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the same manner as in the case of estrone. As shown in
Table 12, tumor growth of both male cells in male host and
female cells in female host seemed to be depressed by the
male hormone, although statistically not significantly.
When the female-derived cells were grafted to the testoster-
one-treated males, a similar but minor effect was seen,
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Chart 12. Time course of SV40 tumor incidence in hamsters treated
weekly with cortisone. a, male; b, female.

Latent Period in SV40 Oncogenesis

while in the case of male cells in the female host, the effect
seemed to be in a reverse direction.

1l. Tumor Growth in Immunosuppressed Recipients

Thymectomy. Two experiments were performed (Table
13). First, 2 inocula of male- and female-derived tumor cells
were grafted into hamsters 27 weeks old that had been
thymectomized at 3 weeks of age. Second, female-derived
cells were transplanted into recipients of both sexes at 6
weeks of age, 3 weeks after thymectomy. An enhancing
effect on tumor growth was observed in every thymecto-
mized group, in either sex of the recipients, and in either
the same or different sex graft-recipient combination. Sta-
tistical significance of the effect, however, was observed
only in the 27-week-old male recipients, especially in heter-
osexual graft (p < 0.02).

Cortisone Treatment. Twenty-seven-week-old male and
female hamsters that had received 2.5 mg of cortisone
acetate weekly 5 weeks earlier were tested with 2 tumor
grafts from each donor of both sexes in separate sites of
subcutis. In another experiment, 6-week-old animals of
both sexes that had been treated weekly with cortisone
from 3 weeks earlier were grafted with female cells (Table
14). Then weekly doses of cortisone were continued until
the animals died. An enhancement of tumor growth was
always observed, although statistical significance of the
effect was proved only in the case of 27-week-old recipients
grafted with female-derived tumor cells (p < 0.02 in the
males and p < 0.05 in the females).

DISCUSSION

Age and Sex Factors in SV40 Oncogenesis. One of the
questions in SV40 oncogenesis is why a long period is

Table 9
Growth of SV40 tumor cells transplanted into newborn and adult hamsters
Sex of
Age of Lag Dura-
recipi- Re- Tumor time? tion of
ent Do- cip- inci- (mean graft
(wk) nor ient dence days) (days) Tumor wt (g) t test?
1 e M 9/10 245 72+ 9.2 e
. 6/7 25.9 35 g2+ 84 NS
1 M 10/10 29.3 66+ 45
F 6/7 30.4 35 72+ 72 NS
27 M/ M 1/6 59.0 16+ 26
. F 3/8 53.0 61 66« 140 NS
27 F M 0/6 0
F 2/8 61.0 61 003+ 006 NS
30 Mm? M 5/5 24.6 278+ 8.6
. F 5/5 27.6 42 61+ 76 P <00
25 F M 5/6 45.2 13.2+ 173
F 6/6 37.0 60  356+193 P <OINS

¢ Time between transplantation and the tumor becoming palpable.
% Influence on tumor growth by sex difference between donor and recipient was tested.

€1 x10.
4 Mean = S.D.

€ NS, not significant.
75 x10.

98 x10.
k1 x 10 viable cells, respectively.

DECEMBER 1978

4705

Downloaded from cancerres.aacrjournals.org on January 23, 2022. © 1978 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

S. Ohtaki

Table 10
Growth of SV40 tumor cells transplanted into gonadectomized hamsters
Sex of
Go-
nad- Re- Tumor Lagtime Term of
ec- Do- cip- inci- (mean graft Tumor wt
tomy nor ient dence days) (days) (9) t test
+ Mma Mm? 5/5 16.4 22.8 = 15° d
- Mo r:: 6/6 195 34 g6 7 P<OINS
+ M 5/5 17.0 16.5 = 10
- Me P 8/9 25.1 34 47+ 6 P<002
+ Fe Mm? 4/4 ! 159+ 7
_ Fe r: 4/4 29 182+ 7 NS
+ = 4/4 20.0 67.6 = 21
- PP 5/5 336 58  267:26 P <005
a8 x107.
b 30 weeks old.
¢ Mean * S.D.
4 NS, not significant.
€5 x 10e.
 No record.
7 1 x 107 cells/animal.
Table 11
Growth of SV40 tumor cells transplanted into estrone-treated hamsters
Sex of Lag Term
Tumor time of
Do-  Recip- inci- (mean graft Tumor
Estrone  nor ient dence days) (days) wt (g) t test
+ Mma m? 5/5 16.2 143= 9 c
- M M 6/6 19.5 34 86+ NS
+ me F 5/5 24.8 42 221+15 NS
- me P 5/5 27.6 61+ 8
+ Fe m/ 4/4 38.0 31.4+22
- FooW 5/6 45.2 60 y32x17 NS
+ Fe F 0/6 0
- R 6/6 37.0 60  356+19 P <001
%8 x107.

b 30 weeks old.

¢ NS, not significant.

434 x10°.

€1 x 107 viable cells/animal.
/ 25 weeks old.

required for tumor induction; the hamsters inoculated with
SV40 at birth never develop tumors until far later in adult
age, although its incidence reaches nearly 100%. There are
2 possible situations of cells during the latent period: (a)
the cells that integrated SV40 genome still had not com-
pleted neoplastic conversion in this time; or (b) potentially
neoplastic cells, if any, could not proliferate progressively.
The latter may be more acceptable at present. However, in
this study, 1-week-old hamsters permitted much more ac-
tive growth of the tumor cells than an adult similarly
grafted. This finding agrees well with those previously
reported (10, 37) on age factor in acceptability of tumor
graft and may indicate that any progressively proliferable
cell is absent, at least, until one week after SV40 inocula-
tion; neoplastic conversion of cells might not become
complete within this age.

Another finding for the latent period was a sex difference
in its duration; SV40 oncogenesis in subcutis of newborn
hamsters is of 100% incidence in both sexes, so that they
may not differ in susceptibility to the virus infection. How-
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ever, the tumor always developed earlier in females than in
males, as seen in these experiments, not only in Experiment
A-l but in many nontreated control groups of sex pairs.
Similar higher resistance in males to other DNA viruses, to
polyoma in mice (24), and to adenovirus 12 oncogenesis in
hamsters (43-45) had been reported; it might suggest that
sex factor(s) participates in the tumor inductive mechanism.
On sex difference in tumor growth, on the other hand,
many reports (5, 6, 26) had suggested, in general, greater
resistance in female animals against neoplastic growth,
showing a contrast with that in males to viral oncogenesis.
My attempt to disclose sex factors in SV40 tumor growth
(Experiment B-l), however, only proved that sex difference
between donor and recipient might act as a barrier to
growth of the graft.

The following treatments, which could affect host condi-
tion, were tested to obtain further information on character-
istics of cells during the latent period.

Hormonal Modification. Sex difference in the rate of
tumor development could be changed by modification of
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Table 12
Growth of SV40 tumor cells transplanted into testosterone-treated hamsters
Sex of
Tes- Tumor Lagtime Term of
tos- Do- Recip- inci- (mean graft
terone nor ient dence days) (days) Tumorwt (g) ttest
+ ma Mm? 5/5 26.5 17.7 £ 10 c
- Me 24: 5/5 24.6 42 278+ 9 NS
+ Mm? 4/5 29.0 8.3+ 11
- Me Fo 5/5 27.6 42 618 NS
+ Fd me 5/5 ¢ 163= 6
- Fd Me 4/4 29 182+ 7 NS
+ F F¢ 4/5 40.0 11.9+20
- F/ Fe 5/5 3356 58 267+27 NS
3.4 x 10°.
b 30 weeks old.
€ NS, not significant.
419 x107.
€ 25 weeks old.
f 5 x 10® viable cells/animal.
9 No record.
Table 13
Growth of SV40 tumor cells transplanted into thymectomized hamsters
Sex of
Thy- Tumor Lagtime Term of
mec- Do- Recip- inci- (mean graft
tomy nor ient dence days) (days) Tumor wt (g) t test
+ me (V4 5/7 34.7 285 * 35° d
- MW 1/6 59.0 61 16 + 26 P<O0INS
+ mé P 4/4 375 61 247 * 17 NS
- me P 3/8 53.0 66 = 14
+ F? m? 4/7 45.0 17.3 * 14
_ Fa MP 0/6 61 0 p <0.02
+ Fe P 3/4 39.8 61 51 = 8 NS
- Fe F 2/8 61.0 0.03 + 0.06
+ Fe M/ 3/3 69.6 377 + 39
- W 13 913 102 81 =+ 14 NS
+ Fe F/ 2/3 94.0 69 = 1
- 0/3 102 0 NS
25 x 108,
b 27 weeks old.
€ Mean = S.D.

4 NS, not significant.
€ 6.7 x 104 viable cells/animal.
/ 6 weeks old.

the hormonal milieu of the host animal. By gonadectomy of
hamsters after sexual maturation, the latent period of SV40
tumorigenesis was markedly delayed only in females, re-
sulting in a reversed sex difference in this study. In adeno-
virus-12 oncogenesis, Yohn et al. (44) also noted that
gonadectomy reduced tumor incidence in female hamsters,
but not in males. This evidence must imply involvement of
female gonad in oncogenesis.

For more direct proof, administration of 2 sex hormones
during the latent period brought about a differential effect
on SV40 tumor induction in this study; estrone caused
marked extension of the latent period, especially when
administered in newborns of both sexes and at a later stage
in females. Athough testosterone had a minor effect when
given neonatally, it accelerated tumor development only in
the males treated at adult age; the effect of both hormones
was in the reverse direction and depended on contrasting
age or sex. These results may be reasonable if they come

DECEMBER 1978

from the specific action of each hormone and indicate that
the time required for tumor induction may depend on the
hormonal condition of the host animals. Since estrone had
a stronger effect than testosterone, female sex hormone(s)
seemed more responsible for regulation of a tumor induc-
tive mechanism in the latent period.

Then what influence has each of these hormones on
growth of grafted SV40 tumor? According to the results in
the homosexual donor-recipient systems, gonadectomy of
host animals was beneficial to tumor growth in both sexes.
Administration of 2 sex hormones caused only insignificant
effect, if any, on tumor growth; testosterone might be
somewhat inhibitory, while estrone was rather stimulatory.
The effect of these hormones thus differs depending on the
state of host cells in Experiments A and B.

Immunosuppression. As a general concept only tumor
cells that could evade the immunological surveillance of
the host could grow progressively. However, in this study,
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Table 14
Growth of SV40 tumor cells transplanted into cortisone-treated hamsters
Sex of
Lag
Re- Tumor time Term of
Corti- Do- cip- inci- (mean graft
sone nor ient dence days) (days) Tumor wt (g) t test
+ Mm@ mb 4/6 47.2 9.8 = 11 e
- M W 1/6 59.0 81 16 + 26 NS
+ me P 2/4 52.8 61 86 = 11 NS
- me P 3/8 53.0 66 = 14
+ Fe mb 3/6 50.3 17.3 = 16
M Fa ,:Mob /6 61 0 p <0.05
+ Fe 2/4 53.3 136 = 10
N Fo 2/8 61.0 61 003+ 006 P <001
+ Fd Mme 4/4 47.8 68.8 = 33
- 5 Me 073 g13 102 81 + 14  P<O0INS
+ Fe 4/4 51.0 355 + 33
- HM P 0/3 102 0 NS
a5 x 108,

b 27 weeks old.

¢ NS, not significant.

4 6.7 x 10 viable cells/animal.
€ 6 weeks old.

immunosuppressive treatment, such as thymectomy, ad-
ministration of antilymphocyte sera for 1 week, a single
dose of cyclophosphamide, or a single dose or weekly
doses of cortisone acetate, was applied during the latent
period of SV40 oncogenesis, and tumor development was
actually delayed and decreased in every case. The suppres-
sive effect of these treatments on tumorigenesis is a new
and noteworthy finding because attempts for immuno-
suppression during other viral oncogenesis were made to
enhance tumor induction, and they almost always suc-
ceeded, being quite different from these suppressive results
(1, 3, 4, 27, 29-31, 44, 45). A reason for this discrepancy
may be the differences in the test systems; in the works
reported, animals naturally resistant to the respective vi-
ruses were used, and low incidence or regression of tumors
without any treatment was improved to good incidence or
progressive growth by immunosuppression.

The SV40-newborn hamster system shows the highest
incidence of tumors without any suppression of immune
competence of the host, and, unlike others, immuno-
suppression to the host animal was always accompanied by
suppression of tumor induction with SV40; this evidence
should mean an immunodependency of the oncogenesis.
As circumstantial evidence for this view, the suppressive
effect seemed not to be random but to contain some
reasonable features or patterns characteristic of each pro-
cedure. In brief, thymectomy on the host resulted in similar
delay and decrease of SV40 tumorigenesis in both sexes,
especially when older animals were operated on. ATG,
which could affect thymus-derived peripheral lymphocytes
the most, exerted a different suppressive effect according
to the sex of the hamsters; in males, this treatment reduced
tumor incidence, while in females, it only delayed tumor
development. These 2 procedures, which may abrogate T-
lymphocytes, sometimes caused a decrease of tumor inci-
dence to a lesser degree. However, the ASPG effect, which
must affect plural populations of lymphocytes, was different
from that of ATG, but similar to that of cyclophosphamide;
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unlike other procedures, neither caused a decrease in
incidence, but both prolonged the latent period in similar
degrees in every age and sex. These effects may be reason-
able if both drugs affected common target cells, most likely
B-lymphocytes, suggesting that the oncogenic process was
suppressed merely temporally by their damage. Cortisone
acetate suppressed SV40 tumorigenesis most markedly,
resulting in 2 groups with almost no tumor, an adult male
group treated with a single dose, and younger females
treated weekly; a cortisone-sensitive cell or system might
be one of the decisive factors of tumor induction. An
observed intensity of suppression was evidently influenced
by age and sex factors of the host, and, as a common
feature tumorigenesis in the females, which developed
earlier without any treatment, was more sensitive to and
was readily delayed by various treatments; it might suggest
again a hormonal regulation of the oncogenesis.

In contrast with the suppressive effect on viral tumor
induction, the growth of grafted SV40 tumors was clearly
accelerated; thymectomy and weekly administration of cor-
tisone to the host animal resulted in markedly enhanced
tumor growth. This effect was observed irrespective of sex
of the recipient or of donor animals, although there was
some disparity in the degree of enhancement. Many at-
tempts to break resistance to a tumor graft have succeeded
by immunosuppressive procedures (20, 39, 40, 42). These
results, obtained from experiments on tumor graft Series B,
agree with those earlier investigations and with recent
knowledge of tumor immunity for SV40 tumor (8, 18, 22, 28,
34, 38, 46, 47).

Characteristics of the Latent Period. By each of the
same procedures of hormonal modification or immuno-
suppression, a different and rather reverse effect was ob-
served between tumor induction with the virus and growth
of transplanted tumors (Table 15); this is the most important
finding of this study, indicating that 2 phases of tumorigen-
esis, neoplastic conversion of cells and their growth, may
proceed by different mechanisms. Since SV40-induced new
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Table 15
Summary of the experiments, Series A and B

Comparison of the effect of several experimental treatments on
SV40 oncogenesis treated in the latent period and on the growth of
SV40 tumor cells transplanted at an adult age

Effects on
SV40-induced tumorigen- Growth
Sex esis treated at of SV40
of tu-
host Upto4 mors?
ani-  wk 6wk 12-15 at25-30
Treatment mal old® old wkold wk®old
Gonadectomy M - - Il
F l . l e T -
Estrone M [ - 1
F e t i (1)
Testosterone M 1 1 1) i)
F 1) - - 1)
Thymectomy M J ! I
F I I 1
ATG M ! ! NT®
F l -e l - NT
ASPG M 1 l NT
F ! [ NT
Cyclophosphamide M il ! NT
F l i NT
Cortisone M ! e 1
F l - l e 1 -

2 Same sex donor recipient system.

b At which age, the virus-induced tumors developed most fre-
quently.

¢ Up to 4 weeks of age, host animals may be immature sexually.

4 - no effect; 1, accelerated: |, suppressed; **, p < 0.02;*,p
< 0.05; ( ), speculative effect; ®, prominent decrease of tumor
incidence.

€ NT, not tested.

antigens on the cell surface (9) may change the situation of
a cell in the host immunologically, this different effect may
be caused solely in the absence of any ‘‘mature’’ neoplastic
cell during the latent period, although some weeks are
required until palpable nodule formation that originated
from one neoplastically converted cell must be deducted
from the latent period (Chart 13). Speculation is that the
very long latent period of SV40 oncogenesis consists of a
specialized stage for promotion of neoplastic conversion of
the cell. This promotion may be brought about by some
biological activities of the host animal; this study has made
it clear that 2 sex hormones had a differential effect on the
tumor induction and that neoplastic conversion of a cell
may depend on some immunological function of the host.
The problem of whether steroid hormones, sex hormones,
or corticosteroids could affect oncogenesis by a regulatory
function on cell proliferation and differentiation in the
lymphoid system (5, 14-16, 25, 33, 36, 41), or whether they
have a direct action via specific receptors on neoplastic
conversion of a cell (23, 35), needs further study.

As for other stages, namely the stage of infection with the
virus and the stage of neoplastic growth, they may not
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Latent Period in SV40 Oncogenesis
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Chart 13. Possible 3 stages of SV40 tumorigenesis.

require but may elude the biological function, especially of
lymphoid organs; the immature immunocompetence of
newborn hamsters may be a decisive factor in susceptibility
to infection with the virus (2, 13, 17, 21), playing a primary
role in final incidence of tumor. After a lapse of the latent
period, neoplastically converted cells were controlled by
activities of such cells as destroyed by cortisone and re-
moved by thymectomy. Many other types of viral onco-
genesis, enhanced by immunosuppression as before, run a
rather shorter course, suggesting that neoplastic conver-
sion was completed immediately after virus inoculation;
thus already developed tumor cells may be enhanced by
immunosuppression like a tumor graft.

The long course of SV40 oncogenesis is due to interven-
tion of a second stage, for completion of neoplastic conver-
sion of cells, between the stages of viral infection and of
tumor growth (Chart 13). This stage may be characteristic
of SV40 oncogenesis.
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