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One hundred and twelve progeny from double plaque-purified clones were derived
from the original PARA (defective simian papovavirus 40) -adenovirus 7 population.
These progeny were found to differ in their oncogenic potential in newborn hamsters
with progeny from 20 clones not inducing any tumors during 1 year of observation.
The varying tumorigenicity of the individual clonal progeny was not related to the
titer of PARA (particle aiding replication of adenovirus) in the inoculum. There
was a perfect correlation between the tumor antigen content of the tumor cells and
the antibody response of the tumor-bearing host. The tumors containing both adeno-
virus and simian papovavirus 40 (SV40) tumor antigens appeared earlier than those
carrying only SV40 tumor antigen. Progeny from clones which induced mixed tumors
also produced tumors which contained only SV40 tumor antigen. Three variants of
PARA were isolated which induced the synthesis of SV40 tumor antigen in the
cytoplasm of infected simian cells; all other clones yielded progeny which induced
synthesis of SV40 tumor antigen in the nucleus.

A population of human adenovirus 7 carrying
a defective simian papovavirus 40 (SV40) was
first reported in 1964 (8, 12, 14) and was subse-
quently shown to exist as a mixed population.
One component is a human adenovirus which
can replicate singly in human cells, but can grow
in monkey cells only in the presence of SV40.
The second particle, PARA (particle aiding
replication of adenovirus), is a defective SV40
genome encased in an adenovirus capsid, which
is recognized by its ability to induce the synthesis
of SV40 tumor (T) antigen. PARA can multiply
in monkey kidney cells coinfected with an adeno-
virus whose presence is required to furnish the
coat protein (3, 4, 7, 15). If a heterologous adeno-
virus is present during the replicative cycle,
PARA can be transferred to that population (7,
9, 13) by a process termed "transcapsidation"
(9).
The original PARA-adenovirus 7 population

was demonstrated to be oncogenic in newborn
hamsters (8, 10), and when PARA was trans-
ferred to a nononcogenic human adenovirus,
such as type 2, that PARA-adenovirus popula-
tion then became tumorigenic in newborn ham-
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sters (10, 11) and capable of transforming cells
in vitro (2). However, there were indications that
the degree of oncogenicity conferred by PARA
varied from one population to the next (11). It
was felt this variation might be due to a random
selection of different PARA particles from the
original stock of PARA-adenovirus 7.
To establish this point, 112 clonal lines of

PARA-adenovirus 7 were derived by two succes-
sive plaque purifications in green monkey kidney
cells. As will be shown in this report, PARA
particles with apparently varying oncogenic
potential, as well as variations in other proper-
ties, are present in the parental population.

MATERIALS AND METHODS
Viruses. The history of the LL strain of adeno-

virus 7, referred to hereafter as PARA-adenovirus 7,
has been described in detail (12). The original virus,
stock SP2, was used in this study after only one addi-
tional passage in green monkey kidney (GMK) cells.
The adenovirus 7 used as helper virus was derived
from the LL strain by three successive plaque puri-
fications in human embryonic kidney cells (3) and
then passed six additional times in human embryonic
kidney cells. This virus no longer induces the synthe-
sis of SV40 T antigen and cannot replicate in GMK
cells.

Virus assay. PARA was titrated in GMK cells
grown in plastic petri dishes (60 by 15 mm). Satu-
rating amounts (enough to infect every cell in the
culture) of nonreplicating helper adenovirus (6) were
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added to each plate to detect maximum titers of
PARA. After adsorption of the viruses at 37 C for 1
hr, 5 ml of overlay containing 1% agar, 10% fetal
calf serum, and 0.23% NaHCO3 in Eagles medium
was added. A second overlay containing a 1 to 20,000
dilution of neutral red was added 1 week later and
PARA plaques were counted 10 to 14 days after
inoculation.

Immunofluorescence techniques. Cells were grown
on 15-mm round cover glasses in petri dishes and
held in an atmosphere containing 5% CO2. When
harvested, cells were washed three times with tris-
(hydroxymethyl)aminomethane (Tris) buffer (pH
7.4), air dried, and fixed with acetone for 3 min at
room temperature. They were stained at room tem-
perature by reacting them with antisera for 30 min,
after which they were washed three times with Tris
buffer; the cells were then reacted with fluorescein-
labeled antiglobulin for 30 min, washed three times
again with Tris buffer, air dried, and mounted in
Elvanol. The slides were viewed with a Zeiss fluores-
cence microscope.
The PARA-adenovirus 7 clonal progeny were

tested for their ability to induce the synthesis of
SV40 T antigen by harvesting GMK cells 24 hr after
infection and reacting them with a serum pool from
hamsters bearing tumors induced by SV40-trans-
formed cells (H-50 cell line). Tumor cells were tested
for the presence of SV40 T antigen using the same
serum. Tumor cells were also assayed for adenovirus
T antigen by reacting them with a serum pool from
hamsters bearing tumors induced by adenovirus type
12. Sera from tumor-bearing animals were reacted
with H-50 cells to detect SV40 T antibody and with
GMK cells infected 24 hr earlier with adenovirus
type 7 to detect adenovirus T antibody. In each test
system, the hamster serum pool was followed by
fluorescein-labeled anti-hamster globulin baboon
globulin.

Animal experiments. The PARA-adenovirus 7
clonal lines were each tested for oncogenicity by sub-
cutaneous inoculation of 0.1-ml volumes into 30
hamsters within 24 hr after birth. The animals were
weaned 3 weeks later and checked weekly for tumor
development. When tumors measured greater than
10 by 10 mm, the animals were bled out, and the sera
were collected and tested for antibody content by the
immunofluorescence technique. The tumors were
excised, trypsinized, and the cells were grown in 16-oz
prescription bottles in Eagles medium containing
10% fetal calf serum. Either primary or secondary
cultures of the tumor cells were tested for tumor
antigen content by immunofluorescence.

RESULTS
Derivation of clonal lines of PARA-adenovirus

7. Plaque-purification of the original PARA-
adenovirus 7 stock was performed following the
procedure outlined in Fig. 1. The entire proce-
dure was carried out using GMK cells. Helper
adenovirus type 7 was added to the GMK plates
to obtain maximum plaque formation by PARA,
which, in turn, allowed terminal PARA plaques

to be picked. Additional adenovirus was also
added to the GMK tubes and bottles to insure
that small amounts of PARA would not go un-
detected due to a failure of a helper adenovirion
to infect the same cell as PARA.
The PARA-adenovirus 7 stock was plaqued in

GMK cells in 60-mm plates; plaques were picked
and passed in GMK cells, and the progeny virus
sent through the same procedure again. In this
fashion, 112 clonal lines of twice plaque-purified
(PP2) progeny from PARA-adenovirus 7 were
derived.
The stocks of the PP2 clones were tested by

immunofluorescence for their ability to induce
the synthesis of SV40 tumor antigen in GMK
cells. One hundred and nine of the clones induced
the typical particulate, nuclear T antigen. The
other three clones failed to induce a nuclear
reaction. Rather, there was a diffuse reaction
detected in the cytoplasm of infected cells. The
properties of these three clones are characterized
in detail in the companion paper (5).
The PP2 clones were titrated in GMK cells

coinfected with helper adenovirus 7, and, if
PARA titered 1 X 105 plaque-forming units
(PFU) /ml or greater, 30 newborn hamsters were
then inoculated to determine the oncogenic
potential of the clone. Adenovirus titers in human
embryonic kidney cells were not determined for
the clones, since this study was concerned with
the PARA component of the mixed populations.

Oncogenicity of the PARA-adenovirus 7 clones.
As shown in Table 1, 112 progeny clones were
tested for oncogenicity in newborn hamsters.

ORIGINAL PARA-ADENOVIRUS 7 (GMK-I)

t PLAOUED

(PPI) GMK PLATES + HELPER ADENOVIRUS 7

t PICKED PLAOUES

GMK TUBES + HELPER ADENOVIRUS 7

i PLAOUED

(PP2) GMK PLATES + HELPER ADENOVIRUS 7

t PICKED PLAOUES

(STOCK) GMK BOTTLES + HELPER ADENOVIRUS 7

TESTED FOR

INDUCTION OF SV40
T ANTIGEN

INOCULATED INTO
NEWBORN HAMSTERS

TO TEST FOR
ONCOGE NICITY

TITRATED IN GMK

CELLS + HELPER

ADENOVIRUS 7

FIG. 1. Procedure for plaque purification of PARA-
adenovirus type 7.
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Ninety-two of the clones produced tumors in
one or more animals; thus, 82% of the clones
were oncogenic. The titer of PARA did not seem
to exert much influence on the oncogenicity. All
three clones with a titer of < 5.0 X 1a; PFU/ml
were oncogenic (100%). However, only 19 of 24
clones with a titer of > 1.0 X 107 PFU/ml pro-
duced tumors (79%).
The effect of the titer of PARA on the tumori-

genicity of the clones is examined further in
Table 2. The 92 oncogenic clones produced a
total of 234 tumors in 1,393 animals which sur-
vived to be weaned for an overall tumor induc-
tion frequency of 16%. The percentage of tumors
in the different groups based on the PARA titer
of the clones varied from 11 to 17%. The means
of the percentage of tumors for the groups of
clones varied from 13 to 20. However, the range
of percentage of tumors for individual clones in
a specific group varied widely. Even when the
data were analyzed in this manner, the titer of
PARA did not appear to influence the results.
The clone which yielded the lowest percentage of
tumors (4%) was one with the highest titer of
PARA (> 1.0 X 107 PFU/ml).

Effect of titer of PARA on latent period before
tumor development. The number of tumors which
first became palpable during different observa-
tion periods is given in Table 3. A total of 234
tumors developed in the inoculated hamsters
which survived to be weaned. Twenty of the
tumors appeared between 6 and 10 weeks after
inoculation; 57 tumors first became palpable
between 11 and 15 weeks; 109 tumors developed
during the following 4-week observation period;
and the final 48 tumors appeared after a latent
period of greater than 20 weeks. All the tumors
had appeared by 32 weeks after inoculation of
the viruses. As is seen in Fig. 2, in which the per-
centage of tumors which developed in each group
has been plotted against the time in weeks after
inoculation, the titer of PARA had little effect on

TABLE 1. Oncogenicit.v of PARA-adenioviruts
7 clones

No. of No. of Percentage
PARA titer (PFU/ml) oncogenic clones of oncogenic

clones' tested clones

<5.0 X 105 3 3 100
5.1-10 X 105 7 9 78
1.1-5.0 X 10 44 54 81
5.1-10 X 101 19 22 86
>1.0>X 107 19 24 79

Totals 92 112 82

a Observation period of 1 year.

TABLE 2. Lack of correlationi between oncogenicity
of PARA-adenovirus 7 clones and

titer of PARA

Tumors for
Totals positive

PARAiter No. of clones
(PFU/ml) one No. of

tumors/ Tumors Mean Range
no. weaned

% %0 %
<5.0 X 1051 3 5/42 11 13 7-20

5.1-10 X 105 7 18/116 15 15 6-29
1.1-5.0 X 106 44 120/683 17 18 5-55
5.1-10 X 106 19 51/297 17 20 6-67
>1.0 X 107 19 40/255 15 18 4-46

Totals 92 234/1393 16 17

a Observation period of 1 year.

TABLE 3. Lack of correlation between titer of
PARA and latent period of tumor

development

Latent period
PARA titer Totals
(PFU/ml) 6 to 11 to 16 to 21 to

10 wk l5 wk 20 wk 32 wk

<5.0 X 105 la 3 1 5
5.1-10 X 105 7 9 2 18
1.1-5.0 X 106 8 27 5 34 120
5.1-10 X 101 7 10 30 4 51
>1.0 X 10', 4 10 18 8 40

Total no. of 20 57 109 48 234
tumors

a Numbers indicate the number of tumors that
first became palpable during time period after
inoculation indicated at top of the column.

the latent period of the tumors. The tumors in
the different groups based on the titers of PARA
developed at very nearly the same rate.
Data pertaining to nononcogenic PARA-adeno-

virus 7 clones. Twenty of the PP2 PARA-adeno-
virus 7 clones failed to induce any tumors during
1 year of observation of the inoculated animals.
It can be seen in Table 3 and Fig. 2 that all the
tumors which appeared had done so by 32 weeks
after inoculation. The inocula from the negative
clones had titers of PARA comparable to those
of the oncogenic clones (Table 4). The number
of animals which were weaned after being inocu-
lated with the negative clones varied from 4 to 25
per clone. Although four are relatively few ani-
mals and the oncogenicity of that clone might
still be in doubt, most of the clones had enough
surviving animals to indicate that if the virus
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FIG. 2. Influence of titer of PARA inoculum on

latent period for tumor development in hamsters in-
oculated as newborns.

TABLE 4. Nononcogenic PARA-adenzovirus 7 clones

No. of No. of animals weaned
PARA titer (PFU/ml) negative

clonesa

<5.0 X 105 0
5.1-10 X 105 2 24 7-17
1.1-5.0 X 106 10 114 4-25
5.1-10 X 106 3 41 10-17
>1.0 X 107 5 78 12-20

Totals 20 257

a Observation period of 1 year.

clones were going to produce tumors, they should
have been detected. Indeed, the minimal number
of animals weaned in the groups given the high-
est PARA dose (> 1 X 107) was 12.
The three variants which induce the synthesis

of SV40 tumor antigen in the cytoplasm failed to
induce tumors in this experiment. However,
relatively few animals survived to be weaned, so
more hamsters have been inoculated with these
three clonal progeny to study further their onco-
genic potential.

Serological analysis of tumors and sera. Two
hundred and nineteen of the tumors which
developed were trypsinized and the cells were
analyzed for their tumor antigen content. The
sera from the tumor-bearing animals were also
tested for tumor antibody content (Table 5).
The results are correlated in Table 5. One hun-
dred and seventy-one of the tumors contained
only SV40 T antigen. The 171 animals bearing

these tumors were found to have SV40 T anti-
body in their sera, but no adenovirus T antibody.
Forty-eight tumors were antigenically mixed in
that they contained both SV40 and adenovirus T
antigens. The sera from these hamsters were
found to contain both SV40 and adenovirus T
antibodies. No tumors contained only adenovirus
T antigen, and no sera contained antibody against
only adenovirus T antigen.
The tumor antigen content of the cells was

then correlated with the time at which the tumors
appeared (Table 6). It was found that the mixed
tumors appeared the earliest. All 12 tumors
which first became palpable between 6 and 10
weeks after inoculation contained both SV40 and
adenovirus T antigens (100%). Of the tumors
which appeared during the next 4-week period,
21 of 46 (45%) contained both antigens. How-
ever, of the tumors which appeared 16 or more

TABLE 5. Correlation of antigen content of tumor
cells with antibody response of animals

Antibody response to
Ratio of T antigens

Antigen(s in positive ___ ______
tumr cnl tumors to - ___ -____

tumor cells tumors SV40 S5V40 only
tested only and Adnoyonyadeno ol

SV40 T only. 171/219 171a 0 0
SV40 T + adeno
T.48/219 0 48 0

Adeno T only 0/219 0 0 0

a Numbers indicate the number of sera positive
for the antibody (or antibodies) indicated at the
top of the column.

TABLE 6. Correlation of tumor antigen content of
tumor cells with latent period before

tumor development

Latent period in weeks Per-
Antigen(s) in No. of centage
tumor celis tumors of total

6-10 11-15 16-20 21-32 tumors

SV40 T 171 0a 25 104 42 78
SV40 T and 48 12 21 11 4 22
Adeno T

Totals 219 12 46 115 46

Percentage of 100 45 9 8
tumors with
both antigens
in each
period
a Numbers in the top two rows indicate the

number of tumors that first became palpable dur-
ing the time period after inoculation indicated at
the top of the column.
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weeks after inoculation, less than 10% were
found to contain adenovirus T antigen.
One important point regarding the ability of

PARA-adenovirus 7 clones to induce mixed
tumors is summarized in Table 7. Virus clones
were not derived which induced exclusively
mixed tumors. Generally, a virus clone which
induced a mixed tumor in one animal also in-
duced tumors in other animals which contained
only SV40 T antigen. Progeny derived from 39
virus clones induced at least one mixed tumor
(Table 7). Thirty of these clones induced tumors
in other hamsters which contained only SV40 T
antigen. Of the 39 clones, 8 induced only one
tumor (mixed), so it cannot be assumed these 8
clones would not induce some SV40-type tumors
if more tumors were surveyed. The remaining
clone induced only two mixed tumors, again too
few to base a conclusion that the clone would in-
variably induce tumors containing both SV40
and adenovirus antigens.

DISCUSSION
The purpose of this study was to determine

whether PARA particles exist in the original
PARA-adenovirus 7 population which vary in
their oncogenic potential. One hundred and
twelve twice plaque-purified clones were derived
from the original stock and it appears that such
variation does exist. Ninety-two of the clones
were found to be tumorigenic in newborn ham-
sters; these positive clones produced tumors in 4
to 55% of the inoculated animals, depending on
the clone. The reason for this variation between
PARA particles is currently not known. The
genetic stability of the oncogenic properties of
the various clones has not been established, but
analysis of the data in several ways indicates that
the observed differences are not related to the
titer of PARA inoculated into the animals. The
possibility exists, of course, that our assay system
does not detect all the PARA particles in the
population and that PARA particles further de-
fective (and unable to plaque in GMK cells in
the presence of a helper adenovirus) are inducing

TABLE 7. Ability of PARA-adenovirus 7 clones to
induce both mixed and SV40-type tumors

No. of virus
Property of virus clone clones

involved

Induced mixed tumors (SV40 +
adeno tumor antigens) ............. 39

Induced SV40 type tumors in other
hamsters.......................... 30/39

Induced only one tumor (mixed)..... 8/39
Induced only two tumors (mixed).... 1/39

the tumors. Although this raises a question con-
cerning the genetic homogeneity of progeny
derived from the plaques, it does not change the
conclusion that PARA variants exist which are
able to induce SV40 markers in GMK cells but
not tumors in newborn hamsters.
The tumors and sera from the tumor-bearing

animals were also analyzed. There was a perfect
correlation between the antigen content of the
cells and the antibody response of the host. This
is in contrast to some previous studies (2, 10) in
which adenovirus tumor antibody was more
readily detected than the corresponding adeno-
virus tumor antigen in cells. Of the analyzed
tumors, 78% contained only SV40 tumor antigen,
whereas the remaining 22% contained both
adenovirus and SV40 T antigens. No tumors
carried only adenovirus T antigen.
Of interest was the fact that the mixed tumors

were the first to appear. All the tumors which
appeared during the first 10 weeks after inocula-
tion contained both adenovirus and SV40 T
antigen. Tumors which first became palpable after
more than a 15-week latent period were pri-
marily (> 90%) SV40-type tumors. It has been
suggested from studies with chemically induced
tumors that the more antigenic tumors have the
shorter latent period (16). Whether increased
antigenicity is the explanation for the early
appearing tumors containing both adenovirus
and SV40 tumor antigens remains to be eluci-
dated.

It should be emphasized that the virus clones
which induced the formation of mixed tumors
also caused the development of tumors in other
hamsters which contained only SV40 tumor anti-
gen. It has been suggested that SV40 and adeno-
virus deoxyribonucleic acid (DNA) is linked in
the hybrid particles (1). It appears, therefore,
that there must be some mechanism or mecha-
nisms operating in the hamster cells to suppress
the expression of the adenovirus genes in some
instances. However, there is no evidence that all
PARA particles contain linked DNA. Some
could theoretically carry only defective SV40
nucleic acid. Also, it cannot be ruled out that the
linked SV40 and adenovirus DNA in the hybrid
did not segregate before or during transformation
of the hamster cells.
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