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Abstract. Protein phosphorylation on certain serine or threonine residues preceding proline (Ser/Thr-
Pro) is a pivotal signaling mechanism in diverse cellular processes.  Pin1 is a highly conserved enzyme
that isomerizes only the phosphorylated Ser/Thr-Pro bonds in certain proteins, thereby inducing
conformational changes.  Although much protein is phosphorylated in the ovary, the role of Pin1 in
the ovary is still unknown.  The purpose of this study is to investigate the effects of gonadotropins on
protein and mRNA expression of Pin1 in mice ovaries.  Quantitative PCR analysis showed that the
expression of Pin1 mRNA significantly increased in the ovaries of equine chorionic gonadotropin
(eCG)-treated mice compared with those of untreated mice (P<0.05).  However, human chorionic
gonadotropin (hCG) attenuated the expression of Pin1 mRNA increased by eCG.  The protein level of
Pin1 showed the same tendency as the expression of mRNA.  The mRNA expression of E2F
transcription factor, which controlled the expression of Pin1, was significantly decreased in the eCG-
treated ovaries compared with the controls (P<0.05).  These observations suggest that gonadotropins
may regulate the expression of Pin1 without E2F transcription factor, indicating that Pin1 might be an
important factor for protein signal transduction during follicular development.
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peptidyl-prolyl isomerase, Pin1, catalyses the
cis-trans isomerization of phosphorylated

s e r i ne / t h re o n i n e - p ro l i ne  b o n d s  i n
phosphoproteins, thereby altering conformation
leading to a change in protein stability or function
[1–3].  For the gonad, Pin1 is highly expressed in the
testis, and Pin-null mice develop age-dependent
testicular atrophy and fertility defects [4].  Recent
analyses confirmed the crucial role of Pin1 in
maintaining spermatogonia in the adult testis [5]
and revealed the importance of this enzyme in the

proliferation of primordial germ cells during
embryonic development [6].  In contrast, very few
follicles were observed in the ovaries of Pin1-null
mice [6].

The growth of ovarian follicles and ovulation are
complex processes that involve dramatic changes
in granulosa cell function.  These changes are
sequential and are dictated by specific, tightly
regulated responses to gonadotropins, steroids,
and growth factors [7–9].  One of the most dramatic
changes in granulosa cell function is the rapid
switch from the high proliferation stage that
characterizes the granulosa cells of preovulatory
follicles to the nonproliferative, terminally
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differentiated phase of luteal cells.  Cell cycle
progression and proliferation are controlled by the
balance of positive and negative regulators
converging on cell cycle kinase cascades [10–12].
Pin1 was originally identified by its ability to
physically and functionally interact with a mitotic
kinase [13].  A study using various model systems
showed that manipulating Pin1 function affects
progression of the cell cycle [1].  Furthermore, Pin1
directly interacts with regulators of the cell cycle.
Although gonadotropins activate the cell cycle of
granulosa cells, it is still unknown whether
gonadotropins regulate Pin1 expression during
follicular development in the ovary.

The cell cycle is regulated by a complex system of
kinases and transcription factors, which are
substrates for the kinases.  This system is subject to
very precise control.  One of the most important
factor families in this system is the E2F-family.
Pin1 expression is induced by growth signals
through E2F transcription factors, with protein
levels fluctuating during the cell cycle in normal,
but not cancerous, cells [14–16].  The aim of this
study was to investigate the involvement of Pin1
and E2F during fol l icular  development in
gonadotropin-treated immature female mice.

Materials and Methods

Animals and treatment
Immature female ICR mice were treated

according to the experimental protocols described
below.  On day 21 post partum, the animals were
i .p  administered 5  IU of  equine chorionic
gonadotropin (eCG, Teikoku Zohki Pharmaceutical
C o . ,  T o k yo ,  J a p a n )  t o  p r o m o t e  f o l l i c u l a r
de v e l o p me n t ,  f o l l o we d  4 8  h rs  l a t e r  b y
administration of 5 IU of hCG (Sankyo Co., Ltd.,
Tokyo, Japan).  Ovaries were removed 0 (with full
grown follicles) and 6 (preovulatory follicles) hours
after hCG treatment, and were obtained on day 23
in the control mice without hormone injection.

  RNA extraction, reverse transcription, and real-time 
PCR

The ovaries collected from the treated and
untreated mice were put into RNase-free tubes,
immediately frozen in liquid nitrogen and stored at
–80 C until total RNA extraction.  Total RNA was
extracted using Trizol reagent (Life Technologies,

Tokyo, Japan) following the method provided by
the manufacturer and was quantified using an
u l t ra v i o l e t  (U V ) -v i s ib l e  re c o rd in g
s p e c t r o p h o t o m e t e r  ( U V -1 6 0 ;  S h i m a d z u
Corporation, Tokyo, Japan).  Total RNA was stored
at –20 C until  cDNA synthesis.   For cDNA
synthesis, 1 µg of total RNA from each sample and
1 µl of oligo (deoxythymidine)12–18 primers (0.5 µg/
µl) were diluted to a final volume of 8 µl in DEPC-
treated water, and heated at 65 C for 5 min to
denature the higher-order structure of the RNA.
Then, 4 µl of 5 × RT buffer, 1 µl of RNAguardTM

RNase inhibitor (Amersham Biosciences Corp.,
USA), 4 µl of 2.5 mM dNTPs mix, and 2 µl of 0.1 M
DTT were added to each mixture.  After pre-
incubation at 42 C for 5 min, 1 µl of Superscript II
reverse transcriptase (Invitrogen USA) was added.
The mixtures were incubated at 42 C for 50 min to
synthesize cDNA and then heated at 70 C for 15
min to stop cDNA synthesis and to ferminate
deoxyribonuclease activity.  The product was
diluted to a final volume of 80 µl with sterilized-
distilled water and stored at –20 C until PCR
analysis.  Quantitative PCR was performed using
the LightCycler Detection System (Roche) and
SYBR Green interaction dye.  PCR was performed
using the following primers: Pin1, 5’-GGA GAG
GAA GAC TTT GAA TCT CTG G-3’ and 5’-TGG
TTT CTG CAT CTG ACC TCT G-3’; E2F, 5’-CTA
CAA CAG ACT GAG GAC CAG TTC C-3’ and 5’-
TCC ATG CCC CAC AGG TAT TC-3’ ;  and
GAPDH, 5’-CTT TGT CAA GCT CAT TTC CTG
GTA T-3’ and 5’-TCC AGG GTT TCT TAC TCC
TTG G-3’.  The PCR conditions were 2 min at 95 C,
followed by 40 cycles of 30 s at 95 C, 30 s at 58 C,
and 45 s at 72 C.  The amount of product at each
step was monitored in real time.

Western blot analysis
The ovary tissues were lysed in SDS sample

buffer (62.5 mM Tris-HCl, pH 6.8, 2% SDS, and 10%
glycerol) without bromophenol blue and 2-
mercaptoethanol, and sonicated for 10 sec.  The
resulting lysates were cleared by centrifugation at
15 ,000  rpm for  10  min.   After  the  prote in
concentration was determined by BCA kit (Pierce,
Rockford, IL),  5% 2-mercaptoethanol (final
concentration) was added.  Aliquots of 20 µg cell
lysate were heated at 95 C for 5 min and subjected
to 15% SDS-PAGE.  The proteins were transferred
to a PVDF Membrane (BIORAD).  The membrane
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was blocked in TBST (20 mM Tris-HCl, pH 7.4-
buffered saline, and 0.02% Tween 20) containing
3% non-fat dry milk for 1 h at room temperature
and incubated overnight at 4 C with anti-Pin1
antibody (1:2000 dilution, Calbiochem) or anti-
tubulin antibody (1:2000 dilution, Sigma).  After
washing 3 times with TBST, the membrane was
incubated with anti-mouse IgG conjugated with
horseradish peroxidase (1:5000 dilution, Sigma).
Signals were visualized using an ECL system
( A m e r s h a m  B i o s c i e n ce )  a c c o rd i n g  t o  t h e
manufacturer’s protocol.  Densitometric analysis
was performed using a LAS-3000 Image Analyzer
(FujiFilm, Tokyo, Japan).

Statistical analysis
All data are presented as means ± S.E.M.

Expression of Pin1 and E2F among the controls,

eCG alone, and eCG plus hCG groups was
analyzed by ANOVA, followed by the Fisher’s LSD
test as a multiple comparison test.  Differences were
considered significant at P<0.05 or less.

Results

Expression of Pin1 mRNA was significantly
increased (P<0.05) in the eCG-treated ovaries
compared with the control ovaries but decreased to
the same level as the controls when hCG was added
in addition to eCG (Fig. 1A).  The protein level of
Pin1 showed the same tendency as the expression
of mRNA (Fig. 1B).  Pin1 expression is induced by
growth signals through E2F transcription factor.
E2F mRNA levels decreased in the eCG-treated
ovaries compared with the controls.  However,
treatment with hCG resulted in the expression of
E2F mRNA recovering to the same level as the
controls (Fig. 2).

Discussion

 Our data is the first evidence to demonstrate that
eCG increases the level of Pin1 mRNA and protein,
and that hCG attenuates the increased level in mice
ovaries.  In addition, the mRNA level of E2F, which
regulates Pin1 expression, decreased in the eCG-
treated mice ovaries and recovered to the same
level as the controls as a result of treatment with
hCG.

Pin1 directly interacts with regulators of the cell

Fig. 1. Expression of Pin1 mRNA (A) and protein (B) in the
eCG and hCG treated-mice ovaries. Different
superscripts denote significantly different values
(P<0.05).  Data are represented as means ± SEM.
Significant differences were analyzed by ANOVA
followed by the Fisher’s LSD test as a multiple
comparison test.

Fig. 2. Expression of E2F mRNA in the eCG and hCG
treated-mice ovaries. Different superscripts denote
significantly different values (P<0.05).  Data are
represented as means ± SEM. Significant differences
were analyzed by ANOVA followed by the Fisher’s
LSD test as a multiple comparison test.
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cycle, especially a large number of mitosis-specific
phosphoproteins [17].  Activated Cdc2 and MAPK
phosphorylate a large number of proteins [18, 19].
Many proteins phosphorylated by Cdc2 and MAPK
are Pin1 substrates, and are distributed in different
mitotic structures [20–22].  Pin1 deletion leads to
mitotic catastrophe [13, 23].  As folliculogenesis
proceeds to the preantral and preovulatory stages,
g r a n u l o s a  c e l l s  b e c o m e  r e s p o n s iv e  t o
gonadotropins, produce steroid and peptide
factors, and undergo a transient phase of rapid cell
proliferation [24, 25].  FSH promotes activation of
the p42/p44 MAPK/extracellular signal-regulated
kinase (ERK) pathway [26] and activates the p38
MAPK pathway [27].  The present study indicates
that the levels of protein and mRNA of Pin1
increased in the eCG-treated ovaries, suggesting
that Pin1 may be controlled by the proteins that are
phosphorylated by the MAPK pathway during
follicular development.  In contrast, hCG inhibited
the Pin1 expression induced by eCG.  Since
granulosa cell division ends abruptly at the LH
surge [25], the decreased expression of Pin1 mRNA
and protein may indicate the stop of the follicular
growth in eCG-treated ovaries.

Pin1 expression is induced by growth signals

through E2F transcription factors [14–16].  The
present study demonstrated that the level of E2F
mRNA decreased in the eCG-treated ovaries,
indicating that expression of Pin1 did not parallel
expression of E2F.  The transcriptional activity
known as E2F comprises several members (E2F and
DP protein members) that, in various heterodimeric
configurations, bind DNA and regulate the
expression of a multitude of genes involved in
many aspects of cell growth and proliferation [28,
29].  E2F components regulate transcription of their
target genes when bound to their promoters as
dimers with a DP protein.  E2F family members can
be functionally grouped into activators (E2F1, E2F2,
and E2F3a) or repressors (E2F3b, E2F4, E2F5, E2F6,
and E2F7) of transcription.  A detailed experiment
at the cell level is necessary to determine the
relationship between gonadotropins and E2F
family members.

In conclusion, the results from this study provide
the first evidence that expression of Pin1 is
regulated in the ovary by gonadotropins and that
t h e  e x p r e s s i o n  i s  n o t  c o n t r o l l e d  b y  E 2 F
transcription factor.  In the future, it will be
interesting to examine how Pin1 expression is
regulated in the ovary.
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