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The morphogenesis  of tumors  induced in the soft t i ssues  of hamste rs  by s imian adenovirus 
SaT (C8) and the morphology of tumors  induced by two other serotypes (SA7-B105 and C626) 
as well  as  by type 3 bovine adenovirus were  studied. It is postulated that tumors  induced by 
simian adenoviruses and most tumors  induced by bovine adenovirus are  undifferentiated mal ig-  
nant hemangioper icytomas with a tendency toward differentiation into le iomyosarcoma.  On 
transplantat ion the s t ructure  of the p r i m a r y  tumors  pe r s i s t s  for a long time. 

The oncogenicity of the various groups of adenoviruses of animals has recen t lybeen  described. The most  
interest ing member s  of these adenoviruses are  the highly oncogenic simian and bovine adenoviruses,  not 
only as models for  the study of virus  carcinogenesis ,  but also as possible contaminants of v i rus  vaccines 
and other biological preparat ions.  

Besides cer tain differences,  there is a basic  s imilar i ty  in the morphology of the tumors  induced in the 
soft t i ssues  of hams te r s  by the adenoviruses of these species of animals and man [2, 4, 7]. 

This paper  descr ibes  the resu l t s  of a histogenetic analysis  of tumors  induced in the soft t i ssues  of 
hams te r s  by three  simian adenoviruses  of the SA-7 group and by type 3 bovine adenovirus, strain WBR-1. 
The virological  par t  of the investigation was car r ied  out by A. D. Al ' tshtein,  E. M. Tsetlin, N. M. Str izha-  
chenko, and N. A. Graevskaya.  

EXPERIMENTAL METHOD 

Culture fluid containing the v i rus  was injected subcutaneously and in t ramuscular ly  into newborn 
hamsters .  Tumors  developed at the site of injection of the virus .  The frequency of the tumors  induced by 
these v i ruses  in the hamste rs  and the t imes of their  appearance are given in Table 1. The animals died from 
the t umors  1-2 weeks f rom the t ime when they became palpable. When the tumors  were  transplanted, the 
tumor  cells  were  injected into hamste rs  of any age, but principally adult. Tumors  developed in 100% of the 
animals after 1-2 weeks. 

To study the p r i m a r y  and transplanted tumors  induced by simian and bovine adenoviruses,  464 and 70 
hams te r s  respect ively were  used. The morphogenesis  of the tumors  was studied in 295 animals. For  this 
purpose the hams te r s  were  sacr i f iced star t ing on the 2nd and ending on the 41st day af ter  infection with 
adenovirus SA7(C8). In addition, cells of a culture of myodermal  t i ssue of a hams te r  embryo were  t r a n s -  
formed by the same virus ,  and after five subcultures in vi tro they were  injected subcutaneously into adult 
hamsters .  Starting with the 20th day after  infection, tumors  appeared in all the hamste rs  at the site of in- 
ject ion of the  cells, and these were  re t ransplanted for 24 passages .  
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TABLE 1. Frequency of Induction of Tumors  in Hamste r s  and 
Times  of Their  Appearance 

Dose per hams- Method of in- Incidence Latent period 
Vires ter (in PFU) jectionofvims of tUmors (in days) 

SA7 (C8) 
SA7 (C8) 
SA7 (BI05) 
SA7 (C626) 
WBR-I 

105--5,5 
105,~ 
10:~,9 
l0 3 ,~ 
10~ JTCDr, o 

Subcutaneously 
Intramuscularly 
Subcutaneously 

)> 

2ol/9.. 

:in 
2"'/G 1 

25-79 (35) 
25--39 (30) 
58--89 (83) 

123--138 (131) 
25--287 

*Numerator  shows number  of hamste rs  with tumors ;  denominator 
shows number  of animals inoculated wMch survived as long as the 
mean latent period. 

Mean latent per iod shown in parentheses;  animals without tumors  
were  observed for  300 days at least.  

Fig. 1. Morphology of sof t - t i ssue tumors  induced 
in hams te r s  by SA7(C8) v i rus :  a) tumor  r e sembl -  
ing hemangioper icytoma:  polymorphic cells with 
large nuclei are  a r ranged around numerous sinu- 
soidal vesse ls ;  b) the same tumor:  argyrophi l ic  
membranes  of the vesse l s  can be seen, with tumor  
cells outside them; c) tumor  resembling angio- 
l e iomyosarcoma:  elongated cells a r ranged  in 
bundles winding around the vesse l s  (shown by 
ar rows) ;  d) individual argyrophi l ic  "s leeves"  
around some tumor  cells. Staining: a and c) hema-  
toxylin-eosin;  b and d) s i lver  impregnat ionby 
Gomori '  s method. Magnification: in a, b, c) 306 x 
in d) 1000 • 

EXPERIMENTAL RESULTS 

Primary induced tumors usually were multiple 
and matted together, and the weight of the mass fre- 
quently greater than the weight of the animal bearing 
the tumor; the transplanted tumors, however, were 
usually single. Tumors induced by simian adeno- 
viruses had clearly defined outlines, and as a rule 
they did not invade the surrounding t issues,  unlike 
tumors  induced by bovine adenovirus,  which f r e -  
quently invaded the surrounding t issues .  The tumors  
were  of soft, e last ic  consistency, pinkish-white on 
section, with foci of necros i s  and hemorrhages .  No 
metas tases  were  observed. 

Histological examination showed proliferat ing 
tumor  cells in the subcutaneous t issue and in ters t ices  
of the muscles  in most animals infected with SA7 (C8) 
virus  f rom the 7th-9th day after  infection. Some of 
them were  situated in the capi l lary wall. At this 
per iod the prol i ferat ing cells  were  most ly ra ther  
la rge  epithelioid cells. Other foci of prol i ferat ion 
consis ted on compactly a r ranged  spindle-cells ,  f r e -  
quently with single epithelioid cells. Starting with the 
17th day, besides foci of proliferat ion,  l a rge r  nodules 
of tumor  t issue could be seen in the subcutaneous 
a reo la r  t i ssue with the unaided eye, for they m e a -  
sured about 0.5-1 mm in diameter .  Growth of capil-  
la r ies  among the tumor  cells could be seen histologi-  
cally in these nodules, and f rom the beginning these 
were  lined with typical endothelium. Numerous blood 
vesse ls ,  some of them consist ing of sinusoids, su r -  
rounded by cells with large nuclei and il l-defined 
cytoplasm in close contact with them, were present  
in the tumors  af ter  24 days (Fig. la). The tumor 
cells were outside the argyrophi l ic  membranes  of the 
vesse ls ,  and small  groups of cells were  interwoven 
with argyrophi l ic  f ibers (Fig. lb). According to 

Stout [11] and others ,  these tumors  can be regarded  as hemangiopericytomas.  Later  the tumor  cells in 
some places  became spindle-shaped and showed a tendency to be a r ranged  in bundles around the vesse ls ,  
the nuclei of some cells became rod-shaped,  and the whole picture resembled that of angio le iomyosarcoma 
(Fig. lc).  This pic ture  was more  c lear ly  defined in the more  slowly growing tumors  induced by the l a rge -  
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Fig. 2. Tumors  of soft t i ssues  of hamste rs  induced by type 
3 bovine adenovirus:  a} a rea  of tumor  resembling angioleio- 
m y o s a r c o m a  (vessels indicated by arrows}; b) f i rs t  passage 
of tumor  in adult hamster ,  tumor  has appearance of te io-  
myosarcoma;  c} same a rea  with individual argyrophi l ic  
~sleeves w around cells; d) l e iomyosarcoma  of hamste r  which 
developed f rom cells of a culture of a tumor  with the s t ruc -  
ture  of an undifferentiated hemangioper icytoma injected into 
it; e) i r regula r ly  ar ranged longitudinal fibrils in tumor  cell. 
Staining: in a, b, and d} hematoxylin-eosin;  c) s i lver  impreg -  
nation by Gomor i ' s  method; e) Heidenhain's i ron hematoxylin. 

plaque var iant  of SA7(C8) virus  [1]. Similari ty to l e iomyosarcoma was also observed in tumors  which de- 
veloped in the soft t i ssues  of the hams te r s  after  inoculation with a culture of hamste r  embryonic  cells t r ans -  
formed by SA7(C8) virus.  In the more  highly differentiated tumors ,  together  with the charac te r i s t ic  cyto- 
and histotypical p ic ture  there  were  other  signs to indicate that these tumors  were of the smooth-muscle  
type: the cells  were  surrounded by individual argyrophil ic  ~ sleeves M (Fig. ld), the staining proper t ies  of the 
cytoplasm of some cells were  s imi lar  to those of the sarcoplasm (it stained red with azan and glycogen be-  
gan to appear in it), while staining with hematoxylin phosphotungstate revealed numerous i l l-defined fibrils.  
Although the tumors  grew by infiltration, their  growth was chiefly expansive in character .  

The transplanted tumors ,  which were studied until the 20th passage,  retained the s tructure of the p r i -  
mary  tumors ,  but with each success ive  passage the features  of anaplasia increased  in degree. 

Tumors  induced by stains B105 and C626 in the soft t i ssues  of hams te r s  were  s imilar  to tumors  in- 
duced by strain C8 but differed f rom them in the somewhat higher degree of anaplasia and polymorphism 
of the cells  and by the presence  of many giant cells. 

All t umors  induced in the soft t i ssues  of the hams te r s  by the simian adenoviruses were  of the same 
type. Bovine adenovirus induced tumors  of a different s t ructure  [7]. Meanwhile, among the tumors  induced 
by this adenovirus,  the chief group consisted of tumors  histologically s imi lar  to those descr ibed above. 
They also contained areas resembling angioleiomyosarcomas (Fig. 2a}. The leiomyosarcoma structure was 
particularly clearly seen in tumors after the first passage in adult hamsters (Fig. 2b, c). The picture of 
leiomyosarcoma was observed in tumors which developed from a line of tumor cells taken through more 

than 150 passages in vitro (Fig. 2d, e). 

Despite the signs of increasing anaplasia and polymorphism of the tumor cells, the structure of the 
hemangiopericytoma persisted after transplantation until the 50th passage, but later the tumors could be 
defined only as undifferentiated. 
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Hull e t a l .  [5] desc r ibe  t u m o r s  induced in h a m s t e r s  by va r ious  s imian adenovi ruses  as undifferentiated 
with some c h a r a c t e r i s t i c s  of lymphomas ,  while B e r m a n  [2] de sc r ibe s  them as  s m a l l - c e l l  s a r c o m a s  of e m -  
bryonic  type. Merkow e t a l .  [8], who studied subcutaneous t u m o r s  in h a m s t e r s  induced by s imian adenovirus  
SV-30, consider  that the t u m o r s  a r i s e  f r o m  the mesenchyme.  It is concluded f r o m  the resu l t s  of the p r e -  
sent invest igat ion that ,  despi te  the low level  of different ia t ion of these  t umors ,  they can be r ega rded  as ma l ig -  
nant hemang iope r i cy tomas  with a tendency toward  different ia t ion into l e iomyosa rcoma .  Stout [12] and 
o the r s  cons idered  that  the cel ls  of the hemangioper icy toma,  like the epithelioid cel ls  of glomus t umor s ,  a re  
de r iva t ives  of pe r i cy tes .  According to Z i m m e r m a n n  [14] and others  (3, etc.), these  cel ls  a re  t rans i t iona l  
to smoo th -musc l e  cel ls ,  and this  view is supported by e l e c t r o n - m i c r o s c o p i c  evidence [6, 9, 10]. The view 
e x p r e s s e d  above that p e r i c y t e s  can be r ega rded  as " t a rge t s "  for  the oncogenic action of adenovi ruses  used 
in this  invest igat ion could be conf i rmed the ea r ly  fo rmat ion  of tumor  nodules by pro l i fe ra t ion  of the epi the-  
lioid cel ls  found in the cap i l l a r i e s  we re  p r e s e n t  a f te r  inoculation of SA7(C8) v i rus .  However,  no connection 
was  found between the foci of p ro l i f e ra t ion  and the blood ve s se l s .  This apparent ly  cont radic ts  the fact that 
the definit ive t u m o r s  all  have the same  type of s t ruc tu re  and a re  hemangioper icy tomas .  A poss ib le  explana-  
tion is that the t a rge t s  a r e  not only the pe r i cy tes ,  o r  indeed not pe r i cy t e s  at all, but some other  (evidently c a m -  
bial) cel ls  which, as a resu l t  of in tegra t ion  of the v i rus  genome into the cell  genome, obtain a specif ic  d i r e c -  
t ion of di f ferent ia t ion toward  the s m o o t h - m u s c l e  cell. Resul ts  desc r ibed  in the l i t e ra tu re  indicate the lead-  
ing ro le  of the v i r u s  in the morphology of cloned cel ls  t r a n s f o r m e d  by it in vi t ro ,  jus t  as in the t u m o r s  in-  
duced by v i r u s e s  [13]. 
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