containing 
cells (kindly provided by М.A. 
Epstein) are briefly described below. 
Approximately nine months after 
inoculation, a female opossum (in 
whose pouch the litter of young were 
injected and reared) was sacrificed 
and autopsied. The autopsied animal 

FIG. 5. LITTER OF NEWBORN OPOSSUM "ENBRY05" 

Litter of 10 newborn opossum "embryos" (less than 24 hours old) nursing in 
pouch of the anaesthetized mother. scale in centimetres. (From Mizell & 
Isaacs, 1970) 
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FIG. 6, ELECTROPHOREТOGRAMS OF SERUM PROTEINS 
OF DEVELOPING OPOSSUM "EMBRYOS" 

Acrylamide gel electrophoresis of the serum proteins of developing opossum 
"embryos". Numbers at the right of each ge] indicate the age of the serum 
donor in days. The anode is at right; the gels were stained with Coomassie 
Brillant Blue. The top "0"-дау  gel was obtained by pooling the serum gathered 
from three neonates immediately after birth and before they entered the 
maternal pouch. 5iх  л  of serum was used for the run. The 3-, 5- and 7-day 
pouch-young gels were prepared by using a similar amount of serum from each 
known aged enbryot. The adult serum pattern ("A") is shown in the bottom 
gel and was prepared in an identical manner as the other gels using one-
third the volume of serum (2 ul)o Since all gels were treated identically 
(including staining, destaining, etc.), the relative concentrations (or 
absence) of the various proteins are meaningful. Note the lack of banding 
in the newborn imrnunoglobulin area (under the asterisk). Also note that, 
during the first week of pouch life, the banding in this area, although 
much lighter than the immunoglobu]in area of the adult, becomes increasingly 
evident. 
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contained а  large tumour located on 
one of the lobes of its liver (see 
Fig. 7), and histological preparations 
revealed that the lesion was a malig-
naпt carcinoma (see Fig. S). 5иr-
prisiпgly, although located on the 
liver, the lesions resembled naso-
pharyngeal carcinoma in morphology. 
These studies are still in progress, 
and injected young from this experi-
ment are still being monitored for 
evidence of EBV antigens. 

To date, no new lesions have 
occurred in this experiment and no 
ENV antigens have Ьeеп  detected in 
the young of this series. However, 
Drs Harald zur Hansen and Hans Wolf 
have tested the liver carcinoma for 
hybridization with ENV cRNA. Positive  

hybridization was obtained (the 
tests with appropriate controls were 
repeated three times), and it appears 
that the opossum tumour contains DNA 
sequences that are at least in part 
homologous to EBV DNA. (The opossum 
carcinoma cells contain approximately 
10 ENV genome equivalents).1 (See 
Table 1) . 

Obviously these experiments must 
be completed and additional experi-
ments must be undertaken before any 
definite conclusions can be drawn. 
Nevertheless, a mammalian experimental 
system may now be available for use 
in closely studying the relationship 
between EBV and carcinoma induction. 

1 Unpublished data. 

FIG. 7. OPOSSUM LIVER AND CARCINOMA 

Macrophotograph of opossum liver and carcinoma. 5саl е  In centimetres. 
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FIG. 8, HISTOLOGY 0F 0Р0SSU1 LIVER CARCINOMA 

Histological section of opossum tumour seen in Fig. 7 showing the typical 
pattern of an undifferentiated carcinomas (Haematoxylin and eosin) (х  200) 

Table 1. Opossum liver carcinoma hybridization with EBV cRNA 

Specimen 	 DNA hybridized 	 Number of genome 
(cpm) 	 equivalents 

(approx.) 

Opossum No. 	1 
(normal tissue) 39 0 

Opossum No. 	2 
(normal tissue) 19 0 

Opossum tumour 258 10 

Rail 1 	203 50 

P3HR-1 3 303 139 
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Knowledge concerning herpesvirus 
infections is important because these 
viruses are exceedingly ubiquitous, 
produce acute lytic infections, are 
involved in latency, and have been 
implicated in the development of neo--
plasia in man and other animals. Non-
human primates, like man, respond to 
herpesviruses with a variety of cli-
nical manifestations ranging from 
latent or subclinical infections to 
primary localized infections, general-
ized infections including involvement 

1 Present address: Division of 
Virology, U5 Army Medical Research 
Institute of Infectious Aiseзses, 
Fort Detrick, Md.., USA. 

of the central nervous system, and 
finally to a highly fatal tumour. The 
mechanisms underlying these widely 
divergent clinical responses are 
essentially unknown. It is assumed 
that many biological and physiological 
factors are involved, one of which is 
undoubtedly immunological. Following 
the observation that four non-human 
primate species, namely the baboon 
(Papis суnoceр7sаlus), squirrel monkey 
(Saimiri sciureus), cebus monkey (Cebus 
albifr>ons) and marmoset (Saguinus 
oedipus), demonstrated graded responses 
to infection via the genital tract with 
herpes simplex virus type 2 (HSV-2) 
(Kalter et a1., 1972), it was decided 
to determine the immune response of 
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these simian species to herpesviruses 
and other antigens. 

The bursal- and thyrnic-dependent 
immune systems, and the phagocytic 
system of these animals were evaluated 
by a variety of clinical immrnnological 
techniques (Harvey et al., 1974). It 
was found that none of the non-human 
primates involved in this study 
demonstrated an immune competence of 
the same magnitude as that observed 
in normal humans. 

Baboons inoculated intravaginally 
with H5V-2 exhibited no overt evidence 
of infection or induction of in Vitro 
specific sensitization to the virus, 
as exhibited by lymphocyte transfor-
mation. However, upon intravenous 
inoculation with the herpesvirus, 
there was depressed responsiveness to 
mitogens one week later, with recovery 
at two weeks, associated with a brisk 
specific blastogenic response to HSV 
antigens. Iп  contrast, previously 
immunized rebus monkeys, after corneal 
inoculation with the same virus, 
showed depression of lymphocyte res-
ponsiveness to mitogens and specific 
herpesvirus antigens in subsequent 
weeks. Blood lymphocyte background 
соипts increased in all animals, 
suggesting that the lymphocytes had 
been stimulated by systemic spread if 
viral antigens or perhaps had even 
been infected. 

Iп  herpesvirus saimiri (1175) 
infections of its natural host (S. 
sciurwus), no obvious disease occurs. 
Some animals display an elevation of 
(background) lymphocyte thymidine 
incorporation that may reflect lympho-
cyte infection. In the rebus monkey, 
a depressed response to mitogen sti-
mulation coincident with markedly 
elevated background counts occasion-
ally follows HITS infection. Iп  
contrast to this is the response to 
such infection seen in the marmoset. 
Lymphocytes from the leukaemic animals  

in vitro demonstrate an extremely high 
rate of thymidine incorporation as the 
lуmphoтпatous disease progresses. As 
compared to this background stimulation, 
thymidine incorporation is actually less 
upon stimulation with phytohaemagglutinin 
(PHA), pokeweed mitogen (PWI) and HVS 
antigen, suggesting that the disseminated 
virus infection is stimulating lympho-
cytes to their maximum potential. 

Additional studies were then carried 
out to ascertain, if possible, the 
immunological factors in the baboon, 
cebus and marmoset that are responsible 
for the defence of each animal species 
against infectious and oncogenic 
agents. As seen in Table 1, the blasto-
genic response of the three simian 
species to inactivated 15V-1 antigen 
demonstrates that the baboon was most 
responsive whereas little difference 
was noted between the cebus monkey and 
the marmoset. A comparison of the 
responsiveness of these three simians 
(and man) to a variety of immunological 
parameters (Table 2) emphasizes the 
differences between the species. As 
compared to man, these simians appear 
to be less competent; the baboon, 
however, manifested immune responsive-
ness most closely resembling that of 
roan. This species displayed no abnor-
malities in circulating leukocytes or 
ability to form antibodies to certain 
antigens (Saimone~Za H and influenza 
A2). Lymphocyte stimulation in vitro 
by five antigens (115V-1, mumps, Ccaviida, 
tetanus and diтnitrochlorоbenzene (DNCB)) 
and Rebuck skin window (RSW) most 
closely approximated to the degree o£ 
response observed in humans. Cebus 
monkeys showed several abnormalities, 
including significant leukopenia, 
very low serum alpha-1 globulin levels, 
cutaneous anergy to mitogens and poor 
skin window response. The most marked 
abnormalities were seen in the marmoset: 
persistent leukocytosis, absent to 
poor antibody and T-lymphocyte responses 
to immunogens, weak responses to 
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phytohaemagglutinin in vivo and in 
vitro, with a uniquely greater res-
ponse to pokeweed mitogen in vitro. 

In conclusion, studies are under 
way in our laboratory aimed at eluci-
dating the immunological mechanisms 
underlying the differences in suscep-
tibility among primates to hexpesvirus 
infections. Our results to date 
demonstrate that the baboon, which is 
relatively resistant to a variety of  

infectious amI oncogenic agents, is 
reasonably competent immunologically. 
The cebus monkey and especially the 
marmoset appear to be deficient iп  
several immunological parameters. The 
baboon appears to be similar to niai 
from birth to maturation, whereas the 
marmoset resembles the newborn human 
in many immunological parameters and 
perhaps remains at that level. The 
cebus monkey is more or less inter-
mediate in character, 

Table 1. Blastogenic response to inactivated 15V-1 

Species Time 	(days) 

0 14a 30 70 

Absolute 	BIS Absolute 8Ib Absolute BIS Absolute BIb 
counts counts counts counts 

Baboon 9 971 	4 л  4 823 4.9 10 	775 18.6 20 309 24.5 

Cebus 9 	391 	3.1 1 	350 3.5 15 899 5.9 5 379 3.8 

Marmoset 1 	063 	2e2 1 	556 1.3 1 	656 7.1 5 428 5.1 

a Time of first immunization with 15V; second immunization On day 30, 
and third immunization on day 60. 

b absolute counts per minute 
Blastogenic index = 

resting counts per minute. 
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Table 2. Conparative immunological parameters in primates 

Species T system 

E rosettes° 
(2) 

BI 
(PlIS) 

Stirs 
delayed 
hyрer5eп5- 
itivityt 

S system 

RISC 
rosettes° 
(0) 

Antibody response 
(titres) 

(5аnte еa 	Influenza 
(N antigen) 	(A2) 

8I 
(PWM) 

Р hаgoсуti с  сотрl еmепt 

Skin window 

З  hours 	22 hours 

system 

СН50e 
(softs! 
ml) 

Baboon 32 23 10 26 300 160 4 >_ ргi sf 	Clumps with 17 
15-40% 
ma o го  p ha ges 

CеЬus 53 14 20 41 200 160 7 ± INNs 	5-15% 69 
macrophages 

Marmoset 32 8 3 40 80 46 12 t PMNB 	5-15% 15 
macrophages 

fias ° 40-70 60-250 50-95 15-35 NDh ND 25-75 2-3 + 	Clumps with 43 
PINS 	50-80% 

macrophages 

" Rosette formation of lymphocytes with sheep red blood cells (sRBC). 

Percentage of animals responding with s-5 mur of induration at 48 hours to battery of five irenirinogeris. 

° Rosette formation of lymphocytes with SR83 and amboceptor. 

d Reflects both B and T responses. 

e Grin 50`s haemolytic soit (СF15o) of serum riorriplement was defined as the valorisa of serum is ml that lysed 50% of 
5 x 108 ЕA in 7.5 m1 of reaction redS u after incuhation at 37°C for 30 minutes. 

f Polysos-phonuclear leukocytes. 

д  Normal range of values. 

h Not determined. 
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Experiments related to reactivation of latent 
herpesviruses and to the mechanism of latency were 
considered to be of great interest. It was pointed out 
that IgG antibodies may play a role in the prevention 
of herpesvirus reactivation though it seemed unlikely 
that their presence was the only prerequisite for virus 
repression. The herpesvirus of Marek's disease, for 
example, can grow perfectly well in the presence of IgG 
antibodies. In addition, it has been reported that 
reactivation of herpes simplex virus (HSV) in explanted 
ganglia takes place in the presence of IgG antibodies. 

Concerning the latency of HSV DNA in mice, as дeтoпs-
trated by in situ hybridization, it was stated that viral 
DNA could be detected in neurons of trigeminal ganglia 
of practically every mouse infected by herpes simplex 
virus. Apart from a few positive neurons, a majority 
that appears to be negative for viral DNA is always 
present. DNA replication after explantation would seem 
to explain why positive cells are found in these experi-
ments; this is indicated by the heavy labelling observed 
in the nuclei of the positive neurons. 

This led to the question whether it is possible to 
demonstrate the presence of the DNA of a latent herpesvirus 
before its reactivation. This is indeed the case: it 
was reported that, in frozen sections of trigeminal ganglia 
of a rabbit latently infected by 1SV-1, viral DNA was 
demonstrated by in situ hybridization. The label was 
observed exclusively in the nuclei of a small number of 
ganglion cells. 

A small percentage of cells of a lymphoblastoid cell 
line, established from a chicken with Marek's disease, 
contain ünmature herpesvirus particles; these are mainly 
in the nucleus, but some are also present in the cytoplasm. 
The question was raised whether some of the cytoplasmic 
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particles might not be Type-C viruses and whether it 
has been possible to show by other methods that the 
cell line concerned is free from avian leukosis viruses. 
Exclusion of this possibility was based on the obser-
vation that the cells concerned at least do not show 
the presence of gs-antigens. 

The successful establishment of cell lines from 
chickens with Marek° s disease was related to the increase 
in incubation temperature from 37°C to 41°Co 

Finally$ the possible induction of tumours by EBV 
in opossums aroused some interest. Tumours have not yet 
been induced in these animals by injecting viral prepara-
tions. The only tumour obtained thus far originated in 
an animal that had been in contact with infected newborns. 
The question whether the tumours observed after injecting 
EB-3 cells consist of human or of opossum cells has still 
not been answered. 



TRANSF®RMATI®N IN VIVO 



TRANSFORMATION IN VIVO - A REVIEW 

М mА. EPSTEIN 

Department of Pathology, 
University of Bristol, The Medical School, 

Bristol, UK 

As recently as a decade ago, there 
was almost no evidence to suggest that 
herpesviruses might be involved in the 
causation of tumours. It had been 
known at that time for some years that 
the cells of the seemingly infectious 
Lucite carcinoma of the leopard frog 
kidney (Luсkб, 1934, 1938) contained a 
herpesvirus (Fawcett, 1956) but there 
was considerable confusion as to its 
significance when other, quite differ-
ent, cytoplasmic, DNA viruses were 
isolated from the tumour material. 
Ten years ago was also the time at 
which Epstеin-Barr virus (EBV) was 
first detected in cultured lymphoblasts 
from Burkitt's lymphomas (Epstein et 
al., 1964) but, apart from the circum-
stance that the cultured material came 
from tumour biopsies, there was little 
to connect this virus, either, with 
oncogenesis; indeed, the absence of 
oncogenic herpesviruses at that time 
was a significant factor in limiting 
the importance attributed to EBV when 
it was first discovered (Epstein et 
а1., 1964). 

The mere fact that it is now hardly 
necessary to stress how important 
herpesviruses have become in relation 
to oncogenesis speaks volumes fir the 
immense progress that has been made in  

the last decade. The scale of this 
progress was reflected in the out-
standingly successful first symposium 
on Oncogenesis and Herpesviruses held 
in Cambridge in June 1971, and there 
is little doubt that the publication 
resulting from that meeting (Biggs 
et al., 1972) has proved a most 
important and valuable contribution 
to the literature of viral oncology. 
The many new developments since the 
Cambridge meeting clearly justify the 
holding of a further International 
Symposium and the complexity of these 
developments rapidly becomes evident 
when the present programme is 
examined. 

MA,10R DEVELOPMENTS IN HERPESVIRUS 
ONCOGENESIs 

In recent years, the confusion 
over the role of the Lucké herpes-
virus has been resolved and it has 
been clearly shown to be the etiolog-
ical agent of this naturally occurring 
tumour (Mizell et al., 1969; Naegele 
et al., 1974). Marek's disease, a 
long recognized highly contagious 
malignant lymphoid tumour of chickens 
(Marek, 1907) has finally been shown 
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to be due to a herpesvirus (Churchill 
& Biggs, 1967; 5оlоmоn et al., 1968; 
Epstein et al., 1968) and is now 
readily controlled by з  viral vaccine 
(Churchill et al., 1969; Okazaki et 
al., 1970). In addition, а  new herpes-
virus isolated from cultured kidney 
cells of normal squirrel monkeys, al-
though non-pathogenic in its natural 
host has been found to induce rapidly 
fatal malignant lymphomas on inocu-
lation into owl monkeys, cotton-topped 
marmosets, and rabbits (Меlёпдеz et 
al., 1969; Daniel et al., 1970). 
Further studies have shown that this 
virus, herpesvirus saimiri, both 
causes leukaemia and is carcinogenic 
in several additional species of sub-
human primates (Meldndez et al., 1971; 
Hunt & Melénдеz, 1972). It is thus not 
only aп  oncogenic herpesvirus affecting 
animals phylogenetically related to 
man, but also the first DNA virus known 
to be leukaemogenic. 5ипсе  the discov-
ery of herpesvirus saimiri, a further 
oncogenic primate herpesvirus has been 
found (Меlénde2 et al., 1972). And 
contemporaneously with these very 
important discoveries of oncogenic 
animal herpesviruses, an immense body 
of information has been accumulated on 
EBV strongly suggesting that it is a 
possible human tumour virus (Epstein & 
Aching, 1973а, Klein, 1973; Henle & 
Непlе, 1973), whilst herpes simplex 
virus type 2 has likewise been impli-
cated, though much less strikingly, in 
human neoplasia (Rawls et al., 1968; 
Nahmias et al., 1969). 

FORMS 0F HERPESVIRUS INFECTION 
IN GENERAL 

It has, of course, long been 
recognized that herpesviruses can and 
do initiate straight forward productive 
infections with replication of viral 
progeny (Table 1, item 1) and it is 
evident that this type of infection 
always leads to the death of the  

affected cells (Roizman, 1972). It is 
this cell death that underlies the 
pathological lesions caused by herpes-
viruses in vivo and cell lysis in 
tissue culture, In addition, it has 
also become clear over the years that 
herpesviruses can also initiate non-
productive, non-cytocidal infections 
in which the viral genetic information 
remains latent and quite unexpressed 
within the cell, but liable to sub-
sequent activation to a productive 
cycle with the inevitable cell lysis 
this entails (Table 1, item 2a). This 
process is found with herpes simplex 
virus in experimental animal models 
and in natural infection in man 
(Stevens et aL, 1972; Stevens & Cook, 
1973; Cook et al., 1974; Bastian et 
al.. 1972) and there is reason to 
believe that varicella-zoster virus 
behaves in exactly the same way 
(Bastian et al., 1974). Although 
herpes simplex virus and varicella 
virus apparently adopt this non-
productive, latent type of infection 
exclusively iп  nerve cells, it would 
seem that cytomegalovirus, for example, 
may exhibit a similar type of infection 
in human lymphoid cells (Doisi et al.,, 
1969; Fiala et al.1). 

With oncogenic herpesviruses, there 
is yet another type of infection; this 
too, is a non-productive infection, but 
unlike that just described it is a 
non-productive infection in which the 
viral genome is expressed not only by 
transforming cells into malignant 
tumour cells, but also by inducing at 
the same time the formation of virus-
determined neo-antigens (Table 1, 
item 2b). Two important points require 
to be emphasized: (i) non-productive 
infections with expression of the viral 
genome to bring about malignant trans-
formation can, like non-productive 
infections without expression of the 
viral genome, be activated to а  produc- 

I See p.109. 
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Table i. Forms of infection of cells by herpesviruses 

L Productive - Virus replication leading to cell death 

2. Non-productive - Virus genome present 

(а) Unехрressed but often activated to а  productive 
cycle 

(b) Exрrаеaеd in malignant transformation but can be 
activated to a productive cycle 

tive cycle; and (ii) a combination of virus in its relationship to the 
two or all of these various forms of 	tumour cells. Here we get a dramatic 
infection can be, and frequently is, 	illustration of the way in which 
present in the same individual at the infection can switch from productive 
same time. In this connection, the 	to mon-productive cycles under natural 
herpesviruses of Marek's disease and 	conditions. Thus, during warm weather, 
the Lucké frog carcinoma deserve 	there is a non-productive infection of 
special attention because they provide the tumour cells with the virus genome 
important examples of these cell-virus expressed to give malignant transfor-
interactions. In the Marek's disease- ration: summer tumours are free of 
infected bird, productive infection 	virus particles, grow rapidly, 
with release of virus particles takes metastasize, and often lead to death 
place in the feather follicle, and 	of the host. But in those frogs that 
this plays a large part in the boni- 	survive into the autumn and winter, 
zontal transmission of infection, 	the low ambient temperature activates 
whilst at the same time, the cells of 	the virus to а  productive cycle with 
tumours caused by the virus show a 	virus replication leading to cell 
non-productive infection with the viral death and consequent regression of 
genome expressed in malignant trans- 	tumour growth (Rafferty, 1964; 
formation. It is interesting to note Ickinnel & Ellis, 1972). With the 
that, when such tumour cells are put 	геtиrп  of warm weather in the spring 
into tissue culture, a productive 	and summer, the productive lytic cycle 
infection is induced in some of them 	is again switched off and the virus 
and virus structural antigens and 	genoine expresses itself, as before, 
virus particles appear (Abmed et al., 	in summer tumours, by malignant trans- 
1970; Kato & Akiyama, 1973; Powell et formation with the promotion of rapid 
al., 1974). 	 tumour growth (NcKinnell & Ellis, 

A somewhat different example of 	
1972). It is of great interest that 

these various types of herpesvirus 	
the tуре  of virus infection сап  be 
changed experimentally at will in 

infection is provided by the Luckd 	either direction merely by manipulation 
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of the temperature at which tumour-
bearing frogs are kept in the labora-
tory (Zambernard & Tatter, 1966; 
Mckinnell & Ellis, 1972). 

FORMS 0F INFECTION BY PUTATIVE HUMAN 
ONCOGENIC HERPESVIRUSEE 

As а  result of extensive sen -
epidemiological surveys, it has been 
recognized for some years that there is 
a striking association between 1ff ес-
tim with herpes simplex virus type 2 
and cervical neoplasla in women (using 
this term to include dysplasia, 
carcinoma 2n situ, and frank invasive 
carcinoma). For some time there was 
doubt as to whether the association 
reflected a causal relationship or 
merely resulted from the coincidental 
liability to a high incidence of infec-
tion with herpes simplex virus type 2 
and to cervical neoplasia in those 
women who followed a particular 
sexually permissive life-style; recent 
studies appear to have eliminated the 
latter alternative (Adam et al., 1974), 
leaving the possible causal relation-
ship between the virus and the tumour 
urgently in need of confirmation by 
evidence of a more direct kind. 

As to the form of infection 
occurring with herpes simplex virus 
type 2, it is quite clear that produc-
tive infections are very frequent in 
the cervix and manifest themselves not 
only in those relatively rare cases 
where overt herpetic genital lesions 
are found, but also in the vastly 
greater number of seropositive indi-
viduals in whom evidence for virus 
production in the cervix is obtained ип  
the course of cervical cytology 
screening programmes (Naib et al., 
1966). In addition, it has recently 
been shown that herpes simplex virus 
type 2 causes non-productive, unex-
pressed infections (Table 1, item 2а)  

iп  sacral ganglia 3 and 4 (Baringer1); 
however, if the virus is indeed 
causally related to cervical cancer 
it must, by analogy with all we know of 
DNA tumour viruses in general and 
oncogenic herpesviruses in particular, 
surely be capable of causing a non-
productive infection in the tumour 
cells with expression of the viral 
genome to bring about the malignant 
transformation responsible for the 
tumour (Table 1, item 2b). Investi-
gations aimed at determining whether 
virus-determined neo-antigens are 
present in such tumours have resulted 
so far only in somewhat equivocal 
findings (Royston & Aurelian, 1970). 
But much more telling biochemical 
evidence that the virus is not 
causally related to the tumour has 
recently been obtained, since nucleic 
acid hybridization tests have failed to 
reveal the presence of viral genetic 
information in the tumour cells (zur 
Hausen et al., 1974), thus suggesting 
that a non-productive infection with 
expression of the viral genome to 
bring about malignant transformation 
is not present. 

Understanding the various forms of 
infection possible with herpesviruses 
(Table 1) is of even greater signifi-
cance in relation to the problem of a 
causative role for ЕBц  in Burkitt's 
lymphoma and nasopharyngeal carcinoma. 
A steadily growing body of solid 
evidence links this virus ever closer 
with these two tumours (Epstein & 
Aching, 1973x; Klein, 1973; Henle & 
Henle, 1973), but certain difficulties 
remain. Thus, the virus is widespread 
in human populations and infects huge 
numbers of individuals who show no 
evidence of Burkitt's lymрhота  or 
nasopharyngeal carcinoma, and it has 
sometimes been regarded as an objec-
tion to a carcinogenic role for the 
virus that transformed lymphoblastoid 

5еe p.74. 
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lines carrying EBV can be readily 
established in vifro, not only from 
biopsies of Burkitt's lymphomas, but 
also from the peripheral lymphocytes of 
such seropositive normal individuals. 
However, there are now reasons for 
believing that this objection is 
apparent rather than real, and that the 
conceptual difficulty involved rests 
only on a failure to understand the 
various possible forms of herpesvirus 
infection. It is clear that infection 
by EBV results from horizontal trans-
mission and is widespread throughout 
the world (see Epstein & Aching, 
1973Ь). Very young infants frequently 
have transient maternally-derived 
antibodies that disappear. Thereafter, 
the proportion of antibody-positive 
individuals increases with age as more 
and more become infected, so that by 
late adolescence the incidence has 
reached the region of 80% and persists 
close to this level in subsequent age-
groups, although the incidence level is 
raised or lowered by standards of 
living. Thus, most primary infections 
with EBV occur in childhood and early 
adolescence, and are accompanied by 
permanent seroconversion, total 
immunity to infectious mononucleosis, 
and lifelong harbouring of the virus. 
This harbouring is manifested in two 
ways: (i) by productive infection 
(Table 1, item 1) of cells somewhere 
in the oropharynx with release of 
infectious virus particles into the 
buccal fluid (Gerber et a1., 1972; 
Miller et al. , 1973) (such infected 
fluids play a most important part in 
horizontal transmission of the virus); 
and (ii) by the non-productive infec-
tion of peripheral lymphoid cells, 
which therefore contain the unexpressed 
viral genome (Table 1, item 2a). In 
this young age-group, the vast majority 
of people undergoing primary infection 
show no recognizable illness but an 
occasional individual may react with 
the clinical manifestations of 
infectious mononucleosis. 

In late adolescence and young 
adult life, primary infection also 
leads to seroconversion and harbouring 
of the virus but, in contrast, one-
half to two-thirds of those who become 
infected in this age-group develop 
infectious mononucleosis and only a 
substantial minority remains without 
clinical manifestations. The possible 
reasons why primary infection in young 
adults is so often accompanied by 
infectious mononucleosis are not 
relevant to the problem of malignant 
transformation, but a recent discussion 
of them has been presented elsewhere 
(Epstein & Achong, 1973b). What is 
relevant is the state of the virus in 
normal seropositive individuals or 
in individuals who are seropositive 
after an attack of infectious mono-
nucleosis, in contrast to the state 
of the virus in an individual with 
Burkitt 's lymphoma. 

All seropositive people, irres-
pective of whether they are completely 
normal or have a history of infectious 
mononucleosis, must clearly have in 
common a low-grade productive infec-
tion somewhere in the oropharynx with 
liberation of infectious virus 
particles; in addition, they would 
all also appear to harbour the virus 
as a non-productive infection in 
their peripheral lymphocytes. It is 
this virus genetic material that allows 
continuous lymphoid lines to be estab-
lished in culture from the peripheral 
lymphocytes of seropositive people, 
irrespective of whether their primary 
infections were clinically manifest or 
not. But the fundamental question 
concerns the form of non-productive 
infection shown by these genome-
containing peripheral lymphocytes of 
seropositive people. Are these cells 
malignantly transformed in vivo (Table 
1, item 2h) and prevented from forming 
tumours by some type of immunological 
surveillance, in which case cell lines 
would be established from the pen- 
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pheral lymphocytes of seropositive 
people by the direct outgrowth of these 
already transformed malignant cells, or 
are these cells infected in the unex-
pressed form of non-productive infec-
tion (Table 1, item 2a) in an analogous 
manner to ganglia cells infected by 
herpes simplex or varicella? Recent 
observations (Rîckinson et al., 1974; 
Jarvis et al., 1974) strongly indicate 
that the second alternative is the 
correct one, that the genome-containing 
peripheral lymphocytes are indeed 
infected by ESV in the non-productive, 
unexpressed form (Table 1, item 2а), 
and that cell lines are established 
from such cells, not by direct out-
growth, but by a different and more 
complicated two-step process occurring 
in the culture vessels; these experi-
ments do not require elaboration here 
since they are fully described later1. 

With the Burkitt's tumour cell, the 
situation is different. Here, too, the 
cell contains EBV DNA but immuno-
fluorescence studies on membrane 
antigens and EBV-deterinined nuclear 
antigen (EBNA) (Klein, 1972; Reedman 
& Klein, 1973) indicate that the viral 
genome is expressed to give viral-
determined rico-antigens and thus 
presumably, by analogy with animal 
systems, is present in the form of non-
productive infection in which it is 
also expressed to transform cells into 
tumour cells in vivo. This concept of 
transformation by the virus in vivo is 
supported by the fact that, when biop-
sies of Burkitt's lymphomas are 
cultured in vitro, cell lines are 
established by the outgrowth of the 
tumour cells themselves (Nadkarni et 
al. 1969; Eialkow et al., 1970; 
Manolov & Kanolova, 1972), a mechanism 
of origin clearly different from that 
seen where lines are obtained from EBV 
genome-containing peripheral lymphoid 
cells of seropositive normal indi- 

1 See р.175.  

viduals (Rickinson et al., 1974). The 
demonstration that there are these two 
separate mechanisms for establishing 
cell lines in culture, one relating to 
tumour cells and the other to viral 
genome-containing cells from individ-
uals free of malignant disease, has 
removed an apparent difficulty in 
accepting that EBV might be a carcino-
genic agent responsible for the 
malignant transformation of Burkitt`s 
lymphoina, since it shows that EBV can 
cause non-reproductive infections 
without expression of the viral genome 
(Table 1, item 2a) in non--malignant 
lymphoid cells analogous to those seen 
with herpes simplex virus, varicella 
virus, arid cytomegalovirus, as well as 
the non-productive infection with 
expression of the genome (Table 1, 
item 2Ь) that appears to occur in the 
malignant cells of Burkitt`s tumour. 

As to the situation with ABV and 
nasopharyngeal carcinoma, although 
close links between the virus and this 
human malignancy have been established, 
the nature of the association is less 
easy to understand, Biochemical 
studies (Wolf et al. , 1973) supple-
mented recently by immunological 
evidence (Klein et al., 1974), clearly 
show that the viral DNA is present in 
the malignant epithelial cells of this 
tumour, apparently with expression of 
the viral genome (Table 1, item 2b), 
suggesting that here, too, EBV may 
have a causative role. But how this 
unique example of EBV infecting a 
non-lymphoid cell comes about, and how 
it relates to the many peculiarities 
of nasopharyngeal carcinoma, remain 
to be explained. 

EBB AND THE INIRICTION 0F TUМOURS 
IN PRIMATES 

In addition to all the indirect 
circumstantial evidence suggesting 
that EBV is involved in the malignant 
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transformation causing Eurkitt's 
lymphoma and nasopharyngeal carcinoma, 
experimental studies with EBV in South 
American primates have demonstrated 
that the virus can certainly be 
carcinogenic in vivo and have thus 
strengthened the likelihood that it is 
so iп  man. Lymphoid tumours have 
recently been observed in both cotton-
topped marmosets (5hоpе  et al., 1973 
and owl monkeys (Epstein at al., 1973а) 
following inoculation of EBV in two 
separate laboratories, and confirmation 
of the marmoset results has already 
been forthcoming (Falk et al., 1974). 
With each of these hosts, continuous 
lymphoblзstoid cell lines have grown 
out in culture from tumour material 
with production of both viral antigens 
and EBV particles (shope et al., 1973; 
Epstein et al., 1973b),just as happens 
with cell lines from Burkitt° s 
lymphomas, and the viral genome itself 
has been detected in the owl monkey 
cells (Epstein et al., 1975). 

It would seem that, in the marmoset 
and owl monkey, both herpesvirus 
saimiri and EBV can initiate non-
productive infections with expression 
of the viral genome to cause the 
cellular changes of malignant trans- 

formation (Table 1, item 2h); the 
evidence for this appears good, but 
final proof requires further 
confirmatory experiments. Since 
the two species of South American 
primates involved are just those 
most susceptible to tumour induction 
by herpesvirus saimiri, it is not 
surprising therefore that they 
should appear to react to EBV in a 
similar way with the production of 
tumours. 

CONCLUSIONS 

All in all, an understanding of 
the different forms of infection 
possible with herpesviruses provides 
a clear explanation of the various 
cell-virus interactions that occur 
with these agents and that, if not 
clearly distinguished, cause 
conceptual confusion, With each 
year that goes by, understanding of 
the biological behaviour of oncogenic 
herpesviruses increases and it 
becomes more and more likely that 
some of these viruses may have a 
causative role in at least some 
human tumours. 
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Epstein-Barr virus (EBV) is inti-
mately associated with three human 
lymphoproliferative diseases - infec-
tious mononucleosis, Burkitt's lymphoma 
and nasopharyngeal carcinoma. Although 
there is extensive virological, musc-
ular, and immuno-epidemiological 
evidence in favour of EBV as the 
causative agent (for review see Miller, 
1974), the lymphoproliferative disease 
in man has not been experimentally 
reproduced. 

Because the direct experimental EBV 
induction of lymphoproliferative 
diseases in man is impossible for 
ethical reasons, attempts have been 
made to produce disease in animals. 
Two general approaches have been taken. 
In the first, living cells carrying EBV 
have been experimentally inосиlзtед. 
I3etero-transplanted human cells will 
produce a fatal lymphoproliferative 
disease in the immunodeficient rodent 
but are rejected by the immunointact 
rodent (Adams et al., 1973). In con-
trast, autochthonous ESV-converted 
cells have produced malignant lymphoma  

in one of four inoculated cotton-topped 
marmosets (Shope et al., 1973), but 
similar experiments in five gibbons 
(Wérnеr et al., 1972) and four squirrel 
monkeys (Shope & Miller, 1973) have not 
resulted in tumours. In the second 
approach, cell-free EBV has been 
experimentally inoculated. Although 
the material has failed to prодиcе  
disease in rhesus monkeys, gibbons and 
squirrel monkeys (Miller et al., 1974; 
Werner et al., 1972), it has induced 
lymphoproliferative change (including 
lymphoma) in cotton-topped marmosets 
(5hоре  et al., 1973; Miller et al., 
1974) and owl monkeys (Epstein et al., 
1973). 

0f 17 cotton-topped marmosets given 
between 104 and 105 transforming units 
of BET, five developed malignant lym-
phoma, three lymphoid hyperplasia, seven 
inapparent infection (antibody response 
only), and two failed to develop anti-
bodies (Miller et a1., 1974). In this 
report, neutralization experiments, 
carried out to establish that EBV is 
essential to the induction of the 
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experimental lymphoproliferative 
disease in cotton-topped marmosets, 
will be described. 

MATERIALS AND METHODS 

Marmosets 

Wild-reared cotton-topped marmosets 
(Sagеипиs oedipus), of mixed age and 
sex, were purchased from а  commercial 
dealer who obtained the animals in 
Colombia, South Amеrica. The blood 
of all the animals contained para-
sites (trypanosomes and micro-
filariae), 

Virus 

A single stock of cell-free ABV 
was prepared in marmoset cells (line 
3-95-8) transformed by an infectious 
mononucleosis strain of 13V (designa-
ted 883L) (Miller et al., 1972), 
Aliquots of the stock virus were 
stored frozen at -70°C until used. 
The infectivity of virus in the stock 
and in various inocula was measured by 
an end-point dilution assay utilizing 
long-term transformation of leukocytes 
from human neonatal cord blood ci-
cultivated with human placental fibro-
blasts (PFF) (Grogan at al., 1970) 
All cultures were grown in RPM' 1640 
medium with 20% heat-inactivated fetal 
bovine serum, plus penicillin, strepto-
mycin and firngisona. Leukocyte 
cultures were fed twice weekly. 

,е  12лл  

Reference sera from two healthy 
adult males, one (designated WP) with 
EBV antibody, the other (designated 
RB) without, were obtained by plasma-
pheresis. Serum was separated asep-
tically from the clot and stored 
frozen at -20°C until use. Sera were 
examined for antibody to E8V capsids 
(VCA), using Р3НR-1 cells as antigen 
(Hепlе  & Hепlе, 1966), nuclear antigen  

(EBDA), using Raji cells (Reedman & 
K1еiп, 1973), crude complement-fixing 
antigens (CF) derived from P3HR-1 cell 
lysates (Miller et al., 1972), and 
neutralization of infectious virus (NT), 
using 395-8 cell-free virus (Miller et 
al., 1971). Sera from the experimental 
animals obtained before inoculation and 
serially afterwards were examined for 
VCA antibody by indirect immunofluores-
cence using FBHR-1 cells as the test 
antigen. 

Peut сйјzе-tиоп  

Undiluted stock virus was combined 
with human serum (heat-inactivated at 
60°C for 20 minutes) in equal (1 m1) 
volumes, mixed aid held at 37°C (water) 
for 1 hour. Following incubation, the 
virus-serum mixture was held on ice 
until inoculated (not more than 60 
minutes). Aliquots of the mixture, as 
well as stock virus simultaneously 
incubated without serum, were frozen 
at -90°C for subsequent infectivity 
titrations. 

Inoculation of animals 

During the experiment, two sets of 
inoculations were performed. In the 
first set, four animals received stock 
virus mixed with FBV antibody-deficient 
serum (group I in Fig. 1), and four 
animals received stock virus mixed with 
11V antibody-containing serum (group II 
in Fig. 1). Each animal received the 
simultaneous inoculation of 1 m1 of 
mixture by the intravenous, 0,5 ml by 
the subcutaneous, and 0.5 m1 by the 
intraperitoneal route. In the second 
set, performed sixteen weeks after the 
initial inoculation, animals in group 
тI, which had received "neutralized" 
material, were challenged with the EBV 
serum antibody-deficient inoculum. 
Inoculations were given by the same 
routes. 

ply y'BG021eY'~ 

Peripheral blood, collected in 
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FIG. 1. SEQUENCE OF EVENTS IN COTTON-TOPPED NARMOSETS 
FбLLOWING INOCULATION OF EBV 

The first inoculation consisted of unneutralized EBV in group I (indicated by 
1101) and neutralized EBV in group II (indicated by "К"). The second inoculation 
consisted of unneutralized ENV and was given to group II animals only. 
Successful recovery of EBV from peripheral blood cultures is indicated by 
I1+II, failures by II_ 
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heparin, was serially obtained follow-
ing inoculation. Lymphocytes were 
separated on Fico11-Hypaque gradients 
(BOyum, 1968), washed three times, 
adjusted to 5 x 105 cells/m1, placed 
into culture tubes with "feeder" cells 
(1PF) and incubated at 35°C in a 5% 
carbon dioxide and air atmosphere. 
When transformation of cultures became 
evident, cell stocks were grown in the 
absence of НРF until tested for the 
presence of EBV-specific antigens. 
Harvests of supernatant fluids at 
seven days were frozen and thawed 

three times, passed through a 0.8-pm 
Ni11ipore filter, and then tested for 
the presence of infectious virus by 
long-term transformation of leukocytes 
from human neonatal cord blood. Cells 
were examined for the presence of FBNA 
using the reference sera described. 

RESULTS 

The four animals that received 
virus mixed with human EBV antibody-
deficient serum (group I in Fig. 1) 
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developed disease characterized by 
intra-abdominal lymphadenopathy (by 
palpation), first detected iп  three 
animals 22 days following inoculation 
and in the fourth animal by 33 days. 
Nodules, sometimes discrete and soli-
tary, but more often five or six in 
chains, increased in size to no larger 
than 1 x 0.5 cm, then decreased until 
they disappeared in three of four 
animals by 95 days after inoculation. 
Small nodules have persisted in one 
animal without change for the last 
three months. No intra-abdominal 
nodules were palpated in the four 
animals that received virus mixed with 
human serum containing EBV antibody 
(group II). 

EBV was recovered from the peri-
pheral lymphocytes of three of four 
marmosets (in group I) 22 days follow-
ing inoculation and one of four on the 
27th day. Thereafter no virus was 
found in peripheral lymphocytes. 
Lymphocytes obtained from animals in 
group IT failed to yield virus, 

Antibody to viral capsids first 
appeared in all animals in group I on 
day 33 and has persisted for 4.5 
months. Antibody titres peaked at 48 
days (3 at 1:80, 1 at 1:160). No  

antibody was detected in the sera of 
group II animals. 

Serum NP contains VCA, EBNA, and CF 
antibody (see Table 1). After one hour 
of incubation at 3700 with the virus 
stock that contains approximately 
500 000 leukocyte transforming units 
(TU), WP serum completely and repeatedly 
prevented transformation. Incubation 
at room temperature for 5 minutes also 
resulted in complete inhibition of 
transformation. In contrast, virus 
titration after incubation for 1 hour 
with antibody-negative RB serum was 
virtually the same as the titration of 
virus incubated for one hour without 
human serum (10 ВТU50/ш1 and 
l0 25ТU50/ml respectively). 

Thus, following inoculation of 
lОц.3ТU50 of unneutralized EBV, animals 
simultaneously developed lymphadenitis 
(intra-abdoininal) and viraemia. Within 
two weeks of the viraemia, all animals 
had EBV-VCA antibody and virus could 
no longer be isolated from cultures of 
peripheral lymphocytes. The animals 
given neutralized EBV failed to display 
adenopathy, did not have viraeinia and 
did not produce antibody. 

The animals given neutralized EBV 
were challenged with unneutralized 

Table 1. EBV antibody findings in the human reference sera used in the 
neutralization experimentsa 

Seruni 	 VCR 	 EBNA 	 CF 	 Nt 

WP 	 1:640 	Present 	1:640 	>10ц  3TU5Q 

RB 	 <1:2.5 	<1:2.5 	<1:4 	Ni virus 
inhibition 

a Antibody titre to viral capsid antigen (VCA), nuclear antigen (EBNA), 
and crude coniplenent-fixing antigen (CF), and inhibition of virus by 
undiluted serum (Nt) (TU = transforming units). 
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hypertrophy in man during IM includes 
peripheral lymph-nodes as well as the 
spleen; marmosets appear to develop 
central lymphаdeпopathy without invol-
vement of the spleen. Most ЕВц-
induced 1M in patients over 10 years 
old is ассоmраniед  by characteristic 
sheep cell heterophile agglutinin 
responses; the 17 marmosets previously 
inoculated by Miller and shope (Miller 
et al., 1974) plus the eight in the 
present experiment have not developed 
heterophile agglutinin responses. Falk 
et al. (1974) have reported heterophile 
agglutinins in one cotton-tapped marmo-
set inoculated with autocbthonous EBV-
infected lymphoblasts; the event is, 
at least, rare. Finally, II is asso-
ciated with the appearance of atypical 
lymphocytes. The marmosets in previous 
experiments have not shown remarkable 
changes in peripheral blood leukocyte 
morphology or concentration (5hoрe et 
al., 1973). 1n the present experiment, 
animals inoculated with unneutralized 
virus developed an absolute lympho-
cytosis with the appearance of large, 
immature lymphocytic cells. However, 
characterization is incomplete at 
present and awaits further evaluation. 

fashion, initially with the simulta- 	Challenge of marmosets with unneutra- 
neous appearance of viraemia and lymph- lized ABV four months following the 

adenopathy, followed by the appearance initial inoculation of neutralized virus 
of EBV-specific antibody, disappearance was not followed by viraemia and signi- 
of viraemia and gradual subsidence of 	ficant adenopathy, although all animals 
aclenopathy. Finally, animals that 	developed EBV-цСА  antibody responses. 
received neutralized EBV failed to 	

the design of the experiment does not 
develop lymphadenopathy, EBV-цСА 	permit conclusive explanation. Perhaps 
antibody or viraemia, 	 the previous inoculation with inactivated 

The cotton-topped marmoset model 
shares some characteristics in common 
with infectious mononucleosis (IM) in 
man, with the following notable excep-
tions. Viraemia in IM occurs during 
the acute illness and well into conva-
lescence, persisting in some for life 
(Diehl et al., 1968). Iп  contrast, 
the marmoset viraemia disappeared with 
the appearance of ESV-УСА  antibody. 
The distribution of lymphoid tissue 

virus 16 weeks later to determine if 
they could be infected. The same 
parameters were measured. Only one 
animal displayed intra-abdoniinal 
adenopathy (chain of small дodes), 
none had detectable circulating virus 
but all had developed EBV-VCA antibody. 
It is interesting that the time of 
appearance of antibody was not indica-
tnive of an anamnestic response. 

P15С155ION 

The results of these experiments 
support the previous observations that 
EBX/ causes the lymphoproliferative 
disease that occurs in cоttоп-toрред  
marmosets following inoculation with 
an infectious mononucleosis strain of 
virus (Shope et al., 1973). The evi-
dence can be summarized as follows. 
First, only animals given EBV, un-
neutralized by human serum antibodies, 
developed signs of disease. All 
animals developed lymphadenopathy, all 
developed EBV-VCA antibody and three 
of four yielded EBV in cultures of 
peripheral lymphocytes. Second, 
disease developed in a progressive 

antigen primed the host immune respon-
siveness, preventing replication of the 
subsequently inoculated EBV. If so, 
why did antibody fail to appear until 
34 days following the second inoculation? 
Analysis of serum IgM antibody responses 
will perhaps be revealing, 

The absence of progression 0f the 
lymphoproliferative disease to malig-
nant lymрhоmа  is also puzzling. Factors 
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such as dose and rоиtе  of inoculation, virus are currently under investiga'- 
ininiune competence of the recipient 	tion. 
animal, and changes in the strain of 
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Epstein-Barr virus (EBV) has been 
proved to be the etiological agent 
of heterophil-positive infectious 
mononucleosis, is most probably the 
main cause of most Burkitt's lymphomas 
and may also be responsible for naso-
pharyngeal carcinoma (for review, see 
Klein, 1973). The association of EBV 
with neoplastic disease is based on 
sero-epidemiological studies, the 
demonstration of the EBц  genome in 
tumour cells and the ability of EBV to 
transform human and simian lymphocytes 
in vi о  (Werner et al., 1972; Miller 
et al., 1972; Falk et ale, 1974b). 
The recent induction of lymphoprolif-
erative diseases with EBV in non-
human primates (5hоре  et al., 1973; 
Epstein et a1., 1973; Falk et al., 
1974а; zur Hаuseп1) further proves the 
oncogenic potential of E&V. This 
report describes the regular induction 
of lymphomas in some species of 
marmoset monkeys with the В95-8 strain 

I Personal communication,  

of EBV and the development of lympho-
blastoid cell lines from the inocula-
ted animals. 

MATERIALS AND Л  ЕТНОDS 

Vиrus and lymrphcMlastoid cell lines 

Concentrated ЕБц  from РЗНR-1 cell 
cultures was supplied by Charles 
Pfizer Ci. (Mауwоод, New Jersey). 
These preparations had been evaluated 
electron microscopically to determine 
the number of viral particles (usually 
about 109/т1) but no infectivity studies 
were performed. Two lymphoblastoid 
cell lines (LВ-2 and EB-3) derived 
from Burkitt's lymphoma and one (Kaplan) 
derived from an acute case of infec-
tious mononucleosis were obtained from 
Dr Werner Henle. An additional EBV-
positive lytuphoblastoid cell strain 
isolated from the peripheral blood 
of a case of myeloblastic leukaemia 
(PBL) was supplied by Dr James Grace, 
and the EDT-producing marmoset 

-1 67 - 
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lyniphoblastoid cell strain, В95-8, by 
Dr George Miller. The establishment 
and maintainance of simian lympho-
blastoid cell lines transformed by 
EBV derived from the Kaplan cell line 
has been reported in detail (Falk et 
а1., l974Ь) and cells were grown in 
Eagle's medium or medium RPMI 1640 
with 10-15% fetal calf serum and 
antibiotics. HR-I virus was assayed 
by superinfection of Raji cells and 
determination of the number of cells 
positive for early EBV antigen (EA) 
72 hours after suparinfaction. The 
titre of В95-8 virus was determined as 
transforming units (JEU) by transfor-
mation of human umbilical cord blood 
lymphocytes in vгtra. 

Lyniphoblastoid cell lines were 
established from spleens or lymph-
nodes, and virus isolation from 
tissues of infected animals was per-
formed as previously described for 
herpesvirus saimiri--infected animals 
(Deinhardt et al., 1974). 

Animal inoculation 

Colony-reared or imported cotton-
topped (CT) or white-lipped (WL) 
marmoset monkeys (Ѕaguinus spp.) were 
inoculated with various materials 
containing EBV (Table 1). Animals 
were examined clinically at intervals 
post inoculation and blood samples 
were collected for haematological and 
serological studies. Complete necrop -
aies were performed on all dead animals 

or animals sacrificed when moribund. 

sen i°gу  

Sera were evaluated for antibodies 
against EBV-specified antigens (viral 
capsid [УСА], early [EA], membrane 
[МА] or EBV-determined nuclear [EBNA1 
antigens) by indirect iniinunofluoren-
cence tests using acetone-fixed smears 
of HR-i (VCA), Rail (EBNA) or super.-
infected Rail cells (TA); viable HR-1  

cells were used for detecting anti-
bodies to MA. 

RESULTS 

Tшпour induction in marrtosеtк  

Macroscopic lesions observed in 
inoculated marmosets included general-
ized and visceral lymphadenopathy, 
splenomegaly and enlarged thymuses. 
Microscopically, malignant lympho-
proliferative lesions, consisting of 

Table 1 summarizes our studies 
with ESV in marmosets over the past 
nine years. Twenty-five marmosets were 
inoculated with human or simian EDV-
carrying lymphoblastoid cells and none 
of these animals developed overt 
clinical or haematological disease 
other than short-lived and possibly 
non-specific local lymph-node swellings. 
Marmosets inoculated with P3 or HR-1 
virus likewise remained healthy. In 
contrast, the majority of marmosets 
inoculated with 895-8 virus developed 
a lymphoproliferative disease. Two 
groups of CT marmosets were inoculated 
with two separate preparations of В95-8 
virus (Table 2). In the first group, 
one animal died 19 days post inocu-
lation (PI) from an undetermined cause, 
one developed a lymphorna and died 31 
days PI, and three are still surviving 
and healthy. A separately prepared 
stock of EBV-B95-8 was titrated in 
marmosets of the second group to 
establish the minimum virus dose needed 
for tumour induction. All three mar-
mosets inoculated with 10е  JEU of EBV 
died with lymphomas 35-110 days PI, 
and one of three marmosets inoculated 
with 103 TFU likewise developed a 
lymphoma. One animal of the latter 
group died accidentally 191 days Pi and 
one is still surviving. Nonе  of the 
animals inoculated with 102 JEU 
developed tumours but one died 50 days 
PI from unrelated causes. 
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Table 1. Inoculation of marmosets with EBV-carrying lymphoblastoid cell 
cultures or with cell-free preparations of EBV 

Inocula 

Human EBV-carrying lymphoblastoid 
cell culturesb 

PBL strain (6 x 10 - 7 x 10 cells) 

ES-2 (3 x l06 cells) 

EB-3 (4 x l0 cells) 

Kaplan (2 x l0 cells) 

Number of 	Speciesа  Results 
marmosets 
inoculated 

б 	 WL No disease 

4 	 WL No disease 

5 	 WL No disease 

1 	 WL No disease 

Simian EBV-carrying lymphoblastoid 
cell cultures 

Autochthonous (5 x 10B cells) 

A1logeneic (0.3 - 5 x 10a cells) 

Xenogeneic (0.3 - 5 x 10a cells) 

1 	 WL No disease 

2 	 CT No disease 

4 	 WL No disease 

2 	 WL No disease 

Cell-free EBV 

РЗ  (l0g particles as determined by 
electron microscopy) 

HR-1 (l0J Nadi infectious units) 

395-8 (102 - 104 transforming units) 

5 CT No disease 

33 WL No disease 

4 CT No disease 

3 WL No disease 

14 CT Lymphoma 

ü CT: cotton-topped marmoset; WL: white-lipped marmoset. 

h See Materials and methods for origin of cell cultures. 

c Marmoset or squirrel monkey cells transformed by EBV derived from 
Kaplan cells. 
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Table 2. Inoculation of cotton-topped marmosets with EBV (strain 695-8) 

Group Number 	Titre of 	Survival (days PI) 	 Lymphoma 	EBV 
inoculated inoculma Alive 
	Dead 	

antibodies 

I 	5 10 3 	(399) 2 	(19, 	31) 	1 4/5 

II 	3 10 - 3 	(35, 	57, 	110) 	3 3/3 

3 103 1 	(211) 2 	(48, 	191) 	1 2/3 

3 102 2 	(211) 1 	(50) 	 - 0/3 

Зъ  - 3 	(211) - 	 - 0/3 

a Assayed by transformation of human uгпbil э cal cord blood lymphocytes; values 
expressed as transforming units/m1. 

b Cagemate controls. 

extensive diffuse infiltrations of 
immature lymphocytic cells with fre-
quent mitotic figures, were present 
in lymph-nodes, spleen, thymus, 
adrenal glands, liver, kidneys and 
lungs. None of the inoculated or 
control marmosets developed any 
haematological abnormalities detec-
table in the peripheral circulation. 

antibodies, whereas marmosets inoculated 
with 102 TFU or uninoculated marmosets 
caged with inoculated animals did not 
develop VCA antibodies. Antibodies to 
EA, EBNA and MA were also demonstrated 
by screening some sera of the inoculated 
animals. For example, two animals of 
group I that did not develop disease, 
still had VCA and EBNA antibodies one 
year after inoculation. The exact 

Dave 2 ортеп.t of serum antibodies anti-EA, anti-EBNA and anti-MA titres 
to EBV of these sera are still under study. 

None of the marmosets inoculated Еstaыishment of lymphoblastoid oaf f with human EBV-carrying cells (Table 
1) developed antibodies to EBV- 

гines 

specified antigens. 	One marmoset Attempts to establish cell lines 
inoculated with autochthonous EBV- from circulating leukocytes were un- 
transformed cells developed antibodies successful but three lymuphoblastoid 
to цСА  that became detectable 16 days cell lines were established from lymрh- 
FI; 	two other marmosets inoculated nodes and spleens of two group I 
with allogeneic cells also developed marmosets that died 19 (animal ho. 
VCА  antibodies. 	Maximal antibody 5308) and 31 	(animal No. 	72-FQ-2) days 
titres in these marmosets were PI; 	the characteristics of these 
l:16-1 32. cells are presented in Table З. 	All 

In contrast, nine of 11 CT marmo- three cell lines expressed EBV anti- 

sets inoculated with l0 -10 	TFU of 
gens, contained herpesvirus particles 

В95-8 EBV (Table 2) developed VCA by electron microscopy, and produced 
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Table 3. Properties of lymphoblastoid cell cultures established from spleen 
or lymph-nodes of cotton-topped marmosets inoculated with ESV (strain В95-8) 

Property 	 Cell culture 

5308 72-FQ-2 72-FQ-2 

Tissue of origin Lymph-node Lymph-node Spleen 

EBV-specified antigens 

EA 6-8%a 4-9% 1.5% 

цСА  7-11% 1-4% 1-6% 

MA + + + 

EBNA + + + 

Herpesvirus particles 	 + 	 + 

Transforming virus in 
culture fluids 	 + 	 + 	 + 

Membrane immunoglobulins 

IgA 	 12% 	 - 	 1% 

IgG 	 1% 	 - 	 10% 

IgM 	 4% 	 1% 	 5% 

Rosettes with sheep red 
blood corpuscles 	 - 	 - 	 - 

Interferon production 	 - 	 - 	 - 

a Range of values obtained in four separate tests; 400-500 cells counted 
in each test. 

infectious, transforming virus; the 
cells had B-cell characteristics. 

DISCUSSION 

Studies in several laboratories 
have proved without question that  

some strains of EBV can cause lympho-
mas in some species of non-human 
primates. Lymphomas were induced in 
one of three owl monkeys inoculated 
with extracts prepared from EB-3 
cells (Epstein et al., 1973), in one 
of three cotton-topped marmosets 
inoculated with virus derived from the 
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Kaplan cell line (zur Hausепl) and 
regularly in cotton-topped marmosets 
inoculated experimentally with ?10 
TFU of EBV strain 895-8 (Shope et al., 
19739 Falk et al., 1974а). Common 
marmosets (Collithrix jacchus) appear 
to be as susceptible as cotton-topped 
marmosets, as shown in a recent 
collaborative study with Drs Т. 
Hilgers and G. дe-Тhё  in which seven 
of eight соmmоп  marmosets, inoculated 
with the same inoculum (10ц  TFU EBV-
395-8) as used for group II animals 
of this report, developed lymphomas 
in 51-90 days. The susceptibility of 
white-lipped marmosets (subspecies 5. 
fuscicollis and H. nigricпllis) is 
still under study. Although the В95-8 
strain has not induced disease in 
three inoculated white-lipped marmo-
sets (Mi11er2), it is questionable 
whether the difference in the ability 
to induce tumours in non-human pri-
mates, as between the various Epstein-
Barr viruses, can be explained solely 
by a specifically higher susceptibil-
ity of cotton-topped marmosets because 
lymphocytes from white-lipped marmo-
sets are as susceptible to transfor-
mation in vitro as cells from cotton-
topped marmosets. However, the 
difference in responses of white-
lipped as compared with cotton-topped 
marmosets may be caused by a differ-
ence in immune response toward EBV 
antigens between the two animal 
species. In addition, squirrel monkey 
lymphocytes transformed by X95-8 ESV 
in vitro induced tumours when inocu-
laced intraperitoneally into the 
autochthonous lymphocyte donor animal 
(Liebold1). 

As in man, the neoplastic lymphoid 
cells in marmosets had B-cell charac-
teristics but, in contrast to man, 
the disease was probably multiclonal, 

Personal communication. 

2 Unpublished data.  

as suggested by the presence of tumour 
cells that produce different classes 
of immunoglobulins. The clonality of 
the experimentally-induced lymphomas 
is being further studied by evaluation 
of sex chromosome markers of tumour 
cells from chimeric male-female twins. 

The difference in oncogenic poten-
tial between the 895-8 strain of EBV 
and other strains of EBV cannot be 
explained. Marmosets were inoculated 
with the HR-1 virus when the very low 
transforming ability of this virus was 
not yet known. However, even EBV 
derived from the Kaplan cell strain, 
which has a good transforming capacity 
in vitro, appears to be only weakly 
oncogenic in non-human primates. It 
is possible that the 395-8 virus was 
altered by passage through marmoset 
cells, but no antigenic or nucleic acid 
differences (at least 90% homology 
between HR-1 and 395-8 virus DNA; 
Nonoyama3) have been detected; the 
results obtained so far, however, do 
not rule Out minor genome changes and 
this needs further evaluation. Al-
though the pathogenesis of the disease 
induced by EBV in non-human primates 
under experimental conditions is not 
identical with Burkitt's lyrnphoma in 
man, the regular induction of lymphomas 
in the experimental animals and re-
isolation of EBV from the tumours 
nevertheless provides not only further 
evidence for the oncogenicity of EBV 
but also a good experimental model for 
studies of the prevention and therapy 
of EBV-induced diseases. 

SшIМАRУ  

The response of cotton-topped (CT) 
or white-lipped (WL) marmosets, ino-
culated with material containing 
Epstein-Barr virus (EBV), was studied. 

3 Unpublished data. 
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Twenty-five marmosets inoculated with 
106-108 cells from human or simian 
EBV-carrying lyisphoblastoid cell cul-
tures developed no detectable clinical 
disease. Transitory antibody titres 
to VCA were detected in sera from 
several of these marmosets. Thirty-
eight marmosets inoculated with PЗ  
virus (109 particles) and seven mar-
mosets inoculated with 105 infectious 
units of 1k-1 virus likewise dvl-
oped no recognizable clinical or 
haematological disease over several 
years of observation. Fourteen mar- 

mosets were inoculated with l02_l0 
traпsformiпg units (TFU) of EDV strain 
В95-8; five of 11 animals inoculated 
with 103-104 TFU of virus developed 
malignant lymphouia and died 31-110 days 
PI. Antibodies to one or more EBV-
specified antigens were detected iii 
sera from nine of the inoculated mar-
mosets. EBV-carrying lymphoblastoid 
cell cultures were established from 
the spleen and lymph-nodes of one animal 
that died with malignant lymphoma and 
from another animal that died 19 days 
Pi from undetermined causes. 
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Continuous lymphoid cell lines can 

readily be established from biopsy 
samples of Burkitt's lymphomas 
(Epstein, 1970), and both the lymphoma 
cells and the cells of tumour-derived 
lines are known to contain Epstein-
Barr virus (EBV) ➢NA (zur Hausen et 
аla, 1970; Nonoyama & Pagano, 1971). 
Furthermore, it is clear from experi-
ments using a variety of cytological 
markers that, in the majority of cases, 
it is the Burkitt's tumour cells, 
already malignantly transformed in 
vivo, that in culture grow out to give 
the lymphoid cell lines (see Epstein 
& Aching, 1973). 

EBV DNA-containing lymphoid lines 
can also be obtained from cultures of 
peripheral lymphocytes from healthy 
individuals, patients with a variety 
of irrelevant diseases, and patients 
with infectious mononucleosis (IM), 
provided that the donors are sen -
positive for EBV (Nilsson et al., 
1971), and this raises the important 
question as to the nature of the EBV 
infection in those lymphocytes from 
which these cell lines originate. If 
EBV really is an etiological agent in  

the malignant transformation under-
lying Burkitt's lymphoma, can it be 

resident in the tumour cells in the 
same state as in the peripheral 
lymphoid cells of the huge number of 
seropositive people who do nit have 
lymphomas? Alternatively, might not 
the virus-cell interaction in lymphoma-
free individuals be of a different 
nature to that seen in the tumour? 

These questions must be 
considered in the light of the ability 

of herpesviruses in general to estab-
lish two distinct types of non-
productive infection in vivo, one in 
which the virus genome is expressed 
to cause malignant transformation, the 
other a latent infection in which the 
virus genome is seemingly unexpressed 

(see Epstein & Aching, 1973). If the 
EBV--cell interaction in lymphoma-free 
individuals is of the first type, 
then continuous cell lines would arise 
in peripheral lymphocyte cultures by 
direct outgrowth of in vivo transformed 
cells, exactly as is known to occur in 
cultures of Burkitt's lymphoma biop-
sies; in contrast, if the interaction 
is of the second type, other mechanisms 
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can be envisaged whereby cell lines 
could arise. The present paper des-
cribes experiments designed to inves-
tigate how lymphocytes from one 
category of seropositive tumour-free 
individuals, namely patients with IM, 
give rise to continuous cell lines in 
culture. 

mononuclear cells harvested after 
centrifugation of whole blood on 
Fico11-Isopaque (Вciуит, 196$). Trans-
formation of cultures was recognized 
by the appearance of progressively 
growing clumps of lymphoblastoid 
cells (Figs. 1 and 2)a 

EXPERIMENTAL PROCEDURE 
MATERIALS AXD METHODS 

Details of materials and methods 
are as described elsewhere (Rickinson 
et al., 1974; Jarvis et al, 1974), 
except that, in the present experi-
ments, cultures were set up using 

In a first set of experiments, 
equal numbers of IM leukocytes and 
fetal leukocytes from donors of 
opposite sex were co-cultivated in 
medium with 20% fetal calf serum (FC5) 
and, soon after the onset of trans- 

CULTURE OF IM LEUKOCYTES THAT HAVE NOT UNDERGONE TRANSFORMATION 
AFTER 28 DАУЅ  IN VITRO 

FIG. 1 

(x 65) 
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FIG. 2. CULTURE OF II LEUKOCYTES AFTER 28 DAYS IN VITRO 

Clumps of transformed cells can be seen; these were first recognizable as 
small aggregates of lymphoblastoid cells seven days earlier. (х  65) 

formation, the emerging cell lines 
were harvested for cytogenetic exami-
nation. 

Iu further experiments, the inci-
dence of transformation in cultures of 
IM leukocytes alone was compared: 
(a) with the fetal leukocyte-transfor-
ming ability of parallel cultures of 
II leukocytes X-irradiated after 0-2 
days in preliminary culture; and (b) 
with the fetal leukocyte-transforming 
ability cf cell-free extracts made 
from parallel cultures of IM leuko-
cytes on the third day of culture, the 
extracts having first been treated  

with antiserum to EBV or with EBV-
negative serum. 

A further set of experiments 
recorded the incidence of transformation 
and time to transformation in cultures 
of IM leukocytes alone, IM leukocytes 
pre-exposed to EBV in vitra, fetal 
leukocytes pre-exposed to EBV in vitra, 
and fetal leukocytes to which were 
subsequently added X-irradiated cells 
of the QIiR-WIL line (Pope et al., 
1968) as an external source of ESO. 
All cultures were grown in medium 
containing 15% F08 and either 5% anti-
serum to EBц  or 5% ЕBц-negative serum. 
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Finally, known numbers of II 
leukocytes and fetal leukocytes from 
donors of opposite sex were mixed in 
a-proportion of roughly 21 and co-
cultivated in the presence or absence 
of antiserum to EBV as described 
above. The transformed cells emer-
ging from these cultures were again 
taken for cytogenetic eкamination. 

RESULTS 

When IM and fetal leukocytes were 
co-cultured in medium with 20% FСS, 
transformation occurred as readily as 
in the corresponding cultures of IM 
leukocytes alone, and the transformed 
cell populations were made up of 
mixtures of IM-derived and fetal-
derived cells. Detailed results are 
presented elsewhere (Rickinson et al., 
1974) and show that, in many ce-
cultures, the fetal cells were pre-
dominant, and that the proportions of 
the two cell types remained fairly 
constant with subsequent passage in 
culture. 

In the second set of experiments, 
it was found that IM leukocytes X-
irradiated immediately on collection 
or after one or two days of prelimi-
nary culture were able to bring about 
the transformation of added fetal 
leukocytes, the fatal origin of the 
transformed cells being confirmed by 
the sex chromosome marker. Moreover, 
there was good correlation between the 
incidence of fetal cell transformation 
in the co-cultures and the incidence 
of transformation in cultures where 
unirradiated IM leukocytes of similar 
origin were cultured alone (Rickinson 
et al,, 1974). 

When extracts were prepared from 
three-day cultures of IM leukocytes 
from different patients, it was found 
that, in two out of three cases, the 
extracts were capable of transforming 
fetal leukocytes and that this  

capacity was abolished by treatment 
with antiserum to EBV (Rickinson et al., 
1974). In addition, those IN leukocyte 
populations that gave infectious 
extracts were also those that trans-
formed most readily when cultured alone. 

Table 1 presents data on the 
incidence of transformation and mean 
time to transformation in four different 
types of culture, each one set up in 
the presence of antiserum to EBV and 
of EBV-negative serum as a control. 
In cultures of IM leukocytes alone, 
antiserum both reduced the incidence 
of transformation and delayed its onset 
in the remaining successful cultures. 
An exactly similar effect of antiserum 
was seen in the co-cultures of fetal 
leukocytes and X-irradiated QIMR-WIL 
cells, in a situation where the estab-
lishrnent of transformation is known to 
depend upon the intercellular transfer 
of EBV. Iп  contrast, when either fetal 
leukocytes or IM leukocytes themselves 
were exposed to active EBV preparations 
immediately prior to culture, trans-
formation occurred regularly and 
rapidly in virtually every culture 
irrespective of the presence or absence 
of antiserum ta EBV in the medium. 

From the final series of experi-
ments in which co-cultures were set 
up between IN leukocytes and fetal 
leukocytes in a proportion of 2:1, 
there were four cases where transfor-
mation was observed in co-cultures 
containing antiserum to EBV as well as 
in co-cultures containing EBV-negative 
serum. Table 2 shows the composition 
of the various transformed cell popu-
lations that arose in these cases, as 
revealed by cytogenetic analysis. 
Again it is clear that, in the majority 
of cases, transformed cells were of 
mixed origin, although there were 
instances where cells of one type or 
the other were entirely predominant. 
It is also apparent that, when cell 
lines did arise in 'ii-cultures con-
taining antiserum to EBV, their 
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Table 1. Incidence 0f transformation and mean time to transformation in 
four different types of culture 

Cells in culture 	Type of serum 	 Incidence 	Mean time to 
of trans- 	transformation 
formation 	(weeks) 

2.0-4.0 x 	106 FСS + antiserum to EBV 8/24 5.8 
IM 	cells 	alone` FCS + EBV-negative serum 21/24 3,8 

2.0-4.0 x 	106 FCS + antiserum to EBV 23/24 2.4 
IM cells 	pre- FС5 + EBV-negative serum 24/24 2.5 
exposed to EBVa 

2.0 x 	106 	fetal FCS + antiserum to EBV 12/12 2.9 
cells pre-exposed FCS + EBV-negative serum 12/12 2.8 
to EBV 

2.0 x 106 	fetal FCS + antiserum to EBV 7/12 4.6 
cells 	+ 2.0 x 	105 FCS + EBV-negative serum 12/12 2.0 
X-irradiated 
QIMR-WIL 	cells 

a Combined results from six IM donors. 

composition was not consistently 
altered in favour either of the IM-
derived or of the fetal-derived 
component when compared with those 
lines that arose in the corresponding 
co-cultures containing EBV-negative 
serum. 

DI5СпS5IОN 

Patients with heterophile antibody--
positive IM were used as donors in the 
present work since they provided peri-
pheral lymphocytes from an EBV-
infected lymphoma-free source in which 
the circulating lymphoid cells carry-
ing the virus are thought to be more 
numerous than in ordinary seropositive 
donors and from which сопtипиоus cell 
lines can readily be established in 
culture (Diehl et а1., 1968). In con-
trast, fetal lymphocytes do not trails- 

form when cultured on their оwn, though 
they can be made to do so by exposure 
to EBV in vitro (Renie et a1., 1967; 
Pope et al., 1968; Pope et al. 1969; 
Nilsson et а1., 1971). 

The original observation that 
transformed cell lines arising in co-
cultures of IM and fetal leukocytes 
were of mixed cell origin, rather than 
of predominantly IM origin, immediately 
suggested that some factor would appear 
to be liberated from IM leukocyte 
populations early in the culture period 
that can subsequently bring about the 
in vitro transformation of virus-free 
cells co-resident in the culture. 
Indeed, such a mechanism might well 
explain the consistent appearance of 
transformed foci iп  cultures of IM 
leukocytes alone. 

The view was strengthened by the 
observed correlation between the capacity 
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Table 2. Incidence of transformation and origin of transformed cells in co-cultures of infectious 
mononucleosis patients leukocytes (IМ) and fetal leukocytes (F) set up in tie presence or absence 
of antiserum to EBV 

Cells in culture FC5 + antiserum to EBV 

Incidence 	Number 
of trans- 	of 
formation 	cultures 

Origin of 
transformed 
ce11sС  
(% 	Il 	: 	t 	F) 

FC5 + EBV-negative serum 

Incidence 	Number 
of trans- 	of 
formation 	cultures 

Origin of 
transformed 
cellsa 
(% 	IМ 	: 	% 	F) 

2.0 x 106 IМ1 (d) 4/5 0 100 5/5 1 90 	: 10 
cells + 2 55 	: 45 2 75 	: 25 
1.1 	x 106 F1 (q) 3 100 	: 0 3 100 	: 0 

cells 4 30 	: 70 4 100 	: 0 

Mean: 46 	: 54 Mean: 91 	: 9 

2.5 x 106 I112 (4) 3/6 1 100 	: 0 6/6 1 100 	: 0 

cells + 2 100 	; 0 2 20 	: 80 

1.5 	к  106 F2 (d) 3 50 	: 50 3 10 	: 90 

cells Mean: 83 	: 17 can 43 	: 57 

4.4 x 106 Тмз  (4) 3/8 1 20 	: 80 8/8 1 90 	: 10 

cells + 2 0 	: 100 2 0 	: 100 

2.0 x 106 Fg (d) 3 100 	: 0 3 25 	: 75 

cells ;uear: 40 60 5 50 	: 50 
6 60 	: 40 

Mean: 48 	: 52 

2.0 x 106 IМ  (d) 1/8 1 55 	: 45 5/8 1 100 	: 0 

cells 
1.1 	x 

+ 
106 Fy ( 

еап: Mean: 55 45 2 
3 

100 	: 
100 	: 

0 
0 

cells Mean: 100 	: 0 

a percentage composition of transformed cell population on the basis of at least 25 spreads 
per culture. 

of IM leukocytes to transform when 	EBV particles released by the cultured 
cultured alone, their fetal leukocyte-- IM leukocytes. 
transforming capacity following X— 	

Supporting evidence of a different 
irradiation either prior to or within kind came from the results presented 
the first two days of culture, and the in TаЪ1е  1. Here, the аррeаrапсe of fetal leukocyte—transforming capacity 
Of IM leukocyte extracts made on the 	

transformed foci in IM leukocyte cul— 

third day of culture. The neutrali— 	
tures was significantly reduced and 
деlауeд  Ъу  the presence of antiserum 

zaCion of exttacr.s by antiserum to EBV to EBц, in a manner very like that 
strongly suggested that this transfor— observed in co—cultures of fetal 
coing capacity resided in infectious 	

leukocytes and X—irradiated ЕВц- 
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producing cells where the establish-
ment of transformation is known to 
depend upon the intercellular transfer 
of EBV, This was in marked contrast 
to the situations where either IM 
leukocytes or fetal leukocytes were 
pre-exposed to EBV in vitro before 
culturing, for now transformation 
occurred regularly and rapidly both 
in the presence and in the absence of 
antiserum to the virus. The inhibi-
tory action of antiserum upon trans--
formation in cultures of IM leukocytes 
alone therefore appears to be mediated 
through a restriction of intercellular 
virus transfer rather than through a 
direct cytotoxic action upon virus-
transformed cells. The fact that the 
inhibition is incomplete is not sur-
prising iп  view of the known ability 
of herpesviruses to spread between 
cells in intimate contact even in the 
presence of antiviral serum (Lodmell 
et al., 1973). 

All the evidence presented so far 
argues in favour of a two-step 
mechanism underlying the establishment 
of continuous cell lines from IM 
leukocyte cultures. Firstly, the EBV 
genome carried by a small number of 
peripheral lymphoid cells is activated 
to a productive infection when these 
cells are placed in culture; secondly, 
virus particles thus released go on to 
infect nearby normal lymphocytes that 
then undergo in vitro transformation 
to give continuous cell lines. The 
possibility still exists that, whilst 
the majority of transformed foci arise 
through a two-step mechanism as out-
lined above, there are in addition 
some foci arising independently 
through the direct outgrowth of puta-
tively "in vivo transformed" cells 
present within the original IM leuko-
cyte population. In order to test 
this possibility, co-cultures of IM 
and fetal leukocytes were set up in 
the presence and absence of antiserum 
to EBV, and the compositions of the  

transformed populations that arose in 
the two types of culture were compared. 
Iп  such co-cultures, a process of 
direct outgrowth would yield transformed 
foci of predominantly II, not mixed, 
origin, and furthermore its influence 
on the overall composition of the 
transformed population would be much 
greater in cultures where the contri-
bution of the two-step mechanism has 
been specifically reduced by the pre-
sence of antiserum to the virus. If, 
therefore, direct outgrowth of "2n 
vivo transformed" cells were occurring, 
transformed lines emerging in cultures 
containing antiserum should display an 
increased IN-derived component. The 
results in Table 2 clearly show that 
this is not the case, and so argue 
against the existence of any 'mechanism 
of direct outgrowth. 

The present results clearly imply 
that ЕBV DNA is present in the peri-
pheral lymphoid cells of IM patients 
as a different type of infection from 
that shown by the virus in the malignant 
cells of Burkitt's lymphoma, and that 
cell lines arise in culture from these 
two sources by different mechanisms 
(see also Jarvis et al., 1974). It 
is proposed that a small proportion of 
IM leukocytes in vivo carry EВц  as a 
latent unexpressed infection, analogous 
to that shown by trigeminal ganglia 
harbouring herpes simplex virus 
(Stevens et al., 1972; Bastian et al., 
1972); the analogy is strengthened by 
our recent observation) that II leuko-
cytes do not yield infectious EВV-
containing extracts unless first cul-
tured to allow infected cells to enter 
a virus-productive cycle. 

Whilst it is possible that acute 
IЛI patients represent a special case, 
it seems likely that all seropositive 
lymphoma-free individuals likewise 
possess a small population of lymphoid 

1 Unpublished data, 
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cells harbouring EBV as a latent 
infection. This possibility is being 
tested at the moment. In any event, 
the present demonstration of a type 
of EBV infection in the lymphoid cells 
of at least one group of seropositive 
lymphoma-free individuals, distinct 

from that seen in Burkitt's lymphonia 
cells, goes some way towards resolving 
the problem of how з  ubiquitous virus 
might under special circumstances 
be involved in the etiology of a 
comparatively rare tumour. 
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The association of the Epstein-
Barr virus (EBV) and anaplastic car-
cinoma of the nasopharynx has added 
another dimension to our view of the 
biology of this virus. This is a 
consequence of the demonstration by 
Wolf et al. (1973) that the EBV genome 
is harboured in the carcinomatous - 
.e., the epithelial - cells of the 

tumour rather than in the infil-
trating lymphocytes. 

Another aspect of our understanding 
of nasopharyngeal carcinoma (IPC), 
potentially even more significant, is 
the epidemiology of this tumour; unlike 
Burkitt's lyriphoma (BL), it is glob-
ally distributed although there are 
remarkable geographical variations. 
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It has been shown that the EBV genome 
is found iii NEC from Kenya (zur Hausen 
& Schulte-Holthаusетз, 1970; Nonoyama 
et al., 1973; Pagano, 1974)° Here we 
show that the viral genoine can be de-
tected in malignant tissues from pa-
tients with NBC in other parts of the 
world outside Kenya. This is impor-
tant because it confirms that the 
association of EВц  and a human malig-
nancy is not confined to a limited 
geographical area where a local etio-
logical co-factor might be operative, 
as is perhaps the case with BL (Old et 
а1., 1968; de schryver et al., 1969). 

In addition, we present evidence 
of variations iп  the viral genome found 
in timОur tissue taken from NPC. The 
data may be interpreted as indicating 
the existence of different strains of 
the Epstein-Barr virus in nature, a 
phenomenon long suspected but for 
which previously there was no substan-
tial evidence, or the retention of 
defective EBV genome in tumour tissue. 

MATERIALS AND METНODS 

The tumour specimens were shipped 
frozen to Chapel Hill for analysis of 
viral DNA content. The histological 
interpretations were made in the 
places of origin of the specimens. 
Detection of viral DNA in the tumour 
tissue was carried out by complemen-
tary RNA-DNA hybridization on membrane 
filters with tritiated EBV-specific 

cRNA of specific activity 1 x 10~ 
cpu/jIg. The specimens were tested in 
duplicate with 1.2 к  105 cpm of ЗH-
cRNA applied per filter; appropriate 
corrections were made for non-specific 
background radioactivity in the hybrid-
ization tests, as described previously 
(Nonoyanma & Pagano ,1971; Pagano, 1975) . 

The viral genome content of the 
tissues were also analysed by DNA-DNA 
renaturation kinetics according to 
methods previously described (Nonoyama 
& Pagano, 1973; Pagano, 1975). For  

the studies of DNA homology, sl епzyтne 
was used to distinguish between double 
and single-stranded DNA (Huang & 
Pagano, 1974)° The same methods of 
preparation of the enzyme and of rадio-
lаЪе11eд  prototype EBV DNA were used 
for all the analyses shown here. 

RE 517LT S 

Ainalpsis of tissues bгу  сУNA-DNA 
h~brјd2zation 

We showed before that EBV DNA 
could be detected in apparently virus-
free tumours by cRNA-DNA hybridization 
in 32 of 38 specimens obtained from 
Kenya (Pagano, 1974). The data in 
Table 1 show that EBV DNA could be 
detected by the same method in five of 
five specimens of NEC from Tunisia, four 
of eight specimens from Taiwan, and four 
of six specimens friar 5zngapore. Other 
details about these testS have been 
published recently (Pagano, 1975), and 
zur Hausen et al. (1975) have obtained 
similar results. 

The number of genome equivalents, 
when averaged over the total concen-
tration of cellular DNA tested, was 
variable, ranging from five genome 
equivalents to 133 genome equivalents 
per cell (Table 2). Весаиse of the 
small numbers, tissue sampling and 
differences in histology, it was im-
possible to decide whether the mean 
level of EBц  DNA in specimens from one 
locality differed from the level of EBV 
DNA found in specimens from another 
geographical region. Also, we could 
not detect any correlation between the 
level of EBV DNA in the tissues and 
the antibody titre to EBV capsid 
antigen, nor was such a correlation 
found in the more extensive studies 
carried out with Kenyan NPC. 

Negative results, i.e., specimens 
of NEC that did not disclose evidence 
of the EBV genome, may be due to 
different types of tumours and 
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Table L Nasopharyngeal carcinomas from Tunisia, Taiwan and Singapore 

Specimens cRNA-DNA hybridization EBV virai 	capsid 
(No, of genome equi- antibody titre 

valents per ce]]) 

Tunisiа  

NPC 219 59 >1/2560 

NPC 237 11 1/1280 

NPC 238 119 >1/2560 

NPC 283 48 1/640-1/1280 

NPC 333 10 - 

Tai want 

А390 <2 1/640 

X391 <2 1/640 

А404 17 1/2560 

А405 <2 1/160 

74M-2 32 1/640 

74M-3 <2 1/640 

74M-7 17 1/640 

74M-8 6 1/2560 

5ingaporeс  

El 21 074 39 NT 

Е121114 <2 NT 

F121990 133 NT 

F120187 16 NT 

3585/C 30 NT 

Е121320 <2 NT 

a With G. дe-Thë. 

With C.S. Yang, S.M. Tu and W.S.J. Lin. 

C With K. Shanmugaratnam. NT: not tested. 
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Table 2. Nasopharyngeal carcinoma: summary of RNA-DNA hybridization 
results 

Origin 	Specimens that 	Average No. of genome 
contain EBV DNA 	equivalents per cell 

(Range)a 	(M1ean)b 

Kenya° 32/38 	 5-85 	18 

Taiwan 4/8 	 6-32 	18 

Tunisia 5/5 	 10-119 	50 

Singapore 4/6 	 16-133 	55 

a The proportion of tumour cells in the samples was not determined. 

Of positive results. 

` Pagano (1974). 

tumour-cell sampling; the histolog-
ical sections and the specimens 
analysed were not always precisely 
the same because of the small amounts 
of tissue available, It is important 
to note that specimens often contain 
normal as well as malignant tissue 
in an unknown proportion. 

Coсrpпrison of results from eRNA-DNA 
hybridization and DNA-DNA react mmaiion 
kinetics analyses 

A number of specimens were tested 
by both hybridization techniques 
(Table 3). Both of the specimens that 
failed to disclose JtOV DNA by the 
cRNA-DNA hybridization technique also 
did not contain detectable viral DNA 
when analysed by the more sensitive 
DNA renaturation kinetics procedure. 
The sensitivity of the former test is 
about two genome equivalents per cell 
and of the latter about 0.4 genome per 
cell. The estimates of the amount of 
EBV DNA per cell from the two differ-
ent techniques were generally in good 
agreement. In one instance, 119 
genomne equivalents were indicated by 

cRNA-DNA hybridization whereas the 
DNA renaturation kinetics analysis 
disclosed 211 genomes per cell; the 
slope of the curve in this renatu-
ration kinetics assay was rather 
steep for a precise plot. The data 
show that EBV DNA exists in substan-
tial amounts in these apparently 
virus-free tumours. 

Homology of the virai nucleotide 
sequences found in malignant tissue 
to prototype viral DNA 

We noted recently that a portion 
of the viral nucleotide sequences 
found ъn the prototype EBV harvested 
from the virus-producing HRlK cell 
line originally derived from a Kenyan 
Burkitt's lymphoma might be missing 
in two specimens of nasopharyngeal 
carcinoma from Singapore (Pagano, 
1975). The results, summarized here 
in tabular form (Table 4)9 suggested 
that 10-15% of the nucleotide sequences 
found in the HRlK DNA might be missing 
in the two specimens from Singapore. 
The DNA sequences represented in a 
single specimen from Tunisia appeared 



EBV DNA HOMOLOGY IN NPC 	 183 

Table 3. Nasopharyngeal carcinomas: Epstein-Barr viral DNA detected by 
cRNA-DNA hybridization and by DNA-DNA renaturation kinetics 

Origin cRNA-DNA DNA-DNA 
(average No. 	of genome (average No. 	of 
equivalents 	per cell) genomes per cell) 

Kenya 19 19.2 

20 48 

85 65.7 

<2 <0.4 

Tunisia 119 211.2 

Singapore 39 40 

30 39 

<2 <0.4 

Table 4. Summary of estimates of degrees of homology of like DNA sequences 
in HR]K and Raji cе11s Kenyan Burkitt's lymphoma and nasopharyngeal carcinomas 
from Kenya and Tunis: analyses conducted by hydroxyapatite chromatographya 

Origin DNA No. 	of EBV Approximate homology 
gemmes /2 mg DNA to HRl K DNA 	(o) 

Kenya HR1K 400-800 94 

Kenya NPC 48 88 

NPC 65.7 90 

Kenya BL 44.3 86 

BL 57 92 

Tunisia NPC 211.2 92 

Singapare NPC 39 86 

NPC 40 84 

a Results published in part in Pagano (1975) 
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to be comparable to the prototype 
viral DNA. There was also a possibi-
lity of variations in Kenyan NPC and 
Burkitt° s lymphoma, but the differ-
ences were too small to be considered 
significant. All these analyses were 
carried out by hydroxyapatite chroma-
tography and required confirmation. 

To extend the work, we carried out 
the next set of DNA-DNA renaturation 
kinetics analyses with the use of sl 
enzyme to distinguish between single-
stranded and double-stranded DNA. 
With good preparations of this single 
strand-specific exonuclease, it is 
theoretically possible to make more 
precise estimates of homology. The 
characteristics of the enzyme prepa-
ration (gift of E.-S. Huang) used for 
this work are shown in Fig. 1. The 
enzyme digested approximately 8% of 
double-stranded DNA after 120 minutes 
and 95% of single-stranded DNA 

(analysis by J. 5haw). These values 
were constant, and therefore an 
appropriate correction was made in 
the subsequent analyses. 

We first carried out several 
control analyses with HR1K cell DNA 
and Raji cell DNA. At the same time, 
we analysed several tumour specimens 
from Kепуа: two specimens of NFl, 
neither of which contained EBV DNA, 
and two specimens of Burkitt° s 
lymphoma (Fig. 2). 

The Соt5Ô (time required for 50% 
reannealing) of the 0.02 цg of ЗН-EBV 
DNA used for the analyses was 300 
hours iп  the presence of 2 mg of 
calf-thymus (CT) DNA, a value the 
same as that found in earlier analyses 
(Pagano et al., 1973; Pagano, 1975). 
The IR1K DNA used as the 100% re-
аnпeаliпg control mixture was obtained 
from a pellet of HR1K cells; with 
the concentration of added DNA used, 

FIG. 1. KINETICS OF S1 ENZYME DIGESTION OF 32Р-НЕp-2 DNA 

32Р-1аЬе11 еd HEp-2 DNA was mixed with calf-thymus DNA to a final concentration 
of 2 mg/mi. Digestion was at 37°С  in 0.1 M sodium acetate, pH 4.5, 0.3 M 
sodium chloride, and 0.003 М  zinc. A quantity of 50 и1 S1 preparation in 
50% glycerol was added per m1 of digestion buffer. 
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FiG. 2, HOMOLOGY OF DNA sЕQUЕNCES IN HRlK, RAJA AND KENYAN виRКјтт 1 s LYMPHOMA 

Reannealing was carried out as described before (Nonoyama & Pagano, 1973; 
Pagano, 1975). Total DNA concentration was equalized to 2 mg with calf-
thymus DNA in all the mixtures. The specific activity of the Э1-ЕВV DNA was 
1.8 x 106 cpm/Dg. The mixtures were as follows: 

x calf-thymus (CT) DNA (2 mg) f 0.02 g 31-ЕBц  DNA (in all mixtures) 
o 

 
HRlK (cell pellet, 2 mg) 

o Raji (1 mg) 
c NPC Kenya 48602 (1.65 mg) 
в  NPC Kenya 50743 (1 mg) 
• DL Kenya 1513 (0.25 mg) 
■ BL Kenya 59839 (2 mg) 

Тiтв(h)0.25 0.5 	1 	2 	4 	 20 	68 	240 	г  

~Н  DNA Cot il"" 	 l0 Э 	 !0 Z 	 10 
(mii s/litre ) 

reannealing of the index radiolabelled (1513) did not permit an inference 
DNA was approximately 98% complete 	concerning the percentage of homology, 
within four hours (Fig. 2). Raji cell although it is obviously greater than 
DNA, previously shown to harbour 52 	85%. 
genoiTies per cell (Nonoyama & Pagano, 	

The problems associated with the 
1973), reached 92% reannealing within 	

interpretation of very small differ-- 
68 hours. Specimen 59839 of the 
Burkitt's lymphoma appeared to have 	~ri

сеe in completeness of reannealiпg 
will be discussed later, but these 

at least 90% of the viral sequences  
results indicate that the viral 

found in the lRlK viral DNA and pro- 	
nucleotide sequences found in Raji 

bably more, as renaturation still 	
cells and one of the specimens of 

appeared to be proceeding at 720 hours. Burkitt's lymphoma exhibit at least 
The relatively low level of ESV in the 95% homology to the prototype HF'lK 
other specimen of Burkitt s lymphoma 	

viral DNA. 

CT 

BL 

BL 
Ro]i 
HR 1k 
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Dедrее  of homology of DNA sequences in 
Tunisian and Kenyan nasopharyngeai 
ca?'cinomas 

The results of the analysis of 
four specimens of Tunisian NPC and one 
specimen of Kenyan NPC are shown in 
Fig. 3. All four specimens of Tunis-
ian NPC contained EBV DNA in amounts 
of 11.5-197.3 genomes per 2 mg of 
cellular DNA. However, none of the 
four specimens bore more than 75% 
homology to the prototype viral DNA. 
The results with specimens Nos. 396 
and 393 are particularly suggestive 
because of the relatively large 

amounts of viral DNA sequences har-
boured in these specimens; these 
led to essentially complete re-
annealing within 20 hours of reaction 
time. After this, the reannealing 
reactions reached a plаtеаu, as seen 
in Fig. 3. 

The specimen of Kenyan NPC also 
appeared to lack some of the sequences 
found in prototype viral DNA. 

The results shown in Figs. 2 and 
3 are summarized in tabular form in 
Table 5, We emphasize that these are 
approximate estimates only and cannot 
be taken as firm percentages as yet. 

FIG. 3. DEGREE OF HOMOLOGY OF DNA SEQUENCES IN TUNISIAN AND KENYAN 
NASOPHARYНIGEAL CARCINOMAS 

The analyses were conducted with the same radiolabelled EBV DNA (0.02 цg) 
and under the same conditions as those used in the experiment shown in Fig. 2. 
The reaction mixtures were as follows: 

x calf-thymus (CT) DNA (2 mg) + 0.02 ug 3H-DNA 
o HR1 K (2 mg) 
• Tunisian NPC 384 (0.5 mg) 
в  Tunisian NPC 376 (1.1 mg) 
❑ Tunisian NPC 396 (1.7 mg) 
■ Tunisian NSC 393 (1.6 mg) 
o Kenyan NPC 9574 (0.4 mg) 
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Table 5. 5иттагу  of estimates of degree of homology of like DNA sequences 
in HR]K and Rail cells, Kenyan Burkitt's lymphoma and nasopharyngeal 
carcinomas from Kenya and Tunis: analyses conducted with S1 enzyme 

Origin 	DNA 	No. of EBV 	 Approximate homology 
genomes/2 mg DNA 	to HR1K DNA (%) 

Kenya HR1I( - 98-100 

Kenya Raji 60 >92 

Kenya BL 9.6 Uncertain 	(>85) 

BL 21.4 >92 

Kenya NPC 30.0 85 

Tunisia NPC 11e4 74 

NPC 78.7 75 

NPC 27.2 75 

NPC 197.3 76 

DISCUSSION 

The diversity of pathology asso-
ciated with EBV and the global distri-
bution of the virus among primates, 
both human and subhuman, suggest that 
strain variants that are biologically 
significant probably exist. The 
failure thus far to demonstrate such 
heterology by immuпоlоgicаl methods 
means little because of the difficulty 
or impossibility of procuring appro-
priately purified structural virus 
antigens for the requisite analyses. 
Purified EBV is essentially available 
to date only from one source in any 
quantity, namely the HR1K virus-
producing cell line that originates 
from a Ugandan Burkitt's lymphoma. 
Some biological evidence of possible 
strain differences has been proposed 
by Miller, based mainly on the differ-
ent transforming capacity of EBV ob-
tained from filtered throat washings 
from patients with infectious mono-
nucleosis. Although quantitative 
assays are not yet available, it does 

appear that such material is generally 
more efficient in transforming cord-
blood lymphocytes than is the prototype 
HR1K virus, as shown elsewhere (Miller 
et ai.1); HRlK virus seems to have 
lost transforming ability. 

At present, the only unequivocal 
way to demonstrate strain differences 
within Epstein-Barr virus is by DNA-DNA 
homology studies of the type that we 
have conducted. For definitive com-
parisons of two genomes, it is necessary 
to carry out reciprocal analyses. The 
two purified viruses have to be avail-
ahle in a quantity sufficient to allow 
radiolabelled viral DNA of one virus 
to be compared with the unlabelled 
viral DNA of the other, and ice verea. 
This is necessary because a one-way 
comparison might show complete homology 
whereas labelling of the other virus 
could disclose additional heterologous 
sequences in the second genome. With 
the limited material available, it is 
difficult to show that one is dealing 

1 See Past 1, p.398. 
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with viral genomes precisely equal in 
size. 

With nasopharyngeal carcinoma es-
pесiallу, but also in most cases of 
Burkitt's lymphoma, only one-way 
analyses with the one available proto-
type viral DNA can be conducted, 
because it is not possible to explant 
the tumours and recover virus in this 
way Moreover, most Burkitt's tumours 
do not yield enough virus to carry out 
a reciprocal type of analysis either. 

We can, however, now at least 
suspect that heterologous sequences, 
perhaps as much as 20-25% of the EBV 
gerloTne, may be present in the speci-
mens of Tunisian NPC that we have 
analysed recently. 5triсtly speaking, 
we can infer only that 20-25% of the 
EBV genome is deleted, since we do not 
know whether an entire viral genome of 
molecular weight approximately 100 x 
106 daltons is present in the Tunisian 
tumour tissue. Indeed, an attractive 
alternative hypothesis is that there 
may be a deletion of sequences in MPC 
and a defective genome. This situa-
tion might account for the fact that 
neither virus nor viral structural 
antigens are found in nasopharyngeal 
carcinoma. If such a defective genome 
is what is retained in some NPC, then 
presumably neither tumour specimens 
nor cell lines established in nude 
mice should contain unit-length viral 
DNA, found in Raji cells (Nonoyama & 
Pagano, 1972). 

Finally, it is not unlikely that 
both situations co-exist, i.e., that 
parts of the genome are simply deleted 
and other portions are replaced with 
heterologous regions. Both the 
deleted and the heterologous regions 
could be quits variable, but there 
must also be constant regions. This 
may seem at first to be a complicated 
proposal, but in biological and molec-
ular terms this conception offers a 
flexibility that may well сопfогm to  

the diverse situations of the EBV 
genome in nature, as distinct from 
idealized models presented by cloned 
transformed cell lines derived in 
vгfro in experimental tumour-virus 
systems. 

There could be trivial explanations 
for the apparent differences found in 
the renaturation kinetics analyses, 
Especially with long-term renaturation 
reactions, hydrolytic artefacts and 
secondary and tertiary reannealing 
phenomena may occur that hinder complete 
reannealing. This does not seem to 
be the case in the study shown here 
because the analyses of Rail and HR1K 
DNA are in good agreement. With care-
fully conducted analyses, it does 
appear to be possible to achieve in 
excess of 90% complete reannealing, 
but these results must be confirmed 
by additional analyses. Certainly 
differences of 10-15% are completely 
ambiguous unless a consistent pattern 
emerges upon repeated analysis of the 
same specimens, and such analysis has 
not been possible because of the 
scarcity of material. 

Probably the most persuasive 
result is shown in Fig. 3 where, al-
ready after only about four hours of 
reaction time, the reannealing reac-
tion seems to have reached its limit 
at about the level of 75% homology to 
the prototype viral DNA with two of 
the NPC specimens from Tunisia. 
Results of this type can be confirmed 
by approaches such as addition experi-
ments, in which a reannealing reaction 
that has apparently reached а  plateau 
is driven by the addition of more of 
the same NTC DNA or IRTK-cell DNA. 
Experiments of this type and possibly 
also recycling experiments, in which 
the residual unannealed labelled BD'! 
DNA is recovered and used for a re-
analysis, should prove to be helpful 
in sustaining the conclusion that 
differences exist, but these experiments 
may also produce their own artefacts. 
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In any case, these differences 
have been observed in precisely con-
ducted analyses. If confirmed, they 
would have great significance for the 
insights that they could afford into 
both the pathogenesis of diseases 
associated with the Epstein-Barr virus 
and the epidemiology of infection with 

this virus and its variants. A sort 
of molecular pathology and molecular 
epidemiology based on nucleotide 
sequence differences appears to be 
in the offing, and may provide the 
next insights into the association 
of the Epstein-Barr virus with disease 
and population groups. 
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FURTHER STUDIES ON THE DETECTION OF THE 
ЕPSТEIN-ВARR VIRUS DNA IN NASOI'HARYNGEAL CARCINOMA 

BIOPSIES FROM DIFFERENT PARTs OF THE WORLD 

C e DESGRANGEs & G. DE-Т1E 

IntегпаtionaZ Ageney for Усеасh on Cancer, 
Lyon, РГanc Ёz 

н  . Wот  F & H. zur HAUHEN 

Instituts for Cf inicczl Virology, 
УгZangеn, Уедеrаl Republic of Gеrтanг7 

Wolf et al. (1973) showed by in 
situ nucleic acid hybridization that 
the epithelial cells of nasopharyn-
geai carcinoma (NPC) contain Epstein-
Barr virus DNA (E$V DNA), These 
results have been confirmed by Klein 
et al. (1974) by passaging NPC 
tumour cells in nude mice. Hybridi-
zation of DNA from the original 
tumour material as well as from the 
passaged epithelial tumour cells 
revealed fairly constant amounts of 
EBV DNA. In order to establish 
whether EBV DNA was present or absent 
in the lymphocytes consistently found 
in NPC, nucleic acid hybridizations 
were performed with EBV cRNA and DNA 
derived from separated epithelial and 
lymphoid cell populations of NI'C 
biopsies from Nairobi, Singapore and 
Tunisia. 

While a piece of each tumour was 
kept for further DNA extraction, the 
remainder was manipulated in tissus-
culture medium with mounted needles  

so that lymphoid and epithelial cells 
were liberated in the medium. The 
degree of dissociation was followed 
in phase-contrast microscopy and, if 
dissociation was not complete, 
clumped cells were separated with 
trypsin. When a homogeneous cell 
suspension was obtained, it was care-
fully layered on Radioselectari-Ficoll 
gradient, as previously described by 
Yata et al. (1973), and centrifuged 
at 400 g for 30 minutes. The cpi-
thelial cells sedimented out at the 
bottom, whereas the lymphocytes re-
nainud on top of the Radioselectan-
Fico11 layer. The lymphocyte-
containing band (more than 90% lympho-
cytes) and the pellet of epithelial 
cells were removed, washed with 
phosphate-buffered saline (PBS) and 
stored at -70°C until DNA extraction. 

DNA extraction from non-
fractionated tumour material, and 
from separated lymphocytes and 
epithelial-cell populations was done 
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as described previously (zur lausen 
& Schulte-Holthausen, 1970). These 
DNAs were then bound to membrane 
filters and tested for the presence 
of EBV DNA by hybridization with 
labelled EBV-specific complementary 
RNA (57 000 cpm) under conditions 
described elsewhere (Wolf, 1974). 
The results are shown in Fig. i, 
where epithelial fractions are seen 
to exhibit the highest hybridization 
counts as compared to non-
fractionated material and to lymphoid 
cell populations. Hybridization of 
lymphocyte DNA with EBV cRNA was 
usually low and barely significant, 
with the exception of one highly 
positive tumour (K-76452), iН  which 
the lymphoid population may have been 

contaminated with non-lyinphoid 
elements. There were variations 
between biopsies; these are being 
analysed with regard to pathology, 
serology and geographical areas. 

In summary, these data confirm 
that, in NPC biopsies, EBV DNA is 
present predominantly in epithelial 
tumour cells. These results do not 
exclude the presence of ABV DNA 
within the infiltrating lymphocytes, 
as the sensitivity of the method used 
does not permit the detection of 
minute amounts of EBV DNA. 

A detailed account of the findings 
summarized here will be published 
elsewhere. 

FIG. L HYBRIDIZATION OF CELLULAR DNA FROM NPC 8IOР5IES WITH EBV cRNA 
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Our previous work on the incidence 
of herpesvirus in a random population 
of asymptomatic males has demonstrated 
by special co-cultivation techniques 
that the male genito-urinary tract 
serves as the reservoir for this 
virus (Centifanto et al., 1972). Fur-
ther investigations on the presence 
of herpesvirus particles or their 
antigeпs in genito-urinary tissues 
led to the discovery of a herpesvirus 
particle in cancer cells from an un-
treated carcinoma of the prostate 
(Centitanto et al., 1973). This 
virus particle, which was identified 
as a herpesvirus on the basis of 
specific immunofluorescence staining, 
morphology and size, can transform 
tells in culture. 

Inoculation of hamster embryo 
monolayers with a cell-free homogenate 
of the original cancer tissue resulted 
in the appearance of foci of trans-
formed cells that developed into 
colonies of piled-up cells lacking 
contact-inhibition, and of an spi-
thelial morphology different from that 
of the parental cell. Both the colony 
and cell morphology are reproducible  

after several passages (Fig. 1). 
The transformed cell cultures have a 
fast growth rate, release no infectious 
virus into the supernatant and can be 
grown in soft agar suspensions. The 
presence of the tumour-associated 
herpesvirus particle in the trans-
formed cells was determined by specific 
immunofluorescence assays and colony 
inhibition test. linmunofluorescence 
staining with specific anti-HSV-2 
serum showed an intense and distinc-
tive nuclear and perinuclear staining 
in about 93% of the transformed cells 
(Fig. 2), while a dull non-specific 
fluorescence was observed in the cells 
of the control samples. No specific 
immunofluorescence staining was seen 
in the cytoplasm. The involvement 
of this tumour-associated herpesvirus 
in the transformation of hamster 
embryo cells was also investigated by 
the colony inhibition test (Hellstrom, 
1967). A single-cell suspension of 
the transformed cells, which was in-
cubated for 24 hours at 37°C, was 
exposed to splenic lymphocytes from 
either HSV-2 sensitized or non-
sensitized guinea-pigs and their 
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FIG, 1. PнОTOMICRОGRAРN OF A YOUNG COLONY 0F 
TRANSFORMED HAMSTER EMBRYO CELLS (х  60) 
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FIG. 2. FLUORESCENT STAINING 0F TRANSFORMED HAMSTER EMBRYO CELLS 

Specific immunofluorescent staining for herpes simplex virus type 2 (HSV-2) 
is seen in the nucleus and nuclear membrane of the cell. 

C 



7RANSFORМATION dY HSV-2 FROM PROSТATF CARCINOMA 	 197 

growth measured after 72 hours incu-
bation. At this time, control bottles 
that received media only and cultures 
with non-sensitized lymphocytes had a 
comparable number о£ healthy colonies 
while no growth was seen in those 
cultures that received the HSV-2 
sensitized lymphocytes. Newborn 
Syrian hamsters were inoculated with 
105 transformed cells in the intra-
scapular region. At the end of eight 
weeks, enlargement of the testes was 
observed aad ASV-2 antigens were shown 
by iimnunofluorescence in the biopsy 
specimens. 

In summary, we have described the 

transformation of hamster embryo cells 
by a herpesvirus particle found in 
human prostatic carcinoma cells. A1-
though this virus particle has been 
identified as a herpesvirus, it does 
not fit the general characteristics 
of the known standard herpesvirus: 
it does not produce a lytic infection 
and is not found either in extra-
cellular spaces or supernatant fluid 
of the transformed cell cultures. 
This virus is unique in that it is 
cell-associated, non-cytopathogenic, 
and capable of transforming cells in 
vitro, and its antigens persist in 
the transformed cells. 
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Marek's disease (УЮ) is a пeoplas-
tic disease of chickens characterized 
by nerve lesions and lymphoid tumours. 
Its causative agent is a herpesvirus 
(MDV), but virus-specific antigens and 
virus particles are usually absent in 
the tumours. However, tumour-specific 
antigens have been detected on the 
surface of MD lymphoma cells (Ishikawa 
et al., 1972; Powell et al., 1974). 
The mechanism by which MDV induces 
tuniours in chickens is still unclear. 
Early findings of significantly higher 
rates of DNA synthesis in lymphoid 
cells from MDV-inoculated, tumour-
bearing chickens than in lymphoid cells 
from MDV-inoculated, non-tumour-bearing 
chickens indicated the oncogeriic poten-
tial of MDV in neoplastic transforma-
tion (Lee, 1972). The recent estab-
lishment of cell lines from tumours of 
chickens inoculated with various 
strains of MDV (Akiyama et al., 1973; 
Powell et al., 1974) and the demons- 

tration of MDV DNA in tumours arid in 
a chicken lymphoblastoid cell line 
(Nazerian et al., 1973; Nazerian & 
Lee, 1974) have provided further 
evidence supporting the role of MDV 
in neoplastic transformation. 

The present study deals with the 
presence of Marek's disease virus 
genome in cultured lyniphoblastoid 
cells (MsB-1), in tumours from chickens 
inoculated with М5В-1 cells, in 
tumours from chickens inoculated with 
several strains of MDV, and in tu-
mours from different organs of the 
same chicken. 

A clone-purified pathogenic GA 
strain of MV was used for the prepa-
ration of MDV DNA and complementary 
RNA (cRNA). The virus was propagated 
in duck embryo fibroblasts (DEF) in 
roller bottles (Lee et at., 1973). 
The culture fluid containing large 
numbers of virus particles was 
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harvested 96 hours after infection, 
concentrated and purified (Nazerian & 
Lee, 1974), and the virus DNA extracted 
and purified through two cycles of 
caesium chloride density gradients in 
an angular Sрinco rotor 65, Transcrip-
tion of purified MV DNA into ЗН  
labelled cRNA was accomplished by 
employing Escher2сh2a coli RNA puy-
merase and 3H--labelled AI' and un-
labelled nucleoside triphosphates 
(Nazerian & Lee, 1974). 

Chicken embryo fibroblasts (CEF) 
cultures and DEF cultures infected with 
the GA and .1 strains of MDV were pre-
pared (Nazerian et a1.5 1973). A 
chicken lymphoblastoid cell line 
(5S-1), kindly provided by Dr B. Kato, 
was propagated as described (Nazerian 
& Lee, 1974). 

Three groups of susceptible day-old 
specific pathogen-free chicks from 
inbred line 72 were separately inocu-
lated5 per chick, with 100 000SВ-1 
cells, and 500 000 cе11s each of DEF 
infected with the CA and JM strains of 
MDV respectively. One week after the 
appearance of MD clinical symptoms, the 
birds were sacrificed and tumours trois 
various organs immediately removed and 
stored at -70°C. 

Tumour DNA and cellular DNA were 
extracted by the procedure of 
Pettersson & Sambrook (1973). Heat-
denatured DNA (10 Ug) from various 
sources was fixed to 13-mm nitro-
cellulose membrane filters. The DNA-
containing filters were baked at 80°C 
for 4 hours, incubated in 6 x SSCI соп-
taiпing 50% formamide and labelled MDV 
cRNA (30 000 epx) for 72 hours at 43°C, 
and treated with ribonuclease followed 
by washing with 3 x 5ЅC. The radio-
activity on each filter was measured 
by liquid scintillation spectrometry 

1 Standard saline citrate (0.15 м  
sodium chloride, 0.015 1 trisodium 
citrate). 

and the DNA content on each filter 
colorimetrically determined by the 
diphenylamine reaction. For hybrid-
ization calibration, known quantities 
of MDV DNA were mixed with 10 LIS of 
calf thymus DNA, heat denatured, 
fixed to membrane filters and incu-
bated with IDV cRNA as above. 

HYBRIDтZATION 0F MDV cRNA WITH MDV 
AND CELLULAR DNA 

The results of cRNA hybridization 
experiments with MDV DNA, cellular 
DNA, and the DNA from several prepa-
rations of 183-1 cell 1iпe, are 
summarized in Table 1. The specifi-
city of the cRNA for MDV DNA was 
demonstrated by the binding of 
approximately 22.5% of cRNA to DNA 
from GA--MDV infected CEF. In contrast, 
no significant amount of MDV cRNA was 
bound to DNA from calf thymus, unin-
fected chicken embryo fibroblasts, 
normal chicken kidney, or normal 
chicken spleen. A standard curve for 
the estimation of the number of MDV 
genome equivalents per cell was cons-
tructed, based on the amount of cRNA 
bound to different quantities of MDV 
DNA (Table 1). The molecular weight 
of MDV DNA was 1 x 108 daltons (Lee 
et al., 1971) and that of chicken DNA 
1.7 x 1012 (Atkin et al., 1965). The 
amount of cRNA bound to MDV DNA from 
15E-1 cells did not vary significantly 
among cell preparations from the 5th, 
10th and 40th passages cultured for 
two days. In one preparation of 15E-1 
(70th passage), in which the cells 
were cultured for four days, the 
amount of cRNA bound to MDV DNA was 
significantly higher. Approximately 
130 genomes were fоипд  in these cells. 
The increase in the number of virus 
genomes per cell could be the result 
of the derepression of the resident 
genome for active replication of the 
virus, due to the aging of 1SS-1 cells 
in culture. 
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Table 1. Hybridization of 3Н-MDV cRNA with MDV and cellular DNA 

Source of DNA 	 31-MDV cRNA bound 	No. of genome equivalents 
per 10 ug of DNAa 	per diploid cell 
(cpm) 	 (approx.) 

Calf thymus 205ъ  - 
+ 	27 ng IDV DNA 685 - 
+ 	55 ng MDV DNA 1 	017 - 
+ 110 ng MDV DNA 1 	593 - 
+ 220 ng MDV DNA 2 553 - 

Chicken embryo fibroblasts 215 - 
Chicken kidney 218 - 
Chicken spleen 235 - 

GA-MDV infected CEF° 6 	751 - 

MSB-1 	( 5th passaged 764 54 
MSR-1 	(10th passaged 859 68 
MS6-1 	(40th passaged 813 61 
MSB-1 	(70th passaged 1 	250 130 

a 30 000 ppm per 0.4-ml reaction mixture per filter. 

ъ  Average of two readings. 

° GA strain of Marek's disease virus-infected chicken embryo fibroblasts. 

d MSB-1 lymphoblastoid cell line. 

HYBRIDIZATION 0F MDV cRNA WITH 
TUMOUR DNA 

Data given in Table 2 summarize 
the results of in vivo experiments on 
three groups of day-old MD-susceptible 
chicks inoculated with 5B-1 cells and 
the GA and J11 strains of MDV. Both the 
GA and the 15H-1 inoculated chickens 
developed extensive visceral tumours, 
while the JM-inoculated chickens showed 
predominantly lymphoid lesions in the 
nerves, with some incidence of tumours 
in the ovary and testis. Tumour DNA 
from each of the three inoculated  

groups was examined for the presence 
of virus genome by cRNA hybridization. 
All tumour cells, irrespective of the 
source of 111V inoculum, contained MDV 
DNA. The amount of MDV DNA in tumeurs 
seemed to vary more between individual 
chickens in the same group than bet-
ween groups of chickens inoculated 
with 1sB-1 cells, and the JM and GA 
strains of MDV. The number of MDV 
genome equivalents per cell in tumours 
from different chickens was in the 
range 22-80. Since no hybridization 
was detected between MDV DNA and 
normal chicken DNA (Table i) and no 
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Table 2. Marek's disease virus genorne in chicken tumours induced by several 

strains of MDV 

Bird number Inoculuma Source of 
tumour 

ЗН-MDV cRNA bound 
per 10 иg of DNAb 
(cpm) 

No. of genome 
equivalents 
per diploid cell 
(apрrox.) 

14033 GA-MDV Ovary 616° 37 

14820 Ovary 960 80 

14822 Testis 770 54 
14823 Testis 640 41 
14828 Ovary 915 75 

14793 JN-MDV Ovary 559 32 

14794 Testis 619 38 

14795 Testis 750 53 

14796 Ovary 629 39 

14799 Ovary 453 22 

15551 1SB-1 Testis 620 38 

15557 Testis 471 24 

15560 Ovary 821 61 

15568 Ovary 583 34 

15575 Ovary 858 66 

a GA and JM strains of Marek's disease virus and M5В-1 lymphoblastoid cell 
line. 

b 30 000 cpm per 0.4-ml reaction mixture per filter. 

С  Average of two readings. 

DNA homology was tiund between duck 
embryo fibroblast DNA and chicken cell 
DNA (Lee1), the interaction between 
MDV cRNA and tumour DNA appeared to be 
highly specific, and only MDV DNA 
sequences in tumours were detected. 

Table 3 presents the data on 
hybridization between MDV cRNA and DNA 
from various tumours of the same 
chicken. In tumours from different 

1 Unpublished data.  

chickens, the amount of MDV DNA 
varied greatly trou chicken to 
chicken. The significance of this 
variation is not known. No such 
variation, however, was detected bet-
ween tumours from the same chicken; 
this agrees with similar results ob-
tained with different tumours from the 
same Burkitt's lymphoma patients (zur 
Hausen et al., 1970; Lindahl et al., 
1974). A stable virus-host iпter~ 
action seemed to exist in each 
individual chicken. 
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Table 3. Hybridization of 3H-MDV eRNA with DNA from Marek's disease tumours 

Bird number Inoculum Source of 31-МОV cRNA bound No. 	of genome 

tumour per 10 ug of DNAa equivalents 
(cpm) per diploid cell 

(approx.) 

14030 GA-MDV Kidney 715b 48 

Ovary 693 46 

Spleen 701 47 

1.4049 GA-MDV Kidney 570 33 
Spleen 577 34 
Testis 590 36 

14062 GA-MDV Kidney 516 28 

Liver 512 28 

Ovary 533 29 

14237 GA-MDV Liver 601 37 
Ovary 619 38 
spleen 586 35 

14820 GA-MDV Kidney 936 77 
Ovary 960 80 

a 30 000 cpm per 0.4-ml reaction mixture per filter. 

b Average of two readings. 
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The oncogenic property of herpes-
ц1rи8 saimiri (HV5) in various species 
of non-human primates has been well 
established by numerous investigators. 
These studies have been reviewed by 
Melendez et al. (1972x, 1972Ъ) and by 
Deinhardt (1974). 

In addition to non-human primate 
species, New Zealand white rabbits have 
been shown to be susceptible to HV5 
(Daniel et al., 1970, 1974x, 1974Ъ). 

This paper describes the induction 
of malignant lymphoma in adult, weaned 
and baby rabbits by the intravenous 
route, 1175 being recovered from an 
experimentally infected rabbit. 

In our previous studies (Daniel 
et al., l974b), most of the rabbits 
were aged 3-4 months. They were 
inoculated by multiple routes and 
received various doses of virus 
inoculun. In the studies presented 
here all animals were inoculated with a  

single dose or occasionally two 
doses of virus. 

MATERIALS ANT) METHODS 

The HITS used in this study was 
recovered from lymphocytes obtained 
from a rabbit that died of malignant 
lymphoma (АE-270 No.2). These lympho-
cytes were derived from peripheral blood 
that was co-cultured in an owl monkey 
kidney cell line (210.-оМЕ). A viral 
isolate was obtained after nine days 
in culture. This isolate was ident-
ified as HITS by serum neutralization 
test. A second passage of this virus 
in 01K was used for rabbit inoculation. 

The rabbits used in this study 
were obtained from a local supplier 
and were aged four months (three 
rabbits), seven weeks (eight rabbits) 
and 10 days (seven rabbits). The 
four-month-old xabbits were inoculated 

-205- 



206 
	 DANIEL ЕT AL. 

with 2 ml of virus intravenously. The 
seven-weeks-old rabbits were also 
inoculated with 1 ml of virus. 
Rabbits Nos. 1, 2 and 3 were inoculated 
with undiluted virus, rabbits Nos. б, 
7 and 8 with a dilution of ii-1, and 
rabbits Nos. 4 and 5 were ипiпосиlatед  
controls. After 125 days, rabbits 
Nos. 2, 3, б, 7 and 8 were inoculated 
with 1 ml of undiluted virus. The 
10-day-old rabbits were inoculated by 
the intracardiac route with 0,5 ml of 
virus. After 115 days, rabbits Nos. 
2, 5 and б  received a second i.v. 
inoculation of 1 ml of virus. The 
titre of the virus inoculurп  was 106.5 
per ml. 

RESULTS 

Three four-months-old rabbits died 
between 17 and 84 days with malignant 
lymphoma. 

The studies оп  the weaned animals 
(seven-weeks-old) are still in 
progress. it seven animals inoculated, 
five have died or were sacrificed at 
the terminal stage between 11 and 196 
days with malignant lymphoma. 

Sevеп  10-days-old rabbits were 
inoculated. if these five died with 
malignant lymphoma between 31 and 176 
days; two are still alive after 206 
days. Virus recovery was attempted 
from four of these rabbits from whole 
blood, lymphocytes, spleen and lymph 
gland. Virus was recovered from each 
of these tissues. 

The histopathology of the disease 
seen in rabbits was similar to that 
described (Daniel et al., 1974b; hunt 
et al., 1975). A unique feature seen 
in the weaned and baby rabbits was the 
development of leukaemia. The total 
white blood count ranged from 19 iii 
to 146 000, with lymphocytes and 
lyniphoblasts accounting for the 
majority of the circulating leukocytes. 

DI5CU5SION 

1VS is an oncogenic virus with a 
wide host range in monkeys. All 
available evidence suggests that the 
virus is indigenous to the squirrel 
monkey (SаiпiгZ sciureus). In this 
animal host, the virus causes an 
inapparent persistent infection. 
These facts are well established. 

The results of the present study 
confirm our previous observation 
(Daniel et al., l974a, 1974b) that 
HVS induces malignant lyniphoma in a 
species phylogenetically unrelated to 
primates. To date, no other virus has 
been shown to induce a neoplastic 
disease in New Zealand white rabbits. 
This is unique, both on the part of 
the virus, as well as on the part of 
the rabbit. 

The disease in the rabbit is 
reproducible and resembles in many 
respects the picture seen in various 
species of monkeys infected with 
HVS. Histopathologically, the lymphoma 
is similar to that seen in monkeys, 
although the distribution of the nec-
plastic infiltrate is slightly 
different (Hunt et al., 1975). As 
with the monkey, no virion has been 
detected in infected rabbit tissues, 
although virus can be recovered with 
appropriate techniques. As in the 
monkey studies, recovery of virus can 
be accomplished through culture of 
circulating lymphocytes, or spleen or 
lymph-nodes. Virus has not been 
recovered from kidney cultures of 
infected rabbits. This is in contrast 
to what has been found in kidney 
cultures from infected monkeys. Al-
though virus has not been isolated from 
rabbit kidney cultures, the presence 
of viral antigens in the cells has been 
demonstrated by fluorescent antibodies 
studies. 

We had previously reported the 
absence of leukaemia in 3-4-month-old 
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rabbits (Daniel et al., 1974Ъ). In 
the present study, we find that, in 
baby rabbits, leukaemia is present. 
The preliminary data suggest that this 
may be age-dependent. The presence of 
leukaeinia is detected approximately 
two weeks prior to death of the animal. 

The results of these studies 
show that: 

(1) the intravenous route of inocula-
tion produces an almost 100% 
incidence of disease; 

(2) as in the susceptible monkey 
species, AV5 causes a rapidly 
progressing lymphoproliferative 
disease in rabbits; 

(3) animals of all ages - adults, 
weaned and newborn - are suscep-
tible (animals older than four 

months have not been tested 
as yet); 

(4) infected cells (2n vivo) do not 
develop inclusion bodies, nor 
infectious virus, but proliferate 
as malignant cells; 

(5) infectious virus is recoverable 
only by co-cultivation with 
susceptible cells. 

The similarity of the rabbit-virus 
interrelationship with that of the 
monkey--virus interrelationship provides 
a model system that will allow further 
studies of the oncogenicity of HVS 
at considerably less expense. This 
is of particular importance in view 
of the current decreasing availability 
and increasing cost of non-human 
primates. 

h_[в~:i~►1Cв7~~ ~~e~йi~I►~~1~ 
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The papers presented were concerned with the association 
of herpesviruses with naturally occurring and experimentally 
produced tumours, and may be divided into the following 
categories: (1) experimental oncogenesis by Epstein-Barr 
virus (EBV) in New World primates; (2) the site and nature 
of the association of EBV with two human diseases, namely, 
infectious mononucleosis and nasopharyngeal carcinoma; 
(3) direct detection of Marek's disease virus in tumours 
and tumour cell lines by nucleic acid hybridization; (G) a 
new host, the New Zealand white rabbit, for herpesvirus 
saimiri; (5) establishment of cell lines from prostatic 
cancer biopsies. 

The oncogenicity of transforming strains of EBV has now 
been demonstrated in four species of New World primates, 
namely, cotton-topped marmosets, owl monkeys, common marmo-
sets and squirrel monkeys. Several different types of virus 
material have been used in these experiments, including 
extrace11ular virus from the EBV-converted marmoset cell line, 
В95-8, the Kaplan strain of mononucleosis-derived virus, 
autochthonous squirrel monkey cells transformed in vitro by 
В95-8, and an extract of the EB3 cell line. In animals given 
the 395-8 virus, viraemia and the development if antibody to 
viral capsid antigen can be prevented by prior neutralization 
of the virus inoculum with antiserum. As well as malignant 
lymphoma, two other types of infection have now been des-
cribed, namely, transient lymphoid hyperplasia and inapparent 
infection. The entire spectrum of host responses can be 
seen with the same virus inoculum, and this variation may be 
the result of the inaculum containing a borderline oncogenic 
dose. It is not known whether changes in the pathogenicity 
of the 395-8 virus have occurred with in vitro passage. The 
problem of crossed-species oncogenicity must be considered 
in evaluating the animal experiments and comparing them with 
naturally occurring disease. 

EBV has been directly demonstrated in nasopharyngeal 
carcinoma (NrC) in the majority of histologically confirmed 

â 
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cases from several parts of the world including Kenya, 
Tunisia, Taiwan, and Singapore. On the basis of the rate 
of reassociation of cellular DNA from N C biopsies with 
the 'H-DNA from the P31-HR-1 virus, it is suggested that 
there may be differences in the nature of the EBV sequences 
present in different NPС  biopsies. However, the important 
experiment of "recycliпg" the unhybridized portion of 
viral DNA has not yet been done. In general, some doubt 
remains as to the ability of the nucleic acid hybridization 
technique to detect very small differences among EBV strains. 
Another important question is the significance of NPC 
biopsies that lack evidence of the EBV genome. At least 
two explanations are possible, namely, that genome-negative 
biopsies represent the same histological disease but with 
a different etiology, or that subtle differences in histo-
logy exist and that EВΡV is associated only with one 
histological type of tumour. Three types of evidence now 
indicate that EBV is associated with the epithelioid cells 
of the tumour: (1) the viral DNA has been found in epithelial 
cells by it situ hybridization; (2) when epithelial cells 
are physically separated from lyinphoid elements of the 
tumour, the cell DNA from the former exhibits greater hybridi--
zation with viral DNA; and (3) epithelial tumour cells 
passaged in 'видe°' mice have been found to contain viral 
DNA and EBV-determined nuclear antigen (EBNA). It is 
apparent that this finding of the association of EBV with 
a carcinoma emphasizes the need to continue the search 
for epithelial cells in the naso- and oropharynx that are 
susceptible to the virus. 

The nature of the association of EBV with peripheral 
blood lymphocytes in mononucleosis was the subject of 
considerable discussion. Two contrasting hypotheses were 
presented. The first hypothesis holds that a small number 
of transformed cells circulate in the peripheral blood 
and that immunological surveillance mechanisms continually 
eliminate these potentially oncogenic cells. The second 
hypothesis suggests that EBV is associated with non-
transformed cells in the peripheral blood in a manner 
analogous to the association of herpes simplex virus with 
dorsal root ganglia cells. In favour of the first hypo-
thesis are findings that patients with mononucleosis 
develop antibodies against EBNA and the unpublished 
findings that peripheral blood leukocytes from mono-
nucleosis patients are capable of forming colonies in 
soft agar. In favour of the second hypothesis is the 
demonstration that a two-step process of transformation 
appears to occur when mononucleosis blood leukocytes are 
placed in v2tro. This suggests that a latent viral genome 
is activated arid is then transferred to uninfected cells 
in. vitro. However, the exact location of the virus in the 
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mononucleosis cells has not been pinpointed. Among the 
possibilities discussed were an intracellular location 
in lymphocytes, a location on the surface of lymphocytes, 
and possibly free virus in the plasma. 

A possible new model for herpesvirus saimiri (lys) in 
the rabbit was described. The peculiarities of this model, 
iii contrast to the disease iп  monkeys, are the involvement 
of conjunctiva and nose and lips, the failure of rabbits 
to develop antibodies to HVS, and the lack of involvement 
of the kidney. Further work is necessary to prove that 
HVS 1s the etiological agent solely responsible for the 
lesions described. 

Marek's disease virus can now be demonstrated by 
nucleic acid hybridization in tumours and in cell lines 
derived from tumours. Complementary sequences Li the virus 
are not found in normal chick embryo fibroblasts or in 
organs obtained trim non-infected chickens_ 

Cell lines have been established from prostatic 
carcinoma and the cell lines are transplantable to 
hamsters. The evidence that the cell lines contain 
herpesviruses or herpesvirus antigens is still preliminary. 
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In а  discussion of immune responses yields of infectious progeny. The 
to herpes-group viruses, it is impor- 	development of serological test 
tant to differentiate between primary 	procedures had thus to be based on 
infections, ensuing latent carrier 	various virus-determined antigens 
states, activation of persistent infec- found in cultured lymphoblasts from 
tuons, and possibly virus-induced 	EBV-producer or non-producer lines 
malignancies. While primary immune 	реr se or after certain manipulations. 
responses can be confirmed serologically As already discussed by Dr R1ein1, 
with some assurance, it is far more 	at least fоиr different groups of 
difficult to prove on a serological 	antigens have been differentiated 
basis an activation of latent infec- 	with the aid of selected human sera. 
tuons or an association of given herpes- In turn, tests for detection and 
viruses with malignancies. In these 	titration of the corresponding 
two situations, determination merely of antibodies have become available that 
neutralizing or other antibodies to 	have revealed a remarkable association 
structural components of the virus may of certain antibodies with given 
fail to provide significant information disease states. There is little 
against the background of normally 	doubt, and indeed evidence is available, 
observed antibody levels in silent 	that the equivalent groups of antigens 
carrier states. It may be necessary, 	can be differentiated in cells infected 
therefore, to resort to detection of 	or transformed by other herpesviruses. 
antibodies to other virus-determined, 	

Tt is unusual for a human virus, 
but non-structural viral antigens that 	

for once, to serve as a model for 
may not normally be present in healthy other human as well as animal viruses. 
carriers. 

It might be a blessing in disguise 
that to date no fully permissive cells 
have been found in which the Epstein-
Barr virus (EBV) replicates with large 

Accoraingly, we snail concentrate on 
immune responses to EBV, not refraining 
from some speculation, and shall 

1 
See Part 1, p.294 . 
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emphasize gaps in knowledge that need 
to be closed. 

PRIMARY ESV ТΡNFECTIONS 

EBV is the cause of infectious 
inononucleosis (1I) (Henle & Penle, 
1972, 1973 ) but not every primary 
infection is accompanied by clear 
signs of this дisеa5е. 5оте  remain 
silent and others are not specifically 
diagnosed when only mild illnesses 
ensue or the patient presents with 
uncharacteristic features. 

That IМ  is a consequence of primary 
EBV infections is clearly evident from 
the facts that; (a) the disease occurs 
only in individuals who previously had 
rio antibodies to EBV; and (b) anti-
bodies to some EBV-related antigens 
appear regularly and others at a high 
frequency in the course of IM. 
Pertinent references are to be found 
in a recent review (Henle et al., 1974). 
Briefly, 1gM and IgG antibodies to BBV 
capsid antigen (VCA) develop and reach 
peak titres successively in the early 
acute phase of IM. Antibodies to 
EBV-determined cell membrane antigens 
(MA) and EBV neutralizing antibodies, 
which in part appear to be identical, 
arise slightly later than anti-VCA. 
The majority of II patients show in 
addition a transitory antibody response 
to EBV-induced early antigens (Ел), 
which is usually directed against the 
D (diffuse), rarely against the R 
(restricted), component of the EA 
complex. Antibodies to the soluble (S) 
complement-fixation antigen and to the 
BBV-associated nuclear antigen (ETNA) 
develop in every case but, as a rule, 
only during convalescence. It appears 
that EBNA is the major, but possibly 
not the sole, component in S antigen 
preparations (Klein & Vonka, 19741; 
Henle & Непle1). The striking differ- 

Unpublished data  

ence in the time of emergence of anti-
VCA, anti-EA, anti-MA and neutralizing 
antibodies, on the one hand, and of 
anti-S and anti-EBNA, on the other, 
requires an explanation that will be 
discussed later. Finally, the transitory 
response in heterophil antibodies is 
practically pathognomic for IM, but it 
fails to materialize in about 10% of 
adult patients, more frequently in 
children, and in nearly all infants. 
The exact role of EBV in eliciting 
these heterophil 1gM antibodies is 
unknown. 

PERSISTENT VIRAL CARRIER STATE 

Primary EBV infections lead 
regularly to a persistent viral carrier 
state. A remarkably stable equilibrium 
between the virus and host defences is 
suggested by the remarkably constant 
titres of anti-'PCA, neutralizing anti-
bodies and anti-ERRA over observation 
periods of many years (Henle & Hens, 
1970; Fenle et al., 1971; lewetson et 
al., 1973). It is rare to find anti-R, 
and even rarer to find anti-D iп  
healthy carriers and then only at low 
titres among those who maintain relative-
ly high anti-VCA titres (Feule & Ilenle, 
19730 . 

ACTIVATION 0F TIE VIRAL CARRIER STATE 

The usually stable equilibrium 
between EBV and host defences may be 
upset by a variety of malignant and 
non--malignant diseases. As compared 
to appropriate controls, an over-
representation of high anti-VCA titres 
has been observed among patients with 
Hodgkin's disease (D), other lympho-
cytic lymphomas, certain leukaemias or 
various carcinomas, as well as among 
patients with sarcoidosis, systemic 
lupus erythematosis or rheumatoid 
arthritis (Henle & Henle, 1973b). The 
elevated antibody titres might possibly 
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he accounted for by the iттипо-
suppreнsive effects of these diseases 
or their therapy, which may activate 
persistent infections and lead to 
enhanced antibody production by 
committed lymphocytes. High anti-VCA 
titres may be accompanied by anti-D 
and/or anti--R at low and occasionally 
дt substantial titres. It will be 
important to correlate the serological 
data with evidence far immuno-
suppression, as is discussed later by 
Drs Levine1 and Johaпsson2, 

EBV-AssOCIATED MALIGNANCIES 

It is possible that the generally 
high titres of antibodies to EDT-
related antigens in Burkitt's lymphoma 
(BL) of African children and in ana-
plastic or poorly differentiated nase-
pharyngeal carcinoma (NPC) are in part 
also accounted for by immunosuppressive 
effects of these malignancies. 
However, the association of EBV with BL 
or NPC does not rest solely on serolog-
ical evidence, as in the other malig-
nant and non-malignant diseases 
mentioned in the preceding section. 
EВц  DNA and EDNA have been found at 
high frequency in African DL biopsies 
and in the carcinoma cells of NEC 
biopsies, but not in biopsies from 
patients with HD, other lymphomas or, 
with rare exception, other carcinomas 
of the head and neck region (zur Hausen 
et al., 1970, 1974; Nоnoуamа  et al., 
1973; Wolf et aL, 1973, 1974; Lindahl 
et al., 1974; Reedman et al., 1974; 
Klein et a1., 1974; Huang et al., 1974)9 
Thus, African EL and NEC stand in a 
class by themselves. 

The EBV-related serological 
reactivities of BL and NPC patients 

See p.225. 
9 
5ее  р.238.  

also differ considerably from those 
seen in patients with the other 
diseases as to the regularity of 
detection of antibodies to LBV, as 
well as their spectra and titres. 
There is a remarkable difference also 
between BL and NPC in that antibodies 
to the FA complex in BL are рre-
dominantly directed against the R and. 
in NEC against the D component (Henle 
et al.., 1971). The antibody spectra 
and titres increase with the stage of 
the disease to some extent in BL 
(Magrath et ai.3) and to a considerable 
degree in NEC (Henle et al., 1970, 
1973a). BL patients who have been 
brought to remission have a good chance 
to become long-term survivors if they 
have no anti-R or show a gradual 
decline in its titres, whereas persis-
tence or development of high anti-R 
and/or anti-D titres foreshadows 
multiple and ultimately fatal relapses 
(Henle et al., I973Ъ). Successful 
therapy of NPC is followed by a gradual 
decline of anti-VCA titres to lower 
levels and loss of anti-D (Henle et al., 
1973а). Thus, the EDV-related serology 
may serve to monitor progression of 
these malignancies (increases in anti-
body titres and spectra) as well as the 
effectiveness cf therapy (declines in 
titres and loss of certain antibodies), 
that is, provide some prognostic 
information. 

COMPARABLE АNTIGЕN-ANTIBODY 5у5Ту1S 
0F OTHER HERPЕ5УТНUSЕ5 

MA, EA and LA (late antigens 
equivalent to VCA) have been differ-
entiated in herpesvirus saimiri (AVS)-
infected cells (Pearson et al., 1972, 
1973; Klein et al., 1973). As with 
ЕВУ, EA appears to be composed of two 
components yielding different types of 
immunofluorescent staining (Klein et 
al., 1973). In the natural host, silent 

3 
Unpublished data. 
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carriers of the virus maintain anti-LA 
and neutralizing antibodies but not 
anti-EA. In primary HVS infections of 
marmosets or owl monkeys, a transitory 
anti-EA response is observed when no 
tumours develop, and persistent, rising 
anti-EA titres when the animals develop 
lymphoproliferative malignancies, 
These observations show striking 
similarities with EBV infections of 
man. A nuclear antigen, equivalent to 
EBNA, has not yet been demonstrated in 
SVS-transformed cells, possibly for 
technical reasons, since it is likely 
to exist. 

EA has been differentiated also in 
herpes simplex virus (HSV)-infected 
cells by interruption of the infectious 
cycle by cytosine arabinoside-C but 
corresponding antibody titrations have 
failed to reveal differences in 
incidence and titres when sera from 
donors with recurrent herpes, cervical 
dysplasia, carcinoma in в2 n or 
invasive carcinomas were compared 
(Koidovsky et ai,1). A nuclear antigen 
that may be equivalent to EBNA has been 
found recently in HSV-transformed cells 
(Chang et al., 1974), but its applica-
tion to serological surveys has not yet 
been reported. I-15V non-virion antigens 
have been isolated from cells within a 
few hours after infection with the 
virus and an apparently identical 
antigen from squamous-cell carcinomas 
(Tartu & Sabin, 1970; Hollinshead et 
al., 1973; Aurelian et al., 1973). 
There seems to be no counterpart among 
known EBV-related antigens, since the 
corresponding complement-fixing anti-
bodies to ASV non-virion antigens are 
found almost solely in patients with 
squamous-cell carcinomas, including 
NFC. It has not yet been determined 
whether these antigens are coded for by 
the virus or represent tissue-specific 
or embryonal components derepressed, 

1 
Unpublished data.  

among others, by herpesviruses. 

ANIICELLULAR INMUNE RESPONSES 

Information on immune responses 
to cells transformed by Е3У  (or other 
herpesviruses) is as yet very limited. 
That EBV-transformed cells arise in the 
course of IM and remain present in the 
ensuing persistent infection may be 
deduced from the establishment of EBV 
genome-carrying lymphoblast lines from 
patients and healthy carriers and the 
differential appearance of anti-VGA, 
anti-MA, anti-EA and neutralizing 
antibodies, on the one hand, and 
anti-8 and anti-EBNA, on the other. 
It has been suggested (lenle et al., 
1974) that the two groups of antigens 
become available for stimulation of 
antibody synthesis under different 
conditions. VCA, Ел, MA and virus 
particles are obviously derived from 
productively infected cells (whatever 
they may be) and these invariably 
degenerate with consequent release of 
the respective components. If EBNA 
synthesis were part of the lytic cycle, 
it would be produced in insufficient 
amounts, as a rule, to evoke early 
antibody responses. EBNA is present, 
however, in all EBV-transfonined cells 
that are viable and divide presumably 
in vivo as they do in v2tro (Reedman 
& Klein, 1973). There is evidence 
that some of the cells transformed by 
EBV during primary infections enter the 
blood stream and that these are the 
cells that regularly grow in culture 
into permanent lymphoЫast lines. 
Indeed, colonies may be obtained from 
peripheral leukocytes of IM patients 
when seeded directly in soft agar 
(Неwetsoп2). It is noteworthy in this 
respect that virus excreted into the 
oropharynx readily transforms lyтпphoid 

2 
Unpublished data. 
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cells in vitro (Gerber et al., 1973; 
Miller et al., 1973) but has tailed in 
our hands to induce EA synthesis in 
lуmphоЪlasts from non-producer lines. 
The time elapsing before anti-EBNA 
becomes detectable may depend, there-
fore, on the time required for develop-
ment of an effective antice11ular 
immune response resulting in partial 
destruction of the transformed cell 
рoриlаtioп  and, with it, in the release 
of EBNA for antibody stimulation. 

It appears that EBV-transformed 
cells are never completely eliminated, 
since EBV-carrying lymphoblast lines 
can be established regularly from 
lymph-nodes of anti-VCA positive donors 
(Nilsson et al., 1971) and, at variable 
frequencies, from their peripheral 
blood, depending on the numbers of 
leukocytes placed in culture (Diehi et 
al., 1969; Gerber & Monroe, 1969; Moore 
et al., 1967). In the absence of other 
known virus reservoirs, the sources of 
antigens for continued maintenance if 
anti-VIA and neutralizing antibodies 
are presumably EBV-transformed cells 
after spontaneous induction; these 
would be too limited in number, as a 
rule, to yield enough EA also to 
maintain anti-D and/or anti-R at 
detectable levels. EBNA for persistent 
antibody stimulation would be derived 
from transformed cells during the 
continuing, but never completed, 
process of their elimination by host 
defences. EBNA appears to be the 
equivalent of the T-antigens of papova-
or adenovirus-transformed cells. 
Animals bearing tumours induced by 
these viruses have antibodies to the 
specific T antigens, but they disappear 
after removal of the tumours. The 
persistence of anti-EBNA in healthy 
viral carriers might thus be taken as 
evidence for the continued presence of 
EBV-transformed cells rather than as an 
iпdicatioп  that EBNA is поt a T antigen. 

on cell-mediated immune reactions, the 
anti'-EBNA titres observed in patients 
with various malignant diseases might 
reflect the degrees of immunosuppression 
evoked by these conditions. Pertinent 
studies are in progress with as yet 
limited results, In NPС, the anti-EBNA 
titres are usually higher than in 
controls. In BL, they may vary from 
>1:64о  to <1:2 in moribund patients, 
but a few long-term survivors may also 
show unusually low levels. The 
situation in these two malignancies 
may be complicated by the possible 
release of EBNA from necrotic tumours. 
Thus, very high anti-EBNA titres would 
not necessarily imply highly effective 
antice11ular immune reactions, and 
very low anti-EBNA levels could denote 
blocking of antibodies or of effector 
cells by antigen rather than a decline 
in cell-mediated immunity. This 
problem would not arise in malignancies 
free of EBV genomes. To assess the 
influence of immunosuppression, 
patients with organ transplants are 
being studied in collaboration with 
Drs Hauw The and Milan Fiala. It 
appears that the incidence of very low 
anti-EBNA titres is greater in such 
patients than in appropriate controls. 
It is too early, however, to draw 
definite conclusions. 

As to actual antice цular reactions, 
none of the various antibodies discussed 
might be expected to be cytotoxic, 
except anti-MA. This proved not to be 
the case. However, the recent differ-
entiation of early and late MA components 
(Ernberg et al., 1974; Silvestre et al., 
1974) suggests further studies, since 
the late MA might be the equivalent of 
surface antigens on lytically iSV-
iпfеctед  cells that are lysed by 
antibodies in the presence of C' 
(Roane & Roizman, 1964; Ito & Barroп, 
1972; Smith et al., 1972). 

A C'-dependent, heat-labile anti- 
If release of EBNA for maintenance body that is cytotoxic for cultured 

of the corresponding antibodies depended lymphoblasts has been found in many 
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human sera (HerЬermaп  & Nam, 1971). 
This antibody proved unrelated to EBV, 
however, since it was found at similar 
frequencies among anti-VCA negative and 
positive sera (Yang & Hewetson, 1974). 

Preliminary observations 
(Hewetson1) indicate that a humoral 
antice11ular factor may develop in IM. 
Colony formation by peripheral leuko-
cytes 0f patients could be reduced in 
some instances by incorporation of 
serum from the autologous as well as 
other patients into the soft agar, but 
not when anti-VCA negative sera were 
used. 

Information on cell-mediated immune 
responses is equally sketchy. Peri-
pheral lymphocytes from BL or IM 
patients or from healthy viral carriers 
showed no significant cytotoxicity for 
BL biopsy cells or cultured lympho-
blasts of various origins, according to 
one report (Hewetson et al., 1972), but 
others have recorded positive, though 
fluctuating results (Rosenberg et al., 
1974). Cells from draining lymph-nodes 
of two BL patients proved highly cyto-
toxic, indicating that effector cells 
might be found more readily near or at 
sites where transformed cells are 
concentrated (Hewetson et aL, 1972). 

Exposure of peripheral lymphocytes 
in vitro to cultured lymphoblasts of 
various origins converts them within 
4-6 days into efficient attacker cells, 
as determined by the 51Cr release or 
colony inhibition techniques (Hardy & 
Steel, 1971; Golub et al., 1972а, 
1972b; Steel et a1., 1973; Svedmyr et 
al., 1974). This was found true also 
for autologous confrontations, i.e., 
when cultured BL or IM lymphoblaste 
were used to stimulate lymphocytes of 
the autologous donors. The antigen-
stimulated (AS) lymphocytes were active 
against a broad spectrum of cultured 
lymphoblasts from EBV-producer and non- 

Unpublished dâta.  

producer lines of BL, NI'C, II or 
healthy donor origin or obtained by 
in vitro transformation of lymphoid 
cells, In fact, the AS lymphocytes 
were cytotoxic also for cultured 
lymphoblastoid cells free of EBV 
genomes, but not for phyto-
haemagglutinin-stimulated blastoid 
cells (Svedmyr et al., 1974). These 
results indicate that the in vitro 
cytotoxicity of AS lymphocytes is 
directed in part, if not totally, 
against surface antigens of lympho-
blasts that are not directly related 
to 55V and may represent, among 
others, organ-specific or embryonal 
components. It is currently unknown 
whether As lymphocytes may in addition 
recognize 5EV-specific cell-membrane 
antigens. 

CONCLUDING REMARRs 

It is all too apparent that much 
remains to be learned and clarified. 
Further differentiation of distinct, 
virus-determined antigens and develop-
ment of procedures for detection of 
the corresponding antibodies may prove 
useful not only for EBV but also for 
other potentially oncogenic herpes-
viruses in linking them to given 
malignancies. Of greatest importance 
will be a continued search for anti-
cellular immune responses of viral 
or other specificities, whether 
humoral, cell-mediated or a combination 
of both. Once sensitive and repro-
ducible test procedures become 
available, answers may be obtained to 
questions such as: what mechanisms 
arrest the unrestrained growth of 
EBV-transformed cells in the course of 
1M and the subsequent viral carrier 
state? Are the mechanisms involved 
not elicited, defective or blocked in 
patients with EBV-associated malig-
nancies? The same questions apply to 
other potentially oncogenic herpes- 
viruses. 	

ј, 
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Elevated antibody levels to the 
Epstein-Barr virus (EBV) have been 
demonstrated in several lymphoprolif-
erative diseases, but only in оnе, 
infectious mononucleosis (Henle & 
Неn1е, 1972), has the antibody level 
been shown to have etiological impli-
cations. Several explanations have 
been advanced for the high titres in 
human lyinphoma: (1) EBV has an 
etiological relationship; (2) the 
high titres reflect an imbalance of 
humoral immunity in the presence of 
depressed cellular immunity; and (3) 
the high titres reflect an inappro-
priate response to ЕВУ  not directly 
linked to (1) or (2) above but 
possibly linked to a state of suscep- 

tibility to cancer. In studies 
focusing on the second possibility, 
we have attempted to compare cellular 
immunity (CMI) to a variety of antigens 
with EBV titres in lymphoma patients 
and controls to determine whether 
there was a relationship between CMI 
and humoral antibodies to EBV. In a 
review of studies on 48 patients 
whose general CMI was monitored by 
skin tests (Levine & Reisher, 1973), 
we concluded that the elevated EBV 
titres were not the result of general 
CMI depression. In this report, we 
shall summarize our extended studies 
on skin testing (these have recently 
included antigens more relevant to 
lymphoproliferative tumours) and 
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compare the EBV titres to in vitro as 
well as in vivo measurements of CMI. 

MATERIALS AN]) METHODS 

All patients entered into our 
studies were skin tested with a 
battery of standard antigens to mes-
sure their general immune status. 
Recall antigens used in these studies 
included streptokinase/streptodornase 
(5Ksv), Candida, mumps, Trichophyton 
and intermediate tuberculin purified 
protein derivative (PP])). Primary 
sensitization with keyhole limpet 
hаепгосуапiп, Bглucе l2a abortгcs and 
dinitrochlorobenzene (DNCB) was used 
when possible (Hesse et al., 1973). 

Membrane preparations of several 
lymphoid cell lines (Table 1) were 
prepared using a modification of the 
method of Davies (Oren 8 Herberman, 
1971). Protein concentrations tir all 
skin tests were adjusted to 0.1 ing/0.l  

ml. The absence of infective EBV in 
the preparation was monitored by 
confirming its failure to induce early 
antigen in the Raji cell line. All 
skin test preparations were monitored 
f or micro-organisms prior to inoculation. 
Intradermal inoculation of 0.1 ml of 
the membrane extracts as well as the 
standard antigens was used in skin 
tests. Inoculation of the membrane 
extracts was restricted to cancer 
patients with incurable disease or 
untreated patients with antibody to 
EBV. The presence of 5 mm or more of 
induration at 48 hours was considered 
to be a positive skin test (ST). 

A 51Сr--release assay for lymphocyte-
mediated cytotoxicity, an in vitro 
assay utilized as a measurement of 
CMI (McCoy et al., 1973; Rosenberg et 
al., 1974), was performed using the 
F265 cell line as the target. Anti--
bodies to the EBV capsid antigen (VCA) 
and early antigen (EA) were measured 
by standard fluorescent techniques as 

Table 1. 5ource of antigens 

Cell 	line 5ource EBV membrane 
antigen 

EBV 
genomea 

Rail Burkitt's lymphoma (African) - + 	(60) 

Onerous Burkitt's lymphoma (African) + 

Maku Burkitt's lymphoma (African) + + 

1КLY28 Nasopharyngeal 	carcinoma + + 

F265 Normal - + 	(loi) 

NC37 Normal - + (80) 

РЗНR-1b Burkitt's lymphoma (African) + + 

a Numbers in parentheses are genome equivalents. Source: Pagano (personal 
communication). 

Used only in in vitro studies. 
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previously described (Henle et аla, 	the immuпe status of the patient, as 
^972). The P3HR-lce11 line was used 	measured by delayed hypersensitivity 
as a source of VCA antigen, and 	to standard antigens (Table 2), conti- 
chemically treated (BURR and IUDR) 	nued to demonstrate that reactive 
<_aji cells served as a source of EA, 	individuals often have EBV titres as 

high as anergic cases. Different 
patterns were apparent, with Hodgkin's 

RESULTs 	 disease and nasopharyngeal carcinoma 
(NPС) cases having slightly higher 

The addition of a greater number 	VCA titres if they were anergie, and 
of patients to the studies on the 	non-Hodgkin"s lymphoma and other solid 
relation between EBV antibodies arid 	tumour cases having higher VCA titres 

Table 2. EBV titres (VCA and EA) for cancer patients and normals with 
positive and negative skin tests to a battery of standard antigens 

Disease group 	VCA titres EA titres 

Reactivea Anergich Reactivea Anergicb 

Numbere 	GMT Number° 	GMT NumberC 	GMTd Number° 	GMTd 

222 	4/5 

298g 7/7 

455 	2/2 

Nodgkin's 
disease 17/18 

Other 
lymphomas 23/24 

Na sop haryngeai 
carcinoma 11/11 

Other solid 
tumours 19/19 

Normals 11/13 

Totals 	 81/85 	270 

380 	12/18 	37 	4/5 

98e 19/24 20 4/7 

640 	11/11 	59 2/2 

320 	18/19 	24 2/2 

80 	4/13 	12 1/1 

199 	64/85 	28 13/17 

425 

82 

34 

34 

57 

10 

80 

32 

a Reactive (?5 mm induration 48 hours after skin testing) to at least one 
standard antigen. 

b Anergic (not reactive) to all standard antigens utilized. 

Number with positive EDV titres (>_ 1:5)/number tested. 

d Geometric mean titre for those with positi.ve titres. 

е  Difference between reactive and anergie group is statistically 
significant (р  е0.05), 
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if they were reactive. Howevгr, the hypersensitivity reactions in patients 
number of cases in any one subgroup 	with soft tissue sarcomas or carcinomas 
was small, ana only the VIA titres other than NPC, although they reacted 
of the non-Hodgkin's lymphoma group to the standard sT antigens as often 
demonstrated statistically signifi- as the lymphoma » ALL and NPC patients. 
cant differences (P <0.05) between Utilizing the more disease-related 
reactive and anergic cases, 	The antigens associated with the cell 
importance of using antigens prepared lines (Table 4), the pattern was similar 
from tissue culture lines is shown to that observed with the standard 
in Table 3, where patients with antigens. 	The non-Hodgkin's lymphoma 
lymphoma, acute lymphocytic leukaemia patients with positive skin tests had 
(ALL) and HPC demonstrated greater significantly higher levels of VСА  
reactivity to antigens from tumour- and EA antibody than the non-reactive 
derived cell lines than to antigens group, and solid tumour patients also 
from cell lines derived from the showed a similar pattern that was less 
peripheral blood of normal indivi- pronounced. 	In contrast, reactive 
duals. 	Extracts from the cell lines Hodgkin's disease and NРС  patients 
rarely elicited positive delayed had lower titres than patients who 

Table З. Patient reactivity to extracts of lymphoid cel] lines 

Disease group 

Lymphoma 

Hodgkin's 
disease 

Non-Hodgkin's 
lymphoma 

NPC P 

Solid tumoursd 

ALLe 

Cell lines 

Rail 	 HKLY28 	 F265 	 NС37 

Numbera (%) Numbera (%) Numbera (%) Numbera (%) 

16!36b 	(44) 	3/14 	(21) 	4/26 	(15) 	0/10 	(0) 

5/11 	(45) 	1/5 	(20) 	0/5 	(0) 	0/4 	(0) 

11/25 (44) 	2/9 (22) 	4/21 (19) 	0/6 	(0) 

2/16 (13) 	9/17 (53) 	1/17 (б) 	1/17 	(6) 

0/53 (0) 	9/46 (20) 	1/46 (2) 	5/46 	(11) 

26/65 (40) 	- - 	1/54 (2) 	- 	- 

a Number of patients with >5 mm induration/number tested. 

Includes 12/22 positive for 0nesmus and/or Maku. 

С  Nasopharyngeal carcinoma. 

d Carcinomas and soft-tissue sarcomas other than NPC. 

e Acute lymphocytic leukaemia. 
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were skin--test negative, but the were as many patients with low EВц  
number of patients was too small for VCA antibody levels in the group with 

firm conclusions to be reached. apparently depressed cytotoxicity 

Studies with the lymphocyte- 
values as there were patients with high 

cytotoxicity test (LC) indicated a 
EBV antibody levels. 	Iп  the indivi- 

relationship between the assay and 
duals without cancer, as in the cancer 
patients, low EBXT цСА  antibody levels 

general CMI, since cancer patients 
were more frequent in those with low 

generally had lower values than 
values in the LC assay. 	The correlation 

simultaneously tested clinically 
between EBV VCA titre and LC response 

healthy individuals (Fig. 1}, 	There 
was not complete, however, since there 

was no clear relationship between LC 
were individuals with cytotoxic reac- 

аы~д  ABV titre (Fig. 	2). 	Most cancer 
tivity against the F265 cell line who  

patients had Lower than normal Levels 
of Cytotoxsc reactivity, but there 

had no antibody to EBV and there were 
also individuals with high titres to 

Table 4. EBV titres (VCA and EA) for cancer patients with positive and 
negative skin tests to tumour-derived cell lines 

Disease Group 	VCA titres 	 EA titres 

Positivea 	Negative 	Positivea 	Negative 

NumberC GмT Number° GMTd Numberc GMTd Number° GNTd 

Hodgkin s 
disease 

Other 
lymphomas 

Nasopharyngeal 
carcinoma 

Other solid 
tumours 

Totals 

5/5 160 2/4 905 3/5 

8/8 698e 9/10 105 8/8 

7/7 307 6/6 806 7/7 

4/4 708 17/17 364 4/4 40 

24/24 405 34/37 318 22/24 36 

16/17 	19 

30/37 	24 

50 	2/4 	69 

24e 	6/10 	11 е  

47 	6/6 	76 

а  Positive skin test to at least one of the tumour-derived cell lines shown 
in Table 1. 

Negative skin tests to all of the tumour-derived cell lines. 

Number with positive EBV titres/number tested. 

d Geometric mean titre for those with positive titres. 

e Difference between reactive and anergic group is statistically 
significant (Р  <о.05). 
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FIG, 1. CYTOTOКICITY 0F LYMPHOCYTES FROM CANCER PАTIENTS 

Results of 51Cr-release assay of lymphocyte cytotoxicity to F265 cells using 
lymphocytes from cancer patients. Figures in parentheses are values of 
the ratio No. <_0/No. tested. Position of median values is shown by 
horizontal bars. 
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E8V who had low levels of cytotoxi-
city. The independence of the 2~г  
vitro measurement of CMI (LC) and the 
il vivo sT assay was demonstrated by 
the rarity of a positive 5T response 
(7,8%) to F265 in contrast to an LC 
response rate of 95%. 

DISCцssION 

to the EBV VGA remains stable in 
normal individuale, probably as the 
result of host control mechanisms 
(Klein, 1975). In an area where 
immunological abnormalities due to 
infection are соmmоп, such as Uganda, 
reversions from antibody-positive to 
antibody-negative status and marked 
fluctuations in titre are common 
(de-Тhë et al.1). Iп  view of the 
growing number of situations where 

It has been generally observed 

that the height of the antibody level 
	

1 See р.11. 
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FIG. 2. CYTOTOXICITY OF LYMPHOCYTES FROM CANCER PATIENTS 
COMPARED WITH EBV TITRES 

Results of 51Cr-relea5e assay of lymphocyte cytotoxicity to F265 cells using 
lymphocytes from cancer patients relative to normal donor lymphocyte kill. 
Position of median values is shown by horizontal bars. 
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elevated EBV VCA titres are linked to 
cancer (Heals et al., 1969; Levine et 
a1., 1972; Ablashi et al., 1974; 
Levine et al., 1970; Johansson et al., 
1970; Levine et al. , 1971з; Levine et 
а1., 1971 ; Johansson et al., 1971; 
Levine et al., 1974), an analysis of 
the clinical arid immunological fea-
tures in each such situation is neces-
sary in order to begin to understand 
the mechanisms for antibody control 
and the significance of the titres, 
particularly since it is unlikely 

that high titres have the same meaning 
in each disease state and in all normal 
individuals. 

An evaluation of these results 
should be preceded by a comment about 
some of the major problems affecting 
studies such as ours. The observation 
of diverging patterns in Hodgkin's 
disease and non-Hodgkin's lymphoma 
emphasizes the importance of accurate 
diagnosis in each patient. 5taпdardi--
zation of antigens utilized in CMI 
assays is also a critical factor, both 
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for 2n vivo (Eltringham & Kaplan, 
1973) and 2n vиtro (Hersh et al., 
1974) studies. Thus the categoriza-
tion of patients into "anergic" and 
"reactive" groups, as has been done in 
many studies, including this one, must 
be understood to be somewhat arhi-
trary. Finally, most studies are 
limited by their cross-sectional 
character, which does not allow eva-
luation of the kinetics of CMI and 
humoral immunity. Longitudinal stu-
dies are now under way at the National 
Cancer Institute. 

Despite the problems noted above, 
it is possible to draw several conclu-
sions from these studies. The data 
provided by our skin testing evalua-
tion of 88 cancer patients and 14 
normal individuals (Table 2) clearly 
indicate that general CMI depression, 
as measured by skin-test reactivity 
to a battery of antigens, is not res-
ponsible for the elevated ESV titres 
in most individuals. Similar conclu-
sions have been reached in our in 
vitro studies (LC), although further 
work is necessary to determine to what 
extent these findings are applicable 
to each disease state and to 'high-
risk" normal individuals. Iп  studies 
with antigens derived from lymphoid 
cell lines that appeared to be tumour-
related (in vivo studies were restric-
ted to cancer patients), a comparison 
of delayed hypersensitivity and EBV 
titres (Table 4) indicates that in 
most cases the high EBV titres are not 
the result of cellular immunosuppres-
sion. This does not preclude the 
possibility of such a relationship, 
however, in one or more specific 
disease groups. 

The finding of a high percentage 
of skin test-positive patients in the 
lymphoma and NPC groups, two groups 
with generally high EBV titres, is 
of great interest. Our findings in 
these NPC patients, most of Chem 
Caucasian, are similar to those of 

Ho et al.1 , who found 13/25 (52%) NPC 
patients reactive to HKLY28 by skin 
testing as compared to only 2/23 (9%) 
solid tumour controls. A second obser-
vation we have made is that antigens 
prepared from long-term tissue culture 
lines show promise for further in vivo 
studies of Cli, as reactions to these 
antigens appear to be disease-related. 
The reaction of NPC and lymрhоmа  
patients against tumour-derived cell 
lines, but not those derived from 
normal individuals, suggests that they 
may be more useful in CMI studies in 
lymphoma patients than standard non-
tumour-related antigens. In a cross-
sectional study on 27 lymphoma, 13 NPC 
and 21 solid tumour patients, no 
correlation between EBV titre and CIT 
to these lymphoid-related antigens has 
been observed, but longitudinal studies 
are in progress. Since EBV is unlikely 
to cause disease in all patients with 
elevated titres, it is important to 
evaluate the mechanisms operating in 
different groups. The possibility 
that high titres indicate a general 
susceptibility to cancer that is 
independent of a direct effect of the 
virus has been suggested by our obser-
vation of elevated antibody levels in 
a number of families where multiple 
cases of cancer have occurred (Levine 
et al., 1974; Li et al., 1974) 	The 
inability of EBV antibody to prevent 
the appearance of BL (Magrath & Непlег) 
also raises the possibility that the 
antibody levels are an ancillary 
phenomenon. While the emphasis in 
studies on the viral etiology of human 
tumours may have shifted to detection 
of the virus within the tumour (Lindahl 
et al., 1974; Reedman et al., 1974) as 
opposed to sero-epidemiology, the 
apparent relationship of EBV antibody 
to stage of disease and even, perhaps, 
susceptibility to cancer, needs to be 
further evaluated. 

1 Personal communication. 

2 See р.277. 
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Although elevated antibody levels 
to the Epstein-Barr virus (EBV) have 
been reported in a number of lympho-
proliferative пеoplasms, it has not 
been possible to determine whether 
these antibodies were the result of a 
specific response to an oncogenic 
agent (EBV), whether they were a поп-
sрecific humoral compensation for 
depressed cell-mediated immипity 
(CMI), or whether a different mecha-
nism was responsible. We have pre-
viously shown in a group of lymphoma 
patients that depressed cellular 
immunity to a number of standard 
antigens (Candida, SKSD, etc.) is not 
associated with an increase in anti-
body to EBV. In this study, we tried 
to compare CMI to possible EBV and 
lymphoid cell line antigens with 
humoral antibody to EBV. The two 
basic CMI assays utilized were lyrnpho-
cyte cytotoxicity (LI) and skin  

testing (sT) for delayed hypersensi-
tivity. in the LC assay, an EBV-
сопtаiпing cell line (F265) was used 
as the target. Reactivity against 
F265 was stronger in normal individuals 
than in cancer patients, suggesting a 
relationship to general cellular immune 
competence. SТ  studies showed that 
membrane extracts from lymphoid cell 
lines derived from patients with 
Burkitt's lymphoma and nasopharyngeal 
carcinoma (NPC) were more likely to 
elicit a delayed hypersensitivity in 
lymphoma and NPC patients than cell 
lines derived from normal individuals. 
Patients with SТ  reactivity against 
the membrane preparations from the 
tumour-derived cell lines were as 
likely to have elevated ЕBц  antibodies 
as patients without such reactivity. 
The data strongly indicated that the 
elevated EBV titres in lymphoma pa-
tients are not related to a specific 
or non-specific depression of CMI. 

+ i • 	~1• Фf .~1 
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It has been shown that Кodgkin's 
disease (FIs) is often associated with 
elevated titres against Epstein-Barr 
viral (EBV) eapsid antigens (VCA) and 
EBV-determined cell membrane antigens 
(EА), but the antibodies are not 
always present and the mean titres are  

lower than in Burkitt's lymphoma (BL) 
and nasopharyngeal carcinoma (WPc) 
(Эohansson et al., 1970; Levine et 
а1., 1971; Levine, 1972). When the 
patients were divided into subgroups 
in relation to clinical and histo-
logical data of prognostic importance, 
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an inverse relationship was found be-
tween the frequency of lymphoid cells 
in the tumours and the EBV-associated 
serological reactivity. However, if 
all available data on EBV and HD are 
taken together, they fail to support 
a direct oncogenic role of ESV in the 
majority of HD cases, but do not ax-
elude it in ail' since high sero-
logical anti-EBV reactivities have 
mainly been found in those histo-
logical subtypes of ID often associ-
ated with poor cellular immunity, it 
has been suggested (Henle & lenle, 
1973; fesse et a1., 1973) that ele-
vated antibody titres might be related 
to a depression of cell-mediated 
immunity through a compensatory acti-
vation of EBV-carrying lymphoid cells 
not involved in this immunity. The 
elevated antibody levels would then 
reflect the disease process but would 
not be of etiological importance. 
Support for this assumption is pro-
vided by a recent observation that 
the elevated EBУ  titres in two pa-
tients with congenital T-cell defi-
ciency became normalized after thymus 
grafting (Businco et аl.1). However, 
Hesse et al. (1973) found no correla-
tion between the impairment of cell-
mediated immипity measured by skin 
tests in untreated ID patients and 
the anti-EBV titres. 

Since January 1973, we have in-
eluded a characterization of the 
immune defect in the initial evalua-
tion of all untreated ID patients. 
Sera from the same patients have been 
examined for antibodies to VСA and to 
the D and R components of the early 
antigen (EA) complex. Data on the 
relation between the immune defect 
and the anti-VCA titre in 43 unselec-
ted patients will be presented and 
discussed here. As only 15 (35%) 
sera had positive anti-EA titres, 

1 Unpublished data, 

these antibodies will not be taken 
into consideration. 

MATERIALS AED METHODS 

Invnmof Zuorescence test for antibodies 
to VCA 

The preparation of acetone-fixed 
smears of ЕB-3 cells, a producer line 
of BL origin, for anti-VCA titration, 
and the indirect immunofluorescence 
technique used have been described 
(Henle et al., 1969). Geometric 
means were calculated for the anti- 
❑СA titres. Titres of 1080 or less 
were classified as low, titres of 
1:160 or more as high. 

DNA synthesis and mitogens 

Highly purified lymphocytes from 
defibrinated venous blood were used. 
Incorporation of 14C-thymidine was 
used as a measure of DNA synthesis. 
Spontaneous DNA synthesis was measured 
during the first 24 hours of incuba-
tion. DNA synthesis in lymphocytes 
stimulated by different concentrations 
of Cоncaiаvаl m A (Con A), phyto-
haemagglutinin (PHA), purified tuber-
culoprotein (РРD) and pokeweed mitogen 
(PIN) was quantitated by incorporation 
of 1 С-thymidine in 72-hour cultures. 
Details of the methods have been 
described previously (Mellstedt & 
101m, 1973). Healthy controls were 
included in each experiment. Incor-
poratioп  of 1 C-thymidine below the 
range obtained in the controls was 
classified as decreased, values within 
the range as normal, and values above 
the range as increased. 

Delayed cutaneous hypersensitivity 
reaction 

Delayed cutaneous hypersensitivity 
reaction was carried out with РРD, 
0.1 nil of PPD (2 TU) being given 



EBV ANTIBODY PATTERNS IN HODGKIN° 5 DISEASE 
	

239 

mouse and man (Andersson et а1,, 1972; 
Hedfors) 1974). In the present mate-
rial) 23 (56%) cases were found to 
have a considerably decreased response 
to Con A (Table 1). Fifteen (65%) 
sera from these patients had high 
anti-VCA titres arid the mean anti-VCA 
level was 1:204. The corresponding 
values in cases with a normal lympho-
cyte response to Con A stimulation 

calls as an assay for T lymphocytes. 
B lymphocytes carrying surface inimuno- 
globulins (Ig) were identified by in- SоluЫ  e PHA stimulates T lymphocytes 
direct immunofluorescence using a in man and mouse (Meuwissen et al., 
polyvalent rabbit antihuman Ig serum 1968; Rocking et al.) 1970; Janossy 
followed by treatment with fluorescein- & Greaves, 1972). 	Hоweцer, activation 
conjugated sheep antirabbit Ig serum, of B lymphocytes may also occur 
Lymphocytes with surfaca receptors (Philips & Weisrose, 1974). 	0f sera 
for complement (C 3) were counted from patients showing a highly de- 
after forming rosettes with sheep red creased lymphocyte response to PHA, 
blood cells coated with antiserum and 12 (71%) had anti-VCA titres with a 
human complement, 	The methods have mean value of 1:188 	(Table 2). 	In 
been described in detail previously the group of patients with a normal 
(Jondal et al., 	1972; Hum et al., response, 10 (38%) cases had high 
1974). titres and the mean anti-VCA level 

was 1:93. 

_ т_г.radermally after collection of 
blood for the in vitro tests. A der-
mal induration of 10 x 10 mm or more 
after 48 hours was considered as pis»- 
it ive. 

Assays far T lymphocytes and non-T 
lymphocytes 

Highly purified lymphocytes were 
tested for lymphocytes forming ro- 
settes with untreated sheep red oiooe 	

were 32% and 1:66 respectively. 

RESULTS 

Of 43 sera, 22 (51%) had high 
anti-VGA titres, and the mean anti-
VCA of all sera was 1:123. These 
values are in agreement with those 
given in previous reports (Johanson 
et а1,, 1970; Henle & Renie) 1973). 
Many patients were lymphopenic due to 
subnormal levels of T lymphocytes and 
the lymphocyte stimulation, and skin 
tests showed defferent degrees of im-
pairment in a considerable number of 
the patients. Detailed information 
on the cellular immunity defects in 
relation to different clinical and 
histological parameters will be pre-
sented elsewhere. 

Concanava lin A 

Con A in soluble form has been 
shown to activate T lymphocytes in 

Purified tuberculoprotein 

PPD stimulates T lymphocytes from 
normal individuals who have been 
previously exposed to the antigen. 
The same persons normally show a pos-
itive delayed hypersensitivity reac-
tion after intradermal application 
of the antigen. In 5wедеn, about 90% 
of healthy individuals have a positive 
skin test due to the vaccination pro-
gramme against tuberculosis in this 
country. The absence of a positive 
reaction therefore usually reflects 
a decreased functional activity of 
the T lymphocytes. 

The in vivo and in vitvo tests 
with PPD were concordant in the 
majority of cases, but discordant 
results were obtained in a few pat-
jante. However, those patients with 
a negative skin reaction who were 
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Table 1. Anti-VCA levels in relation to lymphocyte response to Con A stimu-
lation in 42 HD cases 

Anti-UCR 	 Normal response: 	Decreased response: 

level 	 19 (44%) cases 	 23 (56%) cases 

<_1:80 	 13 (68%) 	 8 (35%) 
?1:160 	 6 (32%) 	 15 (65%) 

Mean 	 1:66 	 1:204 

classified as normal in the in vitra 	microscopy (Chessin et ai., 1966). 
test with PPD were very close to, or on The morphological features suggest 
the borderline Ьеtweеп, normal and 	that Р  N stimulates bath Т  and B 
decreased response in this test. Pa- lymphocytes. This suggestion has 
tients who had a decreased or a nag- 	recently been confirmed and it has 
ative response in either of the two 	been shown that a low dose of PWM in- 
tests or were abnormal in both tests 	duces DNA synthesis mainly in B 
were therefore classified as having 	lymphocytes (Biberfeld & Mellstedt, 
a decreased response to PPD stimula- 	1974; Mellstedt, 1974), In the pre- 
tim; 31 (72%) fell into this category sent material, only 13 (30%) cases 
(Table 3). Among them, 20 (65%) had 	had a decreased response to PWN at 
high anti-VCA titres. The mean anti- 	low dose (Table 4). Neither the per- 
VCA level was 1:164. In those cases 	centage of high anti-VCA titres nor 
that responded normally, only two (17%) the mean anti-VCA level was signifi-
had high titres and the mean anti-VCA cantly different in the two groups of 
was 1:50. 	 patients, namely 50% and 54%, and 1:113 

and 1:152. 

Рokeг  ееd mitogen 
T-lymphocyte level 

After stimulation of blood lympho- 
cytes by РWM, two types of blasts can 	It has been known for a long time 
be distinguished by ordinary light 	that HD patients are often lytaphopenic, 

Table 2. Anti-VCA levels in relation to lymphocyte response to PHA stimula-
tion in 43 ID cases 

Anti-VCA 	 Normal response: 	Decreased response: 
level 	 26 (60%) cases 	 17 (40%) cases 

x1:80 	 16 (62%) 	 5 (39%) 
>l:160 	 10 (38%) 	 12 (71%) 

Mean 	 1:93 	 1:188 
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Table 3. Anti-VCA levels in relation to lymphocyte response to PPD stimula- 
tion in 43 HD cases 

Anti-UCA Normal 	response: Decreased response: 
level 12 	(28%) 	cases 31 	(72%) 	cases 

<l :80 10 	(83%) 11 	(35%) 
?]:160 2 	(17%) 20 	(65%) 

Mean 1:60 1:164 

and it has been shown that the lyrupho-
penia is due to a decreased level of 
circulating T lymphocytes. Nineteen 
(44%) patients had I-cell counts below 
the normal range (832-3 040/mm3) found 
in the controls (Table 5). Twelve 
(63%) of them had high anti-VCA titres 
and the mean anti-VCA level was 1:172. 
The corresponding values in the group 
of patients with lymphocyte counts 
within the normal range were 43% and 
1°94 

cells are present. Table 6 shows 
that there was no obvious difference 
in the anti-VCA titres in patients 
with increased spontaneous DNA reac-
tivity (high values: 59%; mean anti-
VCA level: 1:129) as compared to 
cases with normal reactivity (high 
values: 44%; mean anti-VCA level: 
1:115). 

Degree of T-cetl defect 

' 	 An attempt was made to quantify 

spontaneous DNA rвac ivity 	
the T-cell defect in the individual 
cases. Accordingly, the patients 

Crowther et a1. (1969), who studied were subdivided into three groups 
the morphology and tritiated thymidine depending on the number of I-cell 
uptake of unstimulated lymphoid cells 	tests (Con A, FIA, PPD and T-cell 
from the peripheral blood in 10 pa- 	level) that were abnormal. Group A 
tients, reported that the lymphoid cell included patients who were normal in 
population in HD differs from normal 	all tests, group B patients abnormal 
blood in that large reactive lymphoid 	in 1-2 tests, and group C patients 

Table 4. Anti-VCA levels in relation to lymphocyte response to PWM stimula- 
tion in 43 HD cases 

Anti-VCA 	 Normal response: 	Decreased response: 
level 	 30 (70%) cases 	13 (30%) cases 

x1:80 	 15 (50%) 	 6 (46%) 
?1:160 	 15 (50%) 	 7 (54%) 

Mean 	 1:113 	 1:152 
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Table 5. Anti-VCA levels in relation to the Т-lymphocyte level in 43 ID 
cases 

Anti-VCA 	 Normal level: 	 Decreased level: 

level 	 24 (56%) cases 	 19 (44%) cases 

<1:80 	 14 (58%) 	 7 (37%) 

?1:160 	 10 (42%) 	 12 (63%) 

Mean 	 1:94 	 1:172 

abnormal in 3-4 tests. As seen from 
Table 7, there was a striking differ-
ence in the anti-VCA reactivity among 
the three groups, with the highest 
anti-ESV reactivity in group С  and the 
lowest in group Аp while group В  was 
intermediate in reactivity. 

DISCUSSION 

The chain of evidence pointing to 
an etiological role of EBV in BL has 
grown steadily in recent years. High 
titres of antibodies against EBV-
determined antigens are regularly 
found in sera from BL patients. It 
has been demonstrated by molecular 
hybridization tests that the large 
majority of African BL cases are pos-
itive for EBV DNA (zur Hausen, 1970,  

1974; Nonoyama et al., 1973; Liridahi 
et а1. 1974; Pagano et al., 1974). 
Recently, a compleтnent-fixing EBц-
determined intranuclear antigen (EBNA) 
was demonstrated by anticomplementary 
immunofluorescence (Reedman & Klein, 
1973). EBNA is present not only in 
virus-producing but also in non-
producing EBV-carrying cell lines and 
has been shown to express the presence 
of the EBV genome. All African BL 
biopsies (with the same few exceptions 
found to be negative in the hybridiza-
tion tests) contain EBNA (Reedman et 
a1., 1974)° These observations show 
that, in most cases, African EL repre-
sents the neoplastic proliferation of 
an EBV-carrying lymphoid cell clone, 

A direct oncogenic effect of EBV 
in malignant lymphomas other than BL 

Table 6. Anti-VCA levels in relation to the spontaneous DNA reactivity in 
blood lymphocytes from 42 HD patients 

Anti-VCA 	 Normal response: 	Increased response: 
level 	 25 (60%) cases 	 17 (40%) cases 

14 (56%) 	 7 (41%) 
>_1:16о 	 11 (44%) 	 10 (59%) 

Mean 	 1:115 	 1:129 
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Table 7. Anti-VCA levels in relation to the number of T-col] tests that were 
abnormal in 43 ID cases 

дпti-VСА 	А 	 B 	 C 
1.vеl 	 Normal response: 	Decreased response 	Decreased response 

6 (14%) cases 	in 1-2 tests: 	 in 3-4 tests: 
18 (42%) cases 	19 (44%) cases 

гi:80 	6 (100%) 	 10 (56%) 	 5 (26%) 
_l:lбо 	0 (0%) 	 8 (44%) 	 14 (74%) 

Mean 	1:40 	 1:92 	 1:230 

would seem likely if a similar close 
association could be demonstrated 
between the malignant cells and the 
virus. The absence of detectable 
amounts of the EBV genome in ID tu-
mours has been reported by zur Hausen 
et al. (1970), Pagano et ai. (1973), 
Lindahl et a1. (1974) and Reedman et 
tel. (1974). These results fail to 
support a direct oncogenic role of 
EBV in ID, so that the following 
question arises: why should a tumour 
patient develop high antibody titres 
against EBV-determined antigens if the 
viral genome is not present in the 
tumour? Among different possible 
explanations, it has been suggested 
(Henle & lenle, 1973) that a depres-
sion of cell-mediated immunity in HD 
may favour the proliferation of EBV--
carrying В  cell lines. Impaired 
immune responses in patients with HD 
have been described by many investi-
gators (for a review, see Crowther, 
1973). The antibody response usually 
remains intact in these patients until 
late in the disease (Aisenberg & 
Leskowitz, 1963), but defects in cel-
lular immunity, including delayed 
skzn-homograft rejection and dimin-
ished delayed hypersensitivity res-
ponse, are found early. Furthermore, 
there are data showing that EВV has a 

remarkable and possibly exclusive 
predilection fоx B cells. В  
lymphocytes, but not T lymphocytes, 
from healthy individuals have recep-
tors for EBV and are the target cells 
in experimental infections with ElY 
('iondal & Klein, 1973). All estab-
lished human lymphoblastoid cell lines 
of B-cell type, with a few exceptions, 
have been found to carry the ElY 
genome (Klein et al., 1974). A small 
number of cell lines with Т-се11 
characteristics were negative in tests 
for ElY DNA (Pagano, 1974). 

Most patients in the present study 
were lyisphopenic, due to subnormal 
levels of T lymphocytes. The 
lymphocyte-stimulation tests and the 
cutaneous PPD reaction showed differ-
ent degrees of impairment in a con-
siderable number of patients. The 
distribution of the immune defect 
within different histological sub-
groups of HD and the correlation with 
clinical parameters, as well as its 
prognostic significance, will be 
discussed elsewhere; the present 
study deals only with the relation 
between EBV-determined anti-VCA titres 
and the T-cell defect. 

The finding that sera from patients 
whose lymphocytes responded poorly 
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to rnitogens known to activate T 
lymphocytes had a higher anti-VCA re-
activity than sera from patients 
whose lymphocytes responded more nor-
mally, shows that there is a correla-
tion between the T-cell defect in HD 
and the anti-VCA titres. This corre-
lation becomes even more striking 
when patients with different degrees 
of immune defect are compared. Those 
patients whose reactivity was de-
creased in three or four of the T-cell 
tests showed a considerably higher 
serological anti-VGA reactivity than 
those who were normal in all four 
tests, while cases depressed in only 
one or two tests showed intermediate 
reactivity. The correlation becomes 
more significant with the observation 
that there is no difference in the 
anti-VGA titres as between patients 
with normal and decreased lymphocyte 
response to low concentrations of PWI, 
which is known to activate mainly B 
cells. 

The results presented here support 
the above-mentioned suggestion by 
Непlе  & Hеп1e (1973) that the elevated 
anti-VGA titres in Ю  may be due to 
compensatory activation of EBV-
carrying B lymphocytes. Furthermore, 
this suggestion is in line with obser-
vations in sarcoidosis, a benign dis-
ease, where both elevated antibody 
titres against EBV-associated antigens 
(Hirshaut et а1., 1970; Wahren et al., 
1971) and depression of cell-mediated 
immunity (Hedfors, 1974; Hedfors et 
а1., 1974) have been found. However, 
more studies on this point will be 
necessary before any conclusions can 
be drawn, The present material is too 
limited for it to be pоssiЫ  e to ex-
tend the comparison between serological  

anti-IBV reactivity and immune impair-
ment to the histological subgroups of 
HD, which would be of importance. We 
therefore propose to increase the 
number of patients and also to include 
studies on titres of antibodies against 
EA and FBNA. 

SUИMARY 

Sera from unselected and untreated 
patients with Hodgkin"s disease (HD) 
were examined for antibodies to Epstein-
Barr viral (EBV) capsid antigens (VGA). 
Delayed cutaneous hypersensitivity 
reactions were carried out with puri-
fied tuberculoprotein (FED). Highly 
purified blood lymphocytes of the same 
patients were studied morphologically 
and classified for cell surface mar-
kers, Incorporation of 1+C-thymidine 
was used as a measure of spontaneous 
DNA synthesis and DNA synthesis after 
exposure to different concentrations 
of three mitogens (FHA, Conconavalin 
A and pokeweed mitogen) and PPD. 

The distribution of EBV titres was 
in good agreement with previous reports. 
Most patients ware lymphopenic, due 
to subnormal levels of T lymphocytes. 
The lymphocyte stimulation and skin 
tests showed different degrees of 
impairment in a considerable number 
of the patients. The results in 43 
patients indicated that a relation 
exists between the immune defect and 
the anti-VGA titres. High serological 
anti-VGA reactivity was related to a 
poor cutaneous response to PPE, a 
decreased level of T lymphocytes in 
the blood and a depression of mitogen-
induced DNA synthesis. 
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Suggestions that genetic factors 
might be important in the development 
of NPC have been based largely on 
incidence and relative frequency data 
(shanniugaratnam, 1971; Ho, 1972). 
One approach to identification of the 
putative genetic factors was to de-
termine whether NPC patients have a  

restricted heterogeneity in type of 
one or môrе  of the kпоwп  unmunogаnetic 
systems. The rationale for this ap-
proach has been previously presented 
(Simons et al., 1973, 1974a). Al-
though red cell group studies (Ано, 
Rhesus, MNs) have so far proved uпrе-
wardiпg (Hawkins et al., 1974), marked 

-2±9- 
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differences in HL-A type have been 
detеct~d between 144 patients and 236 
eontrols (Simons et al., 1974b, 1974с). 
A schematic representation of the 
major histocompatibility complex (MC) 
genes is presented in Fig. 1, The 
gene system within the MHС  that has 
been most studied in man is the HL-A 
system. This comprises at least three 
serologically detectable loci, of 
which sD1 and 5D2 are the best charac-
terized. The SD system is highly 
polymorphic, comprising some 14 
alleles at the SD1 locus, and at 
least 1$ at SD2. The HL-A antigen 
profile associated with a high risk 
for NPC consisted of an increased 
frequency of НL-A2 at the sD1 locus 
and a deficit of antigens detected at 
the second locus (5D2). The propor-
tions of NPC and non-NPC Chinese who 
have both of the high-risk HL-A fac-
tors (НL-A2 and the blank) are shown 
in Table 1. 

The phenotypic association of 
the two high-risk factors is given in 
Table 2 for the total NPC patient 
group and the subgroups of Cantonese 
patients and non-Cantonese patients. 
The association between HL-A2 and 
the blank was much more pronounced in 
the Cantonese patients than in the 
Teochew and Hokkienm Table 3 shows 
that the non-Cantonese NPC patients 
differed from normal Chinese subjects 
in that the frequency of HL-A2 and 
the blank was higher in the NPC group. 
It would seem from these data that 
the relationship of IL--А  with NPC is 
different in populations of different 
incidence (Table 4), thus strengthen-
ing the hypothesis that a major part 
of the variation in incidence is de-
termined by genes close to the SD 
genes. 

The most likely explanation for 
the disease associationwith the sec-
ond locus 'ьlаnk" was that an addi-
tional antigen or antigens existed, 
undetected by the reagents used, that  

was associated with high risk for 
IWC, Alternatively, the deficit of 
detectable antigens may have been 
a consequence of the disease (disease 
artefact), or it may have been due 
to homozygosity of detected second-
locus antigens. To distinguish 
between these possibilities, the 
families of nine Singapore Chinese 
WPC patients who had a second locus 
blank were HL-A typed. The results 
clearly indicated that the "blank" 
segregated in the manner of an HL-A 
antigen (Simons et al., 1975). 

To identify the putative anti-
IL-A activity corresponding to the 
SD2 blank, sera from more than 600 
parons Singapore women were screened 
using lymphocytes most likely to 
display the "blank" antigens. Two 
sera were identified that appeared 
to specify a new antigen, designated 
as Singapore-2 (Sin-2). The rela-
tively higher frequency of 5in-2 in 
NPC patients than controls (Table 5) 
suggests that the occurrence of Sin-2 
may be associated with a high risk 
for NPS. If this finding is con-
firmed in larger numbers of patients, 
then the relative risk for NPC asso-
ciated with itL-A2-5in-2 will be 
approximately 3-5. 

The high-risk type of HL-A2 is 
not present in all NPC patients. Con-
versely, some individuals who do not 
have NPC are HL-A2 and Sin-2 positive. 
Thus it is unlikely that the IL-A 
genes реr se are primarily associated 
with NPC. Current concepts favour 
the view that HL-A genes are linked 
to disease susceptibility (DS) genes 
(McDevitt & Bodmer, 1974). It is a 
reasonable assumption that the Ds 
genes are in some way involved in 
immune reactions. That NPC patients 
have altered immunological function 
is suggested by a high frequency of 
antinuclear antibodies (Yoshida et ai.1; 

1 See р.261. 
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Table 1. NPC and non-NPC Chinese who have both high-risk HL-А  factors (А2 
and b]ank)a 

Group P2-blank Not 
А2-blank 

Total 

NPC 76 68 144 
Non-NPC 68 168 236 

Total 144 236 380 

a x2 = 21.8; P <0.001 

Yoshida & Simons), by lymphocyte 
hyporesponsiveness to phytohaemagglu-
tinin (PHA) stimulation in vitro (Chan 
et a1., 1975), and by diminished de-
layed skin hypersensitivity to puri-
fied protein derivative (PPD) chal-
lenge in vivo (Chan et а1.1). Anti-
bodies to several Epstein-Barr virus 
(EBX/)-directed antigens are increased 
in titre in NPC patients. Complement-
fixing (CF) antibody levels to solu-
ble antigens of four herpesviruses in 
50 Singapore Chinese NPC patients and 
50 controls are shown in Table 6. 
Highly significant differences in 
antibody titres to EBV and CF soluble 
antigen were detected but no differ-
erices were observed in herpes simplex 
virus types 1 and 2 (15V-1, Н5у-2) or 
cytomegalovirus (CMV) CF antibody 
levels. The apparent selectivity of 
this immunological difference, occur-
ring in patients with non-specifically 
depressed cell-mediated immunity, 
weighs against the possibility that 
the high EBV antibody levels reflect 
a non-specific humoral compensation. 
Taken together with the evidence for 
EBV genomes in NPC tumour cells from 
patients in Singapore and elsewhere 

I Unpublished data. 

(Pagano et al.2; Desgranges et аi.3), 
strong support is given to the hy-
pothesis of a special and possibly 
etiological role for EBV in NPC 
development. 

The high frequency of НL-А2 and 
Sin-2 in NPC promises to be the first 
clear demonstration of an association 
between HL-A type and a human carci-
noma, The HL-A pattern associated 
with NPC risk also promises to be а  
powerful tool in testing the hypoth-
esis that EBV is etiologically in-
volved in NPC. In all studies of 
cancer etiology, a major problem is 
to determine the relationship between 
the time of action of suspected 
causative factors and the onset of 
malignancy. With a genetic marker, 
it is almost certain that the high-
risk characteristic existed prior to 
exposure to the putative oncogen. 
Intra-uterine infection with EBV 
seems to be a rare event, if it 
occurs at all. Thus, by HL-A typing 
babies at birth, it is theoretically 
possible to identify those with high 
risk for NPC, to follow them through 

2 See p.180. 

3 See p.192. 
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iаb1е  2. Association of both high-risk HL-A factors (А2 and blank) in 
Chinese NPC patients 

А. Total NPC patient groupa 

Group 	Blank No blank Total 

A2 	 76 22 98 
Not A2 	26 20 46 

Total 	 102 42 144 

а  х2 = 6.70; 	p <0.01. 

B, 	Cantoneseb 

Group 	Blank No blank Total 

A2 	 29 5 34 
Not А2 	5 12 17 

Total 	 34 17 51 

х2 - 	15.9; 	P <0,001. 

C. 	Non-Cantonese 	(Teochew, Hokkien)c 

Group 	Blank No blank Total 

А2 	 47 17 64 
Not A2 	21 8 29 

Total 	 68 25 93 

С  Not significantly different. 
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Table 3, Comparison of non-Cantonese Chinese NPC and non-NPC who have both 
high-risk HL-А  factors (А2 and blank)a 

Group 	 А2-blank 	Not 	 Total 
А2-blank 

Non-Cantonese 
NPC 	 47 
	

46 	 93 
Non-NPC 	 68 
	

168 	 236 

Total 	 115 
	

214 	 329 

x2 = 1308; P <0.001 

the period of first exposure to 55V, 
and then to determine whether the 
pattern of immune response differs 
from those lacking both HL-A2 and Sin-
2. The sero-epidemiological study 
that established the age-dependency 
of EBV immunity acquisition in various 
ethnic groups and geographical areas, 
and that revealed differences in type 
and specific antibody response between 
Chinese and Indian children during 
the early age period (de-Thé et a1.I), 
would serve as a source of basic data 
for planning such a follow-up study. 

At present, it is uncertain 
whether the сruciаl event for NPС  
development occurs at the time of 
primary infection with an agent such 
as EBV, or in association with re-
current infection. There are, how-
ever, two leads suggesting that the 
period from childhood through the 
teenage years is the time when the 
NPC-causing event(s) is/are taking 
place. Firstly, some cases of NPC 
occur before 20 years of age, mainly 
in the intermediate-risk areas 
(Tunisia) 5uдаn). secondly, the 

1 See p.6.  

incidence curve for NPC in Singapore 
Chinese males declines after 50 years 
of age. This curve is very similar 
to that for carcinoma of the cervix 
in Sweden, and it is accepted that 
the development of cervical carcinoma 
is related to the age of first sexual 
exposure. Another possible way of 
testing the EBVINPC hypothesis is 
to screen adults in the NPC age-range 
for the NPC-associated IL-A type. 
The township of Via Payoh in Singapore, 
where the sero-epidemiological survey 
was conducted, has a population of 
approximately 160 000. This number 
includes some 40 000 Chinese over the 
age of 30, among whom arise 12-15 
cases of NPC per year. If blood 
samples were obtained and screened 
for НL-A2, Sin-2 at the rate of 150 
per working day, it would be possible 
to survey this population in one 
year. In three years, 36-45 individ-
uals would have developed NPC from 
among the estimated 2 000 with the 
NPC-IL-P. marker. Thus in three years, 
and possibly less, it should be pos-
sible to establish whether the IL-A 
gene marker, and other gene markers 
within the InC (vide infra) are in 
fact high-risk factors for NPC. 
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Table 4. Relationship between the HL-R NPC association and the incidence 
of NPC in different populations 

Group NPC incidence 
rate/100 000 year 
age-standardized to 
world ориЭаtioп  
(males) 

Type 
with 

1st 
Д2 

of association 
HL-A type 

locus 	2nd locus 
blank 

Cantonese Chinese 
(Singapore) 29 + 	+ 

(in association) 

Teochew Chinese 
(Singapore) 17 + (independent) 	+ 

Hokkien Chinese 
(Singapore) 14 + (independent) 	+ 

Malays 
(Singapore) 4 - + 

Tunisians 4 - + ? 

Indians 
(Singapore) 0.9 - - 

A third study would be that of 
the family members of NPC patients, 
among whom the genetically determined 
risk factor (Ds genes) can be expect-
ed to occur in higher frequency than 
in the general population. Prelimi-
nary results from HL-A studies of 
multiple NPC case families from Hong 
Копя  support this expectation (Ho et 
а1.1). If the number of families 
studied were sufficient to include 
persons covering the age-range 520 
years, it might be possible to deter-
mine whether the type of imxtune re-
sponse to primary EBV infection 
segregated with the high-risk ЙL-A 
type. This would be the strongest 
evidence that could be obtained in 
support of the hypothesis of genetic 

1 Unpublished data.  

predisposition to NPC development, 
mediated by abnormality of immune 
response to EBV infection. 

In Fig. 1, the MLR locus is shown 
on the side of the SD2 opposite to 
that of SD3 and SD1. In mice, genes 
controlling immune responses to a 
range of antigens occur in the same 
chromosomal segment as the major MLR 
locus (McDevitt & Bodmer, 1974). 
Since the MHСs of mice and man are 
similar, it is suspected that some 
immune-response (Ir) genes in man 
will be in strong linkage disequi-
librium with the MLR locus. Gene 
typing of the M1С  region in the 
chromosomal direction of the putative 
NPC-DS locus should result in pro-
gressively increasing restriction of 
marker gene heterogeneity in the NPC 
patients. If the NPC-Ds genes are 
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Table 5. Frequency of HL-А  second-locus antigen Singapore-2 in Singapore 
Chinese NPC patients and non-NPC contro2s 

Patients 	No. tested 	Sin-2 positive 

NPC 	 31 	 9 (29%) 
Non-NPC 	30 	 1 (3%) 

Ir genes in the region it the MLR 
locus, then an even stronger associ-
ation might be ехресtед  between an 
MLR allelic type and NPC than has 
been found with НL-A2 and 5iп-2. 
This approach has been successful in 
identifying ➢5 genes in multiple 
sclerosis (Jersild et al., 1973). 
In the next few months, the goals 
are to find the НL-А2-Sin-2 homozygous 
cells required for MLR typing, and to 
establish a microlymphocyte culture 
assay system adaptable to screening 

large numbers of subjects. The sooner 
HIC gene-marker typing can be intro-
duced as a screening procedure for 
high WPC risk, the better, because 
one way of reducing mortality from 
NPC is by achieving earlier diagnosis. 

SUMMARY 

НL-A typing of 144 NPC patients 
and 236 controls revealed an increased 
frequency of 1st locus НL-А2 (relative 

Table 6. Complement-fixing antibody titres (GMT) to herpes-group viruses in 
Singapore Chinese NPC patients and non-NPC controls 

Herpes-group 	NPC 	Non-NPC 	Difference 
virus 	 (NPC-Non-NPC) 

in dilutionsa 

EBV 45.6 11.2 2.03 ± 0.30 
(p <0.001) 

15V-1 35.8 50.0 -0.48 ± 0.65 

(Ns) 

HSц-2 18.3 30.6 -0.74 ± 0.44 
(N5) 

CIV 46.8 38.3 0.29 	± 0.61 
(NS) 

a ± Standard error. NS: not significant 
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s?c - 2.24) and an increased £re-
qиепсy of unidentified antigens at 
the 2nd locus (relative risk = 2.60) 
zl the NPC patients. HL-А2 and the 
2nd locus "blank" appeared to act 
together (HL-А2 blank haplotype) in 
determining NPC risk in highest-risk 
Cantonese. whereas in relatively 
Lower-risk non-Cantonese Chinese 
(I3okkiens, Teochews) they appeared to 
act independently. Only the blank 
had an increased frequency in Malay 
NPC patients. Thus there was an 
indication that the strength of the 
I -А  association with NPC reflected 
the 30-50-fold difference in mci-
dance between highest-risk Cantonese 
and lowest-risk Indians. In 5ingapore, 
FIL-А  segregation patterns in families 
of nine Chinese NPC patients con-
firmed that the "blank" was a genetic 
phenomenon. А  new 2nd locus antigen 
(Singapore-2) has recently been  

detected. Sigаpore-2 occurs more 
frequently in NPC patients and appears 
to be associated with a high risk 
for lIC. Since НL-А2 and 5ingapore-2 
are not the risk factors, it is 
likely that the HL-А  association with 
NPC reflects the existence of disease-
susceptibility (Ds) genes in linkage 
disequilibrium with alleles of the 
HL-А  loci. It is proposed that NPC-
DS genes may determine differences in 
immune responsiveness to environmental 
agents, and thereby determine dif-
ferences in NPC incidence. If the 
known altered immune responsiveness 
of lIC patients to EBV reflects the 
function of DS genes linked to the 
high lIC risk НL-А  type, then the 
hypothesis that Epstein-Barr virus 
has an etiological role in NIC can 
be tested by several types of prospec-
tive studies. 
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Iп  the decade since Epstein et aL 
(1964) revealed the association of 
Epstein-Barr virus (EBV) with cultured 
Burkitt`s lymphoma (BL) cells by means 
of electron microscope studies, a con-
siderable body of data has accumulated 
from international research in the 
field of virology, including molecular 
biology and immunology. Three differ-
ent diseases, namely Burkittos lym-
phoma, infectious mononucleosis (IN) 
and nasopharyngeal carcinoma (NPG), 
have been related to the EBV gernome by 
the techniques of tumour immunology 
and virology including molecular 
biology (Нёnlе, (1. et al.. 1968; 

Kawamura et ai,, 1970; Klein, G. et 
а1., 1966, 1969; Ыeiп, G. et a1.~; 
Niederman et a1., 1968; Nonoyama & 
Pagano, 1971; Nonoyama et a1., 1973; 
Reednnan et a1., 1972; Reedman & Klein, 
1973; Yoshida et a1., 1969; zur Hausen 
& Schulte-Holthauseп, 1970; zur Hausen 
et al., 1970). The ancogenicity of 
EBV in marmosets and owl monkeys has 
been demonstrated very recently by the 
experimental induction of lympho-
reticular malignancies (Epstein et a1., 
1973; Shope et al., 1973), 

1 Unpublished data. 
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During the course of studies on 
the etiology of NPC, antinuclear anti-
bodies (ANA) in the sera of NPC 
patients have been found to act as 
auto-antibodies and iso-antibodies. 
It was confirmed that these ANA were 
heterophilic by testing with the 
nuclei of other cultured cell lines in 
both humans and animals (Yoshida et 
s1., 1971; Yoshida, 1971). The re-
sults summarized in this paper suggest 
that the evidence for auto-antibodies 
to normal tissue in the sera 0f NPC 
and other cancer and IN patients may 
be considered from the following three 
points of view: (1) impairment of 
immune surveillance and immune re-
sponse in the course of EDT infection 
and tumour development; (2) presence 
of common antigens shown by EBV and 
other infectious agents, malignant 
transformed cells, and normal tissue 
components; and (3) the genetic back-
ground involved in immune surveillance, 
response and tissue antigens. 

Immunafluorescence tests 

Antinuclear antibodies have been 
detected with acetone-fixed monolayer 
cultured cells on the cover glass by 
indirect and direct immunofluorescence 
procedures using a Iiyoda fluorescence 
microscope, model FN 290 A and B 
(Yoshida et al., 1971; Yoshida, 1971). 

Blocking tests were performed in 
which the target cell sheet was pre-
incubated with various ANA-positive 
NPC and other cancer sera. After 
the sheet had been washed with 
phosphate-buffered saline (PBs), it 
was reacted with the fluorescein 
isothlocyanate (FITC)-conjugated IgG 
of auto-immune diseases (Yasuda & 
Yoshida, 1973, 1974). 

Absorption tests were carried 
out according to the procedure de-
scribed by Yasuda & Yoshida (1973, 

1974). 

RESULTS 

Cells 

MATERIALS & МETHO➢S 
High incidence of non-specific anti-
nuclear antibodies (ANA) in the sera 
of patients with NBC 

Human cultured cells derived from 
NPC biopsy materials, embryos, adult 
omentum, and P3HR-1 and Raji cells, 
and animal cultured cells derived from 
newborn mice, rats and rabbits, and 
monkey kidney were used (Yoshida et 
al., 1971; Yoshida, 1971). 

Sera 

Sera were collected from patients 
with NPC, EL and other tumours and 
from normal healthy people among 
Chinese, African and Japanese (Yoshida 
et al., 1971; Yoshida, 1971, 1974; 
Yasuda & Yoshida, 1974). 

Purification of en antigen correspond-
ing to speckled pattern ANA 

The procedure is summarized later 
in Fig.? (Yasuda& Yoshida, 1973, 1974). 

Our early work showing the 
presence of ANA in the sera of pa-
tients with NPC was performed using 
cultured cells from human embryo lung, 
NРC-12, NPC-79B and Raji as target 
cells, the sera of 97 Chinese cases 
who came to the clinic for initial 
treatment, and the sera of 50 Chinese 
out-patients at the National Taiwan 
University Hospital Clinic. The 
results of the experiments are summa-
rized in Table 1. It was finally also 
confirmed that the auto-antibody was 
heterophil with rat, mouse and 
rabbit fibroblast cells and monkey 
kidney cultured cells (Yoshida et a1., 
1971; Yoshida, 171). 

The results of tests for ANA in 
the sera of tumour patients among 
Chinese, in addition to the cases 
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Table 1. Results of tests for antinuclear antibodies in the sera of nasooharynpeal cancer patients who visited the 
Clinic for their initial treatment (untreated NC), snd of patients treated at the Clinic (treated 6PC1 

Patients 	Test results 	 Pattern in nucleus 	 Positive cases 	f 

z 	,I 	 ni 	тц 	q 	 цI 	 Total cases 

a 	 r _r 	 ~'. 

Untreated 590 	Positive 3 11 	 3 1 2 6 26/97 28 

Weakly positive 4 10 	 3 0 0 0 17/97 18 

Total 7 2.1 	 6 2 II 43/97 45 

Treated NPC 	Positive 1 1 	 7 5 1 5 20/50 40 

Weakly positive 0 4 0 0 1 6/50 12 

Total 1 2 	11 5 1 6 26/56 52 

Healthy controls 0 0 	 0 0 0 0 0/50 0 

presented in early reports, among rare cases showing between 1:640 and 
Japanese and Africans, are given in 1:2 560 (Yoshida, 	1971; Yoshida & 
Table 2. 5imоns1). 

The immunofluorescence studies on 
FZuoreseenee раttеroп  of ANA_ in the 

the sera of all NPC patients suggested 
nuclei of hurпan cultured cells 

that 40-50% of all patients with NPC 
were ANA-positive; 	positive results The six basic patterns of immune- 
were not found to be related signifi- fluorescence staining of the sera 
cantly to clinical stage, treatment, from NPC and other cancer patients 
or race. 	At present, it appears that within the nuclei of monolayer- 
the sera of BL patients do not have cultured cells at a resting stage 
detectable ANA, but 5-10% of the cases have usually been called "diffuse" 
of malignant lymphoma and leukaemia, (pattern I), 	"dotted" 	(pattern II), 
and 20-30% of the cases of саnсеr, "speckled" (patterns III and IV), 
were ANA-positive. "nucleolar" (pattern V), and 

"nucleolar combined with speckled' 
Immunоglobulin class and titres of (pattern VI), as shown in Table 1, 
ANA in the sera of NPC patients and Figs. 	1, 	2, 	3, 	and 4. 	In the 

IgG and zgЛ  have been tоипд  as nucleolar pattern (pattern V), there 

ANA in the sera of patients with NPC. were both diffuse and speckled types, 

The titre it ANA in the sera of pa- the two types being clearly identifiable. 

tients with cancer was not high, usu- 
ally between 1:10 and 1:160, with very 1 Unpublished data. 
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FIБ e 1. DOTTED TYPE (P;TTERJ II) OF ANTIi1UCLЕAR 	TIВQDIES 
(х  4UJ) 

FIG. 2. $PЕCKLED TYPE (PATTERN IV) OF ANTINUCLEAR A"!TIBQDIES 
IN THE SЕRUP OF ''.РС -12 

This was the first observation оf this type in cultured cells from biopsy 
material stained by the patient's own serum (April 1969). 	(х  100) 
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FIG. 3. SРЕСЭCLED TYPE ( РAТTЕ pN IV) Ог  ANTIUUCLEAR 
TI30DIЕS IU CULTURED CELLS 

The locaization of the antigen corresponds to that of speckled~tуpe ANA at 
the netaphase of cultured cells. 	(х  4С0) 

FIG. 4. NUCLEAR СO1В INED !PITH SРEСKLED TYPE (PATTERN VI) nF 
ANTINUCLEAR АNTIBODIES IN CULTURED CЕLLS (x 4GC) 
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Table 2. 5ummary of results of tests for antinuclear antibodies in the sera of 
tumour patients (Chinese in Taiwan; Japanese in Japan; and Africans in Africa) 

Patients 	Tumour Test 
cases 

Positive !1еа k 
positive 

Chinese 	NPC without treatment 97 26 17 44 

îJ РC with treatment 114 42 25 57 

Leukaemia 34 3 6 9 

Lymphoma 17 I 1 6 

Other cancer 27 4 6 37 

Normal 	healthy controls 
(40 years of age approx.) 50 0 0 0 

Japanese 	NPC with treatment 29 9 7 55 

Leukaemia 38 1 4 13 

Gastric cancer 150 34 16 33 

Breast cancer 75 12 6 24 

Cervical 	cancer 18 3 1 22 

Other cancer 39 5 3 21 

lormal 	healthy controls: 
7-10 years 30 0 0 0 

45-70 years 190 5 16 11 

African 	BL 
	

41 	 0 	 2? 	 0-5 

NPC 
	

76 	38 	 2 	 53 

Other cancer 
	

60 	6 	 4 	 17 

Tonsillitis as control 
	

20 	0 	 0 	 0 

Mixed staining patterns of ANA, 
namely patterns II and III, patterns 
II and IV, and patterns II and VI, 
have sometimes been observed in the 
sera of patients with NPC. 

The mixed type and the single type 
of staining pattern were observed in 
the sera of different stages in the 
clinical course of follow-up cases 
with NFC, as shown in Table 3 
(Yoshida eс  alj). These data suggest 

i Unpublished data.  

that the titre of ANA varied during 
the clinical course of NРС. Iп  
addition, our studies on the local-
ization of antigens detected by ANA at 
different stages of cultured cells 
suggest that there are various antigens 
corresponding to ANA, as shown by the 
staining patterns and by Tan's paper 
(1967), which dealt with the relation-
ship between the staining patterns of 
ANA in the sera of systemic lupus 
erythematosus patients and the corre-
sponding antigens in the nucleus. 
Furthermore, the staining data suggest 
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Table 3. Data on antinuclear antibody patterns at pretreatment stage, during 
treatment and at post-treatment stage in the clinical course of nasopharyngeal 
cancer in patients in Africa 

Constant Variable 

Single No. 	of Double 	No. 	of single and double 	No. 	of 
pattern cases pattern 	cases pattern 	 cases 

I 1 Ii, 	III 	2 VI->III 	 1 

II 2 VI, 	II 	1 II, 	III}II, 	VI 	1 

III 4 Т V- Т V, 	II}IV 	 1 

IV 1 V}VI}V 	 1 

Total 	9 	 3 	 Total 	 4 

that patients differ in their immune 
response capacity to various auto-
antigens in the nuclei in the course 
of tumour development (Yoshida, 1971; 
Utsurni et al., 1973). 

A soluble acidic protein corre-
sponding to ANA pattern IV, as de-
scribed earlier (Yasuda & Yoshida, 
1973, 1974; Yasuda-Yasaki & Yoshida, 
1975), is able to diffuse into the 
cytoplasm through the nuclear membrane 
at metaphase, the antigen being passed 
back into both daughter nuclei at telo-
phase. 

Auto-antibodies to variouв  tissue com- 
ponents in the sera of tumour patients 

Apart from ANA, a 10-20% positive 
reading of anticytoplasmic antibodies 
(ACA) with "diffuse", "fibrous", 
"brashed", "speckled' or "dotted" 
patterns, together with their various 
combinations, in the sera of patients 
with NPC and other tumours has been 
observed in cultured cells, and has 
also been detected by immunofluores-
cence. of the ACA-positive sera, one- 

third contained ANA, and the remainder 
contained only ACA. One strongly АСА-
positive serum of the "breshed" type 
(Fig. 5), KY-343' of African NPC, also 
reacted with nerve fibres. 

Cross-reactivity of ANA in the sera of 
patients with NPC end auto-immune 
diseases 

Two methods, blocking tests and 
absorption of ANA with purified anti-
genic substance, have been applied to 
show the cross-reactivity of SNA in 
the sera of patients with NPC and 
auto-immune diseases. selected sera 
showing typical patterns were used for 
these experiments. 

Blocking test by the direct immuno-
fluorescence technique. The results, 
shown in Fig. 6, suggested that both 
auto-antibodies were able to cross-
react with the same antigenic deter-
minant(s) in the cell nuclei, since 
the original patterns of auto-immune 
sera were blocked by pretreatment of 
cancer patients' sera (Yasuda & 
Yoshida, 1973, 1974). 
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FIG. 5. FXNIPLE 0F "BRASHED" PATTERN 

Example of "brashed" pattern (serum No. КУ-3a3') of anticytoplasmic antibodies 
stained by the immunofluorescence procedure. 

Absorption test uith pzrifieс  anti-
geniс  sebstanee, Absorbed ANA-
positive sera of cancer and auto-
immune disease patients with the 
purified antigenic substance (Figs. 7 
and 8) showed staining patterns in 
which the speckled pattern was specif-
ically absent from the nuclei. 
Nuclear speckled fluorescence of 
pattern III and pattern IV was found 
to represent the same and/or partially 
the same antigenic substance. The 
nucleolar staining (pattern V) and 
the rather large dot of pattern II 
remained clear after absorption 
(Fig. 9). 

The results of moth blocking 
tests and absorption clearly suggest 
that cross-reactivity of ANA exists, 
and an immunological phenomenon occurs 
in two different diseases (Yasuda & 

Yoshida, 1973, 1974; Yasuda-Yasaki & 
Yoshida, 1975). 

Beck (1961, 1967) and Laclacann & 
Kunkel (1961) also suggested that the 
staining patterns of ANA in the sera 
of auto-immune diseases were corre-
lated with various antigens in the 
nucleus. 

Aitecm pts to fimai anti-Apa6cmn-Barr 
(virus) nuclear antiqrn (BEAN) аnfi-
bосу  in the sera of patients mn ih NEC 

Twenty sera of BL patients and 29 
sera of NPC patients in Africa, and 1 
serum of a SL patient and 10 sera of 
NPC patients in Taiwan were used to 
find antibody against ЕВNА  (Klein 
et аL 1; Pope et ai,, 1969; Reedman & 
Klein, 1973), using the absorption 

1 UпpuЪlished data 
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FIг. 6. SUМГ1ARY OF RESULTS OF BLOCKING TESTS BY THE 
DIRECT INМUNОFLUORESCENСE PROCEDURE 

III + x 	pattern III + unknown pattern 

F1TC-1sG 0F AU гС I пГ1LNЕ  DIOEAOE 	OY-i0 (OLE) 	 0Y2 	(гERгW гСг1Y051T15) 

PATIENT 
dNIERN 	 ЁW ï ТЕRIN 

SERl1f`1 OF 	 ~~ 	V1 	 ~ 	III + x 

CANCER PATIENT 

P/\TTERN 

КY-200 	NРС ) 	1! ј  
кУ-зоз 	(NPC) 	III 	г v 

кц-зсO (NYC) 	Q 	iv 

кУ-32Е 	(NYC) O 

KV 367 	(пРС) 	 11 	+  

procedure (Fig. 4) with partially 
purified antigen from calf thymus 
just before 5ephadех  G-200 filtration, 
and the purified antigen from calf 
thymus corresponding to speckled type 
АNА  of patterns III and IV, and as 
target cells, the acetone-fixed Raji 
and human embryo cells stained by a 
complement immunotluorescence proce-
dure. The antibody to EBNA has not 
so far been observed in the absorbed 
sera of NFC patients. Heterophil 
antibodies, ANA and specific antibody, 
and anti-EBNA antibody, will be iden-
tified in various ways in the future. 

DISCUSSION 

lany questions are raised by the 
observations reported. Why, for 
example, is EBV related to three 
different diseases, namely, an in-
fectious disease (IM), a lymphoma (BL) 
and a carcinoma (NPC)? Why do two of 
these diseases, namely 1M (Kaplan & 
Tan, 1968) and NFC, produce ANA, but 
not BL? Is ANA related in any way to 
the hypothetical infectious agent or 
agents that may induce malignant 
transformation and subsequently pro-
vide a stimulus for auto-antibody 
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FIG. 7. PURIFICATIбN PROCEDURE FOR ANTIGENIС  SUBSТАNСЕ  FROM CALF THYMUS 
CORRESPONDING TO SPECKLED PATTERN 

Calf thymus acetone poader 

Extract 

Phosphate buffered saline, pH 7.4 

DEAE-Sephadex 4-25 batch 

5 iii Tris phosphate buffer, pi 8.0 

Elution 

0.4 nIl sodium chloride, 5 iii Tris-phosphate buffer, pi 0.0 

Aossoniunn sulfate precipitation (30-Wt) 

6EPE-Cellulose DE-52 chromatoyraphy 

5 ruM Tris-phosphate buffer, pH 8.0 

Gradient elutics 

0 -r 0.6 Ni sodium chloride. 5 sri Tris-phosphate butter, pH 0.0 

5ephadex G-200 gel filtration 

Phosphate buffered saline, pH 7.4 

Antibody-sepharase 4B affinity chromatography 

0.5 M sod'iurд  chloride, 0.2 M Tris-chloride buffer, pi 8.0 

Elution 

0.5 M sodiuui chloride, 0.2 Ni glycine-chloride buffer, pi 2.4 

formation in the impairment of immune 
surveillance and response? Why is 
an alteration of ANA incidence related 
to the individual patient's immuno-
genetic background? 

EBV has been known to infect and 
to convert normal human and other 
primate B lymphocytes into abnormal 
cells in the case of IM and BL (Klein, 
E. et al., 1968). Iп  the case of IM, 
it seems that the T lymphocytes pro-
liferate and form morphologically 
atypical lymphocytes (Epstein & 
Aching, 1973). In NBC biopsy mate-
rials, lymphocytic infiltration was 
very commonly observed in the histo-
pathological findings. The diagnosis 
of NPC was formerly lymphoepithelioma,  

but at present it is not known whether 
the infiltrating lymphocytes are T 
lymphocytes. The anti-early antigen 
(EA) antibody in the sera of patients 
with BL, IM and NFC has been described 
as restricted (R) in BL, diffuse (D) 
in IM, and mixed R and D in NPC, when 
the immunofluorescence procedure is 
used on EBV-infected Raji cells 
(Henle, G., 1971). 

It is conceivable that the immuno-
deficiency, and particularly the 
abnormality of T cell antigen recog-
nition, results in the appearance of 
atypical T cells in patients with IM 
due to the infection of the B cells 
by EBV (Miller et al., 1972; Shope & 
Miller, 1973), However, while that 



269 NON-SPECIFIC AUТОАNTIBODIES IN NPC 

FIG. 8. PROCEDURE FOR CHARACTERIZATION OF AITIGEPIIC SUBSTANCE 
CORRESPQNDING TO SPECKLED PATTERP? 

Phosphate buffered saline soluble LOCALIZATION 
Moire, 	wt. 	 2.5 x 105 
Iscelectric point 	5.0 

Heat stability 	''60 С  елд  pH 7.4: 	15 min 
pi stability 	 2.6 ' 8.5 	cci 20°С: 	2 h 

5enсtitive: 
Trypsin Interphase 
Papale nucleus 	(speckle) 
P rosa se 
Ribonuclease 
Alkaline phospbataue 
.Г525tфizt : 

Deoxyг1ЬОmс1ease 
Nec canin idase 
p-Galactosidase 

Metaphase= 
Sensitive_ cytoplasm 	(dlffusе) 
Sodium periodate 	(0.01 	M, 	5°С, 	i5 min) spindle fibre 
P.еsistmьt: 
Ethylenediamine tetreacetic аси d 
Cysteiee, dithiothreitol lamas embryo 
lodoacetate, p-drloramerсuri ЬmСоate cultured cell 

might occur in the course of NPC de-
velopment, such arr abnormality it T-
cell antigen recognition did not occur 
in that of BL. A further possibility 
is that, as a result of the abnormal-
ity of T-cell antigen recognition, 
auto-antibodies were produced in 
patients with IM and NPC. Yet another 
possibility is that there are biolog-
ically different viral variants in BL, 
IM and NPC. 

From our observations of ANA and 
auto-antibodies in the sera of other 
cancer patients (Yoshida, 1971, 1974), 
and other reports (Whitehotise & 
Holborow, 1971), it would appear that, 
even if the causative agents, whether 
viruses or chemicals, are different, 
the abnormality of Т-сe11 antigen rec-
ognition generally occurs iп  the 
course of tumour developiTtent. 

We have also observed similar 
characteristic ANA in the sera of  

patients with auto-immune diseases, 
such as systemic lupus erythematosus, 
scleroderma, polydermatomyositis, 
rheumatoid arthritis, juvenile 
rheumatoid arthritis, lupoid hepatitis, 
5jdgren's syndrome, and periarteritis 
nodosa. 

The correlation between the 
appearance of ANA in cancer patients 
with tBV infection and other viral 
infections, and auto-immune diseases 
must be carefully investigated in 
relation to the iiriniunogenetic back-
ground aid aging. 

бf 157 Chinese cases with NPC, 
three were complicated by the well-
known ANA-producing auto-immune dis-
ease, polydermatomyositis, and some 
gastric cancer patients in Japan have 
had dermatomyositis. 

Cachexia may be related to immu-
nological disorders in the course of 
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FIG. 9. sUMiIARY OF RESULTS QF AB50RPTION TEST 

The sera of patients with nasopharyngeal carcinoma and various auto-imniune 
diseases were absorbed with the purified substance, soluble acidic protein. 
III + к  : pattern III + unknown pattern. 
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tumour development, one of which is 	with Graffi and Rauscher Ieukaemo- 
auto-antibody formation (Yoshida, 	genic viruses, and their incidence 
1971, 1974). 	 is correlated with the infectivity 

In animal experiments, Cannat & 	
of the viral inoculum and its 

Varet (1972) found that ANA appears 
leukaemogenesis. 

in (C x B6) F1 mice after inoculation 
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In recent years, serological asso-
ciations of Epstein-Barr virus (EBV) 
with a wide range of diseases have 
been recorded. These include infec-
tious mononucleosis (henle & Hen1e, 
1973), chronic diseases such as sys-
temie lupus erythematosis (Evans et 
al., 1971), sarcoidosis (Byrne et al., 
1973), and several malignant tumours, 
including Burkitt's lymphoma (Henle 
et al., 1969), nasopharyngeal carci-
noma (Henle et aL , 1970), Hodgkin's 
disease (Johansson et al., 1970), and 
lymphocytic lymphoma (fohansson et 
aL, 1971). Some of these associations 
are weak or disputed (Stevens et aL, 
1972), while others extend beyond 
serology; the EBV genome, for 
ехатрlе, has been detected in nearly 
all Burkitt's lymphomas (Nonoyama et 
aL, 1973), and in the epithelial 
cells of nasopharyngeal carcinoma 
(Wolf et al., 1973). This somewhat 
confusing situation has been partly  

clarified by advances iп  the under-
standing of EBV-host relationships. 
Following primary infection, EBV 
persists in host tissues for a pro-
longed period, perhaps indefinitely 
(:1i11er et al., 1973). It would be 
surprising if the balance between 
virus and host were not disturbed in 
host-compromising situations, and 
indeed, increased pharyngeal excretion 
of putative virus has been observed 
in the immunosuppressed recipients of 
renal allografts (5trauch et al., 1974). 

5оmе  at least of the elevations 
in EBV antibody titres that have been 
observed in apparently distinct 
disease entities may be related to 
immunological disturbances that are, 
in fact, prominent in all of the 
chronic disease processes with which 
the virus has been associated. 

In the context of the two malig-
nant diseases in which the 13V genome 
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is uniformly present in tиmоиr cells, 
two outstanding questions have been 
at issue for some time. Firstly, do 
these tumours result from primary EBV 
infection? 5еcondlу, and irrespective 
of the answer to the first question, 
though pertinent to it, to what extent 
do the serological differences between 
patients arid controls relate to the 
observed immunological impairment 
associated with the tumour load 
(Magrath, 1974)? The case history of 
a unique patient seen at the Lymphoma 
Treatment Centre in Kampala, Uganda, 
in whom we were able to start to 
measure antibodies to EBV-associated 
antigens serially nine months before 
the onset of Burkitt° s lymphoma, is 
of particular relevance to these 
questions, and, hopefully, will serve 
as a basis for discussion. 

CASE HISTORY 

The patient, an eight-year-old 
Ugandan boy of the Lango tribe, pre-
sented to the Lymphoma Treatment Centre 
in Nay 1972, with a five-year history 
of unilateral cervical mass unassociated 
with any symptoms. Biopsy arid cyto-
logical examination of the tumour 
(Fig. 1) was consistent with mused 
cellular Hodgkins disease, and inves-
tigations revealed no evidence of 
tumour elsewhere. The patient at this 
time had positive cutaneous reactions 
to three of four microbial recall 
antigens. In the absence of a radio-
therapy facility in Uganda, he was 
treated with the four-drug combination 
chemotherapy known as NIP? (rustine, 
vincristine, procarbazine aid pred-
nisozэe)a Six complete courses were 

FIG. 1. HISTOLOGICAL APPEARANCE 0F THE CERVICAL MASS 

(Haematoxyliп  arid eosin - x 1 000) 
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given with no complications and the 
cervical mass became impalpable. 
About а  month after completion of the 
therapy, the patient began to expe-
rience nasal obstruction, and at his 
next visit, nine months after the 
initial diagnosis of Hodgkin's di-
sease, he was seen to have multiple 
jaw tumours, bilateral renal enlarge-
ment with additional abdominal masses, 
and cerebrospinal fluid malignant 
pleocytosis, Biopsy of a jaw tumour 
(Fig. 2) and cytological examination 
of tumour and cerebrospinal fluid 
cells (Fig. 3) confirmed a diagnosis 
of Burkitt's lymphoma. 50-60 genome 
equivalents of EBV were present per 
tumour cell (T, Lindahl1). Cutaneous 
reactivity at this time was similar 

I Personal communication.  

to that recorded at the diagnosis of 
Hodgkin's disease, but phytohaemagglu-
tinin reactivity of peripheral blood 
cells was also tested аnд  shown to be 
markedly impaired, with no increase 
in thymidine uptake of stimulated 
ce11s compared to control cells. 
Cyclophosphamide and ïntrathecal drug 
therapy was commenced, and although a 
complete remission was rapidly induced, 
this was sustained for only three 
months, after which time the patient 
suffered a succession of neurological 
relapses and finally cied at home, 
one year after the onset of Burkitt's 
lymphonma. Necropsy was not done. 

Titres of antibodies to EBV-
associated antigens measured serially 
from the patient's first presentation 
to the Lyтphoma Treatment Centre are 
shown in Fig. 4. Anti-VCA (viral 

FIG. 2. HISTOLOGICAL APPEARANCE 0F ONE 0F THE MAXILLARY S'WELLINGS 

(Naematoxylin and eosin - x 400) 
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FIG. 3. CYTOLOGICAL APPEARANCE 

Cytocentrifuge preparation of cerebrospinal fluid cells at presentation 
with Burkitt's lymphoma. ( x 1 000) 

capsid antigen) was present in high 
titre (1:320) at the time of original 
presentation with Hodgkin`s disease. 
The titre increased slowly during 
the period of study to a titre of 
1:1280, the clinical development 
of Burkitt's lymphoma appearing 
to increase the rate of climb. 
Antibodies to early antigens (BА) 
were absent initially, but increased 
sharply with the onset of Burkitt's 

lymphoma, the R component rising 
first, in parallel with the clinical 
features,, the D component a little 
later, during the post--treatment 
period of clinical remission. Anti-
bodies to the EBV-determined nuclear 
antigen (EBNA) were present in low 
titre at the first presentation, hut 
became negative until the onset of 
clinical Burkitt's lyinphoma, when 
they rose rapidly to a titre of 1:60. 
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FIG. 4, ANTIBODY TITRES TO EBV-ASSOCIATED ANTIGENS 

Antibody titres to EBV-associated antigens from presentation with Hodgkin's 
disease (Nay 1972) until diagnosis of Burkitt°s lymphoma (February 1973) 
and beyond. 
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Anti-membrane antibodies (anti-
MA) were positive throughout the ob-
servation period, but showed no 
changes relating to the clinical 
course. 

DISCUSSION 

Regardless of the presence or 
absence of Hodgkin's disease, there 
can be no doubt that, in this patient, 
antibodies to VCA, EBNA, and MA were 
present at least nine months before 
the diagnosis of Burkitt's lyriphoma, 
although the possibility that 
Hodgkin's disease altered the sero- 

logical pattern precludes attempts 
to define more precisely the time of 
primary EST infection. The changes 
in antibody titres associated with 
the clinical development of Burkitt's 
lymphoma may be the result of an 
alteration in the host-virus rela-
tionship brought about by tumour cell 
proliferation. Immunosuppression, or 
increased antigen production by 
tumour cells (which are presumably 
rapidly lost from the tumour-cell 
population) are possible explanations 
for this, and either or both may be 
responsible, to a greater or lesser 
extent, for changes in individual 
antibody titres. This does not argue 

М  
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against an etiological role for EBV, 
but the occurrence of Burkitt`s 
lymphoma in an already seropositive 
individual indicates that, if EBV is 
causally related, either the latent 
period between primary infection and 
clinical tumour can be at least nine 
months, or Burkitt`s lymphoma results 
frein the interaction of co-factors 
with lymphoid cells that harbour the 
ESV genome. Such co-factors may 
differ in individual patients, and 
the possibility that, in the present 
case, Hodgkin`s disease or its therapy 
with immunosuppressive agents provided 
a co-factor is worthy of consideration 

The data presented are also con-
sistent with the possibility that EBV  

is not etiologically related to 
Burkitt's lyтnphomа, although its pre-
sence in the tumour cells may be re-
sponsible for some of the serological 
changes related to tumour prolifera-
tion. If that is so, then interest 
must centre on the question why at 
least 10% of patients with Burkitt° s 
lyinphoma are not seronegative, as 
in controls (Peale et al., 1969). 
Much depends upon the sensitivity of 
immunofluorescence techniques. It is 
possible that some or all of the in-
dividuals currently referred to as 
"seronegative" actually possess anti-
bodies, but in quantities too small 
to be detectable at present. It is 
clearly of considerable importance 
that this issue should be resolved. 
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Cytomegalovirus (CMV) is a member 	cell lines established successively 
of the herpes group of viruses. It has from an infant with the characteristic 
been shown to transform hamster fibro- 	sequelae of congenital cytomegalovirus 
blasts (Albrecht & Rapp, 1973), stimu- 	infection. The specific IgM and IgG 
late host cell DNA synthesis (5t. Jeors rrеspoпse of this infant suggests mixed 
et al., 1974) and induce neo-antigens 	cytomegalovirus and Epstein-Barr virus 
on the surface of infected cells (The 	(EBV) infection. 
& Langenhuysen, 1972). It has not been 
shown to date to transform cord-blood 
leukocytes and, to our knowledge, 	 MATERTAL5 SND METHODS 
permanent lymphoblastoid cell lines 
have not been established from infants Patient mater=ial 
with congenital cytomegalovirus infec- 

The infant from whom the leukocyte 
tioh. This paper summarizes the 	

cultures were obtained was a 2 027 g 
characteristics of two lymphoblastoid 	

male infant born with a petechial rash 
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and periventricular calcifications. 
Total serum IgM level was 84 mg % at 
birth and 160 mg % at age five months, 
Characteristic inclusion bodies were 
observed in the cells of the urinary 
sediment and cytomegalovirus was iso-
lated on human embryo fibroblasts from 
three successive urines collected from 
birth to age five months. The virus 
was identified as CMV by complement 
fixation, using the supernatant of 
human embryo fibroblasts infected cells 
and uninfected cells as antigen-
positive and antigen-negative material 
with a known CMV antibody-positive and 
antibody-negative human serum (Lennette 
& Sсhmidt, 1969). 

Leukocytes cultures 

Leukocytes cultures were estab-
lished from 10-20 ml heparinized blood 
collected in a Becton-Dickinson vacu-
tainer tube (Moore et al., 1968). 
Lymphoid cells were separated from red 
blood cells and polymorphonuclears 
using the Fico11-Isopaque gradient 
technique (Froland & Natvig, 1970). 
Tests for EBV-s (soluble antigen) were 
carried out on the supernatant of the 
established cell lines using super-
natants of ВНК21 cells as antigen-
negative control material and super-
natants of Raji cells as antigen-
positive control, with a known positive 
and negative human serum (Vonka et al., 
1972). Tests for EBV-VCA and EBV-EA 
antigens were done by indirect immuno-
fluorescence on acetone-fixed cells 
using known EDT-VGA and EA-positive, 
VGA-positive E.A.-negative, and VCA-
negative EA-negative human sera (co cas 
et a1., 1973, 1974а). The above tests 
were also carried out on the estab-
lished cell lines five days following 
activation by bromodeoxyuridine (BURR) 
(25 ug/m1) (Gerber, 1972). Tests for 
Epstein-Barr virus-determined nuclear 
antigen (EBNA) were carried out by the 
complement-immuпofluoresсеnсе  method 
(Reedman & Klein, 1973; LIenle et al.,  

1974) on cells from both lines using 
known EBNA-positive and EBNA-negative 
human sera. EBNA-positive Rail cells 
and EBNA-negative Molt cells were used 
as antigen control cells. The lympho-
blastoid cell lines obtained were also 
examined for the presence of CMV 
antigens by indirect immunofluorescence 
using known CMV-EBV antigen-positive 
human serum and CMV-negative, EBV-
positive human sera. CiT-positive, 
EBV-negative human serum could not be 
readily found The lymphoblastoid 
cell lines (supernatant and cell 
pellet) were also examined before or 
after BUDR activation for virus 
particles by negative staining (toncas 
et al., 1973) and thin-sectioning 
(Berthiaume & Joncas, 1973) with a 
Philips 200 electron microscope. The 
examination of the cells for immuno-
g1oЪulin synthesis was done by direct 
immunofluorescence of unfixed  and 
acetone-fixed calls using f luorescein-
conjugated antihuman IgG (heavy and 
light chain-specific) goat antiserum 
(Hyland) (Klein et al. , 1968). The 
identity of the immunoglobulin pro-
дuсед  and the specificity of the test 
were confirmed by blocking tests with 
Нуlаnd's specific anti-IgM, IgG, IgA 
and IgD antisera, Rosette formation 
with sheep red blood cells was used to 
determine the presence of T-cells and 
their percentage in the two established 
cell lines (3опдаl et al., 1973), 
Karyotype analysis was carried out by 
the method of Moorhead et al. (1960). 

Semlodkaz tests 

5era taken from the mother and the 
baby on three different occasions, 
namely at birth, and when the baby was 
four and nine months old, were tested 
for CNN and ЕВУ  IgG and IgM antibodies 
by indirect immunofluorescence, as 
described in previous publications 
(.Tincas et al., 1974x, I974b). The 
sera were also tested for ЕBNА  anti-
bodies (Reedman & Klein, 1973; Herle 
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et aL, 1974). Confirmation of the 
EDT and CMV IgN antibody results was 
obtained from two reference labora-
tories, 1 

Mоlecи8а' hјbridizatгоn tests 

The first tymphoblastoid cell line 
obtained was examined for deoxyribo-
nucleotide sequences hybridizable with 
RNA complementary to EDT DNA (Wolf & 
zur Hausen, 1972).2 

RESULT s 

The two lyriphoblastoid cell lines 
established from the infant were found 
to have B-cell characteristics, the 
percentage of irninunoglobulin-producing 
cells in both cell lines exceeding 
15%. The first cell line, however, 
obtained at age four months, produced 
IgG whereas the second line, estab-
lished at age nine months, produced IgN 
exclusively. Lymphoid cells forming 
rosettes with sheep red blood cells 
present early after establishment of 
the cell lines in the proportion of 2% 
were no longer seen after three months 
in culture. Karyotype analysis carried 
out on both cell lines disclosed a 
diploid pattern with 46 chromosomes, 
including an easily recognizable Y 
chromosome. The percentage of puy-
pioidy, however, reached 18% in both 
cell lines, exceeding the percentage 
of polyploidy usually encountered in 
similar lyinphoblastoid cell lines. CMV 
antigens or virus particles could not 
be detected in cells from either cell 
line, even following brornodeoxyuridine 
activation. Both cell lines, however, 
were positive for E$V-S by complement-
fixation tests and for EBNA by immuno-
fluorescence. The first lyrnphoblastoid 

1 Courtesy of lIrs B. Hanshaw aiid H. 
Schmitz. 

2 Courtesy of Dr H. sur Hansen.  

cell line obtained at age four months 
was negative for ABV-VCA and EA anti-
gens, even following BURR activation, 
but was positive for the BBц  genome 
by molecular hybridization.3 The 
second lymphoblastold cell line, 
obtained at age nine months, was 
found to be positive for EBV-EA 
antigens spontaneously without acti-
vation. In order to determine this 
with certainty, the cells had first to 
be blocked by the goat antihuman IgM 
antiserum, This procedure eliminated 
the direct fluorescent staining of the 
IgM-producing cells by the antihuman 
uHmunogbhulin conjugate. 

Unfortunately, it was not consi-
dered either possible or ethical to 
draw li-15 ml of heparinized blood 
from the infant at birth or shortly 
afterwards in order to establish a 
cell line as early as possible iп  the 
life of this infant. A very small 
amount only of a serum collected at 
birth was available. Serology results 
are shown in Table 1. 

DISCц5SI0N AND C0NCLU5I0NS 

The establishment of permanent 
lymphofilastoid cell lines with B-cell 
characteristics from this infant, the 
significant rise in EBц  and CMV IgG 
antibodies noted after birth and the 
presence of both CMV and EBV IgM 
antibodies suggest a mixed CMV-EBV 
infection rather than a simple 
serological cross-reaction. The 
discrepancy between the infant's and 
the mother's CMV and EDT IgG titres in 
the sera taken at birth was reproducible 
in dирliсзte experiments and seen with 
two different tests, namely complement 
fixation and fluorescence. A tentative 
explanation for this phenomenon could 
be that specific IgG antibodies, 
possibly transferred from the mother, 

Э  Courtesy of Dr H. zur Hausen. 
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Table 1. CMV and EBV IgG and IgM antibody titres of successive sera from 
mother and infanta 

Sоиrсе 	Sera 	CMV 
	

EBV 

IgG 
	

Igi 
	

IgG 	 IgM 

FA 	CF 
	 гrп 	 сп 	лiл  

Infant 	First 	 ND 	4 	ND 	 40 	<5 	ND 	20 

Secondb 	8 000 	256 	160 	 160 	<5 	2 	20 

Third 	8 000 	256 	20 	 160 	<5 	10 	40 

Fourth 	 - 	- 	- 	 - 	- 	10 	- 

Mother 	First 	'1 000 	64 	- 	>1 280 	<5 	10 	- 

Secand 	?1 000 	64 	- 	>l 280 	<5 	10 	- 

Third 	?l 000 	128 	- 	г1 280 	<5 	10 	- 

Fourth 	 - 	- 	- 	 - 	- 	10 	- 

a ND: Not done: insufficient amount of serum; CMV: Cytomegalovirus; 
EBV: Epstein-Barr virus; VCA: Viral capsid antigen; EA: Early antigen; 
NA: Nuclear antigen; First serum: At birth; Second serum: When the infant 
was 4 months old; Third serum: When the infant was 9 months old; Fourth 
serum: When the infant was 12 months old. 
The specific IgM antibody tests were done on whole sera and on corresponding 
IgM fractions separated by sucrose density gradients, except for the first 
serum of the infant, which was available in insufficient amount to separate 
into fractions. 

b CMV IgG and IgM antibody titre confirmed in two other laboratories by Dr B. 
Hanshaw and Dr H. Schmitz; EBV VCA and IgM antibody titre confirmed in Dr H. 
Schmitz's laboratory. 

C The EBMA test kindly performed by Dr Werner Henle on the second serum was 
positive at a titre of 1/10. 
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are used up in the neutralization of 
virus and at the same time limit, by a 
feedback mechanism, the active synthe-
sis of specific IgG antibodies by the 
infant. This phenomenon, observed for 
CMV and for EBV antibodies as well, 
would also suggest a mixed infection. 
The possibility that the infant was 
infected with EBV postnatally cannot be 
completely ruled out, since a leukocyte 
culture was not taken at birth. If 
this is a case of congenital CMV infec-
tion alone, the detection of ЕBц  IgM 
antibodies in the first serum at a 
titre of 20 could be the result of а  
serological cross-reaction between CMV 
IgM and ЕВУ  IgM antibodies, previously 
noted in patients with mononucleosis 
by at least two investigators (schmitz 
et al., 1972; Hanshaw et al., 1972). 
This cross-reaction, however, has not 
so far been reported in patients with 
CMV infections. The possibility that 
the infant's leukocytes have been 
transformed by CMV in addition to EBV 

will be determined by the molecular 
hybridization technique (Huang & 
Pagano, 1974).1 It is interesting to 
note that the expression of the EBV 
genome is limited early in life to 
one antigen of the virus (ABV-s), 
spontaneously, in this case, or 
secondary to transformation of cord-= 
blood leukocytes by exogenous ЕBV in 
cases from the literature (Miller et 
al., 1973). EBV-EA and EBV-VCA 
antigens are more readily expressed in 
cell lines obtained from older children 
and adults. At the age of nine months, 
a cell line from this infant sponta-
neously expressed EBV-ЕA antigens but 
not VСA. This phenomenon, and its 
significance in terms of host-cell 
сопtrоl mechanisms of viral genome 
expression, deserves further study. 
Other explanations for this phenomenon 
should also be considered. 

1 Courtesy of Drs J. Pagano and Е.S. 
Huang. 
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ANALYSIS AND DESCRIPTION OF PROCEDURES USED IN THE 
STUDY OF THE RELATIONSHIP OF HERPES SIMPLEX VIRUS 
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Naples, Italy 

The implication if type-1 herpes 
simplex viruses and especially of 
type-2 strains in certain human 
cancers is based on a body of findings 
ranging from the higher incidence of 
antibodies to herpes simplex virus 
(HSV) in the sera of patients with 
cervical cancer than in control sera 
(Rawls et al., 196$; Nаhmias et al., 
1970; Rawls et a1., 1973; Aurelian et 
al., 1973) to the presence of anti-
bodies to virus-induced antigens only 
or mainly in cancer patients (Hollins-
head et a1., 1973; Sabin & Tarro, 
1973). Further proof of the poten-
tially oncogenic nature of these 
viruses (Duff & Rapp, 1971, 1973) is 
provided by the presence of HSv-
specific antigens in some tumour cells 
(Ноllinshead & Tarn, 1973; Aurelian, 
1974) and also of viral ANA in one 
cervical carcinoma (Frenkel et a1., 
1972). 

5iпсе  the occurrence of antibodies 
to the HSV virion suggests only an 
association between the virus and the 
cancers in question, and the bio- 

chemical studies are neither signif-
icant nor numerous enough, the "non-
virioti" (NV) antigens and their specific 
antibodies might be the appropriate 
field for research aimed at demons-
trating the relation between 15V and 
selected tumours, because they provide 
the kind of evidence whereby virus-
free experimental tuтпours can be 
proved to have been originally induced 
by oncogenic DNA viruses. 

MATERIALS AN]) METHODS 

Preparation of antigen 

The methods used for the culture 
of guinea-pig kidney (GPK) and rabbit 
kidney (RK) primary cells and of the 
HEp-2 continuous cell line have already 
been described (Tartu & Sabin, 1970) as 
well as that used for propagating human 
fetal kidney. The ISV type-1 and HSV 
type-2 (HSV-1 arid НSV-2) strains used 
in this work have been listed elsewhere 
(Таrrо  & 5аbiп, 1973). The procedures 
for the infection of the cell cultures 

-291- 
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and the preparation of the different 
HSV antigens, both structural and nоп-
structural, have been previously 
reported in detail (Tarso & Sabin, 
1970; Sabin & Tarso, 1973). A summary 
is shown below: 

1. GPK cells harvested at three hours 
(start of cytipathic effect [СРВ]). 
RK and HEp-2 cells harvested at 
24 hours (complete CPE). 

2. Cells scraped, washed and centri-
fuged at 1 500 rpm for 10 minutes. 
Cell sediment resuspended in basal 
medium (Eagle) (BМЕ), recentri-
fuged. 

10% in BMЕ  for antigen 
preparation 

Cell 
sediment 

10% in distilled water 
for virus stick. 

3. 10% cell suspension frozen and 
thawed, sonicated for 30 seconds. 

4. Virion antigens: suspension stored 
at 4°C for 2-3 weeks before use. 
Non-virion antigens: suspension 
stored at -80°С, used within two 
days of preparаtiоп. 

Specimens for virion antigens are 
stored at 4°C in a refrigerator for 
2-3 weeks to inactivate the non-virion 
(NV) antigens and then used for ab-
sorption of virion antibodies or, 
after further storage at -80°C, for 
measurement of the virion antibody. 
Longer storage at 400 of virion anti-
gen for absorption purposes (Sabin, 
1974) is not advisable because virion 
titres are also reduced and it is 
necessary to increase the quantities 
of antigen for absorption to remove 
the virion antibody: NV components 
might be present in insufficient con-
centration in the "stored" 10% speci-
men to be detected by specific anti-
serum, yet in sufficient concentration 
to remove specific antibody with 

further absorption. For the same test, 
the virion antigen used for measurement 
of virion antibody was deliberately 
obtained from infected cells harvested 
after the same number of hours as those 
used for NV antigen, as previously 
described (Tarso & Sabin, 1970, 1973); 
thus "stored" HSV-infected 0РK cells 
harvested at three hours were used 
when a "fresh" similar sample was 
tested for NV antigen, so as to ensure 
that the absorbed serum contained no 
antibody to a three-hour stable virion 
antigen not present or present only in 
smallamounts at 24 hours. Another 
reason for using such an antigen was 
to avoid problems of aпti-complеmеntarit5 
(AC f) activity of the given absorbed 
serum to be tested with different kinds 
of antigen (Sabin, 1974). 

Specimens to be used for testing NV 
antigen were stored at -80°C just 
after harvesting, frozen and thawed 
once and sonicated; they were used as 
soon as possible, usually after two 
days. These preparations contain both 
NV and virion antigens, but the absorbed 
serum used for monitoring contains no 
measurable virion antibody. 

Ргера  aiion of absorbed antisera 

The preparation of specific antisera 
to identify the 15V NV antigens has been 
previously described (Tarro & SаЬип, 
1970) and is summarized. here: 

A. Guinea-pig antiserа: 
1. From guinea-pigs immunized with 

three-hour harvests of HSV-infected 
GFK cells, grown in guinea-pig 
serum. 

2. Absorbed with stored virion antigen 
till no residual complement-fixing 
(CF) antibody found against HSV-1 
and 15V-2. 

3. Supernatant, after centrifugation at 
37 000 rpm, inactivated at 60°С. 
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В. Нuman sera: 

1. From control and cancer patients. 

2. Diluted 1:4, absorbed three times 
with virion antigen. 

3. Processed as above (А.3) and used 
if not containing any measurable 
virion antibody. 

Complement-fixation test 

The method used in our tests is 
the same as that used previously 
(Sabin & Koch, 1964; Tarn o & Sabin, 
1970; Sabiп  & Tarn, 1973). The 
points to be noted on the CF test are 
as follows: 

1. Anticomplementary (AC') activity 
was determined before the CF test, 
so as to establish the least 
amount of complement (C') giving 
complete haemolysis in the pre-
sence of each antigen and of each 
serum used in the CF test. 

2. 1.5 Units of C' were used, depen-
ding on which component (antigen 
or serum) showed the greater bin-
ding activity for C' in the titra-
tion of C' and were found 
sufficient to control: 

(a) the sensitivity of sheep red 
blood cells (sRBC) to haemolysin, 
depending on the duration of sto-
rage in Alsever's solution1 and as 
a washed suspension at 4°C; 

(b) different values for one unit 
of C' when different lots of 
haenolysin were tested with the 
same sR$C; 

(c) increased binding of non-
specific CF activity of two AC' 
components. 

1 5odium chloride: 0.42%; trisodium 
citrate (dihydrate): 0.8%; glucose: 
2.05%; adjusted to pH 6.1 with 10% 
citric acid solution; 120 ml of solu-
tion should be used per 100 m1 blood. 

З. Completeness of virion absorption 
of sera was checked with stored 
virion antigen that was Dot anti-
complementary. 

The observation that a mixture of 
two AC' components bound less complement 
(C') than the more strongly AC' compo-
nent by itself (Sabin, 1974) cannot be 
considered here since both the virion 
and NV antigens used showed approxima-
tely the same AC' activity as described 
above and elsewhere (Tartu & Babin, 
1970, 1973). 

DISCORDANT FINDINGs 

A total of 33 human cancer sera 
"positive" for herpesvirus NV antibody 
were retested and found negative, as 
well as 14 negative control sera (SаЪin, 
1974); these data might have а  
bearing on the present search for 18V-1 
and H5V-2 NV antigens to determine 
whether these viruses play a part in 
the causation of certain human malig-
nancies. In comparison with the 194 
coded sera previously tested (sabin & 
Tarro, 1973) (56 positive, from uro-
genital cancers and other head and 
neck cancers, and 138 negative, from 
controls and other types of cancers), 
the above-mentioned study (5abin, 1974) 
also shows a total of 475 human sera 
tested, i.e., an increase of 281, 
namely 125 "positive" sera from 14 types 
of cancer (skin, lip, оrо- and naso-
pharynx, larynx, kidney, bladder, 
prostate, penis, cervix uteri, vulva, 
vagina, anus and rectum) and 99 negative 
sera from persons without cancer or with 
cancers of cervix uteri, vulva, or 
larynx after surgery. The CF titres 
were not given but were presumably low 
(sabin & Tarn, 1973). When immunized 
guinea-pig and human sera have been 
retested within a few months with 
negative results (1-2 dilutions of 
difference), as compared with different 
data obtained over a period of five 
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years (Hollinshead & Tаrro, 1973; 	types of cancer, despite the evidence 
Hollinshead et а1., 1973, 1974а; Sabin provided by the publications in this 
& Tаrro, 1973; Tarro & 5аbјn, 1970, 	field (Rawls et al., 1968, 1973; 
1973), these discordant findings can 	Nahmias et al.. 1970; Aurelian et a1., 
be explained only by the following: 	1973; Lehner et a1., 1973). 
(1) the use of absorption materials as 
a source of virion antigen that might 
still contain NV components preserved 	 DISCUSSION 
for longer periods in less strongly 
AC' cell suspension may have resulted 	It is not yet kпоwп  whether the 
in the removal of the specific NV 	NV antigen, induced early as a protein 
antibody from the absorbed sera; 	product of the repressed herpesvirus 
(2) the same applies to the standard 	genetic information, is really non- 
vinion antigen used to check the 	structural or can be found in properly 
completeness of absorption; sera can 	disintegrated, highly purified HSV 
be considered as incompletely absorbed particles. It is certainly not a 
when they are tested with virion anti- newly synthesized or modified pre- 
gen that has not been properly stored 	existing host antigen: the herpes- 
so as to ensure disappearance of NV 	virus specificity of the positive 
antigens; (3) the conclusion that the reactions for the NV antigens was 
absorbed serum yields positive results established by the failure of the NV 
only when tested at a higher dilution antibody to react with material in 
of C' is based on selective data 	cells similarly infected with vaccinia 
(Sabin, 1974) and is also contrary to virus and by the lack of absorption 
other findings (Hollinshead & Tarro, 	with large numbers of intact, tryp- 
1973; Tarro & Sabin, 1970, 1973), in- 	sinized, human embryonic kidney cells 
cluding the fact that unabsorbed cancer or with large numbers of freshly 
sera with no detectable antibody for 	harvested HEp-2 cells (Sabin & Tarro, 
virus did react with HSV NV antigen 	1973; Tarro, 1973). Studies are 
(Hollinshead & Tarro, 1973) (4) iп 	required to determine which of the 
the CF tests reported as negative 	many non-structural antigens obtained 
(Sаъип, 1974), there was a lack of 	from herpesvirus-infected cells 
proper positive controls because the 	(lioness & Roizman, 1973) corresponds 
serum specimens were not tested simul- to the NV antigens detectable by ab- 
taneously with АС' virion antigen aid 	sorbed guinea-pig sera. It is also 
a higher dilution of C' was not then 	important to find out whether or not 
used with 02K antigens to confirm the the NV antigens are analogous tо  thе  
"positive" results previously obtained; early four-hour antigens (АG-4) pro-
(5) furthermore, in the elimination of дисед  by НSТ-2 in HEp-2 cells that 
the "unconfirmed" data, the appre- 	react in СF and in immunofluorescence 
priate antisera were not used, since 	tests with the antibodies of sera 
none was made in guinea-pigs according from cervical cancer patients (Aurelian 
to the precise methodology using the 	et al., 1973). The multiplicity of NV 
appropriate three-hour harvested HSV- antigens suggests that different 
infected cells; (6) finally, in the 	components are responsible for different 
same paper (5аbiп, 1974), the results 	antigenicities and presumably for 
of a CF test employing a small number different uses from a practical point 
of sera (12) are used to deny the 	of view. The CF reactivity of АG-4 
prevalence of antibodies to HSV at 	seems to correlate well with the 
higher titres in urо  enital and oral 	clinical stage of the neoplastic 
cancer patients as compared with other diseзse (Aurelian et a1., 1973; 
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Aurelian, 1974), while other studies 
showed little difference between pre-
operative patients, and those cinic-
ally cured (Hollinshead et al., 1973, 
1974b), in line with the observed 
prolonged immune cellular abnormal-
ities in squamous-cell cancer patients 
(Twomey et al., 1974). 

Recent data on the presence in 
cervical cancers of antigens requiring 
complement to be detected in iiimiuno-
fluorescence assay (Del Buono et al., 
1974) indicate the possibility that 
these antigens may be similar or iden-
tical to NV antigens or at least are 
part of them: they too can react with 
NV guinea-pig antisera (Giordano1; 
Nahmiаs2). 

1 Unpublished data. 

2 Personal communication.  

ч~,3,urлrci`/ 

After a brief review of the rela-
tionship of herpes simplex viruses to 
certain human cancers, a description is 
given of procedures used in the study 
of herpesvirus "non-virion" antigens, 
arid various paints on which disagreement 
currently exists are discussed. Comple-
ment-fixation tests on these markers 
with both cancer and control sera as 
well as with "non-virion" antisera, 
which did not react with non-anti-
complementary stored virion antigens) 
are described, and it is suggested that 
another parameter is now available for 
studies of squamous-cell carcinomas. 
The finding in certain tumours that ex-
pression of а  repressed viral genome 
takes place proves that there is a 
continuing release of virus-specific 
messages and would indicate an important 
role for the virus in the development 
of the tumour. 
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Antigenic modification of cyto- 
plasmic membranes is directed by the 
genome of herpes simplex viruses (H5V) 
in productively infected mammalian 
cells. Herpes simplex virions Ьеlоng-
ing to serotype 1 (HSV-1) and serotype 
2 (HSV-2) produce similar but not 
identical antigenic changés in the 
membranes of these cells. These new 
antigens have been subdivided into two 
classes: (1) type-specific antigens; 
and (2) type-common antigens. The 
number of antigenic elements in each 
class is unknown. Complement-fixing 
antibodies that are reactive with 
these antigens have been experimen-
tally produced in rabbits (Roane & 
Rоizman, 1964) and have been shown to 
be present in the sera of humans who 

have experienced natural infections 
with 15V-1 or HSV--2 (Smith et а1.~ 
1972; Yang et а1., 1973). This report 
describes the results of assays in 
which the relative levels of cytolytic 
antibodies in sera from tumour 
patients, non-tumour patients and 
healthy persons were measured. The 
effect of addition of antiglobulins to 

sensitized infected cells is also 
described, 

MATERIALS, METHODS AND RF5UU5 

A method for the assay of cyto-
lytic antibody activity in the pre-
sence of complement was developed by 
Roane & Roizman (1964) using rabbit 
sera. In the present investigation, 
human sera were usually diluted 1/2, 
1/8, 1/32 and 1/64 after absorption 
with uninfected HEp-2 cell suspensions 
and decomp1ementation by heating at 
56°C for 30 minutes. Artificial mix-
turCs containing approximately 105 НSV- 
MP infected cells and 10 Н5V-2 infec- 
ted cells per nil were prepared 24 hours 
after infection. Individual mixtures 
received 0.1 ml of diluted serum and 
0.1 m1 of guinea-pig complement 
(diluted 1/3 in veronal-buffered 
saline VВS]). 1n some experiments, 
0.1-m1 volumes of heavy chain-specific 
antihuman IgA, IgG or 1gM were added 
The final volume was always adjusted 
to 1.5 ml with ❑S5. The reaction 
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mixtures were incubated at 37°C for 1 
hour with intermittent shaking. After 
this period, aliquots of the reaction 
mixtures were dispensed into duplicate 
cultures of confluent uninfected HEp-2 
cells. Maintenance medium containing 
0.2% pooled human gaimiia globulin was 
added and the cultures were incubated 
for 44-48 hours in a humidified at-
mosphere containing 7% carbon dioxide. 
After this period, the roonolayevs were 
fixed 3 washed and stained with Brim 
Phenol Blue for visualization and 
counting of plaques. 

In the first experiment, we mea-
sured the levels of antibody reactive 
with 18V-2 specified antigens present 
on the surfaces of HEp-2 cells 24  

hours post infection. Serum from a 
healthy female was included as a 
control. Each serum was titrated fir 
cytolytic activity, as described above. 
In this experiment, 12 sera were 
examined. The serum from the healthy 
female had the lowest activity and was 
used as the index for expressing the 
relative activity of each serum. As 
may be seen in Table 13 there was a 
500-fold difference between the most 
potent and the least potent sera. In 
the next series of experiments, arti-
ficial mixtures of HSV-MP and 18V-2 
infected cells were used. The results 
of a representative experiment are 
shown in Table 2. Two features should 
be pointed оиt 	(1) serum No. 2 fxот  

Table 1. Relative cytotoxic effect of human seraa against Н5V-2 infected 
HEp-2 cells 

Serum No. 	Clinical diagnosis 	 Fractional survival of 
infectious centre formation 

1 Healthy female 1.0~0b 

25 Chronic myelocytic leukaemia 0.210 

194 Penile carcinoma 0.178 

116 Sarcoma 0.104 

107 Pharyngeal 	carcinoma 0.093 

537 Breast sarcoma 0.045 

273 Hodgkin's disease 0.040 

262 Prostatic carcinoma 0.022 

209 Ovarian carcinoma 0.002 

352 Chronic myelocytic leukaemia 0.015 

2 Cervical 	carcinoma 0.002 

263 Pancreatic carcinoma 0.036 

a At half dilution. 

Used as the reference. 
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Table 2. Relative cytotoxic effect of human seras against HSV-1 and HSV-2 
infected HEp-2 cells 

Serum 	Clinical diagnosis 	 Fractional survival of infectious 

No. 	 centre formation 

HSV-1 infected 	15V-2 infected 
cells 	 cells 

3 Healthy male 0.612 1 .ООО  

149 Chronic myelocytic leukaemia 0.013 0.018 

164 Acute myelocytic leukaemia 1.000b 0.697 

119 Acute myelocytic leukaemia 0.067 0.093 

5 Recurrent facial 	herpes 0.046 0.015 

2 Cervical 	carcinoma 0.002 -0.001 

7 Cervical 	carcinoma 0.002 0.023 

6 aе9enerative ovarian teratoma; 0.007 0.023 
invasive carcinoma of endometrium 

8 Rhabdomyosarcoma of the uterus 0.002 <0.00l 

a At half dilution. 

Used as the reference. 

a cervical carcinoma patient had 
consistently high activity against 
HSV-2 infected cells (see Table 1); 
(2) the test system discriminates bet-
ween type-1 (MP) and type-2 infected 
cells. 

We examined a total of 51 human 
serum specimens and then determined 
the volume of undiluted serum that was 
required to kill 90% of HsV-1 (MP) or 
HSV-2 cells. The results of this 
comparison are summarized in Figs. l 
and 2. It is apparent that most of 
the sera tested were of low potency 
against HSV-2 infected се11в, with the 
exception of sera from: (i) cervical 
carcinoma patients (6/8); (ii) vagi-
nal carcinoma patients (2/3); and 
(iii) patients with recurrent genital 

herpes (2/2). An arbitrary boundary 
between high antibody titre and low 
antibody titre was established at 
0.01 ml of patient's sera, i.e., high 
antibody titres were expressed as a 
reduced requirement for undiluted 
serum to produce 90% killing of infec-
ted cells. Table 3 summarizes the 
distribution of antibody titres against 
1SV-1 and H5V-2 infected cells among 
the sera tested. It is apparent that 
the system discriminates between high 
and low antibody titres with respect 
to 115V-1 (MP) and Н5ц-2 infected cell 
membrane antigens. 

In mother series of experiments, 
we were interested in determining 
whether specific IgA was present in 
these sera, Since IgA does not fix 
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FIG. 1. DISTRIBUTION OF SERUM ANTIBODY TITRES AGAINST HSV-1 (MP) 
INFECTED HEp-2 CELLS 
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Table З. Distribution of high and low antibody titres among the human 
sera tested 

Infected cell 	Low titresa 	Nigh titresb 
membrane antigens 

H5V-1 (iP) 	 18/51 	 33/51 

15V-2 	 33/51 	 18/51 

a ? 0.01 mi. 

<0,01 ml, 
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FIG. 2. DISTRIBUTION OF SERUM ANTIBODY TITRES AGAINST НSV-2 
INFECTED HEp-2 CELLS 
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complement, we incorporated heavy 	anti-Ig' had a variable effect on the 
chain-specific antiglobulins in a set killing of cells. 
of reaction mixtures containing H5V-2 
infected cells and compared the number 
of infectious centres (plaqués) formed 	 DISCUSSION 
in the presence of each antigl0bu1in 
with the number of plaques formed in 	We have presented evidence that 
the absence of the аntig1оbu1ns. 	the original cytolytic antibody assay 
The results of this experiment are 	method described by Roane & Roizman 
summarized in Table 4. As may be 	(1964) can be adapted to measure 
seen, the addition of anti-IgA increa- cytolytic antibodies in human sera. 
sed the killing of infected cells in 	The method that we have used appears 
mixtures containing sera from tumour 	capable of discriminating between 
patients or the serum from the herpes high and low serum antibody titres 
paсгent. The addition of anti-IgG оr 	with respect to cell-surface 
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Table 4. Effect of antihuman immunoglobulins on infectious centre formation 
by HSV-2 infected cells 

Human Infectious centres formed as а  percentage of 
serum No. number formed in absence of antiglobulins 

C 	+ serum C' 	+ serum C' 	+ serum C' 	+ serum 
only + anti-IgA + anti-IgG + anti-Ig1 

2a 39.7 2.1 24ј  10.0 

Sb 25.8 3.5 29.4 8.6 

9С  65.0 2.0 30.0 130 

1~ 47.4 47.0 64.0 57.0 

a From cervical carcinoma patient. 

From patient with rhabdomyosarcoma. 

С  From adult male with recurrent genital herpes. 

d From healthy adult female. 

antigens specified by HSV-1 or HSV-2 

We have also observed that anti-
globulins will increase the killing of 
sensitized 1SV-infected cells. This 
is reminiscent of the observation of 
increased neutralization of sensitized 
herpes simplex virions by anti-IgG 
described by Ashe & Notkins (1966). 

We have recently observed evidence of 
the binding of specific IgA to infec-
ted membranes by the indirect-
immunofluorescence method. The obser-
vation that IgA antibodies are formed 
and may bind with cell-surface 
antigens suggest that IgA may play a 
role iii the protection of infected. 
cells in vivo. 

Анhe, W.K. & Notkins, А.L. (1966) Neutralization of an infectious herpes 
simplex virus-antibody complex by anti-y-globulin. Рrос. nat. Acad. 
Sсi. (Wash.), 56, 447-451 
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In this report we present further 
studies of the nature of herpesvirus-
induced tumour-associated antigens 
(HsV-IAA) and report the results of 
further studies of complement-fixing 
(CF) reactivity by the antigens to 
sera from head and neck squamous-cell 
cancer patients and controls, as well 
as the titration of antibody levels in 
untreated and cured groups. In addi-
tim, we have studied the relationship 
between iSv-TAA antibody and sex, age, 
race, stage of cancer, inmune status, 
and level of antibody in unfiltered 
sera stored less than five months as 
compared with filtered sera stored for 
up to three years in liquid nitrogen. 

In previous reports (Hollinshead 
et al., 1973, 1974) we presented the  

results of two large-scale tests using 
seta from the National Cancer Institute 
that had been filtered and stored, and 
compared them with those from one 
large-scale test using unfiltered sera 
from Baylor University Medical Center 
that had been collected approximately 
two years prior to our study and stored 
at -35°C. 

In the current test, we used 44 цg 
of HSV-TAA, which consists of two puy-
peptide bands. Details of the prepa-
ration of HSц-ТAA have been presented 
in detail elsewhere (Hollinshеad et al., 
1972). A study was made of hamster 
embryo kidney (HEK) cells superinfected 
with herpesvirus, and grown in serum-
free media containing labelled amino-
acids. Bottles were removed at 
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different times and the НSV-TAA puy-
peptide bands sliced and separated, 
while some of the cultures were grown 
for 4+ cytopathic effect (СРЕ), the 
mature viruses harvested and purified 
by sucrose density-gradient ultra-
centrifugation. The upper band was 
labelled within 30 minutes both for 
leucine and for alanine in two sepa -
rate cultures. The label for leucine 
continued to be present in cultures 
harvested at 12, 24 and 36 hours, but 
was not present in any of the bands 
separated from the mature purified 
virus. The alanine label persisted 
and was present in the purified virus. 
Since the upper band of Н5V-ТAA does 
not appear in that form in the mature 
virus structural materials, we eon-
сlиdе  that this upper band is present 
in early, provirus formation, and that 
part of this peptide chain is used in 
the assembly process of one of the 
structural components of the mature 
virus. This upper band is a highly 

In the previously reported tests 
with NCI filtered sera, 71% of patients 
with preoperative squamous-cell cancers 
of the head and neck (other than larynx) 
had complement-fixing antibodies to the 
herpesvirus-induced polypeptides. 0f 
preoperative squamous-cell cancers of the 
larynx, 75% had positive complement-
fixation reactivity. In contrast, sera 
from cured squamous-cell cancer patients 
had CF reactivity to HSV-TAA in 57% of 
the specimens, while 71% of sera from 
patients with cured squamous-cell cancers 
of the larynx had positive antibody to 
the polypeptides. In the studies using 
the unfiltered Saylor University sera, 
91% of sera from patients with pre-
operative squamous-cell cancers of the 
larynx were CF-positive, while 100% of 
sera from patients with postoperative 
(11-96 months post surgery) squamous-
cell cancers were positive, Positivity 
in sera from normal individuals was 6% 
for the NCI sera and 5% for the Baylor 
sera, respectively. 

unscaoie pepciae main, aisiпЕegга -еs 
very easily, and is probably respon- 	

We were curious about the level of 

sible for the disappearance of CF 	
activity in patients who had been cured 

reactivity of the purified antigen 
of squamous-cell cancer (4-16 years after 

stored at 40C for a period of five ta 
surgery) in the NСТ  group, but in the 

six days. The lower band labelled 	
control series, 0% of preoperative non- 

with leucine only, but fit alanine, 	
squamous-cell and 16% of cured non- 

and could be separated by 33 hours, 	
squamous-cell cancer sera had antibody 

but none of the label appeared in the to HsV-TAA (Hollinshead et al., 1973, 
mature virus. Thus the lower band 	

1974)0 

does not seem to be a part of the 	 In the present series, 55 patients 
assembly process. Perhaps neither of with squamous-cell carcinoma of the head 
the two polypeptides, in that form, 	and neck contributed sera; these were 
are a part 0f the protein structures 	Iillipore-filtered and stored for up to 
of the mature virus. Neither of the 	three years. 0f these, 30 sera were 
two bands is a major histocompatibility from tumour-bearing and 25 from cured 
antigen, as measured using broadly re- patients. 5era were obtained from an 
active sera in the chromium-release 	additional 55 patients, unfiltered, 
cytotoxicity assay. It is still 	obtained within five months prior to CF 
possible, therefore, that the lower 	testing; they comprised 34 sera from 
band, at least, could be an augmented tumour-bearing and 21 sera from cured 
weak histocompatibility antigen "turned patients. Also included were sera less 
on! by Н5V nucleic acid formation or a than five months old and unfiltered from 
new protein, neoantigen, or possibly 	16 normal individuals as well as filtered 
a fetal protein. The nature of these sera up to three years old from 12 non-» 
tumour-associated antigens must be 	squamous-cell cancer patients. As shown_ 
studied in greater detail. 	 in Table 1, a higher incidence of 
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Table 1. Comparison of CF-positive filtered and unfiltered sera tested 
against HsV-TRA in present and previous tests 

4. Present tests 

Sera 	 All titres 	 High titre 

No. positive/No. tested 	% 	No.>l :4/Nо. tested 

Filtered 
(1-3 years 	storage) 

Untreated 17/30 56.7 8/30 26.7 

Cured 12/25 48.0 2/25 800 

Total 29/55 52.7 - - 

Unfiltered 
(l-5 months 	storage) 

Untreated 30/34 88.2 14/34 41.18 
Cured 19/21 905 10/21 47.62 

Total 49/55 89.1 - - 

D. Comparison with previous tests a 

sera 	 % Positive 

Previous tests 	Current tests 
(NCI) 	 (NCI) 

Filtered 
Untreated non-laryngeal 	cancer 71 50 
Untreated laryngeal 	cancer 75 70 
Cured non-laryngeal 	cancer 57 42 
Cured laryngeal 	cancer 71 54 

Unfiltered (Baylor) (NCI) 
Untreated non-laryngeal 	cancer - 88 
Untreated laryngeal 	cancer 91 83 
Cured non-laryngeal 	cancer - 100 
Cured laryngeal 	cancer 100 82 

a See Hollinshead et al. (1972, 1973). 
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positive reactions was obtained with 
the unfiltered sera (49 out of 55 
positive; 89%) than with the filtered 
sera (29 positive out of 55; 53%). 
These results were similar to those 
obtained in the previous study using 
the filtered sera from NCI and the 
unfiltered sera from Baylor University. 
The differences between untreated 
patients and cured patients in studies 
of the filtered sera proved to be 
spurious when the numbers of sera with 
higher titres to HSV-TAA of untreated 
versus cured sera were measured in the 
unfiltered sera (41 arid 47% respec-
tively). In addition, as shown in 
Table 1, the distribution of CF reac-
tivity in the unfiltered sera was 
similar among groups with laryngeal 
cancer and groups with oropharyngeal 
tumours. This shows that the lower 
titres obtained with sera from oral 
cavity tumours in both the previous 
and the present study can be attri-
buted to filtration of the sera 
rather than to location of the tumour. 

No significant differences were 
detected in a study of the distribu-
tion of positive reactivity to H5V-
ТAA according to age, sex, or race. 
Iп  this particular study, none of the 
normal sera were positive (0 out of 
16) for CF reactivity to the antigen; 
however, in previous tests, using a 
larger number, at least 5% of normal 
control sera were positive. Additio-
nal sera from patients with non-
squamous-cell cancers were also inclu-
ded in the current tests, and the same 
approximate percentage of positive 
reactors (17%) was seen,.as in the 
previous studies of non-squamous-cell 
cancers (Hollinshead et al., 1973, 
1974). 

0f considerable interest in our 
analysis of the positive reactions to  

unfiltered sera from patients with 
laryngeal carcinomas, was that patients 
with stage I laryngeal carcinomas, which 
are much smaller tumours than those seen 
in stage I oral cavity cancers, were 
somewhat less CF reactive to HSV-TAA. 
Seven out of 11 positive stage I laryn-
geal carcinomas, in contrast to 17 out 
of 18 positive in stages II-IV, were 
seen (P = 0.05). This was in contrast 
to the comparison of stage 1 aid stages 
II-IV oral cavity cancers, where no 
significant differences were seen for 
positive CF reactivity in the different 
stages. In studies in which the in 
v2tro reactivity of lymphocytes from 
the same patients to phytohaemagglutinin 
(PIA) was measured, the stage I cancer 
patients did not differ very much from 
normal individuals in their PHA response, 
as compared with a significant response 
in patients with laryngeal cancers in 
stages II-IV. 

5U1'IMARУ  

The differences seen in levels of 
antibody response to I3sV-TAA between 
non-laryngeal and laryngeal cancers in 
cured and untreated patient populations 
were due to the use of filtered sera. 
In previous and present studies using 
unfiltered sera, these differences 
were not noted. 0f unfiltered sera 
from patients with squamous-cell carci-
nomas of the head and neck, 89% (49 out 
of 55) were positive for CF reactivity 
to H5ц-ТAA, and 44% of these unfiltered 
sera had titres of 1:4 or greater to 
44 .ig of antigen. The upper band of 
the antigen appears to be present in 
early provirus formation and is highly 
unstable whereas the lower band does 
not seem to be part of the assembly 
process. 
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Discussion was initially directed toward recent obser-
vations on Epstein-Barr virus (BBV) antibody patterns in 
human lymphoma patients. Data were presented that suggested 
that elevated anti-EBV levels in patients with а  variety of 
lymphoproliferative neoplasms соиld not be related to 
specific or non-specific depression of cellular immиnе  res-
poпsеs. In other studies of untreated patients with Hodgkin's 
disease, however, a definite relationship was demonstrated 
between immunological defects and anti-EBV titres. In the 
Hodgkin's group, high anti-TBV reactivity seemed to be 
related to diminished cutaneous responses to PPD, decreased 
numbers of T lymphocytes in the peripheral blood, and 
depression of mitogen-inducad DNA synthesis. Numerous comments 
emphasized the importance and necessity of developing more 
complete understanding of the type and mechanism of the 
immunosuppressive reaction that is being measured in such 
studies, inasmuch as lymphocytes, macrophages, or soluble 
mediators of immипе  responses may be affected at any of 
several points iп  the sequence of events leading to delayed 
hypersensitivity reactions. 

5tudies of certain inimunogenetic aspects of patients with 
raasopharyngeal carcinoma (NrC) reveal an increased frequency 
of 1st locus HL-A2 antigen and a deficit of antigens at the 
2nd locus, one of which has been identified as Singapore 2 
antigen. These HL-A associations with NYC suggest the presence 
of genes associated with NPC disease susceptibility. Further-
more, the genes may also be determinants of differences in 
immunological responses to environmental factors. Demons-
tration of a high incidence of antinuclear antibodies (ANA) 
and antieytoplasinic antibodies (АСА) in patients with NFC has 
also suggested the presence of different genetic backgrounds. 
The importance of lymphocyte-stimulation studies of persons 
having these defects was mentioned and the value of prospec-
tive epidemiological investigations of these subjects and 
their family members in relation to the development of NPC 
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received emphasis. Lengthy discussion was directed to 
considerations of the mode of action of immune-responsiveness 
genes and to questions concerning methods for identifying their 
level of operation on the immune response, on target cells, and 
on immunological amplifying factors. 

Questions were raised relating to the challenge of malaria 
on the immunological system of the host and the mechanisms 
by which this infection may play a role in the pathogenesis 
of Burkitt's lymрhоmа  (BL). 

The geographical distribution of Burkitts lymphoma has 
clearly suggested a hypothesis that includes the role of some 
type of co-factor. However, it is not known whether the 
disease develops after a defined latent period following EBV 
infection or whether the presence of the tumour affects the 
titres of EBV antibody. Clinical details of an eight-year-old 
patient who developed Burkitt's lymphoma after completion of 
chemotherapy for Hodgkin's disease were presented. Anti-VGA 
antibodies were present at least nine months prior to onset 
of BL, and rose sharply with appearance of the tumour. Anti-
bodies to early antigen (EA), undetectable prior to onset of 
BL, also rose sharply, and antibodies to EBV-determined 
nuclear antigen (EBNA) increased slowly from low pre-tumour 
levels. The role of previous immunosuppression by Hodgkin's 
disease and chemotherapy in the subsequent development of BL 
in this patient was not clear. It is now well recognized, 
however, that patients who have received renal transplants 
have a high incidence of lymphoma, usually reticulum cell 
sarcoma, and are also known to experience severe clinical 
infections with other herpesviruses. In such cases, reac-
tivated EBV infection under the conditions of renal transplant 
and immunosuppression may be the mechanism involved in the 
development of lymphoma. 

Additional comments were directed to the question of EBV-
related tumours outside endemic areas and to the need for 
their extensive study by current techniques that permit iden-
tification of the EBV genome in the absence of virion produc-
tion. These include nucleic acid hybridization studies 
utilizing strains of EBV from different sources and having 
different biological characteristics. 
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A number of protective measures 
are available against infectious 
diseases, and this is also true of 
herpesvirus infections. These include 
hygiene, management, genetic selection 
for resistance, and immunization, both 
passive and active. In farm animals, 
where control of the forms of hus-
bandry and management is in the hands 
and the responsibility of relatively 
few people, methods of management and 
hygiene can be developed and chosen to 
reduce the chance of dangerous infec-
tious agents producing disease. 
Genetic selection for resistance to 
infection or to the results of infec-
tion is also an approach that can be 
used, but is restricted to domestic 
animals. However, the interest of 
comparative medicine lies in the 
models where vaccination has been 
successful in controlling the effects 
of infection with oncogenic herpes-
viruses. 

VACCINES 

Vaccines may consist of either 
live or inactivated viruses. Live 
virus vaccines can contain (1) patho-
genic virus; (2) pathogenic virus that 
has been modified so as to lose patho- 

genicity but maintain immunogenicity; 
or (3) naturally apathogenic virus. 
Vaccines containing pathogenic viruses 
are used in a way that reduces their 
pathogenicity, e.g., administration by 
an unusual route or at a time when the 
animal is resistant to disease or, in 
some cases, the administration may be 
followed by specific antiserum. 
Naturally apathogenic virus can be 
either a virus common in the host 
species in which the disease occurs, 
or a related virus derived from 
another host species. 

Inactivated vaccines are usually 
whole-virus preparations of varying 
purity, together with soluble antigens, 
inactivated by one of a number of 
substances that destroy the infectivity 
of the virus with minimum effect on its 
immunogenicity. The immunogenicity 
of such vaccines may be improved by 
the use of adjuvants. More recently, 
the possibility has arisen of using 
purified preparations containing no 
nucleic acid, but only the relevant 
immunizing proteins. The results of 
experiments with "split product" or 
"subunit" vaccines have been encour-
aging, and the prospects of over-
coming the difficulties of large-
scale production of single proteins 
have improved with recent developments 
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in the genetic manipulation of 
bacterial plasmids. 

Vaccination against infection 
with members of the herpesvirus group 
is used extensively in the veterinary 
field Both inactivated and live 
vaccines are used, although in general 
the latter are more effective. The 
live vaccines used are of all the three 
types described above. However, the 
viruses for which the vaccines are used 
cause their disease by productive and 
cytolytic infections of the parasitized 
cells. Oncogenic herpesviruses are 
non-productive in the cells they 
transform, and protection against this 
type of infection and pathogenic effect 
might be considered less likely. 
Nevertheless, the success of vaccina-
tion against Marek's disease (MD) has 
shown that this method of prophylaxis 
can be effective in controlling ne-
plastic disease caused by a herpes-
virus. 

Little work has been done on the 
development of vaccines for use in 
oncogenic herpesvirus infections other 
than MD. It is for this reason that I 
shall devote most of the remainder of 
this presentation to a description of 
the development and use of vaccines 
against Marek's disease, together with 
a synthesis of what is known of their 
function. 

MAREIZ' s DISEASE 

Virology 

Before discussing vaccination 
against MD, it would be useful to 
briefly summarize the relevant infor-
mation on the virus of the disease. 
Marek's disease virus (MDV) is a 
herpesvirus that is antigenically 
closely related to a herpesvirus 
isolated from turkeys. Cell--free MDV 
can be prepared from feather follicle 
epitheliuтгz of infected chickens (Calnek  

et al., 197Qa), but in all other 
tissues in the chicken and in cell 
culture it is avidly cell-associated 
(Biggs et al., 1968). The herpesvirus 
of turkeys ('VT) differs in this 
respect because cell-free virus can 
be prepared from infected cultured 
cells (Calnek et al. , 1970 ). 

Marek's disease viruses have 
been divided into three groups on the 
basis of their pathogепicity (Biggs 
& Milne, 1972): (1) those that produce 
the acute form of MD in which lymphoid 
neoplasia is the main manifestation; 
(2) those that produce the classical 
form of MD, which is more chronic and 
is characterized by neural involvement; 
(3) those that are apathogenic. The 
apathogenic viruses form small plaques 
in cultured chick kidney cells, the 
two groups of pathogenic viruses 
produce medium-sized Dlaques, and 'V', 
which is apathogenic for chickens, 
produce large plaques in these cells. 

Although it has been known for 
some time that there are antigenic 
differences between MDV and HV' 
(Witter et al. , 1970), more recently 
Bülow & Biggs, 1975а, 1975Ь) and 
Bülow et ai.1 have described 
quantitative and qualitative antigenic 
differences between pathogenic and 
apathogenic 111V and between these 
viruses and ITT using immunofluorescence, 
double-diffusion precipitation in agar 
gel and virus neutralization. They 
have suggested that MDV and 'VT belong 
to a single group of herpesviruses 
that can be divided into three 
serotypes: (1) pathogenic MDV; 
(2) apathogenic MDV; and (3) MVI. 
They concluded that, of the antigens 
they identified in viruses of each 
serotype, at least one was group-
specific and one type-specific. 
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Vассгnes 

Live-virus vaccines have been 
almost exclusively used for the control 
of MD. These have been of three 
kэ_nds 

(1) apathogenic field MDV; 

(2) modified IDV; 

(3) iTT. 

kpaihogenис  MDV - Field viruses of no 
or negligible pathogenicity have been 
isolated (Biggs & Milne, 1972; Blaxland 
et al., 1972; Rispens et al., K972а; 
Zander et al., 1972). However, 
although these viruses provide protec-
tion against challenge with pathogenic 
virus, with the exception of the strain 
described and used by Zander et al. 
(1972), they have been modified before 
use as a vaccine, either to increase 
their growth rate in culture (Risperis 
et a1,, 1972e), eliminate low levels 
of pathogenicity (Rispens et al., 
1972x), and/or alter their antigenic 
composition (Blaxland et al., 1972). 

јl4оdified MDU - In practice, most 
vaccines дегiцед  from MDV are modified 
vaccines that have been developed 
by: 

L Attenuation of strains of virus 
that produce the acute form of NID. The 
first vaccine was developed in this way 
(Churchill et al., 1969а, 1969ъ). 
Passage of the 12R5-16 strain in 
cultured chick kidney cells resulted in 
an increased rate of spread of virus in 
culture with the formation of large 
plaques, together with the loss of 
pathogenicity and alterations in the 
°`A" antigen. Similar changes have been 
noted after passage of other strains of 
MDV originally capable of producing the 
acute disease (Nazerian, 1970; Eidson 
& Anderson, 1971а). 

2. Attenuation of strains of MDV  

that produce the classical forтn of 
MD, for example 
attenuated the VC strain by passage 
in chick embryo. 

3. Suitable modification of non-
pathogenic MDV by passage in cultured 
cells (Rispens et al., 1972x; 
B1axland et al., 1972), 

MDV-derived vaccines could be 
classified according to the pathogenic 
characteristics of the parent virus. 
However, it is more useful to classify 
them according to their characteristics 
as vaccine viruses. They fall into 
two groups: 

1. Vaccines that do not spread 
naturally from chicken to chicken and 
have "A" antigen altered in some way, 
e.g., attenuated HPRS-16 (Churchill et 
а1., l969a, l969b), attenuated GA 
(Eidson & Anderson, 1971e) and the 
Beckenham strain (B1axland et al., 
1972). 

2. Vaccines that spread naturally from 
chicken to chicken and have retained 
the "A" antigen as present in the 
originating virus, e.g., CVI 988 
strain (Rispens et al., 1972x) and the 
VC strain (8110w, 1971). 

All MD-derived vaccines are used 
in the cell-associated form and 
therefore have to be stored as viable 
cells in liquid nitrogen after controlled 
freezing with dimethyl suif oxide (DM80) 
as a protective agent. the vaccines 
that have been or are still in commer-
cial use were shown to be apathogenic, 
safe, not to revert to virulence and 
to provide significant levels of 
protection under field conditions 
(Biggs et al., 1970; Eidson et al., 
1971; von Vielitz & Landgraf, 1971; 
Blaxland et al., 1972; Rispens et al., 
1972a, 1972Ь). Providing a seed-lot 
system of production is used, these 
vaccines are immunologically stable. 
However, it has been reported that 
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attenuated MDV may lose immunogenicity 
after prolonged passage in cell 
culture (Okazaki, see Nazerian, 1973). 

fIenpesvirus of turkвгps - Herpesviruses 
antigenically related to MDV were first 
isolated from turkeys in the ц5A 
(Kawamura et al., 1969; Witter et al., 
1970) 	They have since been isolated 
in many other countries and a number 
of different isolates are used in 
vaccines, 

one day of age, so that, from the 
second generation onwards, it will be 
given in the presence of homologous 
antibody maternally derived through 
the egg. Even so, there is evidence 
that, at the dose used under commercial 
conditions, the vaccine is effective 
(Zygraich & tuygelen, 1972, 1973). 
A single dose of vaccine provides 
protection for the 75-week commercial 
life of chickens. 

HVT vaccines are used in either 
a cell-associated or, more frequently, 
a cell-free form. The former is 
stored with DMSO in liquid nitrogen 
and is used in the same manner as the 
MDV-derived vaccines, whereas the 
latter has the advantage that it can 
be stored in the lyophilized state. 
HVT vaccines have been shown to be 
apathogenic for chickens and turkeys, 
immunologically stable and efficacious 
under field conditions (Purchase et 
a1., 1971, 1972a; Willemart, 1972). 

Mode of action 

There is no reason to believe 
that modified-MDV and ITT vaccines 
function in different ways. I shall 
therefore drаw on published information 
on the action of both these vaccines 
in an attempt to understand how they 
function. 

The relationship between the time 
of vaccination with MVI and the develop-

'-'f immunit has been examined Ь  

Usagв  

A modified pathogenic MDV was the 
first vaccine to be used соmmerсiаllу  
(Biggs et al., 1970), but the advan-
tages of more rapid growth in cell 
culture, ability to be lyophilized and 
less likelihood of a change to a patho-
genic state has resulted in the almost 
exclusive use of AVT. Although the 
cell-associated form is still available, 
the lyophilized vaccine is most widely 
used. 

All vaccines have been used in 
dosages of between 1 000 and 2 000 
plaque--forming units (PEU). The 
mininal infective and protective dose 
of AVT is between 1 and 5 PFU (Patrascu 
et al., 1972; Purchase et al., 1972b), 
although if given in the presence of 
AVT antibodies this may be considerably 
higher (Patrascu et al., 1972; Churchill 
et al., 1973). The vaccine is given at 

y 	 У  
Eidson & Anderson (197lЬ) and Okazaki 
et al. (1971). Some protection was 
noted when challenge was on the same 
day as vaccination, but one week was 
required before a strong immunity had 
developed. Vaccine viraemia is present 
1-2 weeks after vaccination and 
persists throughout the life of the 
chicken (Biggs et al., 1972; Purchase 
et al., 1972а; Churchill et al., 1973) 
Protection is highly correlated with 
the establishment and persistence of 
viraemia (Patrascu et al., 1972; 
Jackson et al., 1974) 	Jackson et al. 
(1974) found that, of 22 chickens 
vaccinated with modified MDV, four of 
six that never developed a demonstrable 
vaccine viraemia died of MD, whereas 
none of 16 chickens with a vaccine 
viraemia did so. In this study, it 
was found that those chickens with an 
early vaccine viraemia tended to have 
lower levels of field virus viraemia 
after challenge than vaccinated chicks 
showing no early vaccine viraemia. 
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Because chickens with a high level 
of field virus viraemia tend to die 
from NID (bitter et al., 1971; Jackson 
at al. , 1974), it is probable that 
vaccines provide protection by reducing 
the level of field-virus infection in 
each chicken, and that the efficacy of 
this mechanism depends on the level of 
vaccine virus in the chicken. 

Although vaccination appears to 
reduce the level of superinfection 
with field virus, it need not prevent 
field-virus infection in order to be 
protective. In most, if not all, 
individuals vaccination does not 
prevent superinfection with field virus 
(Churchill et al., 1969Ъ; Biggs et al., 
1970; Okazaki et al. , 1970). 

Little is known of how live-virus 
vaccines for Marek° s disease function. 
It has been known for some time that 
passively acquired DV antibodies offer 
some protection against the results of 
infection with pathogenic MDV (Chubb & 
Churchill, 1969; Jakowski et al.., 1970; 
Ball et al., 1971). This has recently 
been confirmed by Calnek (1972а) and 
Burgoyne & bitter (1973), who found 
that passively acquired antibody 
reduced the level of virus in infected 
chickens and delayed the appearance of 
lesions. They also showed that 
passively acquired antibody to both 
MDV and ITT increased the lesion-
producing dose50 of both cell-
associated and cell-free pathogenic 
MDV. This suggests an in vivo neu-
tralization activity of circulating 
antibody acting both on the virus 
particle and cytophylically on infected 
cells. These observations confirm 
those of Calnek (1972Ъ), who found that 
resistance to Marek`s disease was more 
closely correlated with the presence of 
neutralizing than precipitating anti-
bodies. 

These results suggest that circu-
lating antibodies and, in particular, 
neutralizing antibody is one likely 

mechanism of protection offered by the 
vaccine. It is also possible that 
protection that appears very soon after 
vaccination is mediated by interferon 
(Hong & Bevoian, 1971; Kaleta & 
Bankowski, 1972а, 1972b, 1972с)a 
However, Purchase & Sharma (1974) 
found that cyclophosphamide treatment 
prevented the development of protection 
following vaccination with HVT, 
indicating that the most important 
aspect of protection is mediated 
through humoral and/or cell-mediated 
immune mechanisms. This study also 
suggests that protection is largely 
provided by bursa-dependent immune 
functions, which supports the obser-
vations on the efficacy of passively 
administered antibody in protecting 
chickens from MD. However, a temporary 
lymphoid depletion of the thymus has 
been described following cyclo-
phosphamide treatment (Linea et al., 
1972), and no tests of thymus function 
were undertaken. It is possible, 
therefore, that the effect on vaccine 
function could have been, at least in 
part, due to a reductioп  in cell-
mediated immune activity. 

Cell-mediated immunity is impor-
tant in herpesvirus infections, 
perhaps because of their cell-
associated characteristics. This is 
also true in M}. P1se (1974) found 
that surgical bursectomy with total 
body irradiation did not influence 
protection against rЮ  provided by an 
attenuated strain of MDV. He also 
found that there was no relationship 
between the development of protection 
and the presence of either precipit-
ating or neutralizing antibodies. 
He concluded that protection induced 
by vaccination could develop in birds 
that lack an antibody-producing system. 
This study strongly suggests that 
cell-mediated immunity is the main 
mechanism of protection provided by 
vaccination. However, circulating 
antibody undoubtedly also plays a 
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part and the relative importance of 
these two mechanisms is not yet clear. 

INACTIVATEII VACCINES 
A COMPARATIVE VIEW 

It is apparent from the paper by 
Melendez et а1.1 that live vaccines 
can be produced for other oncogenic 
herpesviruses. However, because of 
the difficulties of safety testing, 
can the use of a live vaccine against 
neoplastic disease in sian be envisaged? 
The oncogenicity of herpesviruses, 
e.g., herpesvirus saimiri (lys) 	for 
some non-human primates and not for 
others indicates the difficulties that 
would arise in choosing a satisfactory 
experimental host for efficacy, and 
more important, safety testing. 
Therefore, in mу  view, the use of 
inactivated vaccines, especially 
purified-protein vaccines, would be 
more acceptables The work in this 
field on oncogenic herpesviruses is 
limited, but the studies done so far 
are promising. lii this context, it 
is important to consider as potential 
immunizing agents virus-dependent 
non-structural antigens, particularly 
those present in the cell membrane of 
infected cells, as well as antigens 
that are part of the virion. 

Nоп-human Animate viruses 

Preliminary studies on the 
development of an inactivated vaccine 
of HVS have been reported by Laufs 
(1974). HV5 was grown in owl monkey 
kidney cells (INK) and the harvested 
supernatant, after clarification and 
inactivation, was absorbed to an 
aluminium hydroxygel adjuvant. The 
inactivated vaccine was not infectious 
or oncogenic for cotton-topped marmo-
sets, but it did induce high titres of  

neutralizing and complement-fixing 
antibodies to HVS. A small number 
of animals were vaccinated and, 
together with unvaccinated monkeys, 
were challenged with a high dose of 
HVS by intramuscular inoculation. 
The results indicated that vaccination 
delayed the development of tumours. 
The results of further experiments are 
presented later (Laufs & Steinke2). 

Mar~eiг  `s disease virus 

A crude inactivated MDV vaccine, 
consisting of formaldehyde-treated 
cells infected with MDV, was developed 
in Japan (quoted by Kato, 1973) and 
provided some protection against MD, 
while Kaaden et al. (1974) found that 
cultured cells infected with HVT 
inactivated with 2-ethylethylene-
imine (EEI) provided some protection. 
The last-named authors also found that 
purified 'V' inactivated by heat 
provided no protection. However, 
more important was their finding that 
preparations of cellular membranes of 
HVG-infected cells emulsified in 
Frсund's adjuvant provided a high 
degree of protection against challenge 
with pathogenic MDV. Lesnik & Ross 
(1974) in our laboratory have immunized 
chickens with detergent-soluble 
antigens extracted from cells infected 
with attenuated MDV and reduced the 
incidence of MD by about 2.5-fold. 
Both the sedimentable and non-
sedinentable fractions after centri-
fugation. at 100 III g for 2 hours 
were effective when emulsified in 
Freund 's adjuvant. 

These results indicate that 
inactivated vaccines free of both 
cellular and viral nucleic acid siay 
well be effective against the 
oncogenic effects of herpesviruses, 
and that glycoproteins solubilized 
from cell membranes i.E infected 

I 
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See р.353. 	 See p.346. 
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cells used in association with 
appropriate adjuvants could be 
effective vaccines. 

CONCLUSIONS 

Live vaccines have been shown to 
be very successful, both experimentally 
and in the field, against one well-
recognized oncogenic herpesvirus (10V)e 
This work has clearly demonstrated 
chat vaccination can be a profitable 
approach to the control of disease 
produced by oncogenic herpcsviruses. 
such vaccines need not prevent 
infection with the oncogenic virus, 
although they may need to keep 
infection at a low level to be effec-
tive. Although the use of live 
vaccines in man for oncogenic viruses 
is questionable, the study of such 
vaccines in animals is of comparative 

interest. These studies may provide 
important information on the mode of 
function of successful immunization 
against the oncogenic effects of 
herpesviruses, information that may be 
useful for the development of vaccines 
for use in man. 

Perhaps of greater comparative 
importance than the work on live 
vaccines, is the recent development 
in the field of inactivated vaccines 
for oncogenic herpesviruses. It is 
here that animal models are of great 
importance. The Marek's disease model 
provides a readily available system 
for studying the potential of inactiv-
ated vaccines, the results of which 
could be extrapolated to the more 
expensive experiments with non-human 
primates before consideration is 
given to their use in man. 
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Isolates of Marek's disease virus 
(MDV) can be divided up into three 
categories according to their patho-
genicity: (1) viruses that induce the 
acute disease characterized by visceral 
lymphoid tumours; (2) viruses that 
induce the classical disease charac-
terized by lymphoid proliferation of 
peripheral nerves; and (3) apathogenic 
viruses (Biggs & Mine, 1972). 
However, no antigenic differences 
between isolates of MDV have been 
found. The herpesvirus of turkeys 
(HVT) is antigenically related but not 
identical to MDV (Witter et al., 1970). 
Because apathogenic and pathogenic 
isolates of MDV have been shown to 
differ in that the former produce small 
plaques and grow slowly in cultured 
chick kidney cells (CKС) (Biggs & 
Milne, 1972), it was considered worth-
while determining whether such apatho-
genic isolates differed antigenically 
from pathogenic MDV and ‚VT. 

MATERIALS AD METHOD Ѕ  

Viruses and antisera 

The НРRS-24 and НРRS-27 (isolate 
BBB 5) strains of apathogenic MDV 
were isolated at Houghton (Biggs & 
Milne, 1972). The origin of the 
HРRS-B14 strain of classical MDV, 
and the НРRS-1б, 3M and GA strains of 
acute MDV have been reviewed by 
Biggs (1970). The VC strain of 
classical MDV (Bülow, 1971), the 
attenuated HРRS-16 (Churchill et al., 
1969) and JM strains lacking the "A" 
antigen, and the FC12б  strain of ‚VT 
(Witter et al., 1970) have also been 
used for comparative studies. Stocks 
of cell-associated viruses were 
produced at low passage levels (6th--
10th) in CKC cultures (Churchill, 1968). 
Cell-free virus was prepared from 
feather follicles of infected chickens 
(НРRS-1б, HPR5-24) or from infected 
chicken embryo fibroblast (CEF) 
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cultures (НРRS-24, 1VT). Virus titres 	of Calnek et al. (1970). 
were expressed in plaque-forming units 
(РF0) . 

RЕSULTS 
Рathogeniсity tests 

Pathogenicity tests were carried 
out as described by Biggs & Milne 
(1972). One-day-old antibody-free 
Rhode Island Red (RIR) chickens were 
inoculated intra-abdominally with 500 
PFU and observed for a period of 42 
days. 

SeroZogiссl tests 

Hyperimmune and convalescent sera 
against the various virus strains were 
produced in Houghton Poultry Research 
Station Rhode Island Red (RIR) and 
Reaseheath line C White Leghorn 
chickens reared in isolators. 

Neutralization tests were carried 
Out using a constant virus concentra-
tion (НРRS-24, НРRS-16 and ITT, 70-100 
РFÜ/0.2 ml) and serial 2- or 3-fold 
serum dilutions. The plaque reduction 
technique iп  CEF cultures was used. 
The plaque test described by Biilow 
& Lorenz (1973) was employed, but 
agarose was used in the overlay instead 
of Noble agar. Plaques were counted at 
six days (HVT), 10 days (НPRS--24) and 
12 days (НРRS-16) after inoculation. 
Antibody titres were calculated as the 
serum dilution causing a 50% plaque 
reduction. 

Indirect fluorescent antibody (FA) 
tests were performed using infected 
CKC, CEF or duck embryo fibroblast 
(DEF) coverslip cultures. 

Precipitin tests were performed 
according to the techniques described 
by Chubb & Churchill (1968). "A" and 
"BC'" antigens were prepared from 
infected cell cultures in a manner 
similar to that described by Churchill 
et al. (1969). "A' antigens were also 
prepared from feather follicles of 
infected chickens using the technique 

The HPRS-24 and НРRS-27 strains of 
MDV were chosen for study as represen-
tatives of apathogenic MDV. HPR5-27 
(ВВВ-5) was shown to be apathogenic by 
Biggs & Milne (1972). Using the same 
test and criteria, we have found 
НРRS-24 also to be apathogenic (neural 
score 0.8) visceral score 0.1). 

Behaviau in celf euZture 

Both 1IРRS-24 and НPRS-27 have been 
shown to produce characteristic small 
and slowly developing plaques in 
cultured CKC and to grow more slowly 
than pathogenic MDV and DVI in these 
cells (Biggs & Milne, 1972). 

We have examined the behaviour of 
HРRS-24 in cell culture in more detail, 
In CKC cultures infected with the 
НPRS-24 strain, the rate of infectious 
cells at 5-6 days post inoculation 
never exceeded 103 - 3 x 103 PFU per 106 
trypsinized cells, which was 10 times 
less than with 1VT (10ц  PFU per 106 
cells) and with the HPRS-16 and 
HPRS-16/att strains of MDV. 

The НPRS--24 strain replicated 
significantly better in CEF than in 
CKC cultures. Preparations of infected 
cells had titres ranging from 105 to 
4 х  105 PFU per 106 cells, which was 
as high as the titres of similar 
preparations of the НРRS-16/аtt strain 
or of 'V'. Cell-free НРRS-24 could be 
extracted from cultured CEF at a rate 
of 2 x 102 	3.5 x l0 FF11 per 106 
cells. This was about 1% of the virus 
yields usually achieved with ITT. In 
contrast, hardly any cell-free virus 
could be recovered from CEF cultures 
infected with HPRS-16/att (less than 
10 PFU per 106 cells). 

These findings correspond to the 
results of electron microscopic studies 
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of infected CEF, About 3.5% of 400 
НРRS-24 particles were found to be 
enveloped, mostly at the nuclear 
membrane (Fig. 1). Enveloped particles 
were less frеquеnt with HРRS-16 and 
HРRS-16/att, but about 20% of 400 RVA 
particles were enveloped. In contrast 
to НРR5-24, the majority (more than 
75%) of enveloped ITT particles were 
present iп  cytoplasmic inclusion 
bodies, the remainder being in nuclear 
vesicles. This probably accounts, at 
least in part, for the ease with which 
cell-free virus can be extracted from 
cultures of ITT compared with those of 
HРRS-24 or other strains of NЮТ. 

Piateсüaп  tests 

The results of protection tests 
(shown in Table 1) suggest an inmtunol- 

ogical relationship between the 
НРRS-24 and HРRS-16 strains of ‚DX'. 
A significant increase in the percen-
tage of resistant birds could be 
observed опlу-in the vaccinated.group 
challenged with HPRS-16 by contact 
exposure. The low rate of protection 
might be due to the rather low dose 
of HPRS-24 used for immunization 
(266 PFU/chicken) and to antigenic 
differences existing between the 
НРRS-24 and HРRS-16 strains of MDV, 

Sem2ogieal reZauоnships beteeen 
virus &trams 

Results of serological studies 
have revealed the existence of at 
least three serotypes in the group of 
Marek's disease and turkey herpes-
viruses (Table 2): (1) pathogenic MDV, 

FIG. 1. CHICKEN EMBRYO FIBROBLAST INFECTED WITH MAREK's DISEASE VIRUS 

Chicken embryo fibroblast infected with the HPRS-24 strain of Marek's disease 
virus. Immature and enveloped particles in the nucleus (х  40 500) 
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Table 1. Results of protection tests with the HPR5-24 strain of MDV 

Group 	 Treatment 	Effective No. 	Percentage x2 
No. of 	with Ma 	with Ma 
chicks 

1. Control 

2. HPRS-24 control 

3. Challenge by 
inoculation 

4. HPRS-24 
+ challenge 
by inoculation 

5. Contact 
challenge 

6. NPRS-24 
+ contact 
challenge 

None 

HPRS-24, 
266 PFU/chick 
at one-day old 

HPRS-1 б, 
300 PFU/chick 
at 28-days old 

As in groups 
2 and 3 

Exposure to 
HPRS-16 
at 28-days old 

As in groups 
2 and 5 

29 0 

26 0 

30 26 

27 18 

29 21 

26 	 12 

0 

0 

86.6 

2.19a 

66.6 

72.4 

2.92 

46.1 

a Not significant 

b Significant at the 5% level (critical value = 2.71) 

typified by H2RS-16, but also including antigen in infected cells treated 
the HPRS-В14, VС, Jib and GA strains; 	with homologous or heterologous 
(2) apathogenic NIDV, typified by 	antisera. There was no difference 
HPRS-24 and including HYRS-27; (3) HVT, between the results of FA tests on 
typified by the FC 126 strain. Repre- pathogenic strains of MDV and their 
sentative results using the reference 	attenuated (A) variants. Cross- 
strains are shown in Table З  and 	reactions between different serotypes 
described below, 	 could be prevented either by absorp- 

In the indirect immunofluorescence 	
tzon of antisera with the appropriate 

tests, titres of antisera were 4-8 	heterologous antigens, or by appropri- 

times higher against the homologous 	ate dilution of antisera before use 

than against heterologous virus-induced in the indirect FA test, 
antigens (Table 3). However, there 	 Neutralizing antibody titres were 
were never any significant differences very similar to the titres determined 
in the appearance and distribution of 	by indirect immunofluorescence. 
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Table 2. Serological classification of the group of Marek's disease 
and turkey herpesviruses 

serotype 	Virus strains 	 Reference strain 

Type 1 	 Pathogenic strains of MDV 	HPRS-16 
and attenuated variants 

Type 2 	Apathogenic strains of MDV 	HPRS-24 

Type З 	Turkey herpesvirus and 	FC 126 
attenuated variants 

Table 3. Serological comparison between the HPRS-16 and HPRS-24 strains 
of MDV and the FC 126 strain of HVT 

Antigen Testa Reciprocal 

HPRS-16 

titres of 

HPRS-24 

antisera 

FC 126 

MDV, SN 966 355 186 
HPRs-16 

FA 1 	280 320 160 

AGP 16 32 8 

MDV, 5N 184 3 890 45 
HPRS-24 

FA 160 2 560 80 

AGP 8 128 4 

HVT, SN 214 148 1 	550 
FC 126 

FA 160 640 1 	280 

AGP 4 2 16 

a SN = neutralization test; FA = immunofluorescence test; 
AGP = precipitin test ("ВС" antigens) 
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Titres against the homologous and 	had at least one "BС" antigen in 
heterologous viruses usually differed 	common (group-spеci£ic), and one out 
by a factor of 4-8, but occasionally 	of three "BC" antigens appeared to be 
by as much as a factor of 100 (Table 	type--specific. 
3). 

Precipitation titres against "BС" 
antigens were at least 10-20 times 
lower than the immunofluorescent and 
neutralizing antibody titres. Homol-
ogous arid heterologous precipitin 
titres differed by a factor of 2-8, but 
only in a few cases by a factor greater 
than that. Precipitin bands between 
heterologous reagents did not appear at 
all when appropriate dilutions of 
antiserum were used. 

Differences between °'A" antigens of 
the three serotypes of virus were 
indicated by spur line patterns of 
precipitin bands (Fig. 2). Similar 
differences between 'BC' antigens have 
not been noticed. All virus strains 

DISCUSSION AND СONСLUSTONS 

The results of this study suggest 
a serological division of the Marek's 
disease and turkey herpesvirus group 
into three types (Table 2). The 
three serotypes of virus can readily 
be distinguished by cross-neutrali-
zation, indirect immunofluorescence, 
or immunodiffusion tests. The 
immunofluorescence technique is 
likely to be preferred for differential 
diagnosis. The two serological types 
of NBV characterized by the HPRS-1б  
and НPRS-24 strains сoгrеsропд  to 
the pathogenic (acute and classical) 
and apathogenic classification of 

FIG. 2. "A" ANTIGENS 0F DIFFERENT SEROTYРES OF MAREK'S DISEASE VIRUS (MDV) 
AND A HERРESVIRUS OF TURKEYS (HVT) 

The figures show the differences between II antigens of different serotypes 
of мarek's disease virus (MDV) and a herpesvirus of turkeys (HVT). Wells 1 
and 2 contain HРRS-16 feather follicle antigen, wells 3 and 4 contain 
HERS-24 tissue culture supernatant antigen, wells б  and 6 contain HVT 
(FC 126) tissue culture supernatant antigen. The centre wells contain 
different antisera: A against HРRS-1 б, B against HРRS-24 and C against HVT. 
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Biggs & Milne (1972), both from their 
pathogenicity characteristics and their 
behaviour in cell cultures. However, 
it will be advisable to study a greater 
number of virus isolates before 
definite conclusions on serological 
markers of pathogenicity can be drawn. 

'V' has been labelled turkey 
herpesvirus 1 and MDV as Phasianid 
herpesvirus 2 by the Herpesvirus Study 
Group of the International Committee 
for the Nomenclature of Viruses 
(Roiznian et a1.3 1973). We suggest 
that Phasianid herpesvirus 2 be res-
tricted to the serotype characterized 
by HPRS-16 and Phasianid herpesvirus 3 
be introduced to describe the serotype 
characterized by HERS-24. 

SUMMARY 

The HPRS-24 strain of Marek's 
disease herpesvirus was selected for 
closer study from a group of virus 
isolates that appeared apathogenic 
under standard test conditions. 
Protection studies revealed an иmmиnоl-
ogical relationship between this virus 
strain and acute Mаrek's disease 
herpesvirus. 

In chicken kidney cell cultures, 
the HРR5-24 strain caused small and 
slowly developing plaques, and the 
proportion of infected cells was  

less than with other strains. In 
chicken embryo fibroblast cultures, 
this virus multiplied rapidly5 yield-
ing a comparatively high proportion 
of infected cells. Electron micro-
scopic studies revealed that infected 
fibroblasts contained more enveloped 
virus particles than those infected 
with other strains of Marek's disease 
herpesvirus. Infectious cell-free 
virus was extracted from cultured 
fibroblasts with titres high enough 
for use in neutralization studies. 

Cross-neutralization, immuno-
fluorescence and precipitin tests 
served for serological comparison of 
the HPR5-24 strain with turkey herpes-
virus and representatives of acute 
and classical Marek's disease herpes-
virus. antibody titres were 4-10 
times higher against the homologous 
than against the heterologous virus 
strains. Qualitative differences 
between precipitating "А" antigens 
were characterized by spur line 
patterns of precipitation bands. These 
results suggest that the group of 
Marek's disease and turkey herpesviruses 
consists of at least three serological 
types. One of them is represented 
by the НРRS-24 strain of apathogenic 
Marek's disease virus. The other two 
types comprise pathogenic strains 
of Marek's disease virus and their 
attenuated variants, and turkey 
herpesvirus. 
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ISOLАTI®N OF VIRUS-INDUCED ANTIGENS FROM CELLS 
INFECTED WITH МАRЕК'S DISEASE AND TURKEY 

HERPESMRUSES 

0.R. кN DЕN & в  . DтЕтZsС1ОLD 

Federal research Institute for Animal Virus Тisеases, 
Tübingen, Federal Republic of Geгmany 

Infection of chicken embryo fibro-
blasts (CEF) or chicken kidney cells 
with Marek's disease virus (MDV) 
results in the production of а  number 
of virus-induced soluble antigens. 
Churchill et al. (1969) identified as 
many as six antigens in double-
iimnunidiffusion tests (TDT) using 
extracts of cultured cells infected 
with MDV. Later, the major component 
(the "A" antigen), which is also 
released into the tissue culture 
supernatant, was purified by Ross et 
al. (1973) and identified as a glyco-
protein. Cross-reactions between the 
precipitating antigens from NDV or 
turkey herpesvqrus (HVT)-infected 
cells were described by Witter et al. 
(1970), 

In this paper, we report on the 
purification and serological charac-
terization of intracellular antigens 
(the "ECt' complex) produced by CEF 
infected with MDV or 'VT. Previous 
studies demonstrated that highly 
purified plasma membranes from MDV-
or HVT-infected CEF contained two 
virus-induced antigens (VIA), as 
found by polyacrylamide gel electro-
phoresis, IDS and flotation of the 
plasma membrane-immunoglobulin 

mixture in density gradients (Kaaden 
& Dietzschold, 1974). Purified 
plasma membranes from HVT-infected 
CEF were able to protect chickens 
against experimental infection with 
MDV (Table 1) (Kaaden et al.) 1974). 
However, in contrast to the high 
protection, only 32% of the sera 
taken from vaccinated chickens before 
challenge infection contained virus-
neutralizing antibodies against 
infectious extracel1u1ar HVT. 

For the isolation of intra- 
cellular virus-induced antigens (VIA), 
the GA strain of MDV (Eidson & 
Schmittlе, 1968) and the FC 126 
strain of HVT (Witter et al.) 1970) 
were propagated in roller bottles 
of CEF. Details of the cell culture 
and virus propagation have already 
been described (Kaaden & Dietzschold, 
1972). 

In order to prepare radioactive-
labelled VIA, infected cells were 
incubated with 5 цСi/m1 355-L-
methionine (372 mCi/mN) in the inain-
tenance medium for 24 hours. For 
labelling of cellular and viral DNA 
or ANA components, the cells were 
incubated with 20 цCi/m1 of 

-337- 



33$ 
	

KAADEN & DIETZSCHOLD 

Table 1. Immunization of day-old Rhode Island Red chickens against Marek's 
disease with different HIT vaccinera 

Vaccine prepared 	Protein 	No. died from 	Percentage 	Reduction 
from: 	 content 	Mérek's disease/ 	with gross 	of specific 

per dose 	no, of survivors 	lesions 	mortality 
(ug) 	 (%) 

Plasma membranes 
from HVT-infected CEF 	40 	1/20 	 5 	 94 

WIT intracellular 
virus-induced antigen 	200 	19/25 	 76 	 19 

HYT intracellular 
virus-induced antigen 
bound to ligand (CH) 
Sepharose 	 200 	29/33 	 87 	 5 

a Groups of 20-35 chickens were vaccinated by the intramuscular route with 
0.2 rn1 of vaccine given twice at 14-day intervals. For the challenge infec-
tion with the pathogenic HPRS-16 strain of MDV, the vaccinated chickens were 
exposed on day 21 of age to natural contact with three chickens showing 
clinical symptoms of Marek's disease. 

3H-thymidine and ЭН-uridine. The 
илс  ъаBoп  of cells with 50 цС i/m1 
3H-L-fucosе  was extended to 36 hours. 
The maintenance medium used for 
radioactive labelling consisted of a 
1:10 mixture of ICI 199 and Hank's 
solution, and 0.45% lactalbumin 
hydrolysate and 2% dialysed calf 
serum. The radioactive precursors 
were purchased from Radiochemical 
Centre, Amersham, United Kingdom. 
For the antigen preparation, infected 
cultured cells showing a distinct 
cytopathic effect (CPE) were scraped 
off the glass surface, sedimented by 
low-speed centrifugation and washed 
twice with phosphate-buffered saline 
(PBS). The final sediment contained 
a total of about 109 cells. VIA was 
extracted from the cells using 3M 
potassium chloride, 0.01 M mercapto- 

ethanol and 2 к  10-3 M phenylmethyl-
sulfonyl fluoride dissolved in 
phosphate-buffered saline, pH 7.4. 
Further purification steps included 
high-speed centrifugation, gel 
filtration and affinity chromatography 
on Concanavalin A Sepharosе  (Ponce 
de Leon et al., 1973). After these 
purification procedures, two virus-
induced antigens were detected in the 
partially purified preparations when 
the material was allowed to react 
with immunoglobulins from birds that 
had survived an infection with NDV. 

After dialysis against 1% (w/v) 
of glycine and glycerine, the par-
tially purified antigen preparations 
were subjected to isoelectric focus-
ing in 2% (v/v) ampholine (pH 3.5-10). 
A single peak of radioactivity was 
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found at the end of the еlесtrо-
phoresis, corresponding to а  pi of 
5.1 (Fig. 1), After dialysis against 
PBs, the various fractions were 
tested for precipitating antigens by 
'D' (Fig. 2). Purified HVT VIA was 
placed in a well adjoining wells 
containing 'V' or MDV antisera, res-
pectively. The precipitin lines 
produced by HUT and MV (strain HPRs-
16) antisera werе  completely identi-
cal. Purified HVT VIA preparations 
did not cause any precipitin line if 
they were allowed to react with 
rabbit antisera CFF extract or 
against normal chicken serum. 

For further characterization, 
antisera against the isolated MDV or 

HVT VIA were prepared from rabbits 
that had been immunized by four doses 
of antigen given at weekly intervals. 
The antisera were compared by block 
titration with respect to their 
ability to bind complement-fixing 
antigen. Control antigens prepared 
from uninfected CEF and from cells 
infected with a pigeon herpesvirus 
(Cornwell et al., 1967) or an owl 
herpesvirus (Burtscher & 5chuhmacher, 
1966) were included in the tests. 
The reciprocal of the rabbit MDV VIA 
antiserum endpoint over the antigen 
endpoint was found to be 64/32, 
regardless of whether MDV or HVT VIA 
were titrated. The corresponding 
value for the rabbit AVT VIA anti-
serum was 128/64, thus showing a 

FIG. 1. ISOELECTRIC FOCUSING 0F RADIOACTIVE-LABELLED 
HVT VIRUS-INDUCED ANTIGEN 

Distribution of radioactivity of 35S-L-methionine-1abe11ed HVT virus-induced 
antigen (цIA) after isoelectric focusing. The VIA was eluted from Concanavalin 
A Sepharose by 0.25 M a-methyl-д-mannoside and electrophoresed in 2% arnpholine 
for 48 hours at 400 V, 7 mA. 

Fraction number 
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complete identity of the purified VТА  
The rabbit antisera did not show any 
complement-fixing activity if reacted 
with antigens prepared from uninfected 
CEF or from cells infected with pigeon 
or owl herpeviruses. 

Furthermpce, purified VIA from 
MDV- or HVT-infected cells were tested 
for their ability to block the virus-
neutralizing activity of HVT antiserз. 
The blocking reaction was performed 
by a 60-minute incubation at 37°C of 
equal amounts of appropriately  

diluted purified MDV or HVT VIA (i.e.. 
concentrated fractions from iso-
electric focusing) with appropriate 
dilutions of HVT antiserum. Subse-
quently, about 100 plaque-forming 
units of extrace11ular infectious 
HVT were added. Surviving virus was 
determined by plaque assay in second-
ary CEF cultures. The blocking 
ability of the tested antigen prepara-
this, expressed as the percentage 
reduction of the neutralizing activity 
of HVT antiserum, is shown in Fig. З. 

FIG. 2. DOUBLE-IMMUNO0IFFU5I0N TEST OF 
INTRACELLULAR VIRUS-INDUCED ANTIGEN 

Double-immunodiffusion test of intracellular virus-induced antigen against 
different antisera. Centre well (1): purified intracellular HVT antigen 
(protein concentration 4.4 mg/ml). Peripheral wells: (2) gammaglobulins 
from HVT antisera (protein concentration 6.7 mg/m1); (3) gammaglobulins from 
MDV antisera, strain GA (protein concentration 7.3 mg/ml); (4) CELO anti-
serum; (5) rabbit antiserum against chicken embryo fibroblasts; (6) gamma-
globulins from normal chicken sera (protein concentration 6.5 mg/ml); 
(7) rabbit antiserum against chicken serum. 
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The neutralizing activity of the anti-
serum was reduced at the highest anti-
gen concentrations by 60% (MDV VIA) 
or 80% (HVT VIA) respectively. 

For the analysis of the polypep-
tide composition, 355-L-methioпinе  
or 3H-L-fucose-labelled HVG VIA were 
denatured by treatment with sodium 
dodecyl sulfate (5Dg) and dithio-
threitol and subjected to electro-
phoresis on 8.5% acrylamide gels 
(Fig. 4). The radioactive profile 
indicates the presence of seven puy-
peptides. The corresponding relative 
molecular weights, estimated by using 
purified labelled vesicular stomatitis  

virus (VsV) proteins, were found to 
be: peak 1: about 200 000; peak 2: 
105 000; peak 3: 95 000; peak 4: 
84 000; peak 5: 74 000; peak 6: 
55 000; and. peak 7: 43 000 (Fig. 4А). 

The electrophoretic analysis of 
3H-fucose-labelled HVT VIA showed 
that at least two glycoproteins were 
migrating to the same relative posi-
ions as components 2 and 3 (Fig. 48) 
No differences in the polypeptide 
composition were observed if the 
purified DV VIA was examined by SDS 
acrylarnide-gel electrophoresis. After 
incubation with 10 цСi/m1 32Р-ortha-
phosphate, labelled VIA was purified 

FIG. 3. SERUM BLOCKING ACTIVITY AGAINST ANTISERUM TO HVT 

Serum blocking activity of intracellular MDV- and HVT-induced antigens against 
antiserum to HVT, in terms of the residual neutralizing activity (expressed 
as the percentage reduction) of mixtures containing different dilutions of 
antigens with a constant amount of antiserum. 	• HVT antiserum pre- 
incubated with MDV VIA; O-------o HVT antiserum pre-incubated with HVT VIA. 
The neutralization test with extrace11ular HVT was performed as described 
by Kaaden & Dietzschold (1974). 

pg aпSigen preincuЬaled with HVT aпtiserum 
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from HVT-infected CEF. The Э2Р-1аЬеl 
of the antigen preparation was ex-
tractable by chloroform-methanol 
mixture and was found to be sensitive 
to phospholipase C. After incubation 
with 50 g/m1 phospholipase C 
(A grade), about 83% of the input 
radioactivity became soluble in 
trichloroacetic acid (TCA). The 
results of experiments with 32Р-
lаbеlleд  antigen suggest the presence 

of a phospholipid component within 
the isolated HVT VIA. However, no 
labelled DNA or RNA components were 
detected within the purified VIA 
preparations from thymidine- and 
uridine-labelled CEF. 

The purified HVT VIA was also 
used for protection experiments 
against Marek's disease. Two injec-
tions of vaccines prepared from ITT 

FIG. 4, ELECTROPHORESIS OF RADIOACTIVE-LABELLED HVT VIRUS-INDUCED ANTIGEN 

Electrophoresis of 355-L-methionine- (A) or 3H-L-fucose-labelled (B) HVT VIA 
purified by isoelectric focusing on 8.5% acrylamide gels. The gels were 
sliced after electrophoresis into sections of about 1.25 mm and the radio-
activity was counted, after solubilization, in a liquid scintillation 
counter. The positions of the reference proteins prepared from purified 
vesicular stomatitis virus (VsV) are indicated. The electrophoresis was 
run for 5 hours at 2 mA. 

Frocliaп  number 
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VIA were administered to chickens. 
The potency of the vaccines was ex-
pressed as the percentage reduction 
of the specific mortality and lesions 
(SM), as described previously (Kaaden 
at al., 1974). 	In a first group of 
chickens vaccinated with a plasma-
membrane preparation from ‚VT-infected 
CEF, the SM was reduced by 94%. Iп  
contrast, the HVT VIA preparations 
were not able to induce a significant 
reduction of the Marek's disease SM, 
whether in their soluble or their 
immobilized form (coupled to ligand 
5epharose) (Table 1). 

infected cells are specific for the 
infection of cells with these viruses. 
Thus the MDV and ITT antisera used 
for the identification of the isolated 
precipitating antigens failed to react 
with cytoplasmic extracts from unin-
fected CEF in the IDT. Furthermore, 
neither the use of labelled extracts 
from uninfected CEF nor that of the 
prepared rabbit antisera enabled host 
components to be detected in the 
purified antigen preparations. 

The results of the serological 
comparison therefore show that the 
precipitating antigens isolated are 

Several lines of evidence suggest 	specific and represent a common anti- 
that the ❑IA isolated from MDV- or I-DIT- gen of MDV- and ITT-infected cells. 
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WiTH A KILLED ®NCOGENIC HЕRРЕSVIRUS (HERPESVIRUS 

SA1Л/ПRI) 

R. LADFS & Н. SТЕINKE 

Hygiene Institute of the University, 
Gottingen, FederaZ Republic of Gеrmаny 

The oncogenic herpesviruses 
derived from monkeys, herpesvirus 
saimiri (ïiV5) (Meléпdez et al., 1969) 
and herpesvirus ateles (HTA) (Laufs 
& Meldndez, 1973а), can be used in 
vivo to study the problems of herpes-
virus cancer vaccines. 1V5 regularly 
induces malignant lymphoma in cotton-
topped (CT) marmoset monkeys (Wolfe 
et al.,, 1971; Laufe & Fleckenstein, 
1973) and was therefore chosen for 
this study. We developed a killed 
vaccine from НVБ  and tested it for 
safety and efficiency in this primate 
model system. 

The killed vaccine, 1VS isolate 
No.5.295C (kindly supplied by Dr L.V. 
Меlёпdеz, New England Regional 
Primate Research Center, Harvard 
Medical 5сhооl, Southborough, Mass. 
01772), was cultivated on owl monkey 
kidney (OMK) cells (kindly supplied 
by Dr M.D. Daniels, New England 
Regional Primate Research Center, 
Harvard Medical School, southborough, 
Mass. 01772). The cells were propa-
gated in Eagle's minimal essential 
medium (Behring-Werke, Marburg, 
Federal Republic of Germany) supple-
mented with 10% heat-inactivated 
bovine serum, 100 pg streptomycin/m1  

and 5 pg fungizone/m1. Three days 
before harvest, when the cytopathic 
effect of HS7S appeared, the 01K cell 
cultures were washed and fed with 
fresh medium 3 without serum. After 
harvest, the tissue-culture super-
natant was stored at 4°C as stock 
virus. The stock virus was centri-
fuged twice at 2 000 g for 10 min 
and the clarified fluid cопtaining the 
virus was passed through Millipore 
membrane filters (450 пm). The 
filtrate was sonicated for 10 sec 
(Brаnsoп  Sonifier B-12, micro tip, 
maximum output)a The infectivity 
titre of this preparation, measured 
in INK cells, was 105'0-105.5 

TCТD50/тl. The virus was distributed 
into 100-ml glass vials and heated 
at 56°C (temperature measured within 
a glass vial). Cytopathogenicity of 
heat-inactivated lys was tested 
during the first 30 min. The inocu-
lated 01K cell cultures were observed 
for cytopathic effect (СРЕ) over a 
period of 32 days. After б  min of 
heat treatment, the infectivity of 
the unconcentrated HVS preparation 
(0.5-m1 samples) had disappeared. 
However, after the virus suspension 
had been concentrated 100-fold by 
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dialysis against Aquacide (Сalbiochem y 
Los Angeles, UsA) overnight and the 
concentrate inoculated into 01K cells, 
small amounts of infectious Hц5 par-
ticles (100.3 ТСI050/m1) were found 
in our experiments even after an 
incubation petiod of 30 min at 56°С. 
In order to prepare the killed vac-» 
cine, the heat treatment at 56°C was 
prolonged over a period of four 
hours. This procedure did not signif-
icantly reduce the titre of the iTS-
specific complement-fixing (CF) 
antigens measured in the concentrates 
of the virus preparation before and 
after heat treatment, according to 
standard techniques using ITS anti-
serum from an awl monkey (Laufs & 
Меlёпдег, 1973Ь). In addition to 
heat treatment, the virus preparation 
was incubated with formaldehyde 
(100 цg/m1, pli adjusted to 6,5, 37°C). 
Formaldehyde destroyed the cytopatho-
genicity of unheated ITS within 
seven hours, but infections iTS 
(101.0 ТСI1350/m1) could still be 
rescued from the concentrate of the 
virus preparation after an incubation 
period of 24 hours. In contrast to 
the heat iпactivation, the formalde-
hyde treatment reduced the titre of 
the HVS-specific CF antigens. For 
this reason, the additional incuba-
tion of heat-inactivated HV5 with 
formaldehyde was stopped after six 
days by neutralization with equimolar 
sodium disulfite (Nа2520,). The 
suspension was concentrated 100-fold 
by dialysis against Aquacide. The 
concentrate was centrifuged at 
12 000 g for 10 min at 4°C (B 20 
centrifuge, International Equipment 
Со. Boston, Mass.) and the super-
natant, which was used for vaccina-
tion, was stored at -60°C. From each 
vaccine preparation (10 ml), 30% was 
tested for cytopathogenicity in 01K 
cells, No СPB appeared in these 
cultures during an observation period 
of 36 days. 

The killed ITS vaccine was 
absorbed with aluminium hydroxide 
gel (10% v/v of a 3% solution, 
Behring-Werke, Marburg, Federal 
Republic of Germany) and used to 
immunize 42 CT marmoset monkeys. 
The animals received 4-6 intramus-
сиlзг  inoculations with 1.0 and 0.5 ml 
of vaccine within 4-10 weeks. All 
of the vaccinated monkeys developed 
high titres of serum antibodies 
against HV5 and remained clinically 
well. The immunized monkeys did 
not carry the AV5 genome in their peri-
pheral white blood cells, as shoe by 
co-cultivation with FMK cells. The 
titres of the serum antibodies 
against ITS dropped slowly during 
the first year and rose again after 
a booster injection with killed HTS 
(Table 1). 

The protective effect of the 
vaccination was tested in challenge 
experiments. Serial 10-fold dilutions 
of cell-free 1X15 stock virus were 
passed through a Millipore membrane 
filter (450 rim) and injected into 14 
vaccinated monkeys and 21 unvaccinated 
control monkeys. All of the vacci-
nated monkeys survived and have been 
under observation for 270 days 
(challenge experiment 1) or 139 days 
(challenge experiment 2). The un-
vaccinated control monkeys died 
34-52 days after inoculation of 
malignant lymphoma, as shown both by 
gross pathology and histopathology 
(Table 2). The highest challenge 
dosage contained 100 TСјD 	of ITs, 
which corresponded to 215 LD50 of 
ITS, as calculated according to the 
method of Reed & Muench (1938). The 
vaccinated monkeys, in contrast to 
the tumour-bearing control animals, 
do not carry the ITs genome in their 
peripheral white blood cells, as 
shown by co-cultivation with 01K 
cells (Tables 3 and 4). 

These experiments clearly 
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;able 1. Active imniunizatiort of 3 CT marmoset monkeys with killed 1VS 

Tine after first 	 Infectivity titre 	5erum antibodies 
immunization 	 of whole blood 	 against НVS 
(days) 	 (TCfD50/ml)a 	

Nib 	 сЕС  

No. 	1 

84 <l00 0 3.0 1:4 
162 <l00 ° 0 3.2 1:2 
196 <1000 2.3 AAd 

249 <100.0 1.2 Аpd 
278e i0°'° 1.0 AAd 

286 <l000 3.0 1:64 

No. 	2 

84 l0° 2.2 AAd 

162 <100'0 37 AAd 

206 <100'0 3.3 ААd 
259 <100 0 1.5 AAd 

294 <10°.о  1.2 AAd 

No. 	3 

84 <1000 3.0 1:2 
162 <100.0 4.0 0 
206 <100.0 3.3 0 
259 <1000 2.7 NDS 
294 <10°'° 1.5 NDf 

a Determined in Ilk cells. 

b Neutralization indices, 

Titres of complement-fixing antibodies. 

d Auticoniplement activity. 

e The monkey received a booster injection of killed НцS. 

ND: not done, 
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Та1 е  2. Inoculation of serial li-fold dilutions of cell-free 1V5 into 
vaccinated and unvaccinated CT marmoset monkeys 

Dilution of HVS 
stock virus 

Titre of 
inoculum 

ТCID5oa 

HV5 

LDs p 

Unvacciiated 
monkeys 

Vaccinated 
monkeys 

ChaZZenдв  Experiment 2c 
ii-g -ii 18 + 	+ 	+ - 	- 	- 
10- 1 l 	:8 + 	+ 	- - 	- 	- 
li 	5 <1 <1 - 	- 	- Not done 

Challenge Experiment 2d 

1a-2 lii 215 Not done - 	- 	- 	- 
l С  10 21 + 	+ 	+ 	+ - 	- 	- 	- 
10-`' 1 2 + 	+ 	+ 	- Not done 
1U-5 <1 <1 - 	- 	- 	- Not done 

a Determined in ilk cells. 

b + = Monkey died of malignant lymphoma, as shown both by gross pathology 
and histopathology; - = monkey remained clinically well. 

Monkeys have been under observation for 270 days. 

d Monkeys have been under observation for 139 days. 

demonstrate that a safe and efficient 
vaccine can be prepared by inacti-
vation of an oncogenic herpesvirus. 
The killed HVS cancer vaccine pre-
vents malignant lyniphoma in non-human 
primates under laboratory conditions. 
The vaccinated monkeys were resistant 
to 215 LD50 of HVs. The iттuпity 
against lys can be broken by very 
high challenge dosages such as li ' 
ТCID50 of HVS (Laufs, 1974), The 
tumour prophylaxis with the killed 

HV5 vaccine and the good correlation 
between the ТCID50 and the LD50 of 
'VS support the concept that HVS is 
indeed the etiological agent of 
malignant 1ymphoma in monkeys. This 
vaccine prophylaxis of cancer in 
monkeys gives rise to the hope that 
safe and efficient vaccines can be 
developed against those forms of 
cancer in man that may be induced 
by herpesviruses. 
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Table З. Challenge experiments 1 and 2: vaccinated CT marmoset monkeys 

Dilution of Animal Interval 	between Serurn antibodies Period of 
HVs stock No. first immunization against HVS at the observation 
virus used and challenge time of challenge after challenge 
for challenge (days) NIa CFS (days) 

Experiment 2 

10-3 10 72 3.0 1:4 270 

11 72 3.0 ААc 270 

12 47 2.8 1:32 270 

10- 13 47 2.0 1:16 270 

14 47 3.0 1:8 270 

15 47 2.0 1:8 270 

Experimeпt 2 

10 2 	28 88 

29 88 

30 88 

31 88 

10-3 	32 88 

33 88 

34 88 

35 88 

a Neutralization indices. 

b Titres of complement-fixing antibodies. 

С  Rnticomplement activity. 

3.0 ААс  139 

3.0 1:32 139 

3.0 1:64 139 

3,0 139 

3.0 1:64 139 

3.0 1:128 139 

3.0 ААс  139 

3.0 ААс  139 



40 104.8 
42 105° 3 

34 1р5• з  

44 los- s 

51 10ц  . з  
No tumour - 

No tumour 	 - 
No tumour 	 - 
Ni tumour 	 - 

Ехрет iment 1 

10- з  

10-L 

10-5 

1 
2 

З  

4 
5~ 
6 

7b 

8h 
9b 
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Table 4. Challenge experiments 1 aud 2: unvaccinated CT marmoset monkeys 
(controls) 

Dilution of HVS 	Animal 	Interval between 	Infectivity titre 
stock virus used 	No. 	 inoculation and 	of whole blood at 
for challenge 	 death from 	 the time of death 

malignant lymphoma 	(TCID5a/тl)a 
(days) 

Еxreriment 2 

10-3 
	

16 
	

45 	 10s•s 

17 
	

52 	 100 

18 
	

44 	 105 s 
19 
	

42 	 105 ° 5 

l0- 
	

20 
	

52  

21 
	

44 	 10s. s 

22 
	

36 	 10`± -8 
23b 
	

No tumour 	 - 

l0- 
	

24ъ 
	

No tumour 	 - 
25ъ 
	

No tumour 	 - 
2 6b 
	

No tumour 	 - 
27b 
	

No tumour 	 - 

a Determined in 01K cells. 

b These monkeys have now been under observation for 270 or 139 days without 
signs of tumour development. 
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Many human and non-human primate 
tissues have been cultured in our 
laboratories since 1965. several 
continuous cultures derived from them 
have been kept in tissue-culture 
medium with 10% glycerin at -186°C 
(liquid nitrogen). 

Some of these cultures were inoc-
ulated with herpesvirus saimiri (or 
Cebid herpesvirus 2) (Melendez et al., 
19б8; Roizman et al., 1973), an on-
cogenic DNA virus from squirrel 
monkeys (Haimiri sciureus) (Melendez 
et al., 1969). The purpose of these 
inoculations was to try to adapt 
herpesvirus saimiri (HVS) to growth in 
these cultures and, if this were 
possible, to determine whether this 
oncogenic virus could induce some 
cell-layer alteration or cytopathic 
effect (CPE) in a non-human primate 
culture. the final aim of these 
trials was to obtain an attenuated  

live virus that, after serial passages, 
might be able to provide protection 
against the malignant lymphoma induced 
by this agent in several species of 
non-human primates. 

This report describes the adap-
tation and in vitro attenuation of 
HITS in dog fetal lung (DFL) continuous 
cultures. 

ГSTABLISЫMhNТ  0F DOG FETAL LUNG 
CONTINUOUS CULTURES 

During 1970, the inoculation of 
several primate cell cultures with 
undiluted HVS strain 5-295C, stock 
E964E, was initiated. 0f these cul-
tures, one prepared from DFL grew 
very well. The cells were grown in 
250-ml flasks and/or 60-mm petri 
dishes (Falcon). 

-355- 
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DFL primary cultures were observed 
for 90 days before inoculation with 
lys to rule out the presence of latent 
viral agents capable of inducing 
spontaneous СРЕ. 

The medium employed to grow the 
DFL cells was Eagle's minimum essen-
tial medium with 10% fetal calf serum, 
heat-inactivated at 56°C for 1 hour 
(МЕM-10). Sodium penicillin and 
streptomycin were added so that the 
medium contained 256 U and 250 mg/m1 
respectively. 

The DFL cultures were transferred 
by routine trypsinization procedures 
(2.57 Difco trypsin in Tris buffer). 
The cells were transferred whenever 
the cultures developed a confluent 
monolayer. Usually the transfer 
splitting ratio was 1:2. Over a 
period of four years, we were able to 
make 36 transfers of DFL cultures. 

VIRUS INOCULATION AND SERIAL PASSAGES 

In the inoculations of lys in DFL 
cells , undiluted virus was always 
used, 1-3 m1 of virus being inoculated 
into each flask; after an adsorption 
period of 45-60 minutes, 10-12 ml of 
medium were added. 

The first passage (Е987Е) was 
effected by inoculation of ITS in DFL 
cultures. No CPE was observed within 
15 days. At this time the inoculated 
DFL cultures were trypsinized, and the 
cell pellet obtained after centrifu-
gation at 900 rpm for 5 min was seeded 
in new flasks containing well-grown 
DFL cultures. This co-culture proce-
dure was repeated nine times in a 
period of four months. 

Parallel co-cultures at various 
passage levels during these first 
four months were observed for periods 
of up to 37 days to detect СРЕ. This 
developed as discrete localized foci 

of rounded and swollen cells. 
During this period, some cells grown 
on glass cover-slips were removed and 
stained with haematoxylin and eosin 
(НЕ). Ill-defined nuclear inclusions 
and small polykaryocytes were observed 
in these stained preparations (Figs. 1 
and 2). For comparison, an uninoculated 
DFL culture is shown (Fig. 3). The 
presence of this ill-defined СРЕ  lad 
us to decide to transfer and seed these 
cultures over well-grown DFL monolayers. 
Tissue-culture fluids were also collec-
ted at this time, and those obtained 
from every fifth passage were stored 
at -86°C to be titrated in owl monkey 
kidney (01K) and DFL cultures. 

Tissue culture fluids from the 9th 
co-culture (Е2774F) were collected on 
day 41 and inoculated after freezing 
and thawing in new DFL cultures. A 
new co-culture was carried out with 
this 10th virus passage in DFL cells 
on day 17. Thereafter seven serial 
passages of ITs were performed iп  DFL 
cells with the cell-free virus inoculum 
collected from each passage, so that 
an 18th passage level was reached in 
a period of l9Z months. 

The 18th virus passage (Е704Н) 
was co-cultured on day 28 with new 
DFL cells to make a 19th passage 
because at this time a dubious СРЕ  
was observed; however, serial passages 
were performed with cell-free inoculum 
in DFL cells whenever the СРЕ  varied 
from 0.5 to 1.5. 

During a period of three months, 
a 21st passage level was reached. 
The inoculum for these passages was 
collected when the DFL cells had a 
СРЕ  of 2.0-2.5. The virus was also 
passed serially in DFL cells as cell-
free virus for another 12 months, at 
which time the 35th passage level was 
reached (Е757.T). The procedure is 
summarized in Table 1. A СРЕ  varying 
from 0.5 to 4.0 as early as 10-11 
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FIG. 1. DOG FETAL LUNG (DFL) CELL CULTURES 37 DAYS AFTER INOCULATION 
WITH IVE 

Numerous rounded and swollen cel is can be seen. Eorne nuclei have nuclear 
inclusions, as indicated by the arrow. (х  125) 
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FIG. 2. ENLARGED VIEW 0F CYTOPATHIC EFFECT SHOWN IN FIG. 1. 

Note the clearly outlined nuclear inclusions. (x 250) 
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FIG. З. UNINOCULATED DOG FETAL LUNG (DFL) CULTURES 

(х  X25) 
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Table 1. Procedure for multiplication of 1VS in DFL cultures 

Step 	Procedure 

1 	 The virus was passed nine times by co-culturing inoculated DFL 
cultures with uninoculated cultures. 

2 	A 10th passage was performed with frozen and thawed tissue culture 
material 	from the previous passage. 

З 	A co-culture was carried out to obtain the 11th passage. 

4 	The 12th to the 18th passages were performed as in Step 2. 

5 	A co-culture was carried out to obtain the 19th passage. 

6 	The 20th to the 35th passages were performed as in Step 2. 

days post inoculation was observed in 
some of these virus passages. 

It was observed during these 
serial passages of ITS in DFL сиl-
tures that the СРЕ  increased propor-
tionally to the number of passages 
done, but that the СРЕ  for 01K cells 
decreased in the same manner. This 
increase in СРЕ  for DFL cultures of 
the virus serially passed in these 
cultures as well as the decrease in 
СРЕ  for 01K cells are shown in Fig. 4. 

A 32nd passage (Е5б4T) in DFL 
cells had a titre of 5.5/m1 in DFL aid 
1.0/m1 in INK cultures. 

DFL-НцS, 32nd passage, (Е5643) 
was neutralized by ITS antiserum 
prepared in goats against the proto-
type strain 5-295С  (Fraser et а1., 
1971) and a neutralization index (NI) 
of 3.5 was observed in DFL cells. 
The same DFL-11VS variant gave specific 
fluorescence with ITS antiserum. 

ANIMAL INOCULATION 

Owl monkeys (1оtив  sp) were em-
ployed to test the immunogenic and  

anti-oncogenic activity of the 
DEL-ITS. 

The following passages of DFL-
ITS were inoculated iп  owl monkeys: 
5th passage (E144F): animal experi-
ment (AE) 173; 22nd passage (Е464I): 
АЕ254, 22nd passage (Е4641): АF2б8; 
and a 30th passage (1710[): А5279. 
All these experiments will be des-
cribed in a separate report. 

CONCLUSIONS 

The view that the BEL-lyS is a 
mutant of the prototype strain 5-295С  
is supported by the following in 
vitro findings: 

(1) the prototype HVS strain acquires 
the ability to induce definite СРЕ  in 
DFL cultures after being passed for 
more than 30 times over a period of 
almost four years. 

(2) the titre of DFL-SVS in DFL 
cultures increased from 0.O/ml to 
4.5/ml after 32 serial passages, and 
decreased from 5.5/mi to 1.0/mi in 
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Ouk cultures in the same number of 	 The above findings indicate that 
passages; 	 the prototype HVS strain has been 

attenuated iп  its in vиinю  behaviour, 
(3) HV5 antiserum has a NI of 3.5 for and that a new variant has been ob- 
DFL-HVs, 32nd passage. 	 tamed under laboratory conditions. 

It is suggested that this variant 
(4) DFL-HVs fluoresces specifically 	should be called DFL-HTS. 
with HV5 antiserum. 

FIG. 4. EFFECT 0F NUMBER OF SERIAL PASSAGES IN DFL CELLS ON INFECTIVITY 
OF 1VS FOR DFL AND Ilk CELLS 

PASSAGES IN DFL 
9 14 	1B 	24 32 
0.5 L0 1.5 2.0 2.5 3.0 3.5 4,0 

TIME (years) 
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Vaccine development for the control and prevention 
of cancer was the main topic discussed, and the importance 
of vaccines free from viral nucleic acids was emphasized. 
5есh vaccines could conceivably be prepared from specially 
purified viral proteins, viral-cultured cell membranes or 
viral and virally-induced structural and non-structural 
proteins (antigens). The two viruses discussed were 
Marek's disease virus (MDV) and herpesvirus saimiri (НV5). 

Marsh's disease virus 

Highly purified plasma membranes of the herpesvirus of 
turkeys (HVT) protected chickens upon challenge with MDV. 
Two HVT antigens, however, partially purified by isoelectric 
focusing, were found to react with 'VT in iiomunoprecipitation 
tests, whereas an MDV antiserum was at least 60% less 
reactive. The relationship between these two findings is 
а  topic for further research. 5ix MDV antigens, which could 
be identified by immunoprecipitation, were also discussed. 

In addition, a crude, inactivated vaccine for MA has 
been developed in .Tapas; however, a purified heat-
inactivated MDV vaccine is still under development because 
at present it fails to protect chickens. In contrast, a 
live, cell--free preparation, made from in vitro propagated 
HVT, was believed to be effective, stable, and suitable 
for large-scale production. The possible long-term effects 
of these various vaccines were discussed. 

Studies were presented on the immunological and 
serological differences between strains of MDV and their 
relevance to the control and prevention of MD, Thus, the 
different strains vary in antigenic make-up, oncogenicity, 
and pathogenicity. Significant differences were found 
between the apathogenic HPR-24 strain of MDV and 'VT by 
cross-neutralization, immunofluorescence, and inniiunopreci-
pitation tests. At least three serological subtypes of 
MDV have been found. One of these was the apathogenic 

-361- 



362 	 АВLАSНI 

НPR-24 strain, while the others were pathogenic and attenu-
ated variants of MDV and HTV. 

Herpe svirus saimiri 

Heat inactivation of HVS combined with formalin treat-
ment resulted in the preparation of what seemed to be а  
successful vaccine for the prevention of НVS-induced 
tumours in cotton-topped marmosets. No SVS could be re-
covered from the vaccinated animals. All animals vaccinated 
and then challenged at 45 days with varying dose levels of 
SVS survived for a period of at least 260 days. Such an 
inactivated vaccine would be useful in preventing onco-
genesis in owl monkeys or marmosets that have been in 
contact with squirrel monkeys, so that natural infection 
may have taken place. 

HV5 was successfully propagated in dog embryo lung 
(DEL) cells; the 22nd-passage DEL HTS, when inoculated into 
monkeys, induced neutralizing antibodies to HVS, but the 
animals survived longer than those animals challenged with 
HVS propagated in owl monkey cells. Animals given the 
largest challenge doses of HVS lived longer than those 
given smaller doses; the larger doses may have induced 
a greater immune response on the part of the host to the 
development of tuiours. These results show the need for 
further experiments to determine how resistance may be 
enhanced and perhaps made complete. This may lead to an 
iтрrоvед  understanding of immunity to the oncogenic effects 
of ITS, and perhaps to the development of a live virus 
vaccine. 

Passive iimnunization of monkeys, using antibodies to 
ITS prepared in goats, also delayed the onset of lymphomas 
after inoculation of HVS. Studies of the toxicity of 
immunosuppressive drugs in New World monkeys, preparatory 
to the use of those drugs in experiments on resistance to 
HVS tumour development, were also discussed. 
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Round the table: P.М. Biggs, F. Dei id, G. dе-Тhé, М.А. Fpstein, 
W. Heriъe, T. L2ndаы, G. Miller, J. Pagano, J.H. Pope, 
Г. Rapp, B. Ro2zman, V. Vonka and H. ги  Hausan. 

■ 

By this time, it must be clear to 
all of us that a great deal of pro-
gress has been made since the 
Cambridge Symposium three years ago. 
With the exception of some introduc-
tory papers dealing with the molec-
ular biology, genetics and latency 
of the lytic herpesviruses - very 
important in themselves - the majority 
of the papers were directly concerned 
with various aspects of proven or 
suspected herpesviral oncogenesis. 
The four main areas were Epstein-Barr 
virus (EBV) in man, Marek's disease 
herpesvirus (MDV) in the chicken, 
herpesvirus saiтпiri (HV5) and ateles 
(HVA) in monkeys, and the oncogenic 
transformation induced by defective 
herpes simplex (HSV) in various 
target cells. 

EBц  is now generally accepted as 
the causative agent of infectious 
mononucleosis (IM) in man. The 
details of the pathogenesis and the 
exact role of EBV-carrying cells are 
not clear, however. At least the 
majority of the atypical cells in the 
circulation appear to be T cells 
(Sheldon et al., 1973; Virolainen et 

а1., 1973; Greaves & Brown, 1975; 
Denman & Pelton, 1974). Recent 
evidence suggests that at least some 
of them are specifically sensitized 
against EBV-carrying cells, since 
they kill EBV genome-carrying B cell 
lines but do not kill EBV genome-
negative lines (svedmyr & Jondal, 
1975). This specific effect can be 
demonstrated only after non-specific 
killer cells, present in both normal 
and IM blood, have been removed, e.g., 
by virtue of their complement receptors. 
At the target-cell level, all EBV 
genome-carrying lines so far tested 
were sensitive to the EBV-specific 
killer effect, no matter whether they 
contained immunofluorescence-detected, 
EBV-determined membrane antigen (MA) 
or not. By analogy with the major 
transplantation antigen systems, it 
is thus possible that lymphocytes can 
recognize membrane antigen specifi-
cities that are not readily demons-
trated by serological reagents. 

It is not clear whether IM blood 
contains circulating B cells that 
carry the EBV genome and the EB - 
nuclear antigen (BBNA). I don't 
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believe that it is possible to state 
at present, with any degree of confi-
депcе, that IM blood is EENA-nagative. 
The test has not been refined to the 
point where a small number of positive 
cells can be demonstrated amongst a 
large number of negative lymphocytes 
within a highly heterogeneous cell 
population. I am reminded at this 
point of the startling paper by Dr 
Carter at the Cambridge Symposium 
(Carter, 1972), You will recall that 
he collected autopsy material from 
mononucleosis patients who died from 
accidents during the acute phase of 
the disease. Their internal organs 
were extensively infiltrated with 
atypical lymphoid cells, closely 
resembling a malignant lymphoprolif-
erative disease. It would be impor-
tant to know whether these were 
proliferating В  cells, perhaps anal-
ogous to the in v2tro transformed, 
"immortalized'° lines, or reactive 
cells, perhaps corresponding to the 
atypical T cells of the peripheral 
blood. 

Dr Epstein and his co-workers, 
Dr Riekinson in particular, presented 
a new view of the state of the viral 
genome in IM, as contrasted to 
Burkitt's lymphoma (BL). Opposing the 
view that EBY genome-carrying, poten-
tially malignant B lymphocytes are 
kept under immune surveillance in 
post-1M patients and in normal EBY-
carrying individuals, they postulate 
that EBY is carried in a latent state, 
analogous to the presence of HSV in 
ganglion cells. When they mixed 
normal cord-blood lymphocytes with the 
peripheral white cells of acute mono-
nucleosis patients of the opposite 
sex, the emerging EBV-carrying lines 
frequently contained the sex chromo-
some marker of the cord-blood donor. 
This indicated that infectious virus 
was present in or was generated by 
some cells in the mononucleosis blood; 
following explantation, this led to  

the in v2tro transformation of pre-
viously normal B-tyре  lymphocytes. 
Obviously, virus is present in mono-
nucleosis blood in some form. However, 
we really доn° t know where it is - it 
could be within some cells but it might 
also be free, at least before the 
appearance of neutralizing antibodies. 
It has been conclusively established 
that the throat washings of Il patients 
regularly contain free virus that can 
transform cord-blood cells; would it 
be hard to imagine that even the peri-
pheral blood may contain free virus? 
Be this as it may, the two-step 
transformation that may follow the 
explantation of IM blood, as the Epstein 
experiments clearly show, can hardly 
be argued to prove that a similar situa-
tion must prevail when EBV-carrying 
cell lines are established from normal 
EBV-positive individuals. Even if this 
did happen occasionally, it would not 
exclude the possibility that Elk 
genome-carrying В  lymphocytes with a 
neoplastic potential may lie dormant 
in the blood and tissues of seropositive 
individuals. Epstein felt that it was 
highly unlikely that $0-90% of the 
healthy adult population could walk 
around with a large number of poten-
tially neoplastic cells in their bodies, 
yet this is exactly what seems to 
happen in wild mice, with regard to 
polyoma-transformed cells. It is known 
that virtually all wild mice carry 
polyoma virus, but they do not develop 
tumours when kept under observation in 
the laboratory. Allison has recently 
shown that nude mice that lack a 
thymus-dependent lymphocyte system, 
may develop as many as five primary 
tumours on an average, when infected 
with polyoina virus, and some develop 
ten: All tumours can be prevented by 
inoculating polyoma-immunized syngeneic 
T-lymphocyte populations. This 
illustrates the power of the thymus-
dependent surveillance mechanism in 
relation to a certain kind of 
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potentially neoplastic cells, namely 
those induced by ubiquitous oncogenic 
viruses in their natural host species. 
The polyoma-mouse system may be a good 
model for the understanding of the 
relationship between ESV and man or 
between HVS and the squirrel monkey. 
A certain, but much less powerful, 
surveillance appears to operate in 
relation to Marek's disease, capable 
of protecting certain genetically 
resistant breeds of chicken whereas 
genetically susceptible birds are not 
protected efficiently. At the орро-
site end of the scale, the effect of 
HV5 on the marmoset and the owl monkey 
represents a more or less 'completely 
unprotected situation. In this case, 
the susceptible animal species do not 
meet the virus in nature. 

In all probability, surveillance 
evolves by the selective fixation of 
immune-responsiveness (Ir) or Ir-like 
genes, capable of influencing the 
efficiency and/or the promptness of 
the host response at multiple linmuno-
logical levels. The basic genetics of 
Ir systems is still in a relatively 
early phase of its development, but it 
is already clear that different kinds 
of Ir genes exist. Some appear to act 
at the T-cell level, others at the 
macrophage level, and still others at 
the B-cell level or at the level of 
T-B cell interaction. Obviously, a 
strong impact by a highly lethal virus 
on the species will select for nil 
mechanisms that contribute to resis-
tance. If surveillance is fixed at 
multiple levels, one specific kind of 
experimentally applied immunosuppres-
sion may not be sufficient to allow 
the proliferation of the dormant neo-
plastic сlоnee Negative experiments 
are therefore less conclusive than 
positive. In the polyoma system, 
antilymphocytic serum (ALS) treatment, 
neonatal thymectomy, total-body 
irradiation or the complete T-cell 
deficiency of the nude mouse are all  

efficient, to various degrees, in 
breaking down the resistance of normal 
adult mice to the oncogenic effect of 
the virus. Iп  other situations, and 
particularly when the target cell is 
of lymphoid origin, AL5 may have the 
opposite effect, due to the tact that 
it can also inhibit the growth of the 
target cell directly. One study 
(Bremberg et al. 1967) has shown that 
ALS affects the growth of Moloney 
virus-induced mouse lушphаmas in a way 
that is reproducible for each lyrnphoma 
line but unpredictable with regard to 
its direction5 namely, inhibition or 
facilitation of growth. The final 
outcome is the end result of at least 
three parameters: the effect of AL5 
on the growth of the lymphoma cells, 
the effect of ALS on the immune res-
ponse, and effect of the immune res-
poise on the lyinphoma. Thus, the 
immunosuppressive agent interferes 
with a complex, multfvariant system 
and the ultimate outcome depends cri 
the interplay of the different com-
ponents. 

Our way of thinking about sponta-
neous tumour development and its 
relation to the immune response may 
have been biased by the development of 
high tumour strains by inbreeding and 
selection. Genetic analysis of AKR 
leukaemia (Lilly & Pincus, 1973) or 
С3Н  mammary tumour (Heston, 1973) 
showed the selective fixation of 
multiple genetic systems in these 
strains that favour the development of 
the particular tumour by different 
mechanisms. These include integration 
of the oncogenic viral gеnотпе  with the 
germ line, fixation of "amplifier" 
genes that favour the multiplication 
of the virus, selection for immuno-
logical unresponsiveness towards the 
oncogenic virus and/or the neoplastic 
cell product, and even fixation of 
genes that influence the probability 
of neoplastic transformation at the 
target-cell level. While the laboratory 
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selection for high tumour incidence 	and antibody as the results 
fixes multiple genes that favour 
tumour development, nature selects in 	

There are now two E Вц  genome- 
tumour 

 opposite direction, establishing 	
negative lymphoma lines derived from 

multiple controls that suppress 	
genome-negative tumours of Burkitt or 

virus-induced пeoplasi 	
Burktt-ЫКе  histology. One 	Ramos, 

a. 	
i i 	 i  

derived from an American BL. The 
The etiological discussion con- 	other, B.IAB, comes from one of the two 

cerning the possible role of EBV in 	exceptional EBV genome-negative African 
BL and nasopharyngeal carcinoma (NrC) 	BL cases. The donors of both lymphomas 
has been sharpened by the distinction were EBV-seropositive. The two lines 
between a mere serological association in vitro are susceptible to EBV infec- 
and the demonstrated presence of the 	tim in vitro and one has been converted 
viral genomes in the tumour cells, 	into a permanent genome-positive line. 
High anti-EBV titres can arise in the Thus, in spite of the fact that the 
absence of a genome-carrying tumour, 	donors had the virus and their lymphomas 
as reported iп  the paper by Dr Henle. 	were susceptible to it, the virus did 
Sеcопдаrу  elevation of this type 	not "jump" on to the cells in vivo. 
occurs, in all probability, due to the A similar argument can be made for the 
relative immunosuppression (particu- 	numerous other genome-negative non-BL 
1arly T-cell suppression) that accom- 	that originate in highly séropositive 
panics certain malignant diseases 	individuals; this argument is weaker, 
(Hodgkin's disease in particular), 	however, since there is no positive 
Conceptually at least, this should be 	evidence of cellular susceptibility to 
distinguished from the more direct, 	the virus. Nevertheless, the fact that 
primary rise of the antibody titres 	no EBV genome-positive lymphomas have 
that accompanies the growth of an EBV been found so far that are not African 
genome-carrying tumour. Unless the 	BL, strongly suggests that the regular 
presence of the viral genome is demons- presence of the virus in African BL 
trated directly in the tumour cells by must have some special significance. 
EBV deoxyribonucleic acid (DNA) or 	However, I completely agree with Dr 
EBNA tests, high EBV antibody titres 	henle that many more lymphomas should 
can be very misleading by themselves, 	be examined outside Africa. Perhaps 
Dr zur Hausen has suggested that BL 	one should particularly look for cases 
should be reclassified as EBV genome- with a serological picture that re-
positive and genome-negative lymphomas. sembles African BL, e.g., high anti-R 
It would be interesting to see whether (restricted EА) titres, 
a prospective study can reveal any 	

It is easy to see why the virus 
clinical or histopathological differ- 

does not jитp. During the primary 
ences between the two groups. 	

infection, as we know it from IM, 
It is becoming more and more 	neutralizing antibodies appear very 

difficult to explain the presence of 	quickly, in a few weeks. In infection 
EBV in the genome-positive, African BL experiments in vitro, even high dilu-
by the passenger hypothesis. According tuons of neutralizing antibodies 
to this theory, EBV is a relatively 	prevent virus passage to new host 
innocuous inhabitant of lymphoid 	cells very efficiently. 
tissues. Lymphomas would develop for 

If these arguments are basically 
quite unrelated reasons' 	they would correct, it would follow that the vast 
carry the virus along as a passenger, 

majority of the African BL cases 
with amplification of viral antigen 	

originate in genome-carrying cells from 
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the beginning. This leaves us with 
two main possibilities that we may 
call the immunological and the со-
factor hypotheses. The immunological 
hypothesis would imply that, in con-
trast to what Dr Epstein thinks, 
healthy EBV-seropositive individuals 
harbour a considerable number of 
virally converted, potentially neo-
plastic cells. These are kept dormant 
by some control mechanism, presumably 
immunological in nature. This control 
would work very efficiently most of 
the time, even in Africans. In the 
occasional, and still relatively rare 
case of the African BL patient, a 
single clone would "sneak through" and 
grow to irreversible size. As you 
know, Dr Fialkow aid his co-workers 
have conclusively shown that African 
BL is a monoclonal disease, as judged 
by G6PD and immunoglobulin marker 
studies (Fialkow et al., 1970, 1973). 

The postulated escape of the Afri-
can BL clone could occur for genetic 
or environmental reasons. The geo-
graphical distribution and the charac-
teristic time-space clustering suggest 
mainly environmental factors. The 
question arises whether any particular 
type of immunosuppression would favour 
the outgrowth of a oeoplastic clone. 
One wonders whether the falling anti-
EBV titres in African children that 
Dr de-Thë postulated may reflect some 
relevant process. It will be very 
important to confirm it by horizontal 
studies on the same individuals. 
Another potentially relevant case is 
the patient described by Drs Henle and 
Magrath. They found that an EBV 
genome-positive BL developed in an 
African Hodgkin's disease patient. 

It is likely that we can learn a 
great deal from cases where BL recurs 
after relatively long periods of total 
regression. The immunological events 
proceeding these recurrences may be 
informative. Dr taunvéп  of our labo-
ratory has obtained evidence that  

circulating immune complexes with EBV-
determined MA specificity may appear 
in BL patients 4-6 months prior to 
recurrence (Gunvén et al., 1974). It 
is tempting to think that the complexes 
may promote recurrence, e.g., by the 
blocking of cell-mediated immunity. 

The malaria hypothesis proposed by 
Burkitt (1969) dois not conflict with 
the immunological hypothesis. It is 
known that chronic holoendemic malaria 
stimulates the proliferation of the 
lymphoid system. If B cells were 
stimulated and T ce11s suppressed, a 
situation might develop that could 
break down surveillance. 

There is, of course, no direct 
evidence at present to prove the 
validity of the immunological hypothesis 
(or any other hypothesis, for that 
matter). One important aspect of this 
hypothesis is the underlying assumption 
that EBV-transformed lymphoid cells are 
potentially neoplastic, no matter 
whether they are found in normal people 
or in tumour patients. 

The "co-factor hypothesis" has the 
opposite point of departure. It assumes 
that EBV-transformed cells of normal 
individuals are not yet malignant, 
although they may be premaligrvant. A 
second event would be required, induced 
by another virus, or by non-viral 
proliferative stimuli, or by an 
indigenous cellular change, before a 
fully malignant lymphoma could emerge. 

The question whether Burkitt-
derived and non-Burkitt-derived EBV-
carrying lines differ in cellular 
properties is highly relevant in this 
connection. Dr Jarvis showed the 
frequent presence of the chromosome 
14 anomaly, described by Manolov & 
Manolova (1972), in the majority of 
the Burkitt-derived lines tested. 
Dr Zech in Stockholm has obtained 
similar evidence on Burkitt-derived 
lines and also on biopsied in vivo 
BL tumours. Neither of the two 
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investigators found this chromosomal 
change iп  any of the EBV-carrying, 
non-Burkitt-derived lines that they 
studied. It seems, however, that the 
marker may be preset in some EBV 
genome-negative lymphomas in vivo. 
If so, the marker may be more 
lymphoma-specific than EBV-specific. 
There are at least some superficial 
resemblances between this and the 
relationship of the Ph' chromosome to 
chronic myeloid leukaemia (СML). 
Obviously, comparisons on a large 
material are urgently needed. 

Nilsson & PontOn (1975) have 
compared a fairly large number of 
normal and Burkitt-derived EBV-
carrying lines with regard to several 
morphological, functional and growth 
characteristics. The Burkitt-derived 
lines were distinctly different. As 
a rule, they were more homogeneous 
with regard to several markers than 
the EBV-carrying, non-Burkitt lines. 
While their data are fairly convin-
cing, it is not clear to me whether 
the difference may not merely reflect 
the fact that in vitro EBV-transformed 
or EBV-carrying normal donor-derived 
lines are polyclonal while the Burkitt 
tumour is monoclonal already in vivo. 
Could selection for monoclonality, 
from an originally polyclonal, EBV-
transformed population, account for 
the difference? Alternatively, would 
the transformation into a BL reflect 
a second, EBV-unrelated event, 
occurring in one of the EBV-carrying 
cells? 

Arguments can be found for and 
against both alternatives. it has 
been clearly shown that EBV-carrying 
lymphoid lines of mon-Burkitt origin 
can be at least potentially malignant, 
since they can grow progressively as 
heterotransplanted lymphomas in nude 
mice or other immunologically crippled 
recipients (Southam et al., 1969; 
Adams et al., 1967, 1970; Levin et  

al., 1969). Furthermore, Leibold et 
al..1 have recently found that three 
in vitro transformed lymphoblastoid 
squirrel monkey lines were malignant 
upon reimplantation to the auto1ogous 
host. The chromosomal difference 
mentioned above would, on the other 
hand, argue for a true difference be-
tween Burkitt- and non-Burkitt-derived 
lines. 

The studies reported on NPC have 
vindicated Dr zur Hausen° s original 
suggestion. In contrast to what most 
of us used to think, in the beginning. 
EBV does not travel along with the 
large numbers of infiltrating lyropho-
cytes in NPC; the viral genomes are 
localized in the epithelial tumour 
cells. In retrospect, it is easy to 
see that this is in good agreement with 
the serological picture. The uniform 
EBV seropositivity aid the 10-fold 
elevation of the geometric mean anti-
viral capsid antigen (цСА) titre in 
poorly differentiated NPC resembles 
the picture obtained with African BL, 
the only other known genome-carrying 
tumour, to the exclusion of other human 
neoplastic conditions so far studied. 
Closer scrutiny of the lymphocyte 
population that infiltrates the solid 
NPC further underlines the fallacy of 
the original argument. The overwhelming 
majority are T, not B lymphocytes 
(londal & К1еiп1). Since B, but not T 
lymphocytes, have EBV receptors (Tondal 
& Klein, 1973), the finding by Wolfe 
et al. (1975) of an inverted correlation 
between the extent of lymphocytic 
infiltration and the average number of 
EBV genomes per NPC biopsy cell makes 
sense. hude mouse-passaged, human 
lymphocyte-free NPC cells cary much 
larger numbers of EBV genomes than 
originally suspected (Klein et al., 
1974). 

Where did Dr de-ThO's EBV genome-
carrying, NPC-derived B lymphoid lines 

1 Unpublished data. 
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corne from? Obviously, they must have 
originated from the small number of 
contaminating, genome-carrying B cells 
known to be present in both normal and 
neoplastic tissues in seropositive 
individuals. This illustrates, once 
again, the selective advantage of EBV-
carrying B cells iп  tissue culture 
and warns against extrapolations con-
cerning the localization of EBV 
genomes in tumours in vivo in the ab-
sence of direct evidence. 

The selective advantage of EBV-
carrying В  cells in vitro is also 
illustrated by the earlier attempts 
to transform "purified" T-cell sus-
pensions with EBV in v2tro1. ЕБУ-
carrying B lines emerged after long 
latency periods. Apparently, sub-
liminal B-cell contamination was 
sufficient to permit the selective 
outgrowth of the usual, immortalized 
B cell line. Analogous EBV-carrying 
B-cell contaminants have been iso-
lated, of course, from virtually any 
tissue from seropositive donors that 
has been properly tested, including 
leukaemias, myelomas, normal lymph-'-
nodes, etc. Iп  view of the new 
evidence on the association of EBV 
with the carcinoma cell in NPC, it is 
probably unsafe to regard the virus 
carried by the INPC-derived lymphoid 
lines as representative of the 
carcinoma-associated virus, as we and 
others have done, If relevant viral 
subtype differences exist, the 
lymphoid lines may carry a subtype 
different from that carried by the 
carcinoma call. The important exper-
iments of Dr Pagano are a first 
approach to the question by molecular 
hybridization. Dr Pagano's report is 
at least compatible with the idea that 
NPC may be associated with a subtype 
different from BL-EBV, but the limited 
material does not yet allow a distinc- 

1 Ѕее  the paper by Menezes et al. 
(Part 1, p.323). 

tion between this and the more trivial 
alternative of random virus strain 
differences. 

Dr de-Thd and others raised the 
important question whether EBV is as 
generally aid uniformly associated 
with NPC as with African BL. The 
regularity of the association with NPC 
in different geographical areas, or in 
relation to various histological types 
or different ethnic groups is very 
incompletely known. Serological cvi-
dance (de Schryver et al., 1969) 
suggests that the association is 
limited to poorly differentiated or 
anaplastie NPC and excludes well 
differentiated squamous-cell carcinomas. 
As to geography, EBV genomes have been 
found in Chinese, African and Tunisian 
cases (see the reports of Dr dе-Thé 
and of Dr Pagano at this Symposium). 
It may also be recalled that the asso-
ciation between ЕBц  and 2С  was first 
discovered by the serological study 
of American cases (Old et al., 1966). 
This suggests that even the relatively 
rare Western cases may carry the genome 
(see also de Schryver et al., 1974). 
Obviously, much more will have to be 
done on this problem. 

Dr Becker raised the question 
whether the large variation in the 
number of genome equivalents between 
differeпt NPC biopsies may reflect 
differences in the biology of the 
tumours. One has to be very cautious 
here because the average genome number 
per cell can show a spurious variation 
for entirely trivial reasons, such as 
the variable admixture of normal cells 
or necrotic tumour tissue. Apart from 
the nude mouse study, already mentioned, 
where correction was made for the 
mouse stroma (Klein et al., 1974), 
there is no reason to believe that the 
genome numbers so far recorded in the 
literature really reflect the true 
genome numbers per cell. 
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For the same reason, namely, 
inadequate histological scrutiny, it 
is not yet possible to answer the 
question whether ЕBц  genome-negative 
anaplastie NPC exists. Cases have 
been recorded but the biopsies were 
not evaluated with regard to their 
content of viable tumour tissue. 

Dr Simons has discussed the 
genetic factors that may influence NPC 
development. Previous epidemiological 
studies strongly emphasized the im-
portance of genetic factors (Ho, 
1972). The intermediate incidence of 
NPC in the offspring from mixed 
Chinese-non-Chinese marriages in Macao 
and in Thailand was particularly 
suggestive. This is very different 
from the climate-related geographical 
correlation, characteristic of African 
SL. The preliminary results reported 
by Dr Simons, suggesting an associa-
tion between IL-A type and NPC risk in 
Singapore. Chinese, would be in line 
with a genetic risk. It may be 
pointed out, however, that an IL-A 
linkage, if confirmed, does not have 
to mean, eo ipso, that the genetic 
mechanism acts through Ir genes. In 
the field of experimental carcino-
genesis, it is a well-known fact that 
genes may influence neoplastic devel-
opment at many different levels, in-
cluding the probability of an once-
genie change in the target tissue 
itself. In addition, genetic factors 
can act at many different host levels, 
ranging from hormonal factors, through 
the metabolism of carcinogenic com-
pounds, to the immune response. 
Genetic factors may also influence the 
replication of oncogenic viruses, 
e.g., via amplifying factors, such as 
Fv-1 in some C-type virus systems. 
It would be, of course, most inter-
esting if Jr gene-like factors were 
involved in NPC susceptibility. To 
approach this question, it would be 
necessary to design tests to measure 
NFC-related cell-mediated immunity 

in the population at risk, not just 
ЕBц  titres, in parallel with IL-A 
typing. 

Proceeding now to transformation, 
Dr Miller's term °°immorta1ization" 
appeals to me very much since it des-
cribes the phenomenon quite adequately. 
Since the Cambridge Symposium, it has 
been shown that EBV strains from 
different sources may differ in their 
iimnortalizing ability. We heard about 
this from Dr Menezes and from Dr Miller. 
Virus derived from the РЗНR-1 line is 
unique in two respects: it is the only 
known isolate that can induce an abor-
tive viral cycle in superinfected Raji 
cells, as signalled by the appearance 
of early antigen (TSA). It is also 
unique with regard to its inability to 
immortalize normal lymphocytes. Ail 
other biologically active virus 
isolates tested were unable to induce 
EA but could immortalize lymphocytes. 
Both Dr Kieff and Dr Rozzman have 
raised the important question of viral 
dеfectivеnеss. Their reasoning starts 
from the considerable amount of infor-
ration that has accumulated in relation 
to HSV and other lytic herpesviruses. 
Roizman demonstrated an impressive 
variation in the nucleic acid sequences 
of different Н5V isolates, as judged 
by the distribution of restriction 
fragments. Similar evidence has been 
obtained by Dr Summers, who referred 
to this approach as "molecular epi-
demiology". Dr Roizman demonstrated 
that the DNA composition of laboratory 
strains differs from strain to strain. 
This approach will gain in importance 
if it can be linked with DNA trans-
formation studies. If feasible, this 
may eventually pinpoint the regions 
of the genome that are required for 
transformation or, conversely, the 
regions that interfere with transforma-
tion, e.g., by lytic effects. The 
remarkable progress that has been 
made during the last year in the field 
of the small oncogenic DNA viruses by 
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restriction analysis, in conjunction 
with transformation by defined DNA 
fragments, points the way towards the 
more difficult but, hopefully, 
equally fruitful analysis of the 
large DNA viruses. 

Further news on EBV strain differ-
ences include Dr Hinuma's report at 
this meeting, showing a difference 
between two transforming isolates, 
judged from the morphological and 
growth characteristics of the trans-
formed products. There were also 
differences between membrane-associa-
ted versus secretory iirmiunoglobulins 
and virus producer status. Dr 
Hinuma pinpointed the dileniria invol-
ved in trying to determine whether 
the differences are due to the pre-
sепcе  of different viruses in the 
same type of cell or to a difference 
in viral affinity to different 
lymphocyte subtypes. This is an 
important question, because the for-
mer alternative would imply a direct 
influence of the transforming virus 
on the cellular phenotype whereas the 
latter would be merely a slight 
variation in viral tropism. 

While the question of cellular 
versus viral variation has to be left 
open with the Rinuma variants, it can 
be answered with some conclusiveness 
with regard to the difference between 
the non-transforming virus and an 
immortalizing prototype such as 
X95-8. In their own home strains, 
both viruses behave in an approxima-
tely equal fashion. Both cell lines 
proliferate by the multiplication of 
a virus genome-carrying, non-producer 
stem line. A small number of cells 
are switched on from time to time, 
their proportion is similar and their 
viral cycle and its antigenic land-
marks are indistinguishable in the 
two lines. The fact that both 
viruses do equally well in their home 
strains, but differ in their inter-
action with a new target call (normal  

lymphocyte or EBV genome-negative В  
lymphoma line) makes it immediately 
clear that one cannot speak about 
defectiveness or non-defectiveness in 
simple terms. The lysogenic and non-
lysogenic interaction of temperate 
phages with different host cells 
appears a more pertinent parallel. 
It is most important to stress that, 
in contrast to the HsV system, viral 
defectiveness is not a prerequisite 
for EBV transformation. On the con-
trary, lymphocyte immortalization 
appears to be part of the normal life 
cycle of the virus. As shown parti-
cularly by Dr Miller's group, EBV has 
a transforming efficiency per particle 
that far exceeds the "best" experimen-
tal transforming viruses, such as 5V40 
or polyoma. It therefore appears that 
EBV has a truly biphasic life cycle 
with a predominant non-producer and a 
relatively rare producer phase. Non-
producer lines appear to be capable 
of perpetuating the latent phase of 
the life cycle indefinitely, in vitro. 

While В95-8 virus readily induces 
EBNA in cord-blood lymphocytes, long 
before an immortalized line emerges, 
PЗHR-1 virus neither immortalizes nor 
does it induce any detectable EBV 
antigens in normal lymphocytes. This 
is in strange contrast to the fact 
that both viruses induce approximately 
the same number of EBNA-positive cells 
in established, EBV genome-negative 
but EBV-sensitive В  lymphoma lines 
(Klein et al., 1974). The absence 
of antigen induction in normal 
lymphocytes may be relatect to the 
finding of the Miller group that, 
unlike В95-8 virus, PЭHR-1 virus fails 
to Induce DNA synthesis. EBц  antigens 
are normally observed in blast cells. 
Conceivably, small lymphocytes may 
not have the apparatus required for 
detectable EBV antigen synthesis. 

1п  the genome-negative B lymphoma 
lines, the P3HR-1 virus infection goes 
on from EBNA to EA and the cells die. 
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The 395-8 virus stops at the EBNA-
positive stage. Converted cells 
continue to live and can be isolated 
as a permanently converted EBV genome-
carrying subline (Clei-nents et ai.1), 
Since the two viruses thus behave 
differently in the same target cell, 
we are obviously dealing with viral 
variation. PЭHR-1 virus is not res-
tricted by the controls of the target 
cell to the same extent as В95-8 virus 
and, due to this relative inseпsitiv-
ity, it goes one step too far and 
kills the cell. 

Do cells differ in the degree of 
restrictive control they can exert on 
the genome of the same virus strain? 
The reports of Dr Miller and of Drs 
Memezes and Leibold showed that the 
relative frequency of producer and 
non-producer lines, derived from 
transformation with the same virus 
strain, depended on the source of the 
target cell. Cord-blood lymphocytes 
immortalized by В95-8 virus were 
mainly producers. Adult human lympho-
cytes turned into producer and non-
producer lines with an approximately 
equal frequency. Marmoset and squir-
rel monkey lymphocytes gave rise to 
producer lines, as a rule. This 
suggests that the "leakiness" of the 
restricting controls is at least 
slightly different in different 
lymphocytes and may depend on their 
exact state of differentiation. In 
conclusion, there is thus evidence for 
both viral and cellular variation. 
Cells vary in the tightness of their 
restrictive controls whereas virus 
strains vary in their relative depen-
dence on the controls of the same 
host cell. 

Is there any EBV source that can 
be regarded as wild type? It seems 
to me that the virus isolated from 
the throat washings of acute IM 

1 Unpublished data.  

patients is probably the closest 
approximation. It has been shown at 
several laboratories that such throat 
washings have a high transforming 
ability (Golden et al., 1971; Pereira 
et al., 1972). This, together with 
the uniqueness of the non-transforming 
PЗHR-1 virus among all viral isolates 
tested, suggests that the PЭHR-1 virus 
is the defective mutant of an originally 
transforming virus. How can this be 
reconciled with Dr Kieff's demonstration 
that PBHR-1 virus contains all demons-
trable DNA sequences of X95-8 virus 
and a unique sequence in addition that 
is not present iii В95-8 virus? We do 
not know where the extra sequence comes 
from. There 1s no assurance, further-
more, that all В95-8 sequences are 
present in PBHR-1 virus, since the 
sensitivity of the method is obviously 
limited. Although puzzling, the 
evidence is therefore not necessarily 
contradictory and more information is 
badly needed. 

In addition to the admirable adap-
tation of EBV to its highly restricted 
way of life in the lymphocytes, there 
is also good evidence of a remarkably 
well-balanced cell-host relationship. 
The human host has apparently evolved 
highly efficient mechanisms capable 
of restricting the growth of virus-
carrying, potentially transformed 
cells. As in other situations where 
the host species is selected for resis-
tance against a potentially lethal 
biological agent, resistance is prob-
ably fixed at multiple effector levels. 
One might even speculate that the 
presence of such well-controlled trans-
formants may be of some advantage to 
the host. In 1M, numerous "irrelevant" 
antibodies are formed (e.g., heterophil, 
anti-vesicular stomatitis virus IVSV], 
etc.), probably due to the polyclonal 
proliferation of the affected B cells. 
Is it conceivable that latent EBV infec-
tion boosts the ability of the B-cell 
system to make antibodies in general? 



A SUMMING-UP 
	

375 

Dr Pope has spoken about an a1lo-
geneic effect involved in transforma-
tion. is it really an allogeneic 
stimulation or is it a syngeneic 
inhibition? This is unexpected and 
rather fascinating; it will obviously 
require more detailed studies. One 
wonders what other types of syngeneic 

or allogeneic cells would do in the 
system. 

Before proceeding further with the 
summary, I would like to turn the 
rostrum over to some of my colleagues 
to cornent on what has been said so 
far. Could we start with Dr Epstein? 

Epstein: I think that although there is technical difficulty, 
as you point out, in showing that EBEA is present in peripheral 
circulating cells in IM or in seropositive normal individuals, we 
don't have to wait until all the technical problems have been 
solved in order to get an answer to the question. You quite 
rightly point out that in II there is a very dramatic infiltration 
of lymphoid organs. I think that we ought to have a look at that. 
If what you believe is correct, one ought to find large quantities 
of EBNA-positive cells there and this should give you the source 
of your so-called transformed cells, but the idea that this in-
filtration is lymphoma-tike is rather simplistic. It is only two 
years ago that it became possible to sort out the B and T cells. 
We used to say that the abnormal cells circulating in IN patients 
were like those of acute lymphoblastic leukaeтпia, yet we now know 
that the majority of these cells are T cells, which have nothing 
whatsoever to do with EBV. We can argue around this for a while, 
but I think we are up against a conceptual difficulty. Dr Klein's 
difficulty here is very much like the difficulty he had in accepting 
Dr zur Hausen's finding of ЕBV in the epithelial cells of NPC, 
because he felt that the virus should not be there. I wonder 
whether he feels that the proposal I put forward is unacceptable 
because in other systems, as in polyona, it is not like that. 
But we do not have a herpeyvirus model of the kind he cited, 
whereas we do have herpesvirus models of the type that Dr Deinhardt 
cited and we can hardly go on arguing about this until we have 
done more experiments. 

I am quite sure that, by the next Symposium, we shall know 
whether or not there are EBNA-positive cells in the peripheral 
blood in IM and in the peripheral circulation if normal individuals, 
and z am quite sure that the phenomena that we are reporting in 
our experiments cannot just be due to viraema in IM. If that 
were all, then the abolishing of the outgrowth of continuous cell 
lines by neutralizing aetisera that we have seen, would not happen. 
If transformed cells were there originally, they would grow out 
readily, no matter whether the antiserum was present or not, just 
as happens when BE grows in culture. 
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Kfiem: On the point that we should di more work, I whole-
heartedly agree. As far as the conceptual difficulty is concerned, 
I would return the ball to Dr Epstein. I do have some difficulties 
in seeing why the virus should transform cells so readily in vitro 
but not in vivo. I promise to do more EBNA tests on the peripheral 
blood of II patients, but this test is not as good at detecting a 
small minority of positive cells in a heterogeneous cell popula-
tion as you seem to think. If I may also suggest some experi-
ments, I would be very grateful if the following two could be 
performed: (i) direct tests for viraemia, i.e,, attempts to 
transform normal lymphocytes with cell-free serum or plasma from 
acute IM patients; and (ii) a repeat of your beautiful co-
cultivation experiment, not with IM donor blood, but with cells 
explanted from normal, healthy seropositive donors. This would 
mean spontaneous transformation, for which you would probably 
need a much larger inoeulum than from the INI, with added cord-
blood cells of the opposite sex. 

Epstein: As far as the second set of experiments is concerned, 
this is already under way. 

Ileafs: I find it difficult to add anything to this discussion. 
Dr Klein has expressed our feelings well, and I agree that much 
work needs to be done. The reason why you, we and others have 
not yet found EBNA-positive cells in the circulation of IM 
patients may be purely technical. To judge from the colony 
formation experiments, we might expect only one in 10 000 cells 
to be positive. This could be below the level of detectability. 
There might be a larger proportion of positive cells in lymph-
nodes, spleen, bone marrow, etc., but these are not obtainable, 
as a rule, from II patients. It might be possible, however, 
to get the lymph-nodes from viral carriers undergoing surgery 
for non-EBV-related diseases. If they have relatively high 
EBV antibody titres, one might find EBNA in some of the lymph-
node cells. 

Epstein: I would like to add tonsillar cells to Dr Henl& s 
list. 1 have the feeling that they would be very valuable, 

Heals: As far as EBNA staining is concerned, one would face 
the same problems as with lymphocytes from other sources. 
Many attempts were made to establish lymphoblast lines from 
tonsils and adenoids. Quite often, the cultures are lost 
because of activation of adenoviruses but occasionally EBV-
carrying lines come through. 
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Epstein: What do you actually think about infiltrating cells 
in the tonsil? I would have thought it would be an interesting 
source of ЕBO. 

die-ThE: I would now like to turn your attention to the value 
and unique quality of the epidemiological tоol in studying the 
role of EBV in relation to ВL and NPC. 

With regard to BL, it seems very unlikely that BL follows 
primary ЕBV infection after a short latent period. Two sets 
of data support this hypothesis. The first relates to the 
results presented during this Symposium: in Uganda, EBV infec-
tion takes place at between one and two years of age, whereas 
in South-East Asia and, to a greater extent, in Europe such 
infection occurs much later. It should be appreciated that 
about 1% of the children aged 3 to 5 have a chance of not being 
infected by ЕBV in Uganda. If these children form the cohort 
at high risk for BL, they would represent the highest cancer-
risk group known in natural conditions, since 10% of them would 
develop BL. This is very unlikely. 

The second set of data relates to the "pre-BL " serological 
profile. In their paper, Drs Magrath and Henle described a child 
with Hodgkin's disease who later developed BL. This child had 
antibodies to ЕБУ  nine months to a year before the development 
of BL. A similar situation was found when "pre-ВL" sera from 
three cases from our prospective study in the West Nile, Uganda, 
were tested simultaneously in Dr Hen1e`s and our laboratories. 
The °'pre-BL" sera were taken at 7, 17 and 18 months respectively 
and were all found to have ЕBV antibodies. However, in each 
case antibodies against LA either appeared or sharply increased 
after the onset of BL. These three cases, together with the 
Magrath-Henle case, suggest that the seroconversion that precedes 
or accompanies BL refers mostly to Ел  antibodies, which is 
suggestive of a reactivation of a chronic or latent ESV infec-
tion, Such a reactivation might reflect the passive presence of 
the virus in the lymphomatous cells or result from the oacogenic 
activity of ЕBц, No further critical progress can be made until 
markers for oncogenic transformation by EBV are available. 

In view of the very early occurrence of EBV infection in 
Uganda compared with that in Hong Kong, Singapore or Europe, I 
should like to suggest that pеrиnatctZ ЕВУ  infection might be 
associated with the risk for BL. Such a relationship would 
recall that between measles infection at a very early age and 
the risk of subacute sc1erosing panencephalitis. Formation of 
insu 	complexes and depression of ЕВУ-specific cell-mediated 
immunity could follow such perinatal infection. Hyperholoendermc 
malaria could also prepare the ground for the expression of the 
oncogenic potential of EB\T. The ultimate proof of the role of 
EBV in BL development might come from intervention experiments. 
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Such intervention may not necessarily involve a vaccine but 
simply hygienic measures, once the natural history of the viral 
infection is better understood. In all events, both animal 
experiments and population surveys will be required to establish 
the role of EВц  in BL development. 

With regard to the relationship between ЕВц  and NPС, again, 
the epidemiological tool could be of unique value. Immunogenetic 
and viral factors known to be associated with NPC could be used 
as markers for an early detection campaign that9 if successful, 
would permit more effective treatment and favour the hypothesis 
of an etiological involvement of ЕВV in the development of БРС. 

In conclusion, I would like to stress that the establisbnient 
of the etiological role of ЕBУ  in human malignancies and the 
possibility of controlling these diseases, require the close 
integration of epidemiological and experimental approaches. 

KZein: Thank you very much. I would like to proceed to 
transformation. 

Pope: It is quite clear that established cells can be trans-
formed from a variety of tissues. There is a certain monotony 
about the transformed cells, but I would like to state that we 
never really obtain transformed lines that resemble EL lines. 

The second point I would like to make relates to the infec-
tion of ЕВУ  genome-negative lines, and this may be used to 
challenge the idea that ЕВц  may be a primary transforming agent 
in BL. There is, of course, the perfectly reasonable possibility 
that сe11s could be transformed by agents other than EBV. 

I think that we cannot exclude the possibility that the 
lymphoma transformation starts in EBV genome-negative cells, 
even in patients who eventually come to carry EBV genome-
positive tumours, and that the tumоиr cells then meet the EBV 
genome later, perhaps in the lymph-nodes, and before there is 
enough neutralizing antibody to prevent interaction. In order 
to clarify this point, one would have to know that the EBV 
genome-negative tumours (and the corresponding lines derived 
from them) did have a fair chance of meeting EBV, comparable to 
that of the ЕBV genome-positive tumours. I feel that this process 
is very likely to occur, but it is difficult to obtain actual 
proof. The hypothesis, as outlined above, involves essentially 
a two-step transformation (as far as the ЕВУ  genome-positive 
tumours are concerned), but the crucial question is whether the 
EВц  transformation is the first or the second step. 

As to EBV transformation itself, its exact mechanism is not 
well understood and it is probably a rather complicated inter-
action, even in vitro. As far as the biochemical approach is 
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concerned, even with the definition of the numbers of kBV 
genomes and the way in which they are associated with the cell 
genome, I think that it would be very important to work, not 
only with long-established lines, such as Raji, but also with 

early, transformed cells. 

Zе  n: Dr Pope, how would a secondary EBV infection of already 
transformed neoplastic clones account for the exclusive restric-
tion, at least at this time, of the EB❑ genome to the African 

BL cases? What would there be so special about the interaction 
in the African patients with this particular kind of lymphoma? 

Pope: I suppose that one could postulate that there were more 
EBV-producing cells, whatever they are, in the lymph-nodes of 
the African, as compared to the non-African patients. To mention 
another example, the epidemiological picture of EBV infections 
in the Australian aboriginals is certainly very different from 
that in the white population. 

Miller: I would like to discuss two points: one is the relevance 
of experimental EBV infections of marmosets to the general 
question of human in vivo diseases, and the second is whether in 
vitro transformation tells us anything about naturally occurring, 
in Vivo phenomena. 

Concerning the first point, I think that it should be borne 
in mind that there are considerable differences between the 
fulminant disease induced by Нц5 and the tumours induced by EBV, 
in cotton-topped marmosets. I don't want to list all the 
differences here, but I want to emphasize that this is by no 
means the same disease. On the contrary, I would like to say 
that, as far as EBV is concerned, there are remarkable parallels 
between what goes on in the marmoset and what goes on in man. 
Dr 5hope and I have together inoculated 25 marmosets with 
approximately the same virus preparation. Within this group, 
there is a subgroup of animals with lymphoma, another subgroup 
with EBV antibodies and hyperplastic lymph-nodes that regress, 
a third group with inapparent infections that develop antibodies 
but no lesions, and a fourth, rather small group that do not 
develop any antibodies. In order to see if there was any 
parallel with the situation in man, Dr Henle has recently per- 
formed serological tests on some of these groups. The tumour- 
bearing animals had high anti-VGA and anti-iA titres, whereas 
the animals with hyperplastic nodules or inapparent infections 
did not. This is in line with the corresponding observations 
on the human disease. The second observation concerns the 
presence of EBNA in the tumour in vivo. We have had two animals 
with tumorous lymph-nodes since the EBNA test has become available. 
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Tri both cases, the lymph-nodes were replaced by virtually 100% 
EBNA-positive cells. In contrast, the hyperplastic nodules 
without neoplastic disease that Dr Shope has described did not 
contain EBNA-positive cells. A third point concerns the virus-
cell relationship. We could regularly grow EBV-carrying cell 
lines both from the hyperplastfc nodules and from the tumours 
as well. This is in line with the point Dr Epstein discussed 
earlier today. 

I should also like to discuss the efficiency of human 
lymphoid cell transformation by EBV. These experiments bave 
been carried out by Dr Robinson, working with me. We can 
achieve only a relatively low multiplicity in the system, 
always less than ten physical particles per cell, or less than 
one infectious particle per ten cells, In spite of this, the 
efficiency of transformation is of the order of 10 2-10-3, 
i.e., about one cell in 500 becomes transformed. This may be 
compared with the SV40 human-cell system, where multiplicities 
of l03 infectious particles per cell are regularly used, and 
where the efficiency of transformation is l0-3-10- . We must 
conclude that EBV provides a particularly efficient transforming 
system, in comparison with other experimental DNА  tumour viruses. 

Deиnhardt: I can only underline what Dr Miller has said and 
add to it that, in particular, the oncogenic forms of EBV 
infection in non-human primates, may provide experimental models 
that would enable us to test the validity of at least some of 
the arguments advanced by Drs Klein and Epstein because, in the 
experimental situation, one can remove each component of the 
system at will and study the relevance of each at a particular 
time. 

In addition, it is puzzling that virus isolates derived 
from IM or from BL that have approximately the same transform-
ing ability for primate lymphocytes in vitro, have, however, a 
very different tumour-inducing capacity in vivo. It is not 
clear at this time whether this is really a difference between 
various virus strains, or is due to a difference in the immune 
response of the animals. I think it would be very important 
to isolate various EBV strains and test their antigenic and 
oncogenic properties in the non-human primate systems without 
previous long-term passage of the EBV isolates in cell cultures. 

Another question arising from the earlier discussions is 
the following: is it inconceivable that the viral genome can 
exist in normal cells, even without the expression of EBNA or 
other virally determined antigens? 

Epsiein: This is exactly the argument I have been trying to put 
forward, namely that EBV can exist in cells in a latent form, 
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without any antigen expression, in an exactly analogous way to 
the other herpesviruses. This would be a purely non-productive 
unexpressed infection. Upon explantation in vitro and occasion-
ally also in vivo, the call may turn on a productive infection. 
In the BL and in the in vitro transformation system, we have 
the non-productive infection expressed as transformation. Thus, 
we hаце  all the three interactions that are observed with other 
members of the herpesvirus family. 

Klein: I should like to warn against taking еΡхaтplеs from the 
rest of the herpesvirus family, particularly if they are taken 
too literally. HSV sits in the skin and in some ganglion cells. 
Its cycle is activated by ultraviolet light, fever, emotional 
stress and other verb miscellaneous influences. What happens 
on activation, we really do not know. The phenomenon has not 
been studied in detail, and there is no readily accessible 
system to hand where it could be studied. The life cycle of 
EBV appears to be quite different. EBV, unlike HSV, has a 
remarkable transforming efficiency without experimental maпipu-
lation, or, to put it in another way, has the natural habit of 
entering into a non-permissive interaction with the lymphocyte 
that endows the host cell with an unlimited capacity for prolif-
eration. I don't see why we should look for analogies with 
other herpesviruses instead of trying to establish the life cycle 
of EBV as it is. This will be highly interesting in itself; it 
is no doubt the delicately poised end result of a long and very 
highly specialized evolutionary adaptation process. 

suri Hcrueen: I have some doubts about Dr Epstein's statement 
that HSV exists in a completely non-expressed state in persis-
tently infected cells. We know, of course, that EBV persists 
in the transformed cells in multiple copies. We have now at 
least some evidence from Dr Schulte-Holthauseп's knd Dr Baringer's 
work that suggests that something similar may happen with regard 
to the latent presence of HSV in human ganglion cells. 
However, it is highly questionable to my mind, whether all these 
genomes in the ganglion cells are really unexpressed. If 
Dr Stevens is right and if IgG antibody can suppress the 
activation or the expression of the genome in the HSV-carrying 
ganglion cells, it will be necessary to postulate some kind of 
viral expression on the membrane of these ganglion cells. 

Rapp: I think that biological variation sometimes obscures 
biological unity. For example, many of the herpesviruses can 
be activated in a similar way, by a simple temperature shift up 
or down. Could it be that, where we find EBV, it has been 
activated as a result of the same process as HSV in a cold store, 
but we do not see it in the same way, because it does not cause 
a visually recognizable process? 
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Thank you very much. I think 
that we can go on now to the state of 
the viral genome. We had two very 
interesting papers, one by Dr Nonoyama, 
they other. by Dг.Lindahl. They said 
quite different things, but each 
speaker stressed that his or her 
findings did not exclude those of the 
other. Dr Lindahl showed that part of 
the viral genome is covaleritly inte-
grated with the cell genome. Another, 
probably larger part, exists in a 
free, circular form. The relationship 
between the integrated and the circu-
lar form raises many intriguing new 
questions. It is not clear whether 
the whole genome is linearly integra-
ted, or only fragments. We heard that 
this was a remarkable situation, with 
an integrated and a free form present 
in the same cell, essentially un-
parallelied in microbial genetics. 

Mechanisms that regulate the 
interaction between the cellular and 
viral genomes may turn out to be of 
crucial importance for the understand-
ing of the way in which the human 
lymphocyte keeps its large viral 
genome load under highly efficient 
control most of the time. Dr Nonoyama 
mentioned his fascinating, but pre-
liminary finding that he could reduce 
the total number of genomes carried by 
non-producer lines by cycloheximide 
treatment, to only one genome per 
cell. It would be important to know 
whether this is now a definite fact. 
If so, one would like to know whether 
this ganome is covalently integrated, 
what antigens it determines, etc. 
Dr Osato mentioned an equally fascina-
ting but equally preliminary finding, 
namely, reduction of the EBV copy 
number to a low level (below detec-
tability) with maintained EBNA ex-
pression, following Friend virus 
infection. 

It will obviously be very impor-
tant to pursue these leads, since they  

may illuminate the puzzling fact that 
all ESV-transformed cell lines so far 
studied carry multiple viral genomes. 
This raises some intriguing questions. 
Are multiple copies of the viral 
genome needed to maintain the trans-
formed phenotype or is one genome 
sufficient, perhaps in a strategic 
location, and are the rest amplification 
epiphenomena? What maintains the 
number of genomes at a relatively cons-
tant level from year to year within one 
line? Is it the amplification mecha-
nism, equilibrated by cellular controls, 
or is the replication of the viral 
genomes synchronized with the cell 
genome? Alternatively, do the free 
forms arise from the covalently late-
grated form at a given rate, compensated 
by a regular elimination mechanism? 
Does the integrated genome have a 
compulsory chromosomal localization, 
or can it be virtually anywhere? We 
have found (Klein et al., 1974), quite 
in line with Dr Glaser`s report at 
this meeting, that EBV DNA and EBNA-
positive cell hybrids derived from the 
fusion of an EBV-carrying Burkitt line 
and a mouse fibroblast lose the viral 
genome at a time when they still con-
tain a considerable number of human 
chromosomes. This suggests that the 
virus is riot associated with the 
majority of the human chromosomes, but 
is probably limited to a restricted 
number. 

The recent work of Croce & 
Koprowski (1974) on the sТ40 system 
offers some leads that may facilitate 
the localization of EBV genomes to 
specific chromosomes. They fused mouse 
macrophages that normally lack the 
ability for continuous multiplication, 
with ail SV40-transformed human cell 
line. The latter introduced the 
ability for continuous multiplication 
into the hybrid. Apparently, unlimited 
proliferation of the hybrid was 
dependent on the presence of the 5V40-
carrying human chromosome. similarly 
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to other murine/human hybrids, this 
hybrid also lost most human chromo-
somes, but one specific chromosome 
(C-7) was maintained regularly, to-
gether with SV40 DNA and the T 
antigen. 

If mouse-macrophage/human FEW-
positive lymphoma cell hybrids could 
be produced, the EBV DNA-carrying 
chromosome might be selectively pre-
served, iп  a similar way. If so, this 
will open the way for the comparison 
of different EBV-carrying in vitro and 
in vivo lines, with regard to the 
exact localization of the viral 
genome. 

How can the idea that EBV is 
associated only with a limited number 
of human chromosomes be reconciled 
with the earlier, although perhaps 
somewhat more indirect conclusions of 
Dr zur Hausen (based on in s2iu 
hybridization) and of Drs Nonoyaina & 
Pagano (based on a comparison between 
EBV DNA/cell DNA ratios in whole cells 
compared to isolated chromatin), 
suggesting that the EBV genomes of the 
non-producer Raji line had multiple 
chromosomal localization? Is it 
possible that these studies mainly 
reflected the localization of the free 
genomes, chromosome-associated but in 
a loose, non-covalent form, rather 
than the localization of the inte-
grated genome? Could the free genomes 
arise by some amplification mechanism 
from the integrated copy? 

Coming now to the expression of 
the viral genome, Dr Roizman spoke 
about the cascade of the HSV-
determined proteins, arising in an 
apparently regular sequence. During 
the lytic infection, one wave of pro-
tein triggers off the next and the 
cascade unfolds without opposition. 
The lEV system is quite different. I 
rather liked Dr Hampar's reference to 
the EBV cycle as proceeding through a 
series of bottlenecks, We may  

symbolize the viral cycle roughly as 
shown in Fig. 1. 

At least three distinct blocks can 
be clearly recognized (designated 1-3 
on Fig. 1). Block 1 prevents all cells 
in non-producer lines and the vast 
majority of the cells in producer 
lines, from entering the viral cycle. 
In cells where the viral cycle has 
become activated, for unknown reasons, 
it proceeds to MA. The majority of 
the MA-positive cells continue to live 
and divide and only some proceed further 
to ЕA (block 2). The EA-positive cells 
are irreversibly damaged; they may or 
may not go further; this is the third 
block. As an example, Harnpar and also 
Glaser and Nonoyama have found that 
the iododeoxyuridine (IUDR)-induced 
cycle of, e.g., Raji cells, stops at 
IA, as a rule, and does not proceed 
to viral DNA and VGA synthesis. Iu 
other cells, e.g., Daudi, induced cells 
regularly proceed to viral DNA and VCA. 
Glaser & Nonoyama (1974) have shown 
that hybridization of Raji with Hela 
cells "widens' the pre-VGA bottleneck; 
1UDR-induced hybrid cells can proceed 
to viral DNA and VGA without difficul-
ty. There could be a fourth bottle-
neck, between VGA and viral particles, 
but this is not entirely clear. 

It is very important to understand 
the nature of this bottleneck regula-
tion. What transcripts are made, at 
the different stages, what is trans-
lated, what polymerases are active, 
what limiting or repressing factors 
are in operation? Studies on the 
IUDR induction and РЗHR-1 7Yirus super-
infection patterns in somatic-cell 
hybrids derived from the fusion of 
two Burkitt lines differing in the 
"tightness" of block 2 in the scheme 
above indicated that EA production is 
under some kind of a positive control, 
since the properties of the more 
permissive parent are dominant in 
the hybrid (Nyortoi et al., 1973). 
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Both Dr sugden and Dr Kieff 
reported that EBV-specific traпscrip -
tioп  is more limited in a non-producer 
than in a producer line, as one might 
expect. Dr sugden also stated that 
the virus-specific RNA transcribed 
would be sufficient, if translated, 
for approximately 10 virally deter-
mined proteins. One, EBNA, has been 
clearly identified. A second one, 
tentatively designated as 'lymphocyte-
defined membrane antigen" or LYDIA, is 
suggested by the recent cell-mediated 
immunity studies of svedmqr & Jondal 
(1975). It is not known whether more 
products exist and, if they do, 
whether they are antigenic. 

It was stated that there is more 
extensive ЕВУ  transcription in PЗHR-1 
virus-superinfticted Rail cells than in  
P3HR-1 itself. This suggests that the 
artificial superinfectian system may 
be much clumsier than the mutually  

well-adapted virus-cell interaction 
within established lines and their 
endogenous genomes. Probably, the 
virus "at home" is adapted to the 
controls of its host cell, to ensure 
optimal proliferation conditions, 
whereas when "going abroad'', the virus 
finds itself in an environment to 
which it has not properly adapted. 

Dr Strominger showed that iso-
lated nuclei of EBV-carrying lines 
continued to make DNA in vitro, 
whereas normal or mitogen-activated 
lymphocytes stopped after a short 
active period. Derge and Harnpar 
found that the activation of the virus 
cycle took place during a specific 
early part of the 5 phase (S7). It 
was particularly interesting that the 
incorporation of the inducing IUDR 
into cellular DNA took place during 
the same part of the S phase. They 
also showed that the replication of 
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viral DNA in the non-producer cell 
happens at the sanie time. This 
suggested that viral DNA synthesis is 
initiated at some point that is 
involved in the linkage of the viral 
to the cellular DNA. 

In the area of viral products, we 
have heard about a number of important 
technical improvements. Radioimmuno-
metric methods were developed for EBNA 
by Dr Brown and for IA by Dr Ernberg. 
They will no doubt facilitate frac-
tionation and purification studies. 
The first rabbit immune serum that 
identifies one of the ЕВУ-дeterтiпед  
specificities (EA-D) that was pre-
viously only detected by human serum 
reagents was developed by Dr Zajac. 
Monospecific reagents of this type 
may be helpful in attempting to iso-
late and purify the antigens. 

Dr Henle viewed the cycle from a 
mirror, as it were, by analysing the 
time sequence of the various anti-
bodies during primary infection. It 
really looks like a mirror image, 
because VCA antibodies appear first, 
followed by EA, and E$NA antibodies 
come last, with a delay of several 

months. The reasons are not under-
stood, but may be related to an early 
availability of the virus itself to 
the immune apparatus, as contrasted 
with the later availability of virally 
determined intracellular components. 

Among the disease-related antibody 
patterns, the preferential antibody 
formation against EA-R in BL patients 
with progressive or residual disease 
is perhaps most puzzling, particularly 
when contrasted to the predominance of 
anti-EA-D in IM and NFC. This suggests 
a distinctive difference either in the 
virus-cell or the cell-host relationship, 
possibly involving quantitative and/or 
geometric aspects of antigen presenta-
tion and localization. 

I would now like to invite comments 
by the members of the panel on these 
points. 

Cell-mediated immunity has not been 
adequately studied in the EBV area, but 
it is clear that the field is now 
opening up. As suggested by the work 
of svedmyr & Jondal (1975) already 
mentioned, lymphocyte sensitization may 
define EBV-induced antigens in addition 
to those recognized by immunofluorescence. 

L2ndahf: I would like to comment on Dr Pope's statement that 
long-established lines like Rail may have undergone secondary 
changes during their long proliferation in vitro and may there-
fore give misleading results. We have actually repeated our 
Raji experiments with a recently established Burkitt-derived 
line, Akuba. The results were identical with those obtained 
for Raji. 

The various views on the intracellular state of the viral 
genome seem to have come closer at this Symposium and we all 
agree that part of the viral genomes are present in an extra-
chromosomal form. This situation is without precedent among 
the oncogenic DNA viruses. We also feel, however, that there 
are some covalently integrated sequences. 

The EBV-system has two interesting features: Firstly, there 
Is not just one viral genome per cell, but typically 20-30 
copies. Becondly, the extrachromosomal DNA is maintained in the 
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form of circles, in contrast to the linear DNA molecule of 
the virus particle. Somme good models can probably be found in 
the phage field. Even lambda, which is usually regarded as 
the prototype of the integrated prophage, can exist in the 
extrachromosomal state in some mпtаnts of the virus and can be 
maintained in that form serially. P1 would be another model; 
it is a large phage, usually carried in the extrachromosomal 
form but can be carried in the integrated form as well. The 
extraehromosomal state is quite stable. Another lesson of the 
P1 system concerns the control of the repressed state. This 
is extremely complex, much more so than the lambda system. 
There are at least three virally coded proteins that control 
the repressed state, although the details are not yet understood. 
Conceivably, several of the 10EBV-coded proteins postulated in 
Raji could be related to the control of the repressed state. It 
may be unrealistic to think of only a single controlling 
element. 

.Pagano: Concerning the loss of EBV DNA in the somatic-cell 
hybridization experiment, it is possible that we keep looking 
at the bulk of the viral genomes. After the bulk has dis- 
appeared, there may be still some portion of the genome left, 
undetectable by present technology. However, perhaps too much 
of the emphasis is put on the integrated viral DNA. The free 
viral DNA is the unique feature of the EBV system and could 
well turn out to be more important. Clarification of the state 
of the persistent free EBV genomes may also throw light on the 
nature of herpesvirus latency in general. 

Concerning the question of genomes in IM, we reported last 
summer the existence of highly cytotoxic circulating cells in 
IM patients that could kill EBV genome-carrying B cell lines 
with great efficiency. 

гur Hausen: If the viral DNA is not integrated with the host-
cell DNA, it world be difficult to understand how it is main-
tained in the sanie cell line over many years at the same 
genome-equivalent levels. If the viral genome is covalently 
integrated, however, it is difficult to understand the high 
reactivation rate in the producer lines. Obviously, additional 
data are needed before we cari see the picture clearly. 

Vonka: I would like to make two comments. The first concerns 
the complement-fixing soluble (s) antigen of EBV, a substance 
apparently identical with Klein's nuclear antigen (EBNA) detec-
table by the immunofluorescence test. Because of the consistent 
association of this antigen with EBV genome-carrying cell lines, 
it is reasonable to assume that it plays some role, perhaps the 
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key one, in the transformation process and/or in the maintainance 
of the transformation state. This assumption is further sub-
stantiated by the demonstration of the association of EBNA with 
the chromosomes. It would now seem to be of the greatest impor-
tance to investigate the nature of the S (MBNA) antigen. For 
this purpose, biochemical, biophysical and immunological methods 
should be employed. In the recent past, it has been shown that 
other EBV-induced antigens are complex in character. It is 
possible that the so-called 5 antigen is also a complex of 
several antigenic substances. This question should be elucidated 
first. For such studies, 8 antigens from different lies and 
5 antibody-positive sera from healthy subjects and from persons 
suffering from various diseases associated with ЕВц, should be 
used. 

The other point I would like to stress is the importance of 
further investigation of the biological properties of different 
EBV strains, with the aim of recognizing different EBV subtypes, 
if they exist. At this meeting, we heard excellent papers Ьу  
Dr Miller and Dr Hinuma, who demonstrated beyond doubt that, at 
least 2n v2tro, different EBV isolates behave differently. Drs 
Hinuma & Katsuki showed differences among cell lines obtained 
after infection with two different virus strains. It might be 
useful to use more cell markers in future studies, such as, e.g., 
susceptibility to various viruses, ability for growth at increased 
or decreased temperatures, production of interferon, etc. These 
studies may not only be helpful in discriminating between ЕВ❑ 

strains, but may also help to determine which of the cell 
properties are controlled by the cell genome and which by the 
virus genome, and may increase our understanding of the regula-
tion processes in the cell. In my opinion, genetic studies on 
EBV deserve a high priority in future research on this agent. 

Henle: You have alluded to differences in anti-EA responses 
in different disease conditions. We have no real clues except 
that, in diseases with extensive lymph-node involveтепt, such 
as IM and NPC, there is a predominant anti-diffuse (D) response. 
In chronic lymphatic leukaemia, if there is an anti-EA response, 
it likewise is anti-D, as a rule. We have no real explanation 
for the high anti-R titres in EL. In the rare healthy indiv-
iduals who have low anti-R titres, the anti-VCA titres are 
invariably high. Perhaps a high anti-R level denotes an 
unusually extensive viral carrier state. 

We shall now proceed to the onco- 	the last meeting. This field was 
genic animal hgirpesviruses. In the 	notorious for the lack of established 
field of Marek's disease ('fI), there 	cell lines, to the detriment of many 
has been remarkable progress since 	potentially interesting studies. 
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Now, Dr Kato has succeeded in estab-
lishing three permanent cell lines. 
In the discussion after his paper, he 
was asked how he had been able to 
succeed where everybody else had 
failed. He said that incubation at 
41°C, the body temperature of the 
chicken, was one important difference. 
I am not sure whether this is the 
whole explanation but it is clear that 
the lines have opened many new areas 
for study. 

At the Cambridge Symposium, there 
was still some discussion about the 
question whetherD is due to the 
intrinsic proliferation of neoplastic 
cells or to an °'extrinsic" reaction of 
normai lymphoid cells to a viral in-
fection in other cells, e.g., the 
virus-producing feather follicles in 
the skin lesions. The existence of 
viral genome-carrying, immortalized 
and transplantable lines now argues 
definitely for the existence of а  
neoplastic Marek cell with intrinsic 
proliferating capacity. 

Dr Nazerian has made the interes-
ting point that multiple tumours tend 
to carry the same number of genome 
equivalents in the same chicken. 
Tumours in different chicks contain 
very different genome numbers. This 
is analogous to Dr zur Hausen's and 
more recently also Dr Liпdahl's 
findings on the numbers of EBV genomes 
in multiple anatomically distant 
Burkitt tumours. In view of the 
proven monoclonality of BL (Fialkow 
et al., 1970, 1973), this simply means 
that each monoclonal in vivo tumour 
has a characteristic genome number, 
like the non-producer in vitуo lines. 
In ND, there is no information about 
the mono- or polyclonal nature of the 
proliferative lesion, but Dr Nazеriaп's 
finding is at least consistent with a 
monoclonal lesion. This would, in 
turn, strengthen the argument for an 
intrinsic neoplastic proliferation. 

hbile theMD-derived lines do not 
produce virus spontaneously, the cycle 
can be induced by IUDR, as Dr Nazerian 
has shown. This opens the way to 
distinguishing between early and late 
antigens. This could be very rewarding 
for comparative studies, ïп  relation 
to the human EBV system. In the EBV-
associated diseases, antibody formation 
against EA occurs mainly in connection 
with ongoing proliferation of EBV-
carrying neoplastic cells, BL or N C , 
or during acute TM. It is relatively 
rare in other lyniphoproliferative or 
neoplastic diseases or in healthy sen -
positives with antibodies to the late 
(VCA) antigen. A similar phenomenon 
occurs in the HVS system, where marmoset 
and owl monkeys with malignant lympho-
proliferative disease develop antibodies 
to both early and late viral antigens 
whereas disease-resistant, healthy 
squirrel monkeys have antibodies to the 
late but not the early antigen. The 
P9] system offers a much wider range of 
experimental variation, including 
genetically resistant and susceptible 
birds, the latter untreated or success-
fully vaccinated with an apathogenic 
virus strain. Iii addition to a study 
of antibody formation against early and 
late antigens in hosts differing in 
their disease-resistance status, it 
would be important to learn more about 
cell-mediated immunity in the MD system. 
As pointed Out in the thoughtful paper 
by Dr Biggs, the mechanism of vaccine 
protection 1s quite unknown. The 
established lID-derived lines may be 
helpful in setting up an appropriate 
target-cell system for the assessment 
of host immune status. 

Sincе  the Cambridge Symposium 
it has become clear that ND is mainly 
a T-cell malignancy. The T-сец  
characteristics of the Kato lines 
confirm this further. Does this mean 
that there is T-cell surveillance 
against T cells, a sort of civil war? 
Alternatively, is this a non-I-cell 
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surveillance system? Dr Biggs men-
tioned that there is some evidence for 
both T and non-T cell-mediated reac-
tions, but more work is obviously 
needed. 

Dr Purchase has shown that cyclo-
phosphamide prevents the protective 
effect of vaccination. This is in 
line with the idea that vaccination 
acts through an immune mechanism, 
since an interferon-dependent mechanism 
would not be affected in the same way. 

It is peculiar that virasmia is a 
prerequisite for vaccine protection. 
On the other hand, protection is not 
directed against infection with the 
virulent. MDV, but against the growth 
ii the neoplastic cells. This is 
reminiscent of Sц40 or polyoma, where 
one virus inoculation into susceptible 
animals leads to a certain frequency 
of tumours whereas a second inocula-
tion of the virus prevents the major-
ity of the tumours. It is as if the 
immune system had to be alerted anti-
genically, towards the end of the 
latency period. Without this alert, 
Che tumours manage to "sneak through". 
It is interesting to compare these 
systems with one another. 5ц40 is not 
a natural oascogenic agent of the 
hamster. The first, oncogenic virus 
dose is given to the immunologically 
immature animal. Without further 
interference, tumour development 
apparently proceeds faster in this 
animal than the development of the 
immune response. A second dose of the 
sovm virus is sufficient to shift the 
balance in favour of the host and to 
achieve effective tumour prevention. 
MDV is naturally oncogenic for а  
considerable proportion of the domes-
tic chick population. In this situa-
tion, it is not possible to achieve 
tumour prevention with a second dose 
of the same virus. The apathogeriic 
and only partially cross-reactive 
turkey virus, HV', can do it, however. 
The mechanism may be similar to the 

"immunological reinforcement" that is 
achieved by а  second virus dose in the 
SV40-роlуoша  system, i.e., probably 
an alerting of thе  immune mechanism, 
to some antigen or antigens that appear 
on the virus-transformed, potentially 
neoplastic cells. It is likely that 
at least some of the genetic variation 
in MD susceptibility is mediated by 
Ir genes. It may be recalled that 
resistance or susceptibility can be a 
matter of a single, dominant gene in 
some strain combinations. It would be 
important to know which component of 
the immune system is influenced, how 
many relevant genes there are, and 
where they are localized on the genetic 
map. If the reasoning is correct that 
multiple-level surveillance results 
from a long process of evolutionary 
selection, is it conceivable, further-
more, that ZD is of more recent origin 
than, say, EBV infection in man or 
polyoma in mice? Have the chicks not 
yet been selected for an equally 
efficient surveillance? Alternatively, 
has the virus not been sufficiently 
widespread on the global scale to exert 
sufficient selective pressure? 

In the simian herpesvirus field, 
we heard from Dr Fleckenstein about 
the heavy and light forms of H5V DNA 
and the fact that the heavy part was 
defective. Early and late antigens 
were defined further by Dr Ablashi and 
his group. We have also heard that 
‚VS induces a massive polyclonal trans-
formation of the lymphoid system. 
Here we obviously have an unprotected 
animal that has not been selected for 
responsiveness by virus exposure 
during its evolution. This is very 
different from DL, where a single clone 
is creeping through a relatively strong 
resistance barrier. Nevertheless, 
Нц5-infесted susceptible animals can 
make antibodies, and Dr Laufs has shown 
that it is possible to protect them 
against the lymphoma by vaccination. 

Dr Falk told us about the curious 



390 
	

KLEIN 

T-cell tropism of 'VA. Remarkably. 
both known oncogenic monkey herpes-
viruses are T-tropic. While this is 
interesting in itself, it also means 
that these diseases can hardly be 
regarded as good models of B-cell 
neoplasia in mart. As Dr Miller said, 
the induced monkey tumours may repre- 

sent a better model. T-tropic oc-
genic viruses have an intrinsic 
interest because they provide a model 
for the study of surveillance mecha-
nisms against T-cell neoplasia in man. 
I will now ask Dr Biggs and Dr 
Reinhardt to coпцпent on these points. 

Уigдs: I have only two points to add. With respect to the MD 
tumour cell lines, it is interesting to note that, although 
temperature plays an important part in success in establishing 
such lines, the proportion of successful to unsuccessful attempts 
is very low even at optimal temperature. In this way ID tumour 
cells still apparently differ from those of BL. 

Dr Klein pointed out that MD offers a wide range of experimental 
variation, and he gave as an example the availability of genetic-
ally resistant and susceptible birds, both of which can be studied 
unvaccinated and vaccinated with apathegenic viruses. In addition 
pathogenic (onccgenic) and naturally occurring apathogeoic viruses, 
as well as attenuated pathogenic viruses, are readily available. 
This provides a urique opportunity for studying the mechanism of 
oncogenicity of herpesvtruses and the mode of function of success-
ful immunization against them by comparing the behaviour of опcо-
genie MD viruses with that of their apathogenic and attenuated 
variants. 

Dе2nhardt: I would like to emphasize that it is now possible to 
transform T cells at will in vitro with 'VA and that such traпs-
formed cells can be grown as long-term cell lines. This will 
permit an experimental approach iп  an autologous system to the 
important question of how one T cell recognizes its brother T cell 
that has been changed by a virus, and we may be able to isolate 
and transform selectively T cells that are sensitized to specific 
antigens. 

The other interesting point is that we now have in the HV5 
system an attenuated strain of HVS that is no longer oncogenic, 
a situation that is similar to that of the herpesvirus of 
turkeys in chickens. This will permit experimentation to 
determine why one virus variant is oncogenic aid the other is not. 

I would like to proceed now to 	pointed out, there is convincing 
transformation by the lytic herpes- 	epidemiological evidence of a rela- 
viruses, and by lys in particular, 	tionship between cervical carcinoma 
and related questions. As Dr Epstein and what he, with Victorias euphemism, 



A SUMMING-UP 
	 зя  

called the "life style" of the pa-
tient. Perhaps we should call things 
by their proper name. Papers given 
by various epidemiologists at the 
recent Florida conference on the 
epidemiology of cervical carcinoma 
emphasized that some relationships are 
based on solid facts, whereas others 
are essentially legends and myths. 
There was a clear relationship between 
the risk of cervical carcinoma and the 
age of the first intercourse, and also 
the number of sexual partners. There 
was no significant correlation with 
the number of pregnancies or the 
circumcision status of the male part-
ner. An important piece of informa-
tion concerned the contraceptive 
device: obstructive contraception was 
clearly of preventive value. The 
conclusion was drawn that a carcino-
genic agent is transmitted from the 
male to the female during adolescent 
intercourse that contributes to the 
risk of cervical carcinoma. Whether 
the agent is HSV-2 or something else, 
is not clear. In one particularly 
interesting epidemiological study, 
performed by the Melnik group, an 
effort was made to match the sexual 
history of the cervical carcinoma 
cases and the controls and compare 
their antibody titres against 15V-2. 
Even after such matching had been per-
formed, there remained a difference 
between cancer cases and controls, 
with a higher incidence of antibody 
positivity and earlier onset of posi-
tive antibody titres in the carcinoma 
patients as compared to the control 
group. While this is very interes-
tiпg, one always wonders whether some 
subtle bias may not creep into such 
studies. This may concern, in this 
particular case, the accuracy of the 
matching, e.g., the possibility that 
the degree of frankness with which 
sexual histories are revealed may be 
different in carcinoma patients and 
in controls. 

At the Florida meeting, we also 
learned that there is a whole flora 
of microbial agents that are venereally 
transmitted and that 15V-2 is neither 
the апlу  nor the predominant one. In 
view of these uncertainties of epi-
demiology, some more solid evidence is 
obviously required, from the molecular 
biologists or the immunologists, that 
can demonstrate the vestiges of the 
viral genome in the carcinoma cells 
themselves. Here, we are still seeing 
a very variegated landscape, to say the 
least. On the other hand, there is 
increasing evidence since the last 
symposium in the in vitro model sys-
tems, as Dr Rapp has pointed out, that 
a fragment of the 15V genome is really 
present in the transformed cells. It 
is not as easy to detect it as in the 
lymphotropic herpesvirus systems where 
whole, multiple genomes are present, 
as a rule. 

Dr Frankel pointed out that the 
RNA products of the viral genome are 
more easily demonstrated than viral 
information at the DNA level, and 
she reported some suggestive evidence. 

I assume that Dr zur Hausen° s 
statement about meeting continuous 
frustration, rather than continuous 
genome persistence in this area was 
made in relation to the in vivo, 
carcinoma-related studies, rather than 
the in vitro models. The original 
work of Rapp and his group, showing 
transformation by UT-inactivated 15V 
has now been amply confirmed and also 
extended to temperature-sensitive 
mutants. We have heard interesting 
presentations by Dr Boyd and Dr Macnab 
about this. Dr Macnab induced tumours, 
transplantable in syiigeneic rats, with 
temperature-sensitive 15V mutants. It 
was particularly interesting that both 
DNA+ and DNA- mutants could achieve 
this effect. Does this imply that 
viral TINA synthesis is not necessarily 
deleterious for the transformed cell? 
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In а  way, this would be reminiscent of 
the EBV system, where a certain degree 
of viral DNA synthesis can occur, 
before or in the absence of host-cell 
killing, apparently leading to ampli-
fication of the viral genome number. 
The viral function that shuts off the 
macromolecular synthesis of the host 
cell is obviously the crucial point 
and cellular controls over this func-
tion are presumably more important 
than control over viral DNA synthesis 
реr se. 

Dr Duff told us about a more 
quantitative and more reproducible 
transformation system; this is cer-
tainly badly needed in this field. 
Another problem concerns the antigenic 
products of the genomes carried by the 
transformed cells. It would be very 
gratifying, for the confused outsider, 
if the workers in this area could 
agree on the existence and nomen-
clature of the virally determined 
antigen products detected in the 
transformed cells by different labora-
tories. You will recall that the 
development of the EBS field was very 
much furthered when a number of labo-
ratories agreed that they detected the  

same antigens and, equally important, 
arrived at a coimnon nomenclature. It 
is an axiom of every developing area 
that an antigen found in two labora-
tories is not twice as valuable as an 
antigen found in only one, but some 
kind of an exponential function. Once 
several laboratories have agreed about 
the identity of a reaction, cells and 
reagents will be provided to others, 
reactions will be reproduced every-
where, and confidence in the field 
will grow. I cannot see that this is 
happening yet in the field of НSц-
induced transformation. There are, 
nevertheless, some encouraging develop-
ments; the demonstration by the Rapp 
group of HSV- and CMV-specific, cell-
mediated cytotoxicity is one rather 
elegant example. 

On the human side, we had Dr 
Nahmias and Dr Aurelian, with their 
interesting, if preliminary results. 
Dr Nahmias' finding of a nuclear antigen 
in cervical carcinoma, possibly of 15V-
specificity, and Dr Aurelian T s demons-
tration of tumour-associated antigen, 
with its IgM antibody, is encouraging, 
but one would like to see much more of 
this and, hopefully, confirmation by 
several laboratories. 

Rapp: I agree as to the need for antigenic product identification. 
On the other hand, one must remember that EBV was discovered in 
1964, and yet the first transformation system was described only a 
few years ago. Moreover, in HSV, there is a tremendous variation 
in virus subtypes and products, as Dr Roizman has pointed out. 
While it was clear in the HSV-tгаnsfoгmаHon field from the begin-
ning that different viral types differ in their transforming activ-
ities, this type of evidence has only recently emerged for EBV. 
It would be entirely conceivable that patients who develop cervical 
carcinoma carry one particular variant of 15V-2, e.g., a trans-
forming variant, whereas HSV-infected persons who do not develop 
carcinoma carry a non-transforming variant. If and when we develop 
immunological reagents directed against the transforming viruses, 
we may get quite a different picture from what we have now. 

Many different transformed-cell models have been developed. 
In the early models, the total viral genome was probably not present, 
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whereas iп  some of the more recent models, it may well be, since 
viral transformation occurs in поп-perгпissive сe11s, Of course, 
the models that lack a total genome and contain only з  fragment 
may be better models for what may happen in human cells than 
more artificial models, even if the latter contain a whole viral 
geпошe, 

I would also like to comment on the question of immunization. 
Immunization is very clearly a two-edged sword. At least in the 
hamster HSV model system, immunization may just as often lead to 
tumour enhancement and increased metastasis as the opposite. 
Before immunization attempts are seriously considered in relation 
to human cancer, much more will have to be known about the 
immunogenicity of the antigens used, the types of antibodies found 
and, most importantly, the role of the viral agent in the patho-
genesis of the disease. As а  final statement, I would like to say 
that in this case, as in others, the molecular biology is moving 
very fast, and far exceeds our understanding of the biological 
system. 

Klein: The discussion is now open. 

Roiacrjn: I would like to make two comments on the content of 
the round-table discussion. The first comment concerns ЕBц  
itself: I have the suspicion, reinforced as time goes on, that 
the EBV we have in our laboratories is not the epidemiologically 
significant virus responsible for IM and for the widespread sero-
conversion of individuals throughout the world. I suspect that 
the virus we have in the laboratory is largely defective progeny 
of the epidemiologically significant virus and that, although it 
is important that we continue to define its properties, we must 
not lose sight of the fact that it is not the virus that is 
transmitted in the human population from one individual to the 
next. I have two reasons for entertaining this suspicion. The 
first is the great diversity of EBV gene expression in lympho-
biastoid cells. The impression one acquires rather forcefully 
is that no two lymphoblastoid lines carrying virus express viral 
genetic information in exactly the same fashion. Let us take 
for example the fact that very few cell lines make infectious: 
particles in significant amounts and that the two lines that make 
appreciable amounts of virus - the В95 and HR-1 - differ consider-
ably in the biological properties and genetic complexities of 
the viruses that they produce. As has been demonstrated at 
this Symposium, В95 contains less viral genetic information than 
HR-1 even though it both transforms and replicates whereas HR-1 
only replicates and does not transform cells. I should point 
out that a putative variability in the iymphoblastoid cell func-
tion and regulation could explain the observed variability,of the 
viral gene expression in lymphoblastoid cell lines. However, this 
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hypothesis does not explain the differences between the viruses 
produced by В95 and HR-1 cell lines. One alternative hypothesis, 
namely that lyniphoblastoid cell lines retain mutants and def~c-
tive progeny differing in ability to shut off host gene expression 
and to replicate, could explain most if not all our findings and 
I shall return to this in a moment. My second reason for suspec-
ting that none of the EBV produced in cell culture is the spi-
demiologically significant virus arises from the fact that EBV 
antibody is nearly universally present in adult human population - 
an indication that the virus is transmitted very efficiently 
indeed. Yet the EBV produced in culture doés not have attributes 
commonly associated with highly infectious, transmissible agents. 
Thus it replicates poorly, or not at alL 1 was struck by Dr 
Klein's statement at an earlier discussion that some of his 
associates have remained seronegative even after more than 10 
years of exposure to ENV in the laboratory. This hardly conjures 
up the image of a highly infectious agent. The hypothesis that 
I think should be thoughtfully considered as possibly explaining 
the two paradoxes I have just cited is that: (i) in nature the 
virus multiplies efficiently in the nasopharynx and the viral 
progeny made in the riasopharyngeal cells are highly infectious; 
(ii) the epidemiologically significant virus arising from the 
nasopharynx replicates poorly in cells of lymphoid origin, but 
does kill them. The only cells that survive are those infected 
with mutated, 'defective'' progeny of epidemiologically significant 
virus; (iii) we can visualize that the virus progeny that remains 
associated with surviving cells express only functions that are 
required to cause the cells to replicate but do not kill them, 
analogous to alpha functions in 1SV-1 infected cells, and that 
the transition from early (alpha) to late (beta or gamma) viral 
gene expression is permanently or conditionally blocked. A 
permanent block would lead to non-inducible lines, whereas a 
conditional block could be overcome by changes iп  the physiological 
state of the cell and would lead to the production of inducible 
lines. Conditional or permanent blocks could result from re-
arrangements of the DNA sequences, mutations in some genes or 
deletions. 

It should be аiжо  pointed out that, if lynrphoblastoid cells 
do riot replicate iii culture without a viral function, and if 
the cells are intrinsically restrictive or non-permissive to 
this virus, the cell that will eventually be selected out following 
exposure of blood lymphocytes to infectious nasopharyngeal 
secretions will be precisely the cell infected with a virus that 
is permanently or conditionally precluded from irreversibly 
damaging the host. The point I wish to make is that, if this 
hypothesis is correct, and по  data have been presented to show 
that it is not, the EBV produced in lyinphoblastoid cell lines 
has no single biological identity and may be somewhat remote 
phenotypically from the epidemiologically significant virus 
prevalent in nature. 
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The second corroient I wish to make concerna the significance 
of the finding of BL apparently free if EВц  DNA, The hypothesis 
that this finding enhances the probability that EBV is a causative 
agent of BL is ingenious but non-exclusive. Among the many 
possibilities, at least two others should be considered. The 
first of these is that only a small fraction of the viral genuine 
is present in the tumour cells. Although this hypothesis is 
inconsistent with the results of analyses of all other tumours 
that appear to contain numerous copies of intact or nearly intact 
viral genomes, it cannot be rejected a prиori. At the same time 
we must not lose sight of yet another possibility, namely that 
EBV populates the tumours after they are formed. It is con-
ceivable for example that the persistence of EBV and its ability 
to transfer from one cell to another is dependent on the age of 
primary infection. If this were the case, we could expect that 
lymphoblastoid tumours would become infected at a high frequency 
in areas in which EBV is endemic early in life and less frequently 
in areas in which EBV is endemic largely at adolescence. The 
point I wish to make is that if EBV is a passenger, we might 
expect that the frequency of its presence would depend on the 
incidence of the virus in the population as well as on some 
biological property that could account for its presence at high 
frequency iп  tumours in some populations and not in others. The 
key may well be the ability of the virus to persist andremain 
transmissible in human cells and particularly in lymphoid cells. 
I am wondering, therefore, if it would be worthwhile to determine 
the relationship between the age of primary infection and the 
ability of the virus to persist. Operationally this would entail 
attempts to establish continuous lines of lyrnphoblastoid cells 
following primary infection of patients of different ages. 

The first Symposium in Cambridge 
was called Herpesviruses and Onco-
genesis. 

This is the second Symposium and 
is called Oncogenesis and Herpes-
viruses. Will the third meeting be  

called Oncogenesis by Herpesviruses? 

Let us hope. Our thanks are 
due to Drs Epstein, zur Hausen and 
dе-Тhë, for having organized this 
extremely successful Symposium, no 
doubt a milestone on this road. 



5% 	 KLEIN 

Adams, R.A., Foley, G.Е., Uzman, B.G., Farber, 5., Lazarus, H. & Kleinman, 
L. (1967) Cancer Pea., 27, 772 

Adams, R.A., Foley, G.E., Farber, 5., Flowers, A., Lazarus, H. & Hellerstein, 
Е. (1970) Cancer Res., 30, 338 

Bremberg, S., Klein, E. & Stjernswâ d, J. (1967) Cancer Pea., 27, 2113-2118 

Burkitt, D. (1969) J. net. Cancer Inst., 42, 19 

Carter, R.L. (1972) The pathоlо  p of infectious mononuсleosis - A review. 
In: Biggs, P.М., de-Thé, G. & Payne, L.N., ed., Onсogenesis and herpes-
viruses, International Agency for Research on Cancer ('ARC Pcientific 
Publications No.2), pp. 230-238 

Croce, C.M. & Koprowski, H. (1974) J. exp. Mе  ,, 139, 1350-1353 

Benman, A.M. & Pelton, B.K. (1974) Clin. exp. Innunol., 18, 13-25 

de Schryver, A., Friberg, S., .7r, Klein, G., Henle, W., Henle, G., dе-Тhë, 
G., Clifford, P. & Ho, B.С . (1969) Clin. exp. Immunol., 5, 443-459 

de Schryver, A., Klein, G., Renie, W. & Renie, G. (1974) Int, J. Cancer, 
13, 319-325 

Fialkow, P.J., Klein, G., Cartier, S.M. & Clifford, P. (1970) Lancet, i, 
384-386 

Fialkow, Р.J., Klein, E., Klein, G., Clifford, Р. & Singh, S. (1973) 
J. exp. Med., 138, 89-102 

Claser, R. & Nonoyama, R. (1974) J. Viril., 24, 174-176 

Golden, Н.O., Chang, R.S., Lou, ~.~. & Copper, Т.Y. (1971) J. infect. Dis., 
224, 422 

Greaves, M. & Brown, G. (1975) CZin. Imorunot. Immunopaih. (in press) 

Gunvén, ?., Klein, G., Clifford, P. & Singh, S. (1974) Ргоc. nat. Aced. 
Sci. (Wash.), 71, 1422-1426 

Heston, W.Е . (1973) Meth. Cancer Pea., 7, 115 

Ho, I.H.С. (1972) Advanc. Cancer Res., 15, 57-92 

Jondal, M. & Klein, G. (1973) J. exp. Med., 138, 1365-1378 

Klein, G., Giovanella, B.С., Lindahl, T., Fialkow, P.J., Singh, 5. & Stehlin, 
Ј.Ѕ. (1974) Prос. nat. Acad. Cci. (Wash.), 71, 4737-4741 

Klein, G., 5ugden, B., Leibold, W. & Menezes, J. (1974) rntervirology, 3, 
232-244 

Klein, G., Wiener, F., Zech, L., zur Hansen, H. & Reedman, B. (1974) 
Int. J. Cancer, 14, 54-64 



A SUMMING-UP 	 397 

Levin, A., Friberg, S. & Klein, Е. (1969) Nature (Land.), 222, 997-998 

Lilly, F. & Pines, T.. (1973) Cancer Res., 17, 231-277 

Nanolov, G. & Manolova, Y. (1972) Nature (Land.), 257, 33-34 

Nilsson, K. & Pantёn, J. (1975) Int. J. Cancer, 15, 321-341 

Nyormoi, 0., Klein, G., Adams, A. & Doinbos, L. (1973) Int. J. Cancer, 12, 
396-408 

Old, L.J., Boyse, E.A., Oettgen, H.F., de Harven, F., Deering, G., Williamson, 
B. & Clifford, P. (1966) Ргос. nat. Acad. dci. (Wash., 56, 1699 

Pereira, M.S. Field, A.М., $lake, J.M., Rodgers, F.G., Bailey, L.A. & 
Davies, J.R. (1972) Lancet, i, 710 

Sheldon, P.J., Hernsted, E., Papamichail, M. & Holborow, E.J. (1973) 
Lanest, i, 2253-2255 

So'itham, С.M., Burchenal, J.H., Clarkson, B., Tanzi, A., Mackey, R. & 
IcComb, V. (1969) Cancer, 23, 281 

Svedmyr, E. & Jondal, M. (1975) Proc. net. Aced. dci. (Wash.), 72, 1622-1626 

Virolainen, M., Anderson, L.C., La11a, M. & Von Essen, R. (1973) Clin. 
Immuno Z. Imrsunopath., 2, 114-120 

Wolf, H., zur Hausen, 1,, Klein, G., Becker, V., Henle, G. & Henle, W. 
(1975) Med. Microbiol. Imr?шnоl. (in press) 



INDEX OF AUTH®RS 



INDEX ®F AUTH®RS 

Aaslestad, H.G., 1,237, 1,269, 2,37 
Ablashi, D.V.., 1,237, 1,269, 2,491, 

2,37, 2,361 
Adams, A., 1,125 
Akiyama, Y., 2,101 
Aristizabal, N., 2,45 
Armstrong, G.R., 1,269, 1,491, 2,37 
Asher, Y., 1,245 
Aurelian, L., 2,79 
Austin, T., 2,109 

Ball, G., 1,483 
Baringer, J.R., 2,73 
Becker, Y., 1,111, 1,245 
Ben-Porat, т., 1,97 
Веnуенh-мelnick, 1., 1,161  
Benz, W.C., 1,259 
Ben-Zeev, A., 1,245 
Biggs, P.M., 2,317, 2,329 
Birkhead, S.L., 1,467 
Biewal, N., 1,161 
Blakesley, R.W., 1,91 
Boezi, J.A., 1,91, 2,199 
Boone, C., 1,429 
Bornkainm, G.W., 1,145 
Boyd, A., 1,429 
Brown, T.D.K., 1,339, 1,351 
Bülow, V. von, 2,329 
Burmester, B.R., 1,91 

Cadwallader, J., 2,353 
Calnek, B.W., 1,505 
Campbell, W.F., 2,17 
Centifanto, Y.M., 2,195 
Chan, S.H., 2,249 
Chardonnet, Y., 1,497 
Chretien, P.B., 2,307 
Chu, E.W., 1,491 
Cogniaux, J., 1,501 
Connally, R.R., 2,225 
Cornish, J.D., 2,79 
Cottler-Fox, М., 1,103 

Courtney, R. l . , 1,63 
Crawford, D.Н., 2,169 

Daniel, M.D., 2,205, 2,353 
Darai, G., 1,437 
Day, N.E., 2,3, 2,249 
Deinhardt, F., 1,379, 
Del Buono, I., 7,309 
Derge, J.G., 1,467 
Desgranges, C., 2,191 
de-Thd, G., 2,3, 2,45, 

2,249 
Didier, M.L., 1,491 
Dletzschold, B., 2,337 
Dubose, D., 2,205 
Duff, R., 1,421 

Easton, J1., 1,491, 2,37 
Edwards, J.M.B., 2,59 
Lichberg, J.W., 2,133 
Б11er, J..., 2,133 
Epstein, l.A., 1,483, 2,141, 2,169 
Ernberg, J., 1,339 

Fabrizio, P.L., 2,225 
Falk, L., 1,379, 1,409, 2,161 
Faucon, N., 1,497 
Felsburg, Р.J., 2,133 
Fiala, 1., 2,109 
Fickel, 1., 1,139 
Fischer, H., 1,167 
Fleckenstein, B., 1,145 
F1ügel, 1.1. , 1,167  
Frankel, J.W., 2,17 
Fraser, С.Е.O., 2,353 
Frazier, J.А., 2,89, 2,329 
Frenkel, N., 1,3, 

Ceser, A., 2,3, 
Ciddens, W.Е., Jr, 2,113 
Glaser, R., 1,457 
Goodheart, C.R., 1,151 

1,409, 2,161 

2,179, 2,191, 

-401- 



402 

Gravell, N., 1,237 
Groupé, V., 2,17 
Gaze, L.B., 2,109 

Haag, A., 2,53 
Hampar, B., 1,449, 7,467 
Harvey, J.S., Jr, 2,133 
Нaу, J., 7,219 
Hау, К.А., 1,315 
Hayward, C., 1,3 
Hayward, S.D., 1,177 
Heberling, R.L., 2,133 
Heine, U., 1,103 
Heiner, D.С., 2,109 
Hemmaplardh, T., 1,467 
Henle, G., 1,363, 1,457, 
Henle, W., 1,457, 2,215, 
lerberriai, Юн., 2,225 
leston, L,, 1,395 
linarna, Y., 1,389 
Hirsch, 1., 1,155 
Но я  J.H.С., 2,3 
Hollinshead, A.C., 2,367 
liii, G., 2,237 
Hoпess, R.W., 1,3 
Huang, C.H., 2,179 
Huang, L,S., 1,475 
luit, R.D., 2,205 

Ibrahim, I., 7,369 
Imagawa, D.T., 2,109 

Jackman, D., 2,353 
Jacob, R., 1,3 
Jacquemont, 13. , 1,39 
Jarvis, J.F., :,483, 2,169 
Jenik, S., 7,285 
Johainsson, 0., 2,237 
Johnson, D., 2,161 
Jопсаs, 2.1., 2,283 
Jones, C., 1,315 

Kaadei, 0.R., 2,337 
Kalter, S.S., 2,133 
Kamiпcik, Y., 7,245 
Kaplaп, A.S., 7,97 
Kato, 5., 2,101 
Katsuki, T., 1,389 
Kaufman, H.Г., 2,195 
Kiel, L.D., 1,177 
Killander, D., 2,237 

INDEX OF AUTHOR5 

Klein, G., 1,293, 7,323, 1,351, 2,179, 
2,237, 2,365 

Kniker, W.T,, 2,133 
Koenig, U., 2,53 
Kozak, 1, , 1,3  
Kraiselburd, 2., 7,415 
Kutinovd, L., 1,285 
Kwan, I.C., 1,277 

Laithier, 1. , 1,85 
Laufs, R., 2,345 
Lausch, 1.1., 1,315 
Lavoad, T1.F., 2,3 
Lee, L.F., 1,91, 2,199 
Lehtnkdster, A., 2,53 
Leibold, W., 1,323 
Levine, P.I., 1,237, 2,37, 2,225. 
Lindahl, T., 1,125, 1,191 
L гpтaп, 1. , 1,395  
Lussier, G., 2,283 

Nacek, f i. , 1 ,285 
Macias, E.G., 2,133 
Macnab, J . С  л1. , 7,227  
Magrath, I.T., 2,275 
McCoy, J.L., 2,225 
McCullough, 13., 2,133 
rrc5wiggan, D.A., 2,59 
Nelendez, L.V., 2,205, 2,353 
_le11stedt, H., 2,237 
Helnick, J.L., 7,357 
Menezes, J., 1,323, 2,283 
Miller, G., 1,395, 2,209 
Mitcheu, J.R., 2,17 
Iiyagi, I., 1,151  
uizell, M., 2,121 
Mizuno, F., 2,27 
Munk, K., :7,167, 7,289, 1,437 
Munoz, N., 2,45 
Nurasko, D.I., 7,315 
Murray, S.K., 1,161 

Nahmias, A.J., 1,309 
Nazerian, K., 1,345, 2,63, 2,199 
Ng, 1.1., 7,277 
Ng, W.S., 1,277 
Niederrian, J.C., 2,313 
Nonoyama, N., 1,133, 1,457, 2,27 

Ggburn, C.A., 1,331 
Oie, II.K., 1,491 

2,215, 2,237 
2,237, 2,275 



INDEX 0 AUTHORS 	 L03 

Orme, T., 1,429 
Osato, T., 2,27 

Paciga, J_, 2,161 
Pagano, 3.5., 1,475, 2,179 
Payne, J.E., 2,109 
Payne, L.N., 2,89 
Pearson, G., 2,45 
Perrinet, I.C., 1,497 
Pope, J.Н., 1,367, 1,385 
Powell, K.L., 1,63 
Powell, Р.C., 2,89 
Prévost, 2.1.,  1,501 
Pritchett, R.P., 1,177 

Rabson, A.S., 1,491, 2,45 
Relschlg, J., 1,155 
Renfle, N., 2,89 
Rickinson, A.B., 1,483, 2,169 
Roane, P.R., Jr, 2,299 
Robinson, J., 1,395 
Roi.zman, В., 1,3, 1,39 
Rommel, F.A., 2,133 
Koubal, J., 1,155 

Schaffer, Р.А., 7,195 
Schneweis, К.E., 2,53 
Schulte-Holthauseп, 1., 1,117, 2,137 
5hanmugaratnam, K., 2,179, 2,249 
Sheldriek, P., 1,85 
5hlomai, J., 1,245 
Shope, T.C., 2,153 
5hortridge, K.F., 1,277 
Shows, T.B., 1,457 
Silva, D., 2,205 
Simons, 1.2. , 2,3, 2,249 
Skare, J., 1,139 
Smith, I.E., 2,17 
Smith, P.F., 2,79 
Sdderberg, C., 2,237 
Sohier, R., 2,3 
Spear, P.G., 1,49 
5precher-Goldberger, S., 1,501 
Steele, R.W., 2,133 
Steiner, M., 1,357 
Steiner, S., 1,357 
Steinke., H., 2,345 
Stevens, J.G., 2,67 
Strominger, J.L., 1,75, 1,259 
Sugden, B., 1,171 
Summers, W.G., 1,139 

Summers, Н.У., 1,139 

Tanaka, A., 1,133 
Tarpley, J.L., 2,367 
Tartu, G., 2,291 
Thiry, ы  , 1,501 
TimЬury, 1,С  ., 1,219 
Towle, .C., 1,91 
Tukei, P., 2,3 
Tureckova, 1.1., 1,237 
Twardzik, D.R., 1,237, 7,269, 2,37 

Utsumi, K.R., 2,259 

Vandenbussche, P., 1,501 
Vonka, V., 1,155, 7,285, 7,445, 2,3 

Wadsworth, S., 1,3 
Wagner, I., 7,139  
Washington, P., 2,299 
Wеo, G.В., 2,249 
Weissbach, A., 7,415 
Wolf, H., 2,191 
Wolfe, L., 7,379 
Wolfe, L.G., 2,161 
Wright, J., 7,409 

Yamamoto, K., 2,27 
Yang, С.S., 2,179 
Yasuda-Yasaki, Y., 2,259 
Yee, C., 2,45 
Уосит, Н.R., 1,75 
Yoshida, To0o, 2,259 

Zajac, B.A•, 7,331 
Zavadova, H., 2,3 
Zeve, V., .7,269 
sur Hausen, 1-1., 1,117, 2,191 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353
	Page 354
	Page 355
	Page 356
	Page 357
	Page 358
	Page 359
	Page 360
	Page 361
	Page 362
	Page 363
	Page 364
	Page 365
	Page 366
	Page 367
	Page 368
	Page 369
	Page 370
	Page 371
	Page 372
	Page 373
	Page 374
	Page 375
	Page 376
	Page 377
	Page 378
	Page 379
	Page 380
	Page 381
	Page 382
	Page 383

