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Several human adenoviruses have been 
shown to grow poorly in monkey kidney cell 
cultures in the absence of simian virus 40 
(SV40), and marked enhancement of adeno- 
virus growth has occurred when SV40 was 
added to the cultures ( 1). After the discovery 
of SV40(2), i t  was found that the “monkey 
kidney cell adapted” strains of human adeno- 
viruses used for vaccine production were mix- 
tures of adenovirus and SV40. To obtain a 
strain of adenovirus 7 free of SV40, vaccine 
strain LL was passaged 3 times in African 
green monkey kidney (AGMK) cell cultures 
in the presence of high titered SV40 anti- 
serum. After the 3 passages, infectious SV40 
could no longer be detected in the prepara- 
tions although the virus grew well in AGMK 
cell cultures. When this strain (designated 
E46, substrain of strain LL) was inoculated 
subcutaneously in newborn hamsters, i t  pro- 
duced subcutaneous tumors which contained 
the neoantigen of SV40(3). Evidence has 
been presented by Huebner and his associ- 
ates (3) ,  Rowe and Baum( 4) ,  and Rapp and 
his associates(5) that the portion of the 
SV40 genome which codes for production 
of the SV40 neoantigen is incorporated in 
some way within the capsid of the adeno- 
virus 7 virion. 

The subcutaneous tumors produced by E46 
were described as resembling SV40 tumors 
grossly and microscopically although some 
tumors “also showed islands of epithelioid 
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cells similar to those regarded as characteris- 
tic for adenovirus 1 2  tumors”(3). Since both 
SV40 and adenovirus 7 produce subcutaneous 
tumors after subcutaneous inaculation in new- 
born hamsters(6,7) and since these tumors 
do have certain histologic similarities as well 
as differences, it is difficult to be certain of 
the role played by the portion of the SV40 
genome in the E46 strain of adenovirus 7 in 
tumor induction. When SV40 is inoculated 
intracerebrally in newborn hamsters, however, 
it produces well differentiated papillary epen- 
dymomas (8) which are readily distinguished 
from other tumors which have been produced 
by any known strains of oncogenic adeno- 
viruses(7). This suggested to us that the 
inoculation of E46 intracerebrally into new- 
born hamsters might determine whether the 
portion of the SV40 genome believed to be 
within the adenovirus capsid was capable of 
inducing the characteristic SV40 ependy- 
moma. 

Materials and methods. Animals: Pregnant 
Syrian hamsters (Cricetus auratus) were ob- 
tained from the Animal Production Section of 
Nat. Inst. of Health. 

Viruses: The Gomen strain of adenovirus 
7, obtained from the American Type Culture 
Collection, was passed in Hep-2 cell cultures. 
Strain E46 was obtained from Dr. Wallace 
P. Rowe. Two pools of E46 were prepared 
in our laboratory. One, designated E46H1, 
was the first passage of the original material 
in human embryonic kidney (HEK) cell cul- 
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T A B L E  I. Titers of Adenovirus 7 Preparations 
Used for Hamster Inoculations. 

Titer (TCID,/ml) in 
Virus strain AGMK HER 

E46M5 106.9 108.2 
E46H1 106.4 1os.g 
Gomen 103.2 109.4 

tures. The other, E46M5, was the 5th pas- 
sage of the original material in AGMK cell 
cultures. The virus pools were titrated in 
both AGMK and HEK cell cultures by meth- 
ods previously described (9) and titers are 
shown in Table I. 

Tests for infectious SV40: The E46M5 
pool was tested for infectious SV40 in AGMK 
cultures. Equal volumes of the pool and 
adenovirus 7 antiserum (prepared in Balb/c 
mice immunized with Gomen strain grown in 
Hep-2 cell cultures) were incubated for 30 
minutes at  room temperature and inoculated 
into roller tube cultures of AGMK cells. The 
tubes were observed for 21  days. 

Tumor tissue was tested for SV40 by plac- 
ing 5 to 10 explants 1 mm in diameter on 
monolayers of AGMK cells in roller tubes. 
The tubes were observed for 21  days. 

Methods of inoculation: Newborn animals, 
less than 24 hours old, were inoculated either 
intracerebrally or both intracerebrally and 
subcutaneously. The subcutaneous inocula- 
tion consisted of 0.05 ml of virus preparation 
and the intracerebral inoculation consisted of 
0.01 ml of the same preparation. 

Necropsies: Complete necropsies were per- 
formed on animals showing neurologic dys- 
function or having large subcutaneous tumors. 
Tissues for histopathologic examination were 
obtained from all viscera and from the brain. 

They were fixed in formal-sublimate, sec- 
tioned and stained with hematoxylin and 
eosin. 

Electron microscopy methods used have 
been described (9). 

Results. Results of animal inoculations are 
summarized in Table 11. Three litters of new- 
born hamsters were inoculated intracerebrally 
with the Gomen strain of adenovirus 7. 
Thirty animals survived inoculation and none 
have developed tumors or any evidence of 
neurologic dysfunction after 140 days of 
observation. Three litters were inoculated 
intracerebrally with E46Hl and 34 animals 
survived inoculation. Three of these animals 
became lethargic 102 days after inoculation 
and were killed with ether. At necropsy, 
grossly each had tumor nodules in the lateral 
ventricle. The remaining 31 animals do not 
show any abnormalities 180 days after inocu- 
lation. Four litters were inoculated both 
intracerebrally and subcutaneously with E46- 
M5. Forty animals survived inoculation and 
12 developed subcutaneous tumors 30 to 45 
days after inoculation. These animals were 
not killed and 4 subsequently became lethar- 
gic 94, 100, 101 and 102 days after inocu- 
lation. These 4 were killed and found to 
have tumor nodules in the lateral ventricle 
similar to those found in the group inoculated 
with E46H1. The subcutaneous tumors were 
soft, friable and white with hemorrhagic 
areas. 

Histologically, 2 of the brain tumors pro- 
duced after inoculation with E46H1 and one 
produced after inoculation of E46M5 were 
well differentiated papillary ependymomas 
(Fig. 1) .  One of the brain tumors produced 
after inoculation with E46H1 and 3 produced 

T A B L E  11. InoculaMon of Newborn Hamsters with E46 and Gomen Strains of Adenovirus 7. 
~ ~~ 

No. of No. of Ependymoma Subcutaneous 
No. of animals animals latent period tumor latent 

Site of animals with with sub- before CNS period before 
Strain inocu- inocu- ependy- cutaneous symptoms grossly observ- 
of virus Inoculum lation lated" momas tumors (days) able (days) 

- E46H1 loa.' TCID,,t I.C. 34 3$ - 102 

40 4t: 123 94-102 30-45 106.2 9 9  t I.C. 
E46M5 108.8 9 9  t S.C. 

- - I.C. 30 O §  Q$ Gomen 107.4 9' t 
~~ ~ 

* Surviving 48 hr after inoculation. t T i t r a t 4  in HEK cell cultures. t After 180 days of ob- 
servation. $ After 140 days of observation. 
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FIG. 1. Section of an ependymoma in lateral ventricle of brain of a hamster inoculated 
with strain E46 of adenovirus 7. Papillary architecture i s  clearly seen. Hematoxylin and 
eosin, 520 X. 

after inoculation of E46M5 were more poorly 
differentiated ependymomas. Electron micro- 
scopic study of one of the more poorly dif- 
ferentiated brain tumors showed the features 
of ependymoma cells such as cilia and bleph- 
aroplasts as described previously ( 10) . 

Microscopically, the subcutaneous tumors 
had the appearance of the undifferentiated 
malignant tumors previously described in 
hamsters, mice and mastomys inoculated with 
adenovirus 12(11,12). 

Although Huebner and his associates ( 3  ) 
have presented evidence that E46 is free of 
infectious SV40 and it would be extremely 
unlikely that our E46H1 could have become 
contaminated with SV40, we thought that i t  
would be desirable to rule out the presence 
of infectious SV40 in our E46M5 virus prepa- 
ration, We were unable to detect SV40 by 
inoculation of AGMK cultures with E46M5 
after neutralization of the adenovirus 7 by 

antiserum prepared against the Gomen strain. 
We were also unable to find SV40 particles 
electron microscopically in AGMK cultures 
inoculated with E46M5 and incubated for 72 
hours. We could not isolate SV40 from one 
of the ependymomas induced by E46M5 even 
when explants of tumor were grown in con- 
tact with monolayers of AGMK cells. 

Discussion. Huebner and his associates 
have shown that the E46 strain of adeno- 
virus 7 contains the portion of the SV40 
genome responsible for production of SV40 
neoantigen ( 3 ) .  Since E46 grows well in mon- 
key cells it also apparently contains the por- 
tion of the SV40 genome which produces en- 
hancement of adenovirus growth in monkey 
cells ( 1 ) . The present studies indicate that 
it also contains the portion of the SV40 
genome responsible for induction of ependy- 
momas in Syrian hamsters. It will of course 
be of great importance to determine whether 
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the neoantigen, the “enhancer” and the onco- 
genic factor which produces ependymomas 
are identical or different. 

Although there is no evidence that the 
Gomen strain of adenovirus 7 can produce 
ependymomas, we have observed the animaIs 
for only 120 days and observation is con- 
tinuing. We have not produced ependymomas 
in newborn hamsters inoculated with large 
doses of adenovirus 12 and observed for 2 
years. The remote possibility remains that 
the E46 strain could produce ependymomas 
without the portion of the SV40 genome with- 
in its capsid. To eliminate this possibility, 
strains of E46 without the hybridized portion 
of SV40 must be shown to be incapable of 
inducing ependymomas. Such experiments are 
now in progress. 

Summary. Strain E46 of adenovirus 7 pro- 
duced ependymomas when inoculated intra- 
cerebrally in newborn hamsters. These tumors 
were morphologically identical to those pro- 
duced by intracerebral inoculation of SV40 
and unlike any tumors produced in hamsters 
by oncogenic adenoviruses. It has been pre- 
viously shown that strain E46 is a “hybrid” 
virus containing the portion of the SV4O 
genome responsible for production of SV40 
neoantigen within an adenovirus 7 capsid. 
The present results indicate that the “hybrid” 
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contains that portion of 
responsible for induction 
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The measurement of body composition in 
gross biochemical terms has become increas- 
ingly important as an aid to clinical diagnosis 
and treatment(1). As better and simpler 
methods based on non-destructive dilution 
techniques or physical measurements have be- 
come available, these methods have been 
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applied as routine procedures for the measure- 
ment of such parameters as total body water, 
extracellular water, blood volume, total cir- 
culating proteins, total exchangeable potas- 
sium and sodium and total body fat(2). 

Survey of the literature has revealed very 
little information concerning the accuracy 
and reproducibility of the methods used. In  
studies of populations of well and sick sub- 
jects, the variations among individuals and 


