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(Martin et al., 1973; Quarmby & Korach, 1984).

INTRODUCTION These hormonal actions are mediated by E re-

ceptors. Hormone-occupied E receptor modula-

Estrogen (E) stimulates cell proliferation and tes the transcription of target genes by binding
differentiation in the female reproductive tract to their E responsive elements (Lannigan &
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Notides, 1989). Recent studies demonstrated
that E treatment induces immediate and tran-
sient activation of a number of nuclear pro-
tooncogenes in the rodent uterus (Murphy et
al., 1987; Kirkland et al., 1992; Webb et al.,
1993). Nuclear protooncogenes may play ma-
jor roles in cell cycle regulation and transfor-
mation of normal cells (Hesketh, 1994). The
c-Jun proteins are capable of forming dimers,
AP-1, with other Jun family proteins, Jun-B
and Jun-D and with Fos family proteins, c-Fos,
Fos-B, Fra-1, and Fra-2 (Hai & Curran, 1991).
The AP-1 regulates the transcription of variety
of genes both positively and negatively by
binding AP-1 sites and cAMP responsive ele-
ments (Ryseck & Bravo, 1991). Alteration of
these gene expressions may trigger the proli-
feration and differentiation of uterine cells by
modulating other delayed early genes and even
late genes.

The mammalian uterus morphologically and
functionally changed during estrous cycle.
These changes are regulated by steroid hor-
mones, which are modulated via hypothalamus-
pituitary- gonad reproductive endocrine axis.
Although there were so many studies about es-
trogenic regulation of uterine growth and dif-
ferentiation, a few rather complicated studies
have been reported concerning c-fos and c-jun
gene expression. Therefore, employing North-
ern blot analysis, we carried out a study to de-
monstrate the temporal expressions of c-fos and
c-jun mRNA after E-treatment in the uterus of
ovariectomized adult rat.

In the recent report, a particular heat shock
proteins (hsp), hsp27, which in human tissues
was highly expressed in E target organs of the
female reproductive tract, and the biological
and clinical significance of this protein has
been reviewed elsewhere (Ciocca et al., 1993).
Thus changes of hsp25, the counter part of hu-
man hsp27 in the rat, mRNA levels were also
examined after E-treatment in the present study.

MATERIALS AND METHODS
Animals and tissue preparation

Female Sprague-Dawley rats (weighing 230~
250 g) were housed in temperature-controlled
conditions under a 14 h light and 10 h dark
photocycle (light on at 06:00 h) with food and
water supplied ad libitum. Rats bilaterally ovar-
iectomized (OVX) under light ether anesthesia
and two weeks later, these OVX rats were used
the following experiments.

Experiment 1. To elucidate the time-course
effect of E treatment on c-fos, c-jun, and hsp25
mRNA levels, a single injection of E (10 pg/
0.1 ml in sesame oil) was given s.c. to OVX
rats at 10:00 h in the morning and sacrificed
by decapitation at 0, 1, 3, 6, 12, and 24 h after
the injection. Uteri were immediately dissected
and kept in 70°C until use.

Experiment 2. To determine whether anta-
gonist of E is able to counteract the action of
E on the changes in c-fos, c-jun, and hsp25
mRNA levels, we used tamoxifen (ICI Phar-
maceuticals, UK). Tamoxifen is non-steroidal
antiestrogen known to inhibit the binding of E
to its receptor in target tissues and thus pre-
venting its estrogenic action (Black & Goode,
1980; Lee et al., 1990). Animals were admini-
stered with E (10 ug/0.1 ml) alone or 2 h pri-
or treatment with tamoxifen (20 pg/0.1 ml).
Tamoxifen was initially dissolved in absolute
ethanol and diluted with distilled water when
injected into the animals. Animals were sacrifi-
ced 3 h after E injection. When this time, c-fos,
c-jun, and hsp25 mRNA levels were peaked in
our study (Fig. 1-3).

Total RNA isolation

Total cytoplasmic RNA was extracted from
uterine tissues by an acid guanidinium thio-
cyanate-phenol-chloroform method (Chomczy-
nski and Sacchi, 1987). Briefly, two uterine tis-
sues (from 1 rat) were homogenized in 600 pl
of denaturing solution containing 4 M guan-
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idinium thiocyanate, 25 mM sodium citrate
(pH 7), 0.5% N-lauroyl sarcosine and 0.1 M
2-mercaptoethanol. Sixty pl of 2 M sodium
acetate (pH 4), 600 pl of water-saturated phe-
nol, and 120 pl of chloroform-isoamyl alcohol
mixture (49:1) were added. After cooling on
ice for 15 min, samples were centrifuged at
10,000 xg at 4°C for 20 min and precipitated
with ethanol. After washing with 75% ethanol,
the RNA pellet was dried under vacuum and
dissolved in 20 pl of sterilized distilled water.
RNA content was then quantified at Au absor-
bance. The optical density (OD) ratio of Ay
to Agg ranged between 1.8 to 2.0.

Northern blot analysis

Samples of uterus total RNA (20 pg) were
dissolved in distilled water and denatured in
50% formamide, 6.2% formaldehyde, 20 mM
MOPS (3-[N-morpholine]-propanesulfonic acid),
5 mM sodium acetate, and 1 mM EDTA at
60C for 5 min. Electrophoresis was perfor-
med at 100 V for 1.5 h in a submarine 1.2%
agarose gel. After RNA was transferred to a
Nytran membrane (pore size: 0.45 um, Schle-
icher & Schuell) for 18 h by diffusion blotting,
the membrane was dried and baked at 80°C
for 2 h. Prehybridization was carried out at
427 for 2 h in a heat-sealable plastic bag
(Kapak) with hybridization buffer consisting
of 50% deionized formamide, 5x SSPE, 5x
Denhardt's solution (1x Denhardt's solution:
0.02% polyvinylpyrrolidone, 0.02% ficoll, and
0.02% BSA), 0.1% SDS, and 2 mg of heat-
denatured salmon sperm DNA. After addition
of each *P-labeled c-fos, c-jun, and hsp25
c¢DNA probe as made by the random hexamer
extension method (Feinberg and Vogelstein,
1984), hybridization was performed at 42T
for 20 hr. The Nytran membrane was washed
twice with 2x SSC and 0.1% SDS at room
temperature for 20 min, followed by the second
washing with 0.07x SSC, 0.5% SDS, and 5
mM EDTA (pH 8) at 427 for 10 min for
three times. The membrane was then dried and
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exposed to X-ray film (Fuji) at -707C for 2
days. The same membrane was then rehybri-
dized with 185 cDNA probe under the same
conditions.

Data analysis

The amount of RNA applied to the gel was
normalized by 18S rRNA control valus. The
hybridization signals were determined by scan-
ning the appropriately exposed autoradiogram
with densitometry (Hofer Scientific Ins.), and
c-fos, c-jun, and hsp25 mRNA levels were ex-
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Fig. 1. Time course changes of E-induced c-fos
mRNA levels in the uterine tissues of OVX rats.
Upper panel shows representative autoradiograms of
c-fos mRNA by Northern blot hybridization. A single
injection of E (10 pg/rat) or vehicle was administered
and animals were sacrificed at 0, 1, 3, 6, 12, and 24
h after E administration. Total RNA (20 pg/lane)
was isolated from uterine tissues, electrophoresed on
1.2% agarose denaturing gels, blotted on the nylon
membranes, and hybridized with c-fos cDNA probes.
Lower panel shows autoradiograms quantitated by
densitometric scanning and the data are expressed as
arbitrary units (set to 1 at 0 h). Error bar represented
the mean +SEM. Values are significantly different
from control values at p<0.01 ("") and p<0.05 (7).
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Fig. 2. Time course changes of E-induced c-jun
mRNA levels in the uterine tissues of OVX rats.
Upper panel shows representative autoradiograms of
¢-jun mRNA by Northern blot hybridization. Lower
panel shows autoradiograms quantitated by densito-
metric scanning and the data are expressed as arbi-
trary units (set to 1 at 0 h). Error bar represented
the mean = SEM. Values are significantly different
from control values at p<0.01 (**) and p<0.05 (*).

pressed as arbitrary unit. Experiments with
multiple RNA samples were replicated inde-
pendently 3 or 4 times. Data expressed as the
mean + SEM were analysed by one-way anal-
ysis of variance (ANOVA), followed by Fis-
her's least significance difference test for post
hoc comparison with p<0.05 required for a sta-
tistical significance.

RESULTS

Changes in c-fos, c-jun, and hsp25 mRNA
levels in the uterine tissues of OVX rats
after single injection of E

One of the important actions of E in the
mammalian reproductive tissue is to stimulate
proliferation of uterine cells (Martin et al.,
1976). These actions of E primarily appear
through activation of protooncogenes. In the
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Fig. 3. Time course changes of E-induced hsp25
mRNA levels in the uterine tissues of OVX rats.
Upper panel shows representative autoradiograms of
hsp25 mRNA by Northern blot hybridization. Lower
panel shows autoradiograms quantitated by densito-
metric scanning and the data are expressed as arbi-
trary units (set to 1 at O h). Error bar represented the
mean +SEM. Values are significantly different from
control values at p<0.01 (**) and p<0.05 (*).

present study, a single injection of E (10 ug/
rat) or vehicle was subcutaneously administered
and uterine tissues were isolated at 0, 1, 3, 6,
12, and 24 h after E treatment. Time course
changes of c-fos (Fig. 1), cjun (Fig. 2), and
hsp25 (Fig. 3) mRNA levels were monitored
by Northern blot analysis. In the control group
(vehicle treated), there were no significant cha-
nges in c-fos, c-jun, and hsp25 mRNA levels
at any time points. On the other hand, in the
E-treated group, c-fos, c-jun, and hsp25 mRNA
levels peaked at 3 h and c-fos and c-jun
mRNA levels rapidly declined to the basal lev-
els at 6 h while, hsp25 mRNA level was sus-
tained until 12 h after E injection.

Effects of tamoxifen, a E antagonist, on
the changes in c-fos, and hsp25
mRNA Jevels

c-jun,

The biological action of E is mediated by its
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Fig. 4. Effect of antiestrogen (Tamoxifen) on E-
induced c-fos gene expression in the uterine tissues
of OVX rats. Upper panel shows the representative
autoradiograms of c-fos mRNAs. OVX rats were ad-
ministered with vehicle, E (10 pg/rat), or tamoxifen
(20 pg/rat) with or without E. Animals were sacri-
ficed 3 h after E injection. Lower panel shows au-
toradiograms quantitated by densitometric scanning
and the data are expressed as arbitrary units (set to 1
at CTL). Error bar represented the mean +SEM.
Values are significantly different from control values
at p<0.01 (*), and significantly different from E-trea-
ted group at p<0.0 (+).

specific high affinity receptor in target cells,
and anti-E are known to inhibit its action by
interfering with receptor dimerization and/or
receptor-DNA binding (Dauvios et al., 1993;
Fawell et al., 1990). We examined the effect
of anti-E, such as tamoxifen, on E-induced c-
fos (Fig. 4), c-jun (Fig. 5), and hsp25 (Fig. 6)
gene expression. OVX rats were administered

-153 -

Tam + E

£
=
[
=]
(3

Tam

c-jun

18S

%*
=3 J_‘
2
<<
zZ 2>
¥ e 2
ES +
ST
20
o§1_
£
0
N
& & v
& &
o A

Fig. 5. Effect of antiestrogen (Tamoxifen) on E-
induced c-jun gene expression in the uterine tissues
of OVX rats. Upper panel shows the representative
autoradiograms of c-jun mRNAs. Lower panel shows
autoradiograms quantitated by densitometric scanning
and the data are expressed as arbitrary units (set to 1
at CTL). Error bar represented the mean +SEM.
Values are significantly different from control values
at p<0.01 ("), and significantly different from E-
treated group at p<0.05 (+).

i.p. with tamoxifen (20 pg/rat in 0.9% saline)
with or without s.c. E (10 mg/rat). C-fos, c-jun,
and hsp25 mRNA levels were examined in the
uterine tissues 3 h after E treatment (5 h after
tamoxifen treatment). Treatment with tamox-
ifen alone failed to alter c-fos, c-jun, and hsp25
mRNA levels. However, when tamoxifen was
co-administered with E, E-induced increases of
c-fos, c-jun, and hsp25 mRNA levels were ef-
fectively blocked (p<0.0S, n=3). These results
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Fig. 6. Effect of antiestrogen (Tamoxifen) on E-
induced hsp25 gene expression in the uterine tissues
of OVX rats. Upper panel shows the representative
autoradiograms of hsp25 mRNAs. Lower panel
shows autoradiograms quantitated by densitometric
scanning and the data are expressed as arbitrary un-
its (set to 1 at CTL). Error bar represented the
mean +SEM. Values are significantly different
from control values at p<0.01 (*), and significantly
different from E-treated group at p<0.05 (+).

indicate that E-induced increase of c-fos, c-jun,
and hsp25 mRNA levels are specific and medi-
ated by E receptor.

DISCUSSION

The ovarian steroid bormones E and pro-
gesterone (P) are the primary uterotropic hor-
mones, and their effects are reflected by the cy-
clic patterns of uterine cell proliferation, vas-

cular growth, and blood flow that occur thro-
ughout the nonpregnant cycle (Johnson ef al.,
1997). These uterotropic effects of the ovarian
steroids are thought to serve primarily to pre-
pare the uterus for implantation and subsequ-
ent placentation (Reynolds & Redmer, 1995).
However, the action mechanism of steroid hor-
mones has not been fully understood.
Treatment of OVX animals with E stimu-
lates uterine growth and cell proliferation
(Magness & Rosenfeld, 1989). As described in
results part, one of the important actions of E
in the mammalian reproductive tissue is to
stimulate proliferation of uterine cells (Martin
et al., 1976). The actions of E primarily ap-
pear through the activation of protooncogenes
in the uterine cells. However, there were few
studies conceming the precise temporal chan-
ges of protooncogenes after E treatment. In
the present study, a single injection of E into
OVX adult rats increased c-fos and c-jun
mRNA levels in the uterus within 1 h and
peaked at 3 h post E treatment (Fig. 1-2) and
rapidly declined to the basal levels at 6 h. Ra-
pid and transient estrogenic induction of c-fos
and c-jun mRNAs also reported employing
Northern blot analysis of RNA from the whole
uterus of immature rats (Bigsby & Li, 1994).
The present study confirmed that the expres-
sion of c-fos and c-jun transcript reaches a
peak at 3 h, and then rapidly decreases over
several hours in the uterine tissue following E
treatment. The rapid increases of protoon-
cogene thought to regulate the downstream
events following E treatment. Thus, E acts on
early regulatory genes that code for transcri-
ption factors required for the transcription of
late structural genes. These early genes respond
within minute to hour to steroids and enter the
nucleus to regulate, either positively or nega-
tively, transcription of the late genes encoding
the bulk of structural proteins and biosynthetic
enzymes that are involved more directly with
cell proliferation, preparing the cell for DNA
synthesis, and general cellular functions. How-
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ever, the requirement of protooncogenes for
cellular proliferation or their relation to dif-
ferentiation or death of uterine cells has not
been firmly established.

In the present study, we also investigated
the expression of hsp25 mRNA which was
highly expressed in E target organs of the fe-
male reproductive tract of human tissues fol-
lowing E treatment (Ciocca et al., 1993). As
shown in Figure 3, hsp25 mRNA levels rea-
ched in a peak at 3 h such as c-fos and c-jun,
but the elevated level was sustained until 12 h
after E treatment. It has been known that hsp
activation occurs in response to heat shock as
well as other environmental and pathophysio-
logical stress conditions. Moreover, diverse hsp
are expressed in normal unstressed cells. Hsp
family is known to involve in many cell func-
tions, act in various case as molecular cha-
perons (Georgopoulos & Welch, 1993), and
the transcription of the hsp25 gene is under re-
gulation both by heat shock element and by es-
trogen-responsive elements (Ciocca et al., 1993).
Although a clear role for hsp25 in repro-
ductive physiology has not been established at
present, our result demonstrates that hsp25
mRNA is expressed in uterine tissues and re-
gulated by E. The long-lasting expression of
hsp25 mRNA compare to the expression of c-
fos and c-jun mRNAs suggests that hsp25
may relate to the late effects of E in the uter-
ine tissues. It also presumable that hsp25 is
one of the downstream genes of protooncogene
in respond to E.

We also examined the effect of progesterone
(P) on the expression of c-fos, c-jun, and hsp25
mRNA from the E-primed animals (data not
shown). However, there were no significant
changes in the expression of these genes. Thus,
the concomitant effect of E and P needs fur-
ther evaluation.

In conclusion, E affects the uterine phy-
siology, at least in part, through the regulation

of c-fos and c-jun protooncogenes as well as
hsp25.

SUMMARY

Steroid hormone is known to cause the dy-
namic changes of mammalian uterus during
reproductive cycle, which are modulated via
hypothalamus-pituitary -gonad reproductive en-
docrine axis. Although there were so many stu-
dies about estrogenic regulation of uterine
growth and differentiation. There is little in-
formation about the effect of estrogen on the
expression of various transcription factors in-
volved in gene expression. Thus the present
study was designed to demonstrate E induced
expression of c-fos, c-jun, hsp25 mRNA in rat
uterus.

Employing Northern blot analysis, we stu-
died the temporal expressions of c-fos, c-jun,
and hsp25 messenger RNAs (mRNAs) elicited
by a single 17beta-estradiol (E) treatment in
the uteri of bilaterally ovariectomized adult rats.
c-fos, c-jun, and hsp25 mRNA levels were in-
creased and peaked at 3 h after E administra-
tion, and then c-fos and c-jun mRNA levels
were rapidly decreased to basal control level
while, increased hsp25 mRNA levels were sus-
tained till 12 h post E treatment. To test the es-
trogenic effect on the increase of c-fos, c-jun,
and hsp25 mRNA levels, we also examined
the effects of antiestrogen (tamoxifen). Pretrea-
tment with tamoxifen effectively blocked the
E-induced increase of c-fos, c-jun, and hsp25
mRNA levels at 3 h post E treatment. Present
results suggest that transient increase of c-fos
and c-jun protooncogene mRNA at the early
time and simultaneous expression of hsp25
mRNA contribute to the response of uterine
tissues to E in adult female rats.
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