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ADBSTRACT Three antitimor: al (|mp< tamoxifen (T ml} m(cim\typm;r( sterone acelale (M!’/\) and 8.C l-
cyclicAMP ‘(H(,l), were administered sepaaiely and in combination to normal adule mice in order to record their
olfects on uterus weight, on estrous cyele, and on two estropen reeeptor (ER) and propesterone reeeptor (I'gl)
parameters, namely content and nueleo-cytoplasm distibution. Tam decreased uterus weight (497%) and toal FR
content (118 =+ 6 vs 328 = 20 fmol/ing protein in controls) bait inereased toral PpR (1183 + 230 vs 743 * 52
fmolfing protein in contiols) and nuclear retention of ER and TgR. MPA down-regulated TgR content and
incrensed uterus weight (36%), but failed to modify ER and PR nuclear ictention. The only parameter chanped
by 8CI was nucleo-cytoplasm PpR distribution. Tam 4 MPA association produced the same results as Tam alone
for R and PR nuclear retention, but receptor content was not sigmificantly different from that of controls. Both
diups, administered separately, had opposite effects en Pell cantent; when both were acting concurrently, an
alpehinic addition of effectz was observed, as il both tanscription cirenits were triggered independently.
Remaining Tam effects, not modified by o combination with MPPA, indicated the predominance of Tam on the
corresponding parameters. When Tam and 8CI were administered together, 8CI counteracied the effect of Tam
only on PR content. When associnted with MIA, 8CI changed the effects of MPA on ER and PeR nuclear
retention, wherens on receptor content, only that of ER was increased (502 % 47 vs 328 * 20 fmol/mp protein
in controls). These crossed effects indicate that interrelations hetween different transduction pathways can affeet N
cettain functional cirenits while sparing others. The possibility of acting pharmacologically upon different
transcription pathways represents a novel approach to modify drug effects directed to specific transduction tarpets
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The purpose of this study was 1o analyze the effecis of three
drugs useel ns antitumoral agents i expeiimental and
humﬂn maminaiy fumors upon the ;mrm:ll mouse uteris as
a target tissue of steroid hormones. The drugs chosen for
this study were Tamt, MPA, and 8CL Tam is widely nsed
in mammary ncoplasins and was regarded initially as an
antiestrogen, although it also presents estrogenic action
depending on dose, cell type, and species [1, 2]. Tt hinds 10
ERs and by this mechanism competes with the natural
ligand (estradiol) for the same receplor mole cile. MP'Ais a
progesterone i og and, as such, it hinds ro PgRs. Teis used
in mammary cancer ta counteract estrogen action [3]. 8CI
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is a cAMI analog showing prefetential binding to the RIl
regulatory subunit of PKA 4], Its antitumoral action is
attributed 1o sich binding and subsequent stimulation of
cellular differentiation and also to cell cycle progression
blockade by 8-Cl-adenosine, ane of its metibolites [5].
Cross-talk hetween proteins of cAMP and steroid receptor
pathways is one of the regulatory mechanisms underlyinjz
cellular multiplication in hormone-sensitive tissues |6].
As regards murine mammary tuimors previously induced
by MPA [7] and studied in our laboratory, MPA and 8Cl
showed diverse effects on tumor growth and on ER and 'R
content n(‘.Cnrding to the type of tumoral hormone 'l!t‘l‘lt’n—
dence [6, 8). MP'A accelerated Tumor growth in the hor-
mone-dependent subline but filed to madify the rate of
tumor development of hormone-autonomous tumots. Con-
currently, MPA produced changes in ER isoform profiles in
such hormohe-dutonomous tumors but not in hormone-
dependent ones; ER content was not affected in the
autonomous subline but was raised markedly in the hor-
mone-dependent tumors 8], 8Cl decrensed TR and ek
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content in the autonomous subline but increased rhe ER
level withaut lnu(_fifying PeR content in the dependent one
[6]. In addition, 8CI showed an opposite effect on tumor
g!'nwl_h, which was inhibited in the hormone -antonomons
subline but stimulated in hormone dependent tumors. Si-
multancous administration of MPA and 8C| resulied
suppression of the inhibitory 8Cl effect on tumor growth in
the autonomous tumor subline, whereas in the hormone-
dependent tuimors, growth was additive, as if each of the
involved transduction pathways were acting separmcely [6].
These contrasting effects were attributed to the different
molecular configuration of each signaling circuit member
according to the tumor hormone dependence. Therefore,
cross-talk between these components was allected diversely
by the corresponding drugs.

It was of interest to record the effects of these drugs, vsed
separately and in combination, on Sl'l‘l'),li(] receptor content
and nucleo-cytoplasm location in the' uterus of the same
strain of mice devoid of tumors. Tam was included as 2 drug
acting competitively with estrogenp” Elfccts on uterus
weight as well as on estrous cycle wdpe also recorded.

MATEIRMALS AND METHODS
Adule syngeneic female BALB/c mice, 50- to 60-days-old,

were used, and animal care followed institutional guide-
lines. The control group (N =
treatment, and six cxpt_mnr.nlrll groups (N = 0 for each

= 6 animals) was withour

group) were mi\jm‘lml 1o the following protocols: (1) Tam
administered s.c., 7 mglkg in olive oil, once weekly; (2)
MPA, ina 20 mg depot, administeréd s.c. for slow relense
during the experimental periad; (3) BCHL in a slow release
3 mgs.c. pellet, every 10 days; (4) Tam -+ MPA; (5) Tam
8Cl; and (6) MIPA + 8CL. For the latter three combined
treatments, each compound was given at the same dosape
and vehicle as for its separate administration. Tam and
MPA were supplicd by Gador Laboratories; 8CI was pro-
vided hy Dr. Y. S. Cho-Chung, National Cancer Institure.
Estrous cycle was controlled daily by vaginal smears. Afier
30 day: “reatment, uteri were removed, cleaned, weighed,
and processed at 0-4°. Animals with cycling ovaries were
killed ar (llc‘fﬁ'ﬁ*‘f issue homogenization was performed
with a bulfer cnnl.nnmg Tris, 10 mM; EDYTA, 1.5 mM;
B-mercaptoethanol, 2 mM; sodium molybdate, 10 mM;
glycerol, 10%, wfv; pl1 7.4, ER and PR were determined in
the cytosol and in the nuclear fraction as previously
described [8]. Bricfly, cytosel aliguots obtained by high
specd centrifugation of the homogenate were incubated for
18-20 hr ar 4° with 10 nM |‘11||7B—(.':‘|r:1t|in[ or with
['HIR5020 for total binding and with a 2 £M concentra-
tion of unlabeled ligand for nonspecific binding. Free ligand
was adsorhed with a dextran-coated charcoal suspension.
Nuclear fraction, obtained afier a 10-min centrifugation of
the homawenate at 900 X g, was washed three times with
molyhdate buffer, and the residue was incubated as stated
for cytosol. Aliquors of the adsorbed cytosol and suspension

of the washed nuclear pc"ci were used for rn{li(mctivily
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FIG. 1. Effects of Tam, MPA, and 8CI, used scparately and in

comlmnlmn. upon mouse uterus weight. Values are means +

SD (N = 6). Key: (*)I < 0.05¢ and (**)P < 0.01 (vs control).

counting. For the purpose of receptor subcellular diseribu-
tion, the term cytosol expresses their cytoplasmic localiza-
tion.

Statistical analysis

Data are given as means * SD. Significance was calculated
by one-way ANOVA and by the Neuman-Keuls test.

RESULTS
Weight

The drugs employed in this study acted diversely on uterus
weight (Fig. 1). Tam decreased uterus weight from 115 +
1M mg in controls to 63 = 11 mg. The latter value
apparently represents the miinimal weipht also reached
when Tam was associated with the other drugs. MPA
administered scparately increased uterus weight 36% (P <
0.05), but 8Cl per se failed to affect this parameter. When
MPA and 8Cl were cninlnnc(l the effect of MPA was

(lll[l'lll'l'“'ll o

Quarian Cycle

Administration of Tam induced petmanent diestrus in the
aninals and MPA, permanent ietacstris: 8Cl altered
periodicity in the estrotis cycle. The effects of Tam and
MPA were dominaht when associated with 8CL. A combi-
nation of Tani and MPA resilted in permanent diesirus, as
with Tam alone.



s of Three Amtitnmoral Pvops on Bonse Uhierus

500
IER
400 - 1
I |
300 -

fmol / mg protein
X]
[=]
=1
|

8

] 7 O N e O 1 i 2
Control Tam  MPA  RCH MPA s'(?i M‘W\
+
Tam Tam RCl

0O cCyrosou B NUCLEUS

FIG. 2. Lffects of Tam, MPA, and 8Cl, uscd separately and in
combination, wpon content and subcellular distribution of
mouse uterine EI. Values are means = S (N = 6). Key:
(*)P < 0.05; and (**)I* < 0.01 (vs control).

ER

With respect to ER content, the mean contiol value in
untreated animals was 328 % 20 finolfmg cytosol protein,
with mihimal_ptesence (20 * 7 finol/ing protein) in the
nuclear fraction.. Tam markedly reduced FR content 1o
118 * 6 fmol/ing protein and induced its nuclear retention
(95% of total content, Fig. 2). MPA and 8CI, which
separately failed to modify ER content, acted differently
when given together with Tam. MPA counteracted the
ihhibitory effect of Tam, and ER content was kept at
control values. 8Cl associated with Tam failed to change
the inhibitory action of the latter on ER content. Nuclear
retention of ER by Tam alone remained unchanged by
simultaneous administiation of MPA or 8CL Dy combining
MPA and 8Cl, an increase in ER content (502 =+ 47
fmol/mg protein) was observed, and a moderate nuclear
retention of the receptor molecule was recorded. However,
no such lmclc:ll retention was observed with (‘lﬁher (!lup

(Fig. 2).

PeR o
The PgR presence in control mouse uterus was fmmd in lhc
cytosolic fraction alone (743 * 52 !'mnl!mg protéin). MPA |
down-regulated PgR expression (284 =+
tein) without modifying the cytosolic receptor location
(Fig. 3). On the contrary, Tam, showing an estrogen- like
effect 9], increased PgR content (1183 X 230 fmol/mp
protein) and 31% of the receptor was retained in the
nucleus (P < 0.01). 8CI failed 1o modify PgR content but
induced 34% of nuclear retention (P < 0.05), as that
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FIG. 3. Lffeets of Tam, MPA, and 8Cl, riscd separately and in
combination, upon content and subcellular distribution of
mouse utecine PgR. Values are means & SI) (N = 6). Key:
(") < 0.05: and (**)P < 0.01 (vs control).

produced by Tam. When hoth drugs, Tam and 8Cl, were
combined, PgR content remained at control levels and-
nuclear retention was similar to that produced by each drug
separately. A combination of MPA with 8Cl showed that
the effects of MPA were dominant with respect to down-
regulation of PgR content, but not to nuclear retention
(39%), which was not significantly different from that
produced by 8Cl alone.

Table 1 summarizes data in a semiquantitative way, to
provide a global profile of the observed drug effects upon
uterine parameters related to their steroid hormone sensi-
rivity.

DISCUSSION

Interrelations betweei transcriptional circuits acting upon
the expression of a given protein are affected by the use of
drugs directed to one of those transduction routes [10]. As
a result, unexpected effects on the expression of genes
forcign to the pharmacological target may be observed.
Crosé-talk between transcription factors of different bio-

chemical pathways [U1, 12], |)1msphuryhlmn[dcplm-.plmry-
latioh of these proteins [13], changes in their isoform profile
“8, 14], and binding to the corresponding DNA tesponse
“elements [15] are some of the mechanisms underlying the

affecied transcriptional interrelations. The use of a single
drug shows its effects on the expression of the selected
paramneters, while the addition of a secohd agent acting
preferentially on a different transduction pathway should
indicate which of those parameters are affected, as an
expression of interactions between both routes. If the






