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ture for over 2 years, and that 11/16 ham- 
sters pre-treated as adults with extracts of 
these tumor cells were also completely resis- 
tant to challenge with similar large numbers 
of cells, is surprising in the light of Habel's 
(1,2,10) inability to prevent tumor formation 
in pre-treated hamsters receiving 104 to los 
cells. The reported data(9), however, do not 
indicate the minimal number of the tissue cul- 
ture passaged polyoma tumor cells required to 
produce tumors in untreated hamsters. 

Summary. Specificity of the transplanta- 
tion resistance phenomenon was tested by 
using only 10 tissue cultured polyoma, SV 40, 
and F. Sa. No. 3 B hamster tumor cells in suf- 
ficiently large numbers of adult hamsters to 
yield definitive results. Pre-treatment with 
pol yoma virus regularly produced resistance 
to transplantation of polyoma tumor cells but 
not of F. Sa. No. 3 B tumor cells; there was 
evidence of some resistance to SV40 tumor 
cells in only 2 of 4 tests. Pre-treatment with 
SV 40 virus regularly produced resistance to 
SV40 tumor cells, although in some tests of a 
lower order than in the polyoma virus DS 
poIyoma tumor system, but not to F. Sa. No. 
3 B cells; there was evidence of some resis- 
tance to polyoma tumor cells in only 2 of 4 
tests. Pretreatment with adenoviruses, types 
12 and 7A, herpesvirus and poliovirus type 
1 produced no resistance against any of the 
3 tumors tested. Reovirus, type 3, and vesi- 

cular stomatitis virus (Indiana strain) propa- 
gated in mouse embryo tissue culture, the 
same cells in which the polyoma virus was 
grown, produced no resistance against the 
polyoma tumor cells. The progeny of 10 
polyoma hamster tumor cells which formed 
large tumors in occasional, polyoma-immune 
adult hamsters, nevertheless, were shown to 
possess the distinctive, cellular antigen. A 
sensitive test failed to reveal any cytotoxic 
antibody in the serum of polyoma-immune 
hamsters that resisted transplantation of poly- 
oma tumor cells. 
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Effect of SV40 Virus Immunization on Growth of Transplantable SV40 
and Polyoma Virus Tumors in Hamsters." (28261) 

V.  DEFENDIS* (Introduced by H. Koprowski) 
The Wistar Institute of Anatomy and Biology, Philadelphia, Pa. 

Specific antigens have been demonstrated 
in several tumors of viral origin( 1-4). The 
recognition of such antigens is based on the 
relative resistance of animals immunized with 
a tumor virus or with homologous tumor cells 

* This work was supported in part by grants from 
Am. Cancer SOC., and Nat. Cancer Inst., USPHS. 
hamster" or hamsterSV4O. 
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to the transplantation of cells from tumors in- 
duced by the same virus. Present evidence 
indicates that these antigens are cellular, not 
viral (5,6). 

It would be of obvious importance to de- 
termine whether a similar phenomenon could 
be demonstrated with other tumor viruses 
such as sv40.  In addition, since SV40 and 
polyoma virus share many properties in com- 
mon ( 7) including their deoxyribonucleic acid 
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core, their similar size and structure, and 
their ability ‘to induce sarcoma in Syrian ham- 
sters, it would also be of interest to determine 
whether cross immunity can be demonstrated 
against the tumors induced by these 2 viruses. 
The experiments reported here were designed 
to answer these questions. 

Method and materials. Viruses. The poly- 
oma virus used for immunization was pre- 
pared in mouse embryo cultures and had a 
titer of lo7 PFU/ml; it was the third passage 
in mouse embryo fibroblast of a seed (M-l l -  
9a) obtained from Dr. E. A. Mirand (Ros- 
well Park Memorial Inst., Buffalo, N. y.). 
The SV40 virus was from a pool prepared in 
African green monkey cells with a titer of 
5 X lo5 TCID50/ml. 

Tumors. The polyoma tumor (“A”) was 
a transplantable sarcoma derived from a sub- 
cutaneous tumor harvested from a 40-day- 
old hamster inoculated at  birth with polyoma 
virus. I t  was at  the 54th and 57th trans- 
plantation passage, respectively, in the 2 ex- 
periments reported here. No polyoma virus 
could be isolated from this anaplastic tumor 
after its second passage, nor did polyoma he- 
magglutination inhibiting antibodies (H.I.) 
appear in any of the hamsters in which it had 
been serially transplanted since its derivation 
almost 3 years ago. The SV4,, tumor ( # I 2 )  
was received from Dr. B. E. Eddy (Nat. Inst. 
Health, Bethesda, Md.) and was derived 
from a tumor that originated in 1960 in a 
hamster after inoculation of Lot I 2  SV40 vi- 
rus(8). The 43rd and 46th passages were 
used in these experiments. This tumor is 
also a virus-free sarcoma as indicated by 
testing tumor cell extracts on African green 
monkey cell cultures in this laboratory. 

Adult hamsters,t 4-5 months old, were im- 
munized with a single subcutaneous injection 
of 1 ml of the virus pool in the left thigh and 
challenged with the tumor inoculum 35-45 
days later. The subcutaneous, rather than 
intraperitoneal, inoculation of the virus was 
selected since, after intraperitoneal inocula- 
tion of polyoma virus, some hamsters die be- 
cause of rupture of liver hemangiomata (9). 
Animals inoculated with polyoma virus were 

t Lakeview Hamster Farm, Neufield, N.  J. 

tested at the time of tumor challenge for the 
presence of polyoma H.I. antibodies ; titers of 
the sera ranged between 1 : 250 to 1 : 1024 with 
a median of 1 : 512. The tumor to be used for 
the challenge was removed from the host ani- 
mal, trypsinized and maintained in vitro in 
Eagle’s medium supplemented with 10% calf 
serum for 2 or 3 days prior to animal inocula- 
tion. This procedure helped to eliminate 
dead cells and necrotic material. The cells 
were harvested, viable cells were counted 
(with 0.2 5 % trypan blue) and appropriate 
dilutions were made in phosphate buffered 
saline; 0.5 ml of the cell suspension was in- 
oculated into each animal in the right latero- 
dorsal nuchal region. The animals were pal- 
pated weekly and the size of the tumors were 
recorded. The hamsters were divided into 
the following groups: 

Group I : . Non-immunized animals inocu- 
lated with polyoma tumor cells. Group 11: 
Non-immunized animals inoculated with sv40 
tumor cells. Group 111: Animals immunized 
with polyoma virus and challenged with poly- 
oma tumor cells. Group IV: Animals immu- 
nized with polyoma virus and challenged with 
SV4, tumor cells. Group V: Animals immu- 
nized with SV40 virus and challenged with 
SV40 tumor cells. Group VI: Animals immu- 
nized with SV40 virus and challenged with 
polyoma tumor cells. 

Results. The results of 2 experiments are 
reported in Table I, where the first line ‘in 
each group indicates the results of the first 
experiment and the second line, the results of 
the second experiment. Results were similar 
in both experiments and will be considered to- 
ge ther . 

All 
animals inoculated with either the SV40 or the 
polyoma induced tumor cells developed tu- 
mors, with the exception of 3 animals that re- 
ceived l@ cells of the polyoma tumor. The, 
sv40 tumor appeared to be more malignant 
than the polyoma tumor since tumors devel- 
oped in 7/7 animals inoculated with 102 cells. 
The median time for the tumors to become 
palpable (0.2-0.3 cm) was fairly similar in 
the 2 groups: 10 days with lo5, 14 days with 
lo4, 18 days with 103 and 23 days with 102 
cells. 

Groups I and II-Control animals. 
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TABLE I. Effect of SV, and Polyoma Virus 
Immunization on Subcutaneous Transplantation of 

SV40 and Polyoma Virus Induced Tumors.* 

Immuniza- Cell dosage 
Challenge tion 102 108 104 105 

Polyoma None 
tumor 

Polyoma virus 

SV,, virus 

SV,, None 
turn o r 

Polyoma virus 

8/10 
6/7 
0/9 
2/7 
9/10 
7/7 

- 7/7 
7/7 7/7 
- 7/7 
6/7 7/7 
- 3/5 
1/7 6/7 

10/10 
7/7 
8/10 
5/5 

10/10 
7/7 
7/7 
6/6 
7/7 
6/6 
6/7 
6/6 

* Three- to 4-mo-old animals, challenged 40-45 
days after virus inoculation. The polyoma tumor 
was at the 54th passage in first experiment and at 
the 57th in second experiment. The SV4, tumor 
was at the 43rd and 46th respectively. 

Groups I I I  and V-Immunized animals 
challenged with homologous$ tumors. Using 
l@ cells, there were no differences in inci- 
dence among the various groups; all animals 
developed tumors, and though a slight delay 
was observed in the time of appearance com- 
pared to the control groups, i t  was not con- 
sidered significant. At lower cell dosage it 
became quite apparent that hamsters immu- 
nized with polyoma or sv40 virus showed 
some degree of protection against challenge 
with the corresponding tumor cells. The pro- 
tection appeared complete at dosages of 1Oa 
and lo3 cells in which many animals (23 out 
of 35) did not show any tumor even after a 
period of observation of 3 months, while in 
the control or hetero-immunized groups, all 
but 5 of the 76 animals developed tumors. 
The frequency of complete protection was si- 
milar in the polyoma and SV40 immunized 
groups and of the same order as that observed 

$Homologous and heterologous are used in their 
etymological meaning, with no reference to intra or 
interspecies transplantation antigens. Homologous 
tumor: tumor induced by the same virus against 
which the animals were immunized. Heterologous 
tumor: tumor induced by a different virus against 
which the animals were immunized. 

If tumor antigens are proved to be similar to histo- 
compatibility antigens, then hamsters immunized with 
polyoma virus or SV,, virus could be indicated as 
hamster” or hamstersv40, 

with other polyoma tumors or with cells 
transformed by polyoma virus in vitro ( 10). 
A degree of protection was also observed in 
homo-immunized animals challenged with 10’ 
cells in that the appearance of tumors was de- 
layed and the size smaller in comparison to 
the control and hetero-immunized groups. 
The median time for the appearance of tu- 
mors with lo4 cells was 19 days compared to 
the control median of 14 days. Once tumors 
appeared, their rate of growth was similar to 
the control or hetero-immunized groups. It 
was noticed that large tumors in these groups 
occasionally became necrotic with sloughing- 
off of large tumor masses and ulceration, but 
the same phenomenon was also observed in 
control animals, and i t  does not appear to 
have an immunological basis. 

Groups I V and VI-Immunized animals 
challenged with heterologous tumors. The re- 
sults in this group were identical to the con- 
trol groups. Animals immunized with poly- 
oma virus were just as susceptible to the chal- 
lenge with SV40 tumor cells as the control and 
vice versa. Even delay of appearance of tu- 
mor could not be demonstrated in these 
groups. This is particularly evident from Fig. 
1-an example from Exp. 1 reported in Table 
I-in which the rate of appearance of tumors 
in 6 groups of animals is recorded: no differ- 
ence was found between polyoma immunized 
and control hamsters upon challenge with 
SV40 tumor cells. 

Discussion. In  these experiments it has 
been demonstrated that immunization of adult 
hamsters with sv40 virus induces resistance 
against the transplantation of a limited num- 
ber of SV40 tumor cells, a phenomenon also 

I RATE OF APPEARANCE OF TUMORS IN ANIMALS INOCULATED 
WITH SV40 TUMOR CELLS 

FIG. 1 
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observed with polyoma virus immunized ani- 
mals challenged with polyoma tumor cells. 
Furthermore, it has been shown that there is 
no cross-protection between polyoma virus im- 
munization and SV40 tumor cells, and between 
SV40 virus immunization and polyoma tumor 
cells. Similar findings are reported by Habel 
and Eddy ( 11) and by Koch and Sabin( 12). 

The interpretation of these results is com- 
patible with the original hypothesis ( 5 )  that 
immunization with a tumor virus induces the 
appearance of new specific antigen (s) , char- 
acteristic for the tumor induced by that virus, 
and that small numbers of tumor cells inocu- 
lated into such immunized animals are re- 
jected by a mechanism similar to a second set 
reaction. Data supporting such a hypothesis 
have also been obtained in experiments with 
thymxtomized mice and hamsters( 13). In 
this sense, these antigens could be considered 
as equivalent to weak histocompatibility anti- 
gens. The lack of cross immunization between 
Sv40 and polyoma tumors also excludes the 
possibility that such antigens could represent 
a non-specific Forssman antigen that has been 
found to increase in polyoma-induced ham- 
ster kidney tumors( 14). The degree of re- 
sistance against tumor cells conferred by the 
virus immunization appears to be limited in 
hamsters to a small number of challenging 
cells and effective only during the initial phase 
of cell implantation and early growth, as dem- 
onstrated by the fact that the rate of growth, 
once the tumors become palpable, is similar in 
control and immunized groups. In mice, the 
degree of protection conferred by virus immu- 
nization is much higher ( 1,2,10). Since the 
same phenomenon has been found to be pres- 
ent with hamster cells transformed in vitro by 
polyoma( 10,15), it seems evident that when 
cells morphologically transformed in vitro by 
a tumor virus are tested for transplantability 
in vivo, recipient test animals should not have 
been infected with that virus and/or the chal- 
lenging dose should be high enough to over- 
come a possible resistance induced by a pre- 
vious inadvertent virus infection. 

The number of virus-induced tumors in 
which specific antigen(s) appear is now quite 

large ; their specificity characterizes these tu- 
mors as a distinct group from chemically in- 
duced tumors(l6). Indeed, in some cases 
such as polyoma and SV4, tumors from which 
infectious virus cannot be recovered, the pres- 
ence of such antigen(s) may be the only ves- 
tige of their viral origin. The antigen(s) ap- 
pears to be an essential constituent of the 
tumor cells since it can still be demonstrated 
even after numerous passages of the tumor in 
vivo (up to 3 years) under conditions in 
which selection pressure by the host should 
favor loss of the antigen(s). On the other 
hand, there is some evidence that virus im- 
munization is more effective against recently 
transformed cells in vitro( 15) or against pri- 
mary tumors ( 10). 

Final conclusions as to the nature of such 
antigen(s) and as to their relevance in terms 
of the tumor virus-cell relationship must be 
suspended until these antigens can be iso- 
lated and identified in an in vitro system. 
Summary. Adult hamsters immunized with 

Sv40 or polyoma virus were challenged with 
graded doses of virus-free polyoma or Sv40 

tumor cells. Animals immunized with sv40 

virus were resistant to a small inoculum of 
Sv40 tumor cells, and animals immunized with 
polyoma virus were resistant to a small in- 
oculum of polyoma tumor cells. There was 
no cross protection between polyoma virus 
immunization and SV40 tumor cells or be- 
tween Sv40 virus immunization and polyoma 
tumor cells, even at the minimum cell dose re- 
quired to give tumors in all the animals. 

The assistance of T. Jacobs and J .  Lehman is grate- 
fully acknowledged. 
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Absorption of SrY300, from the Lung.* (28262) 

W. J. BAIR AND G. D.  SMITH^ (Introduced by H. A. Kornberg) 
Biology Laboratory, Hanford Laboratories, General Electric Company, Richland, Wash. 

In experiments with mice it was found that 
Srm appeared in the skeleton soon after in- 
halation of SrmSOs aerosols ( 1 ). Since SrS04 
is not very soluble in water, rapid transport of 
Sr across the alveolar membrane was not ex- 
pected. Therefore, it was speculated that 
SrMS04 was largely solubilized in the acid en- 
vironment of the gastrointestinal tract( 2 )  
which receives a large fraction of inhaled ma- 
terial cleared from the respiratory tract, and 
that this accounted for the rapid accumula- 
tion in the skeleton. To test this, it was nec- 
essary to evaluate the role of the lung in af- 
fecting the solubilization and translocation of 
SrmS04. 

Methods. In a female dog, weighing about 
25 kg, the trachea and lower respiratory tract 
were isolated from the gastrointestinal tract 
by surgically preparing a ventrocervical trach- 
eal fistula. The laryngeal stump of the 
trachea was closed with sutures and the distal 
stump leading to the lung was sutured to the 
underlying muscle and tissues to assure a pat- 
ent lumen regardless of the posture of the ani- 
mal. After allowing one week for post oper- 
ative healing the dog was allowed to inhale a 
SrmS04 aerosol through the fistula for one 
hour. A total of 8.3 pc Sr-Ygo was deposited. 
Blood samples were withdrawn via an intra- 

*Work was performed under contract between 
Atomic Energy Commission and General Electric Co. 
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venous catheter introduced through the jugu- 
lar vein to the base of the heart. All feces 
and urine were collected daily, and all tissue 
taken upon sacrifice of the animal 7 days post 
exposure. Gauze pads were held in place over 
the fistula to filter inhaled air and to collect 
mucus cleared from the respiratory tract. The 
gauze pads were changed frequently and were 
analyzed for Sr-Ym. The dog received 24 
hour professional care, water ad libitum, and 
a normal diet of commercial dog food. The 
dog was sacrificed by exsanguination at  the 
common carotid artery while under pentothal 
sodium anesthesia. 

Results. The levels of Sr-YW in one ml of 
blood are plotted in Fig. 1 as per cent of the 
total Sr-Ygo deposited. Immediately after ex- 
posure about 0.006% of the Sr-Yw deposited 
was present in 1 ml of blood, or 12% in all 
of the blood, assuming a total blood volume of 
2 liters. From the 3rd to the 24th hour after 
exposure the radioactivity content of the 
blood decreased exponentially and was main- 
tained from one day to one week after ex- 
posure at  about 0.0004% per ml of blood. 
This probably suggests that an equilibrium 
between blood and tissue content of S r - P  
was reached and maintained after the first 
day. 

The daily clearance of Sr-Ygo from the 
trachea and the excretion in urine and feces 
are also shown in Fig. 1. The Sr-Yw col- 
lected on the gauze pads was probably cleared 
from the lung by mucus-ciliary processes. 
Four per cent of the total Sr-YgO deposited 
was eliminated in this manner on each of the 




