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Shionogi carcinoma 115 (SC115), an androgen-dependent mouse mammary tumor, rapidly loses its
androgen responsiveness after androgen withdrawal. The growth of this tumor can also be stimulated
by high doses of estrogen or glucocorticoid. In the present study, the maintenance of hormone-
responsive growth of SC115 tumors with a high dose of estrogen was examined in castrated male mice
using an SC115 subline obtained by serial transplantations of SC115 tumors in estrogen-treated
castrated mice for 3 years (30 generations) (subline E,). Seed tumors from both SC115 and subline E,
could rapidly grow in castrated mice given daily injections of testosterone propionate (TP, 175-
estradiol (E,), or dexamethasone (Dex) (100 g#g/mouse/day) but not in those given vehicle alone.
Although SC115 and subline-E, tumors grown with TP or Dex showed temporary regression after
steroid withdrawal, the tumors grown with E, did not show such temporary regression. The TP-, E,-,
or Dex-induced growth of subling-E, tumors was almost the same as that of the original SC115 tumors.
However, responsiveness to androgen, estrogen or glucocorticoid of both tumors disappeared within
one passage in steroid-depleted castrated mice. The present findings demonstrate that the loss of
responsiveness to androgen as well as to high doses of estrogen or glncocorticoid of SC115 tumors can

be prevented in castrated mice not only with androgen but also with high doses of estrogen.

Key words:

Shionogi carcinoma 115 (SC 1157)," an androgen-
responsive mouse mammary carcinoma which was estab-
lished in 1964, had been thought to be stimulated into
growth only by androgens in vivo">™® and in cell cul-
ture.”” This conclusion is reasonable when the physio-
logical concentrations of hormones are considered, since
SC115 tumor does not grow in normal adult female mice.
However, recent studies have shown that the growth of
SC115 cells is also stimulated by high, but not physiolog-
ical, doses of glucocorticoids both in vivo'® and in cell
cuiture™"® and by high, but not physiological, doses of
estorogens only in vivo.'*'” These growth-stimulatory
effects of androgens, glucocorticoids and estrogens are
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" Abbreviations; SCI15, Shionogi carcinoma 115; subline-E,,
SCI115 subline obtained by serial transplantations of SC115
tumors in E; (high dose, 100 zg/mouse/day)-treated castrated
mice for 3 years (30 generations); AR, androgen receptor; ER,
estrogen receptor; GR, glucocorticoid receptor; TP, testosterone
propionate; E; 178-estradiol; Dex, dexamethasone; MMTYV,
mouse mammary tumor virus; LTR, long terminal repeat;
FGF, fibroblast growth factor.

Shionogi carcinoma 115 — Mouse mammary tumor — Androgen — Estrogen

mediated through AR, GR and ER, respectively."+'?
Recently Luthy er al’™ found that high doses of E,
stimulated the growth of a highly androgen-sensitive
clone of SC115 cells in cell culture, and they have also
shown that E, acted through AR.

In the absence of androgen in vivo and in cell
culture,” > * 2V there is a rapid increase in autonomous
cancer cells formed from SC115 cells. However, the
increase can be markedly delayed by androgen addition.
Recently, it was demonstrated that glucocorticoids can
also delay the loss of androgen responsiveness of SC115
cells in vivo'? and in cell culture.”” Darbre and King? 29
very recently found that androgen protects via AR
against loss of glucocorticoid-sensitive growth of SC1135
cells in culture and glucocorticoid protects via GR
against loss of androgen-sensitive growth, and that loss
of the response occurs despite the presence of fully
functional receptors in SC115 cells as determined by
transfection experiments. Therefore, the post receptor
defect appears to be at the level of the glucocorticoid and
androgen response element of the responsive genes in SC-
115 cells and may involve DNA methylation; the same
response element has been shown to mediate induction by

1, 19)

995



Jpn, J. Cancer Res. 83, September 1992

GR-glucocorticoid as well as AR-androgen complexes.®
In the present study, the possibility that high doses of
estrogen can prevent or delay the loss of androgen
responsiveness of SCI115 cells was investigated using
castrated mice.

MATERIALS AND METHODS

Animals and tumors Male DS mice {2-3 months old),
raised in our laboratory, were used. When seed tumors
were grafted in castrated mice, the castration was carried
out at least one week in advance. A fragment of tumor
(1 mm’) was inserted beneath the dorsal skin, using a
specially devised needle.” Seed tumors of SCI15 were
obtained from generations 348 to 375. The $C115 tumors
were maintained in adult male DS mice. Seed tumors of
subline E, were obtained from generations of 29 to 40,
The subline-E; tumors were produced by serial transplan-
tations of SC115 tumors for 3 years in E, {100 ug/day)-
injected castrated male mice, These seed tumors were
obtained when SCI115 and subline-E, tumors reached
1.5-3 c¢m in diameter.

Injections of steroids TP, Dex, or E, (100 ttg) was sus-
pended in 0.05 ml of vehicle (saline, 0.4% polysorbate 80,
0.5% carboxymethylcellulose, and (.99 benzyl alcohol)
for s.c. injection. Control mice received injections of
0.05 ml of vehicle.

Determination of tumor growth The length and width of
each tumor were measured, and the mean of the two
values was used as an index of tumor size.

Tumor growth in response to androgen or high dose of
estrogen or glucocorticoid in vive To examine tumor
growth in response to physiological doses of androgens,
seed tumors from SC115 or subline E, were grafted in 6
normal males and 6 castrated males, and tumor size was
measured once a week for 3 to 10 weeks. When tumor
growth in response to androgen or a high dose of es-
trogen or glucocorticoid was examined, seed tumors
from both tumors were grafted in castrated males given
vehicle, TP, E,, or Dex (100 yzg/mouse/day). Daily injec-
tions of TP, E,, or Dex were given during the entire
experimental period, on days 1-14 and on days 1-3 after
grafting, since we had previously found that these TP
treatments result in continuous growth, temporary re-
gression and no growth of SC115 tumors, respectively.”
Tumor size was measured approximately once a week for
five weeks.

Assay of AR, ER, and GR in tumor cytosol SC115 and
subline-E, tumors were removed 24 h after the castration
and the last injection of E,, respectively. For GR assay,
adrenalectomy was carried out 4 weeks before killing; the
adrenalectomized mice were given saline instead of
water. Steroid receptors in tumor cytosols were assayed
as described previously.'> ™ In short, [1,2,6,7-"H]testos-
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terone (102 Ci/mmol), [1,2,6,7-°H]E, (93 Ci/mmol),
and [6,7°H]Dex (38 Ci/mmol) obtained from New
England Nuclear (Boston, MA) were used for AR, ER,
and GR assays, respectively. Bound and free steroids
were separated by the hydroxylapatite method, The max-
imum numbers of binding sites and K, values were calcu-
lated by the procedure of Scatchard.

Statistical methods Values (tumor size) were compared
by using Students’s ¢ test.?

RESULTS

Protective effect of a high dose of E, given in castrated
mice for one generation on loss of androgen-responsive
growth of SC115 tumors In preliminary experiments, we
examined whether SC115 tumors grown in castrated
mice with a high dose of estrogen for one generation still
retained their androgen responsiveness. SC115 tumors
were transplanted into castrated mice given TP, a high
dose of E,, or vehicle, As shown in Figs. 1 and 2, seed
tumers from castrated mice given TP as well as E, could
grow rapidly and significantly only in normal males but
not in castrated males. The androgen-responsive growth
of tumors grown with 100 ug of E, for one generation
was essentially the same as that of the original SC115
tumors. However, the growth rate of seed tumors from
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Fig. 1. Androgen responsiveness of SC115 tumors grown in

castrated mice with TP for one generation. SC115 tumors were
transplanted into 3 castrated male mice given daily injections of
100 g of TP (1-3, top). Seed tumors from each mouse (1-3,
top) were transplanted into a group of 6 normal (®) and a
group of 6 castrated (O) male mice (1-3, bottom); values are
the means =SE of 6 mice of each group. * P<0.01, when
compared to castrated males.



castrated males given only vehicle was almost the same
in both normal and castrated males, and was evidently
slower than that of the original SC115 tumors in normal
males (Fig. 3). These results demonstrate that androgen
responsiveness of SC115 tumors can be maintained for at
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Fig. 2. Androgen responsiveness of SC115 tumors grown in
castrated mice with a high dose of E; for one generation.
Except for the treatment of castrated mice with daily injections
of 100 pug of E,, the treatments were the same as those for
Fig. 1. * P<0.01, when compared to castrated males.
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Fig. 3. Loss of androgen responsiveness of SCI115 tumors

slowly grown in castrated mice for one generation. Except for
the treatment of castrated mice with vehicle alone, the treat-
ments were the same as those for Fig. 1.

Estrogen- and Androgen-responsive Tumor

least one generation by high doses of estrogens, as is the
case with androgens, but the androgen responsiveness
disappears within one passage in steroid-depleted mice.
Therefore, we next examined whether subline-E, tumors
sustained in castrated mice with a high dose of E, for 3
years still retained androgen responsiveness; maintenance
of responsiveness to a high dose of E, or Dex in the
subline-E, tumors was also investigated.

Maintenance of androgen-, glucocorticoid-, or estrogen-
responsive growth in SC115 subline (subline-E;) sus-
tained in castrated mice with a high dose of E; for 3 years
(30 generations) Figs. 46 show the effects of TP or a
high dose of E; or Dex on the growth of subline-E, and
SC115 tumors in castrated mice.

When steroids were given during the entire experimen-
tal period, seed tumors from both SC115 and subline E,
could rapidly grow in castrated mice given TP, E,, or
Dex but not in those given vehicle alone. The order of
growth-stimulatory potency for both tumors was TP >
E, > Dex. Significant differences ( P<0.01) in tumor size
among groups are shown in Fig. 4.
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Fig. 4. Stimulatory effects of TP, E;, or Dex given during
the entire experimental period on the growth of SC115 and
subline-E, tumors in castrated mice. Castrated male mice were
transplanted with seed tumors from SCI115 or subline E, and
were given daily injections of TP, E,, Dex (100 #g/mouse), or
vehicle starting from the day of transplantation; subline-E,
tumors were obtained as described in “Materials and Methods,”
Values, means+SE of 6-7 mice; bars, SE. Another trial gave
similar results. * P<0.01, ® P<0.01, and & P<0.01, when
compared to Dex, E; and Dex, respectively.
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Fig. 5. Stimulatory effects of TP, E,, or Dex given on days

1-14 after transplantation on the growth of S$C115 and
subline-E, tumors in castrated mice. The treatments were the
same as those for Fig. 4, except for a period of steroid injec-
tions. 4 P<0.01 and ® P<{0.01, when compared to Dex and
TP, respectively.
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Fig. 6. Effects of TP, E,, or Dex given on days 1-3 after
transplantation on the growth of SC115 and subline-E, tumors
in castrated mice. The treatments were the same as those for
Fig. 4, except for a very short period of steroid injections.
A P<0.01 and @ P<0.01, when compared to Dex and TP,
respectively.
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Tig. 7. Loss of androgen responsiveness of subline-E, tumors
slowly grown in castrated mice for one generationh. Seed tumors
were obtained from 3 subline-E, tumors slowly grown in 3
castrated male mice given only the vehicle. The seed tumors
from each mouse (1-3) were transplanted into a group of 6
normal (@) and a group of 6 castrated (O) male mice (1-3):
values are the means of 6 mice of each group.

When steroids were given on days 1-14 after trans-
plantation, SC115 and subline-E, tumors grown with TP
or Dex showed similar temporary regression after steroid
withdrawal, followed by growth of tumors in the absence
of TP or Dex. However, the tumors grown with E, did
not show such temporary regression after E, withdrawal.
Therefore, the order of tumor size at weeks 3 to 5 after
transplantation was E,-treated tumors > TP-treated
tumors > Dex-treated tumors > tumors treated with
vehicle only; significant differences (P<0.01) in tumor
size between E,-treated tumors and Dex- or TP-treated
tumors are shown in Fig. 5.

When steroids were given only on days 1-3 after
transplantation, TP or Dex had no significant growth-
stimulatory effects on SC115 and subline-E, tumors.
However, E, slightly but significantly stimulated the
growth of both tumors (Fig. 6).

Seed tumors obtained from slowly grown subline-E,
tumnors in vehicle-treated castrated mice were grafted in
normal and castrated males. The growth rate of the seed
tumors was similar in normal and castrated males and
was clearly slower than that of subline-E, tumors grown
with TP, E,, or Dex (Figs. 4 and 7). However, subline-E,
tumors (maintained by a high dose of E,) could grow
rapidly and significantly only in normal males but not in
castrated males (Fig. 8). The loss of response to a high
dose (100 ug/mouse/day) of E, or Dex of SCI15 and
subline E; tumors was also induced within one passage in
steroid-depleted castrated mice (data not shown). The
loss of response to androgen, estrogen or glucocorticoid
was induced at the same time in steroid-depleted mice.



The growth in response to TP, E,, or Dex of SC115
tumors was essentially the same as that of subline-E,
tumors, which had been maintained in castrated mice
with a high dose of E; for 3 years (30 generations). The
present results demonstrate that the preventive effect of
high doses of estrogens on the loss of response to andro-
gen, estrogen or glucocorticoid of SC115 tumors is
almost the same as the preventive effect of androgens.
However, the responsiveness to androgen, estrogen or
glucocorticoid of both SC115 and subline-E, tumors dis-
appears within one passage in steroid-depleted mice. We
have maintained the steroid responsiveness of SCI115
tumors for 25 years by using testicular androgens of host
mice.
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Fig. 8. Androgen responsiveness of subline-E, tumors. Seed

tumors from each mouse (1-3, top) were transplanted into a
group of 6 normal (®) and a group of 6 castrated (O) male
mice {1-3, bottom); values are the means =SE of 6 mice of
each group. * P<0.01, when compared to castrated males.

Estrogen- and Androgen-responsive Tumor

AR, ER, and GR in cytosols from SC115 and subline-E,
tumors AR, ER, and GR were demonstrated in cytosols
from both SC115 and subline-E, tumors, and no signifi-
cant differences in levels and K; of AR, ER, and GR were
found between SC115 and subline-E, tumors (Table I).

DISCUSSION

In cell culture, cloned SC115 cells exhibit a response to
androgen in terms of both cell growth” and production
of MMTV-LTR-related RNA™?" but only when these
cells are maintained in the presence of androgen. In the
prolonged absence of androgen, the cells become un-
responsive cells in terms of both parameters.” 1221 27.28)
However, it is now evident that SC115 cells are sensitive
not only to androgen but also to glucocorticoid both in
terms of cell growth™ "> and MMTV-LTR-related RNA
production®™®®; androgen and glucocorticoid activities
have been shown to be mediated by AR and GR, respec-
tively. The cells unresponsive o one of these two ste-
roids, however, are also unresponsive to the other steroid
in terms of these two parameters. In addition, these losses
of response are independent of receptor loss, since recep-
tors for both steroids remain not only present but also
fully functional.™ Furthermore, Darbre and King®»?¥
have recently reported that androgen protects via AR
against loss of glucocorticoid sensitivity of SC115 cells
and vice versa. It is now established that binding sites in
DNA for different steroid receptors share structural
similarities®” and that the LTR of MMTYV is responsive
to both androgen and glucocorticoid.™ These findings
can explain the protective effect of androgen or gluco-
corticoid on MMTV-LTR-related RNA. production in
SC115 cells. Long-term loss of MMTV RNA in these
cells in the absence of androgen and glucocorticoid is
ultimately accompanied by increased methylation of
MMTV-LTR sequences in the DNA.***” Therefore,
Darbre and King™ have suggested that the presence of
androgen or glucocorticoid can presumably protect
against methylation of the glucocorticoid and androgen
response element of the responsive genes in SC115 cells,

Table I. AR, ER, and GR in Cytosols from SC115 and Subline-E, Tumors
AR ER GR
SC115 tumors Maximum binding sites 33 Lg? 16+ 4 52+3
(fmol/mg protein)
K, (nM) 0.8 0.1 1.2£03 3305
Subline E, Maximum binding sites 365 12+3 48+ 5
{fmol/mg protein)
Ky (nM) 0.6 £0.1 1.4+02 29104

a) Mean=*SE of 4 separate determinations.
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although the mechanisms of interaction of these steroids
at the molecular level remain only speculative, especially
with respect to growth.

In the previous studies we have demonstrated that the
growth-stimulatory activity of a high dose of E, acts on
SC115 cells through ER in vivo.'*'” The present findings
that the loss of androgen responsiveness of SC115 tumors
can be prevented in vivo not only by androgen via AR,
but also by high doses of estrogen probably via ER,
suggest another mechanism for the loss of androgen
responsiveness in SC115 cells, because the activity of the
ER-estrogen complex can be mediated through the estro-
gen response element of the response genes.?”

The loss of androgen responsiveness in the absence of
androgen and high doses of estrogen seems to be induced
at least in part by selective growth of unresponsive tumor
cells produced from SC115 cells. Unresponsive cells
become predeminant because of the increased death of
SC115 cells®™ and slower growth of SC115 than that of
unresponsive cells in the absence of androgen or high
doses of estrogen. Thus, the loss of androgen responsive-
ness in SC115 cells occurring in the absence of stercids
seems to be induced by a combination of various mecha-
nisms. Androgen-responsive SC115 tumors consist only
of medullary cancer cells containing AR, but in the
absence of androgen, spindle-shaped cells with or with-
out AR are formed from the medullary cells within the
tumors.” Since regrown SCI15 and subline-E, tumors
consisted both of medullary cancer cells and clusters of
spindle-shaped cells (data not shown), the regrowth of
the TP- or Dex-treated tumors following initial response
upon treatment removal seems to be due to the appear-
ance of large numbers of autonomous spindle-shaped
cancer cells formed from SC115 and subline-E, cells in
the absence of steroids. However, no reasonable explana-
tion can be given for the lack of regression of the tumors
treated with E, for 2 weeks upon E, removal.

We speculate that the effect of high doses of estrogen
in vivo is mediated via estrogen-induced growth factor(s)
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