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RETURN OF HORMONE-INDEPENDENT TUMORS TO HORMONE SENSITIVITY

20+ **

Fig. 4. Late 178-estradiol-, Pg-, or PRL-
induced responses (within hours) in MXT HI *
or HS tumors, as assessed by TLI. The animals *
were treated [castration, hormone, ie. 178- o 154
estradiol ((E3); Pg @); PRL (B); or placebo, <+
i.e., saline (O), injections] as described in the
legend to Fig. 3. In the present case, they were
sacrificed 12 to 48 h after receiving the injec-
tion. One h prior to sacrifice each mouse re-
ceived 1 uCi [*H]dThd/g body weight, after = 1@+
which the tumors were removed, fixed for his-
tology, sliced, and submitted to autoradiogra-
phy. The mean TLI value + SEM of 178-
estradiol-, Pg-, or PRL-treated groups were
statistically (Fisher F test) compared to the
corresponding control value (¥, P < 0.05;
*%k, P < 0.001). The “HI” tumors were
devoid of ER and PgR, but they responded to
178-estradiol or PRL.
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Table 2 Influence of 178-estradiol in the TLI of MXT tumors grafted onto IPI
mice (T-16) and of MXT ones grafted onto animals treated daily with

prolactin (T-35)
TLI (%)
12h 24h 36h 48h
MXT T-16°
Control 6012 6216 591 6112
Estradiol 11.5£09 14407 7808 45+07
b b NS¢ NS
MXT T-35°
Control 51%08 63+14 61:08 56+09
Estradiol 95+07 152+1.1 8714 6209
¢ b NS NS

¢ Animals received a bilateral tumor graft arising from the T-16 (IPI animals)
or the T-35 (“mice treated daily with PRL”) strains. These animals were ovari-
ectomized 6 days prior to sacrifice in order to suppress the endogeneous influence
of gonadal steroids and were given i.p. injections of 0.1 ml saline (control) or
0.25 ug 17p-estradiol/animal, respectively, 12, 24, 36 or 48 h prior to sacrifice.
One h before killing, all the mice were given i.p. injections of 0.1 ml of a saline
solution containing 1 xCi dThd/g body weight. After removal, the MXT tumors
were fixed and processed for traditional autoradiography. The mean TLI values
(x SEM) recorded in 178-estradiol-treated MXT tumors were compared (Fisher
F test) with the control value assessed at the same time.

b p<o0.001.

€ NS, not significant (P > 0.05).
‘p<0.01.

control and 17g-estradiol-induced TLI values (Table 2) were
comparable to those obtained in the HS MXT OVX-I tumor-
bearing mice, i.e., MXT tumors corresponding to the first HS
passage (Fig. 4).

DISCUSSION

Many investigators have shown on the basis of biochemical
studies that breast cancers can be classified as hormone de-
pendent or hormone independent according only to their steroid
hormone receptor status (21, 22). In the present work, the
presence of ER and PgR was correlated to in vivo findings on
tumor growth. From this, it became clear that tumors with
detectable ER and PgR did not regress after ovariectomy but
that their growth was slowed down. We therefore prefer to refer
to them as HS. Under the conditions of this work, HS and HI
only concern sensitivity to ovarian hormones. Moreover, it is
generally accepted that mammary tumors in humans and ani-
mals contain subpopulations of neoplastic cells capable of re-
acting differently to the same hormonal stimulus (5, 6, 9, 23,
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24). Our results show that MXT HS tumors may be defined as
well-differentiated steroid hormone receptor-positive adenocar-
cinoma the growth of which is significantly slowed down by
ovariectomy whereas HI ones are defined as poorly differen-
tiated steroid hormone receptor-negative adenocarcinoma the
growth of which is not influenced by castration. The first MXT
passage used in the present work was HS as defined above, and
this model progressively evolved to autonomy in such a way
that the 12th passage was HI, a feature already reported earlier
in the MXT model (5) and in other ones (3, 8-10). In order to
characterize the cell biology of such different HS and HI cells
an attempt was made to reverse the HI stage of the MXT tumor
toward a HS stage to see if the HI stage of a mammary tumor
(in the present case the MXT model) was irreversible or if HS
properties would appear again. For this purpose, we grafted a
pituitary gland under the renal capsule of the tumor-bearing
animals 1 week prior to each monthly transplantation proce-
dure in order to obtain an endogenous and continuous secretion
of prolactin that would no longer be under the negative influ-
ence of the hypothalamus; animals operated in this way were
defined as IPI animals. We chose prolactin since it was previ-
ously shown that this hormone exerted a stimulating influence
on MXT tumor growth (15). As a consequence, we also studied
the influence of a daily injection of prolactin on the behavior
of HI MXT tumors over a 4-month period (four MXT pas-
sages). The main result of this work is that in both the animals
bearing pituitary isografts and in those treated daily with PRL,
the transplanted HI tumors recovered most of the criteria of
hormone sensitivity, i.e., the slowing down of growth by ovar-
iectomy and the presence of ER (but not PgR) along with one
complete histological differentiation. Within the MXT tumors
borne by animals treated daily with prolactin, we did not observe
any significant amounts of ER or PgR, but estradiol was able
to provide significant stimulation for the thymidine labeling
index of such tumors; this is discussed below.

Ovarian grafts were also tried in preliminary experiments but
without satisfactory results since the success of an ovarian
isograft on a mouse is more aleatory and prolonged estrogenic
stimulation leads to a refractory effect or an increase in cell
loss in target organs such as the uterus (25) or MXT neoplasm
(11, 12, 14).

With regard to steroid hormone receptor data, the hormone-
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sensitive MXT T-1 tumors grafted onto OVX-II mice, i.e.,
those ovariectomized prior to tumor transplantation, seemed
to have completely lost their ER and PgR. This result is
apparently unacceptable if one refers to the experimental OVX-
II condition that would correspond to the postmenopausal state;
in this case available sites for estradiol should remain the same
or possibly increase in number in comparison with the intact
animals. We thus think that the experimental OVX-II schedule
performed prior to the transplantation procedure might favor
the initial proliferation of HI cells, with the result of such a
selection leading to the appearance of HI tumors. This finding
has already been observed in the MXT model (11).

As further proof of the sensitivity of tumor cells to ovarian
hormones and prolactin, we tried the “actinomycin D staining
method” of Brachet and Hulin (26) followed by autoradiogra-
phy and the thymidine labeling index (27). With respect to the
actinomycin D staining method, it should be pointed out that
since the slides were fixed before being exposed to PHJAMD,
this substance was not used as an antimetabolite but as a
“staining” reagent. The amount of intercalating dye such as
acridine orange or labeled actinomycin bound to DNA has been
shown to be directly proportional to the degree of chromatin
decondensation and would partly reflect genomic derepression
(28, 29). In this work, the binding of [PHJAMD resulting in a
significant increase of the SGN over basal values was observed
in the HS but not in the HI MXT tumors 5 to 40 min after
178-estradiol, Pg, or PRL stimulation. A similar observation
was described previously in the uterus, where specific mRNA
synthesis was induced by 178-estradiol as little as 2 min after
its administration to the animals (30, 31).

The proliferative influence of 178-estradiol, Pg, or PRL on
the MXT tumors was approached by means of a [*H]dThd
labeling technique which, developed by Hughes et al. (27),
represents the percentage of cells engaged in the DNA synthesis
phase and remains a first class technique enabling in vivo cells
to be evaluated in the reproductive cycle. Although this param-
eter does not measure all the cells engaged in the S phase (32)
and is not even always the sign of a true mitogenic effect (33,
34), we have shown previously that TLI represents a good
indicator of cell proliferation in the MXT model stimulated by
estradiol (7, 11, 12), progesterone (13, 14), or prolactin (15).
The same features were also observed here since the three
hormones, i.e., 178-estradiol, Pg, and PRL, induced a transient
and significant mitogenic effect on HS tumor cell proliferation.
This effect lasted from the 12th to the 36th or 48th h after
administration to the tumor-bearing animals.

Rather unexpectedly, a significant 178-estradiol-induced in-
crease in TLI was also observed in “HI” MXT tumors, where
ER and PgR were undetectable. An explanation of this finding
might be found in the work of Ikeda et al. (35). These authors
are in favor of the possible role of mediator growth factors and
militate along the others (36-38) against the hypothesis that
estrogens are directly mitogenic. Their working hypothesis is
that estrogens promote the growth of normal target tissue cells
and hormone-responsive tumors via at least three levels of
regulation. They suggest that one of these levels may be that
estrogens induce the production of endocrine or of circulating-
type growth factors which have their primary action on distinct
target tissues (a traditional endocrine mechanism) such as the
uterus, the kidney, and the pituitary gland (35). A second type
of control may be that estrogens (and progesterone) act locally
on target tissue cells to induce biosynthesis and/or the secretion
of 178-estradiol-dependent growth factors with primary sites of
action that are either adjacent cells (paracrine mode of action)
or a direct return to the tumor cell of origin (autocrine mode

of action) (36, 37). A third type of estradiol-mediated effect
would be that 178-estradiol acts on target cells and via the ER
mechanism induces the synthesis of a substance which abolishes
the inhibitory activity present in serum (38). Thus, the early
“genomic derepression” in HS tumors might agree with the
transcription of genes involved in growth factor synthesis (39).

In HI MXT tumors, the situation is somewhat different. The
high basal “genomic derepression” observed might be in ac-
cordance with an elevated basal hormone-independent growth
factor synthesis. Such a hormone-independent synthesis of
growth factors might be regulated by oncogenes (40—42) and
growth factors have recently been divided into positive auto-
crine and negative autocrine ones (42). It has thus been sug-
gested that malignant cell transformation might arise not only
from the excessive production, expression, and action of posi-
tive autocrine growth factors but also from the failure of cells
to synthesize, express, or respond to the specific negative
growth factors which they normally release to control their own
growth (39, 42). The acquisition in HI cells of some of these
properties would explain that “HI phenotype” presents a selec-
tive advantage over the “HS phenotype,” thus leading to auton-
omous HS-HI tumor evolution.

Our unexpected finding that “HI” MXT tumors devoid of
detectable ER and PgR nevertheless react to 178-estradiol by
increased TLI is consistent with other works (43—-45). Indeed,
Dao et al. (43) have shown that physiological doses of estrogen
and progesterone administered for 3 consecutive days to women
with breast cancer with undetectable ER could induce a signif-
icant TLI increase in these tumors. Conte et al. (44) reported
that diethylstilbestrol, administered in vivo to women with
breast cancer, induced a significant increase in TLI (evaluated
in vitro), independently of their estrogen receptor content. Hug
et al. (45) have reported that, at pharmacological doses, the in
vitro growth-stimulatory and -inhibitory effects of estrogens
and antiestrogens are not necessarily mediated by hormone-
specific receptors. However, as already mentioned by Dao et al.
(43), since the hormone responsiveness of mammary cancer
was claimed to be dependent on the presence of specific hor-
mone receptors (21, 22), the enhanced replicative cell activity
following the administration of estradiol in cases of HI tumors
is a phenomenon contrary to the concept of hormone receptors.
It is conceivable that the mitogenic effects of 178-estradiol on
MXT HI tumors point to an indirect stimulation mechanism,
e.g., through the production of some autocrine and paracrine
growth factors (as mentioned above), that amplify the 178-
estradiol-induced stimulatory influence, with the ER being in
such a small quantity that it would not be possible to detect
them by the conventional technique of dosage. The PRL-in-
duced response in HI tumors can appear less conflictual than
the 178-estradiol-induced one if one refers to the fact that the
term “hormone independence” is related only to steroid hor-
mone receptor status. Thus, the possibility remains that PRL
receptors exist in HS as well as in HI tumors. We are presently
conducting experiments to evaluate both the PRL receptor
amounts within HS and HI tumors and the PRL-induced effects
on ER and PgR concentrations within HI tumors borne by
intact animals receiving continuous prolactin injections.

In conclusion, we have shown that it is possible to reverse
autonomous hormone sensitivity in the direction of hormone
independence in MXT mouse mammary tumors either by graft-
ing a pituitary gland under the renal capsule of the tumor-
bearing mice (IPI animals) or by daily giving intact mice injec-
tions of prolactin. Most of the characteristics, i.e., the presence
of significant amounts of ER (in IPI recipient mice but not in
PRL-treated ones), well-differentiated histological patterns, sig-
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nificant sensitivity to ovariectomy, and the slow proliferation
rate of HS tumors were recovered after 6 months of serially
transplanting MXT HI tumors on IPI animals or 3 months of
treating intact animals daily with ovine prolactin.

Furthermore, from our experiments on actinomycin D bind-
ing and TLI it would appear that the difference between HS
and HI MXT tumors is quantitative rather than qualitative. HI
tumors more readily bind AMD and dThd, even in the absence
of ovarian hormones or prolactin. 178-Estradiol or PRL in-
creased AMD and dThd binding by HS tumors and further
increased dThd binding by so-called HI tumors. When dThd
binding was tried in HI tumors transplanted either in animals
bearing pituitary isografts or in ones that had been treated with
PRL, the tumors returned to HS TLI values in good agreement
with the conclusions reached in the first part of this work. Thus,
all the present findings strongly suggest that prolactin might be
the major hormone involved in the recovery of HS properties
in HI tumors.

The precise biochemical mechanisms underlying the modu-
lating actions of ovarian steroids and prolactin on MXT growth
deserve further investigation, and we are now involved in this.
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