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fected( 18). The lemur kidney cells used in 
this study were infected at  phase 11. The 
question of whether these transformed cells 
will also enter into a crisis stage is under in- 
vestigation. 

Summary. Cultured kidney cells from a 
prosimian, mongoose lemur were infected 
with SV40, which induced a typical cytopath- 
ic effect after an extensive period of incuba- 
tion. On the 119th day after infection, trans- 
formed cells developed from a focus of cells 
showing a certain degree of degeneration. The 
new growth of cells grew rapidly, lacked con- 
tact inhibition, formed multilayered cells, 
and synthesized SV4O and a soluble comple- 
men t-fixing tumor antigen. 

The authors thank Miss Beverly Cole for her 
technical assistance. 
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Occurrence of SV40 Neoplastic and Antigenic Information in Vaccine 
Strains of Adenovirus Type 3.* (31225) 
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Adenovirus type 7 strain LL, which has 
been employed since 1957 for the production 
of adenovirus vaccine, was shown to induce 
tumors in hamsters that contained SV40 com- 
plement fixing tumor antigen. This antigen, 
in turn, elicited antibodies to SV40 T (cell 
associated) and tumor antigens ( 1-3). This 
property of the virus was attributed to in- 
corporation of part of the SV40 genome into 
the capsid of strain LL during passage of the 
adenovirus in cultures of rhesus monkey kid- 
ney cells infected with SV40 virus(1-3). A 

* This work was partially supported by the Nat. 
Cancer Inst. Field Studies. 

similar phenomenon was described by Lewis 
et aZ(4), as occurring in the JF strain of 
adenovirus type 3. I t  is the purpose of this 
note to record and discuss the oncogenicity 
of 2 lots of adenovirus type 3 strain JF which 
were employed as seed stock by 2 separate 
laboratories for the production of adenovirus 
vaccines and to corroborate the evidence that 
SV40 genetic material was encapsidated by 
the adenovirus particles. 

Materials and methods. Viruses. Adeno- 
virus type 3 strain JF was isolated in cultures 
of rhesus monkey kidney (RhMK) cells from 
throat washings of a child with pharyngo- 
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conjunctival fever in 1955(5). It was passed 
in RhMK cell culture a t  the National Insti- 
tutes of Health 9 times before it was sent to 
vaccine manufacturers for use in the produc- 
tion of seed virus for adenovirus vaccines. In  
the laboratories of manufacturer 1, the virus 
was carried through 14 additional passages in 
RhMK cell cultures in the presence of SV40 
antiserum. Manufacturer 2 carried the virus 
for 26 passages through RhMK cell cultures 
before passing it 2 times in African green 
monkey kidney (AGMK) cell cultures con- 
taining SV40 antiserum. After propagation 
in the presence of SV40 antiserum the virus 
was passed in the laboratories of each of the 
manufacturers 4 more times in AG'RIK cell 
cultures with serum-free medium. The har- 
vests from the 4th passage level which con- 
stituted the virus seed pools for use in vac- 
cine production were used in the current 
work. They were designated JF-1 and JF-2 
to indicate their sources. Their infectivity 
titers in AGMK cell cultures observed for 10 
days were 103.0/0.2 ml and 103.5/0.2 ml, re- 
spectively. 

Detection of SV40. Tests to detect infec- 
tious SV40 were carried out in 32-02 bottle 
cultures of AGMK cells maintained in Eagle's 
medium containing 1% guinea pig adenovirus 
type 3 antiserum. The  adenovirus type 3 
antiserum employed in these tests was ob- 
tained from guinea pigs following immuniza- 
tion with inactivated adenovirus type 3 
monovalent vaccine. When used undiluted, 
this antiserum failed to neutralize 10 TCIDS0 
of SV40 virus in tests performed as previous- 
ly described(6). Five ml of each of the virus 
seed pools were inoculated into each of 5 
bottle cultures, and the cultures were ob- 
served for 28 days for the appearance of char- 
acteristic SLr40 cytopathic effects. On the 
28th day the cells and fluids were harvested 
and centrifuged at 300 rpm for 30 minutes; 
the supernatant fluid was decanted and set 
aside; the sedimented cells were triturated in 
a TenBroeck grinder and the ground cells 
were added to the original cell culture fluid 
which had been saved for this purpose. After 
clarification by slow speed centrifugation 
(3000 rpmJ30 minutes), 5 ml of the super- 
natant fluid was inoculated into each of five 

32-02 bottle cultures of AGMK cells. These 
cultures were observed for 28 days for the 
occurrence of characteristic SV40 cytopathic 
change. 

Hamstcr and hamster inoculation. Preg- 
nant and weanling hamsters obtained from 
the Animal Production Unit of the National 
Institutes of Health were maintained in iso- 
lated rooms free of polyoma and SV40 vi- 
ruses. Newborn hamsters were inoculated 
subcutaneously and intraperitoneally with 
0.02 ml JF-1 seed virus to each site or intra- 
thoracically with 0.1 ml of JF-2 seed virus. 
In  transplantation studies, newborn and 
weanling hamsters were inoculated subcutane- 
ously with 0.1-0.2 ml of finely minced pieces 
of fresh tumor tissue in saline suspension. 

Serum collection. Hamsters developing tu- 
mors after inoculation with seed virus were 
bled for serum a t  the time of tumor harvest 
which varied from 144 to 395 days after virus 
inoculation. RIost of the hamsters carrying 
transplanted tumors were bled for serum a t  
the time of tumor harvest which varied from 
28 to 67 days after transplantation. In  both 
instances the sera were collected 3 to 68 days 
after the appearance of palpable tumors. 

Complement fixation tests. The microtech- 
nique described by Sever ( 7 )  employing over- 
night fixation with 4 to 8 units of standard 
antigens and 1.8 units of complement was 
used to examine hamster sera for presence of 
antibodies directed against hamster tumor 
antigens (8,9) and against T antigens ( 10).  
Tumors were examined in similar tests for 
the presence of tumor antigens in tests with 
standard pools of antisera obtained from tu- 
mor bearing hamsters (8,s). Virus strains em- 
ployed in the preparation of these reagents 
were adenovirus type 7 strain Pinckney and 
SV40 strain 776. I t  was shown by Huebner 
et aZ( 11) that adenovirus type 7 strain Pinck- 
ney induces T antigen in cell cultures and 
tumor antigens in hamsters that cross react 
in complement fixation tests with sera from 
hamsters bearing adenovirus type 3 tumors 
and, conversely, hamster tumors induced by 
adenovirus type 7 elicit antibodies which 
cross react with the T and tumor antigens of 
adenovirus type 3. Accordingly, adenovirus 
type 7 strain Pinckney tumor antigen was 
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used to detect antibody directed against 
adenovirus type 3-type 7 subgroup antigen. 
This antigen does not cross react with sera 
from hamsters carrying SV40 tumors ( 1 1 ) . 
Furthermolre, i t  is known that SV40 T and 
tumor antigens do not react with sera from 
hamsters carrying tumors induced by adeno- 
virus type 3 or by adenovirus type 7 ( 1 , l l ) .  

Neutralizing antibody tests for detection 
of SV40 virion antibody in tumorous ham- 
ster serum were carried out by conventional 
methods which have been described (6) .  A 
serum was considered free of SV40 neutraliz- 
ing antibody if it failed to neutralize com- 
pletely 10 of SV40 virus in tests em- 
ploying a 1:2 serum dilution. 

Tests for induction of SV40 flu0rescen.t T 
antigen were carried out employing methods 
described by Pope and Rowe(l2). Briefly, 
plastic Petri dishes containing 2 or 3 cover- 
slips were seeded with approximately 2.5 X 
lo" human embryo kidney (HEK) cells sus- 
pended in 4 ml nutrient fluid consisting of 
Eagle's basal medium, 2 % agammaglobuline- 
mic calf serum, 1 % glutamine, streptomycin 
and penicillin. When the HEK cell sheet be- 
came confluent on the coverslips, the dishes 
were inoculated with 0.3 ml of a mixture con- 
taining 0.1 ml of either adenovirus type 3 lot 
JF-1 or adenovirus type 3 lot JF-2 which had 
been incubated at  room temperature for 30 
minutes with one or the other of the indicated 
volumes of the following heat (56"C/30 min- 
utes) inactivated rabbit sera: normal, 0.2 ml; 
adenovirus type 3 antiserum diluted 1:2 with 
normal rabbit serum, 0.2 ml; or SV40 anti- 
serum diluted 1:2 with normal rabbit serum, 
0.2 ml. Control dishes with coverslips were 
left uninoculated. Coverslips were removed 
from the inoculated dishes at  the first sign of 
cytopathic change (24 hours for lot JF-1; 48 
hours for JF-2) and from uninoculated con- 
trol dishes after the elapse of the same time 
periods. The cells attached to the coverslips 
were fixed in cold acetone and treated with 
specific antiserum obtained from an SV40 tu- 
mor bearing hamster ( 12). The antiserum was 
diluted 1:lO with a 20% extract of normal 
hamster brain tissue. After removal of the 
hamster serum, the cells were stained with 
goat anti-hamster serum conjugated with 

fluorescein-isothiocyanate, and counter-stained 
with rhodamine. The number of cells which 
contained fluorescent stainable antigen in a 
total of 2000 cells per coverslip was deter- 
mined. 

Results. SV40 virus i s ~ l ~ ~ ~ ~ n  attempts. 
Aliquots of the seed pools of adenovirus type 
3 JF-1 and JF-2 were examined for the pres- 
ence of infectious SV40 virus in tests in which 
the infectivity of the adenovirus type 3 com- 
ponent was suppressed by adenovirus type 3 
guinea pig antiserum. The materials tested 
represented the 4th passage level in AGMK 
cells with serum-free medium after the strains 
had been propagated in the presence of SV40 
antiserum. Infectious SV40 virus was not de- 
tected in either of the seed pools. 

Oncogenic and serologic behavior in ham- 
sters of adenovirus type 3 lot JF-1. Adenovi- 
rus type 3 lot JF-1 was inoculated subcutane- 
ously and intraperitoneally into each of 14 
newborn hamsters. The first tumor appeared 
on post-inoculation day 144. When the ex- 
periment was terminated 364 days after virus 
inoculation, 8 of the 14 hamsters had devel- 
oped tumors. I t  is seen in Table I, part I, 
that antigens prepared by saline extraction 
of 2 of the 8 tumors fixed complement in 
titers of 1 : 4 and 1 : 8 in the presence of serum 
obtained from SV40 tumor bearing hamsters, 
but did not fix complement in the presence of 
serum obtained from adenovirus 7 tumor 
bearing animals. Transplantation studies were 
carried out with the tumor from one of these 
2 animals. Tumors at  the second and fourth 
transplantation level were examined for ade- 
novirus and SV40 tumor antigens. Results 
presented in Table I, part 11, show that at 
the second passage level, 2 of 4 tumors con- 
tained adenovirus tumor antigen a t  titers of 
1:4 and all 4 tumors, contained SV40 tumor 
antigen at titers greater than 1:16. At the 
4th passage level, adenovirus tumor antigen 
was not detectable in any of 8 tumors exam- 
ined, but all of these tumors contained SV40 
antigen at  titers of 1: 16. 

Sera were collected from 8 hamsters 10 to 
68 days after primary tumors were first noted, 
i.e., 144 to 364 days after the animals, were 
injected with seed virus. From data presented 
in Table I, part I, it is seen that 3 of the 8 
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1 144 
2 144 
3 159 
4 166 
5 189 
6 189 
7 265 
8 364 

24 
58 
41 
68 
10 
11 
50 
16 

80 0 
0 0  
0 0 
0 0  
0 0 
0 0  

20 0 
>80 80 

ND 
<J 
ND 
ND 
ND 
<4 
ND 
ND 

N n 
4 

N1) 
ND 
NI) 

8 
ND 
ND 

* 0 <1:10 
Part 11. Traiisplnnted tumors 

Xuniber liuiiistcrs positivc/i\-nmlit~r liaiiihtcrs rsaiiiincd 
F o r  tumor antigen reactive i n  tests with F o r  seruiii antibody reactive in  tests with 

Transplant a- Adeiio 7 ailtigens SV,,, antigens 
tion level Adeno 7 serum SV,, serum T Tumor T Tumor 

2nd 2/4 4/4 l /c ;  1/6 5/6 5/6 
( t i t c r s 1 : 4 f o r b o t l i )  (>1 :16fo rn l l4 )  (1:80) (1:lO) (1:lO to (1:40to 

1:80) >1:80) 
4th 0/8 8/8 XD ND ND ND 

(1:16 for  all 8) 

ND = liot ~1011~ 

sera contained antibody which fixed comple- 
ment in tests with adenovirus type 7 T anti- 
gen (titers 1:20 to >1:80). Five of the 8 
sera gave positive tests with SV40 T and tu- 
mor antigens (titers 1:20 to >1:80); one 
of these sera fixed complement in tests with 
adenovirus tumor antigen ( 1 : 80). In Table 
I, part 11, it is seen that of the 6 sera ob- 
tained at  the 2nd transplantation level, only 
1 contained antibodies against adenovirus 
type 7 T and tumor antigens; while 5 of the 
6 contained antibodies against SV40 T and 
tumor antigens. None of the sera from the 8 
hamsters with primary tumors and none of 
the sera from 4 hamsters with tumors a t  the 
2nd transplantation level contained SV40 
neutralizing antibody. 

Oncogenic and serologic properties of ade- 
novirus type 3 lot  JF-2.  Adenovirus type 3 
lot JF-2 was inoculated intrathoracically into 
each of 10 newborn hamsters. Three of the 
10 hamsters developed tumors. In Table 11, 
part I, i t  is seen that the first tumor was 
noted on day 330; and in the ensuing 65 
days, 2 other hamsters developed tumors. The 

remaining 7 hamsters had not developed tu- 
mors by day 570 when the experiment was 
discontinued. Twelve to 66 days after the tu- 
mors were first noted, the tumorous hamsters 
were bled for serum for use in serologic tests, 
and the tumors were removed for use in trans- 
plantation experiments. Antigens were not 
prepared from these tumors. All 34 hamsters 
to which these tumors were transplanted de- 
veloped palpable tumors by day 67. Thirty- 
one of these tumors were examined in sero- 
logic tests; and as is seen in Table 11, part 
11, all 31 tumors contained antigen which 
fixed Complement with serum obtained from 
SV40 tumor bearing hamsters (titer 1:s to 
>1:64), but only one of them fixed comple- 
ment with serum from adenovirus, type 7 tu- 
mor bearing hamsters (titer 1:s). The re- 
maining 3 tumors were not examined in sero- 
logic tests. At the second transplantation 
level, tumors obtained from 7 hamsters con- 
tained SV40 tumor antigen (titers 1:s and 
1 : 16), but they did not contain detectable 
levels of the adenovirus type 7 tumor anti- 
gen. Thus, in this transplantation series, 
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ThRTiE I T .  Results Obtained in C P  Tests with Serum and Tumor Antigen from Hamsters 
with Tumors Induced by hclenovirus Type 3 Strain JF-2. 

Pa r t  I. Scruni obtained from lian~stcrs x i th  primary tumors 

,-Days be tween- 7 

and appearance pcaraiice and 

Reciprocal of antibody titer in  tests with 
SV,, antigens Inociilatioii Tmior  np- Adeiiovirus type 7 antigens 

Hamster of first tumor serum harvest T Tumor T Tumor 

9 330 12 80 10  0" 1 0  
10  347 66 80 20 1 0  20 
11 395 50 80 40 >SO > 80 

* 0 Y <1:10 

Pa r t  11. Serum and tumor antigen obtained from hamsters with transplanted tumors 
Number hamsters positive/Number hamsters examined 

For  tumor antigen reactive in tests with For  serum antibody reactive in tests with 
Transplanta- Adeno 7 antigens SV,, antigens 

T Tumor T Tumor tion level Adeno 7 serum SV,, serum 

1st 1/31 3 1/3 1 0/37 0/37 19/37  19/37 
(titer 1 : 8) (1:8 to >1:64)  ( 1 : l O  t o  ( 1 : l O  t o  

1:20) 1:20) 
2nd 0/7 7 /  7 ND ND ND ND 

(1:8 to 1:16) 

KD = not done 

SV40 antigen was detectable in all tumors ex- 
amined ; whereas, the adenovirus tumor anti- 
gen was found in only one. 

Sera from the 3 hamsters bearing primary 
tumors were examined in complement fixation 
tests with adenovirus type 7 and with SV40 
T and tumor antigens. All 3 of these sera 
fixed cotmplement in titers of 1:101 to >1:80 
with both adenovirus 7 and SV40 tumor anti- 
gens. However, of 37 terminal sera obtained 
from hamsters at the first transplantation 
level, 19 contained antibodies against SV40 
T and tumor antigens (titers 1 : 10 and 1 : 20), 
but none of the 37 sera contained antibodies 
against adenovirus type 7 T and tumor anti- 
gens. As observed in tests with sera obtained 
from hamsters employed in the study of lot 
JF-1, none of the sera from the 3 hamsters 
with primary tumors and none of the sera ex- 
amined from 6 hamsters with tumors a t  the 
first transplantation level contained SV40 
neutralizing an tibody. 

SV40 antigen induction studied by  fluores- 
cent antibody tests. Adenovirus type 3 lots 
JF-1 and JF-2 were tested for their ability to 
induce in HEK cells the formation of antigen 
reactive in fluorescent antibody tests with 
SV40 tvmored hamster sera (T antigen). The 

data presented in Table I11 show that inocu- 
lation of either lot into HEK cell cultures 
was followed by the induction of immuno- 
fluorescent SV40 T antigen in a proportion of 
the cells ( 2,12 ) . The induction of this antigen 
was not prevented by incubation of the virus 
with SV40 rabbit antiserum prio'r to inocula- 
tion of the HEK cell cultures. On the other 
hand, the fluorescent SV40 T antigen was not 
detected in cells inoculated with JF strain vi- 
rus which had been incubated with adenovi- 
rus type 3 rabbit antiserum or in uninocu- 
lated control cells. 

Discussion. It has been postulated that 
adenovirus type 7 strain LL became "hybrid- 
TABLE 111. Fluorescent Antibody Test Results 
with H E K  Cells Infected with Adenovirus Type 3 

Strains JF-1 or JF-2. 

% of cells stainedwith 
SV,, tumored hamster 

serum Rabbit serum in 
cell culture fluid JF-1" J F - 2  f 

~ 

Normal 2.9$  1.3 
Anti-SV,, 2.8 1.1 
Anti-adenovirus type 3 0 0 

* Cells harvested 24 hr  after infection. 
t Cells harvested 48 hr after infection. 
t Percentage of approximately 2000 cells which 

HEK = human embryo kidney. 
contained specific immunofluorescent antigen. 
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ized” with a t  least a portion of SV40 viral 
genome as a consequence of prolonged pas- 
sage in RhMK cell cultures contaminated 
with SV40 virus( 1-3). The demonstration of 
SV40 tumor antigen-inducing information in 
adenovirus type 3 JF strain which contained 
no infectious SV40 emphasizes the need to 
test exhaustively adenovirus vaccines not 
only for intact SV40 virus but also to detect 
the presence of adenovirus particles which 
may have incorporated SV40 genetic mate- 
rial. The observation that induction of SV40 
T antigen in cultured HEK cells was pre- 
vented by treatment with adenovirus type 3 
antiserum but not SV40 antiserum, is direct 
evidence that SV40 antigen inducing genetic 
material was protected from the action of 
SV40 antiserum by being enclosed within an 
adenovirus type 3 capsid ( 1-4,13,14) . 

Information is not available on which to 
base a determination of the importance of the 
current findings so far as use of adenovirus 
vaccines for immunization of man is con- 
cerned. While it was demonstrated that oral 
(6) or intranasal( 15) administration of in- 
fectious SV40 to man was followed by virus 
multiplication and the production of SV40 
neutralizing antibodies, preliminary findings 
in our laboratory (Morris, J. A. and Jackson, 
G. G., in preparation) indicated that paren- 
teral inoculation of man with inactivated vi- 
rus vaccines prepared from adenovirus types 
3 and 7 containing SV40 genetic material, 
but no infectious SV40, did not elicit neutral- 
izing antibodies to SV40. On the other hand, 
the present studies and others(1) showed 
that these same adenovirus materials induced 
tumors in hamsters which did not result in 
antivirion antibodies to SV40. Therefore, the 
absence of neutralizing antibodies to SV40 in 
man may prove to have little relevance to the 
question on oncogenesis. 

Summary. Adenovirus type 3 strain JF 
was propagated in its early passage history in 
rhesus monkey kidney cell cultures. Upon 
discovery of infectious SV40 in the adenovi- 
rus, further passages were carried out in Afri- 
can green monkey kidney cell cultures in the 
presence of SV40 antiserum. Following this 
procedure, two separate passage lines of the 
adenovirus were free of detectable infectious 

SV40, but vaccine seeds prepared from these 
lines (JF-1 and JF-2) induced in hamsters 
tumors which contained CF antigens identi- 
cal to those found in tumors induced by 
SV40. These tumors, in turn, elicited serum 
antibodies that fixed complement with SV40 
tumor and T antigens. In  addition, both lots 
of adenovirus 3 strain JF induced the forma- 
tion in human embryo kidney cells of SV40 
antigen which was detected by the immuno- 
fluorescent technique. The induction of fluo- 
rescent-stainable SV40 T antigen in tissue 
culture was prevented by treatment of the 
virus with adenovirus type 3 neutralizing 
antiserum but not by treatment with SV40 
neutralizing antiserum. This SV40 genetic 
material was presumably enclosed within ade- 
novirus capsids. The findings are discussed 
as they related to the use of adenovirus vac- 
cines in man. 

The authors are indebted to Mr .  Horace C. Turner 
for the performance of the complement fixation tests 
and to Mrs. Lena Wetherell for technical assistance. 
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