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ABSTRACT : This study examined the expression of inhibitor of DNA-binding (Id) proteins and vascular endothelial
growth factor (VEGF) in the ovary according to female age using a mice model as the first step in investigating the

potential role of Ids and VEGF in ovarian aging. C57BL inbred female mice of three age groups (6—9, 14—16, and 23—26

weeks) were injected with 5 IU pregnant mare’s serum gonadotropin (PMSG) in order to synchronize the estrus cycle. After

48 h, ovarian expression of Ids and VEGF was analyzed by reverse transcriptase-polymerase chain reaction (RT-PCR),

western blot and immunohistochemistry. Ovarian apoptosis was examined by ovarian expression of Bcl-2 and Bcl-xL.

Expression of Id-1 and VEGF was decreased with advancing female age, but not Id-2, Id-3, and Id-4. In particular, their

expressions were significantly decreased in aged mice of 23—26 weeks compared with the young mice of 6—9 weeks (p

< 0.05). In contrast, ovarian apoptosis was greatly increased in the aged mice compared to the young mice. This result

suggests that Id-1 may have an implicated role in ovarian aging by associating with VEGF.
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INTRODUCTION

Inhibitor of DNA-binding (Id) proteins consist of four
isoforms (Id-1, Id-2, Id-3, and Id-4) that lack a basic
DNA-binding domain, form heterodimers and act as a
negative regulator of helix-loop-helix transcription factors
(Norton et al., 1998). Ids play an important role in cell
proliferation, differentiation and senescence (Norton &
Atherton, 1998; Alani et al., 1999). It has been recently
reported that Ids are expressed in steroidogenic cells of
the ovary of ovine and avian (Johnson et al., 2008, 2009;
Hogg et al., 2010). Upstream mediators of Id expression
include members of the transforming growth factor-beta
(TGF- 8) superfamily including bone morphogenetic proteins
(BMPs) (Korchynskyi & ten Dijke, 2002), which are in-
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volved in many processes governing follicle development
and oocyte maturation by differential regulation of steroido-
genesis in granulosa cells (Shimasaki et al., 1999; Miyoshi
et al., 2007). These results indicate that Ids may play a
significant role in folliculogenesis via differential regulation
by BMPs. However, little is known about the potential
role of Ids in ovarian aging.

Ovarian aging resulting from advancing female age is
an important factor contributing to an increasing incidence
of infertility, but remains a difficult problem in infertility
treatment. One of the main causes for age-related decline
of fertility is associated with deterioration of oocyte quality,
such as increased percentage of abnormal/degenerating oocytes
(Tarin et al., 2001), chromosomal aneuploidy (te Velde &
Peasron, 2002) and the injury of mitochondrial DNA (Keefe
et al., 1995; Thouas et al., 2005). However, a recent review
suggested a possible mechanism that age-related decline of
oocyte quality may occur as a result of inadequate ovarian

angiogenesis in primordial follicles as well as ovarian
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stroma vessels (Tatone et al., 2008).

Ovarian angiogenesis plays an important role in a series
of events of folliculogenesis such as follicular growth and
the selection of dominant follicle (Geva & jaffe, 2000).
Vascular endothelial growth factor (VEGF) plays a critical
role in angiogenesis. It has been known that the expre-
ssion of VEGF is controlled by Id-1 (Ling et al., 2005;
Kim et al., 2007; Maw et al., 2008). In this respect, Ids
may be critical targets for the regulation of ovarian angio-
genesis and folliculogenesis. Therefore, this study investi-
gated the expression of Ids and VEGF in the ovary
according to female age using a mice model as the first
step in understanding the potential role of Ids and VEGF

in ovarian aging.

METHODS

1. Animals

In all experiments, C57BL inbred female mice were
used and they were purchased from the Korea Experi-
mental Animal Center (Daegu, Korea). Mice were main-
tained on light-dark cycle, with light on at 5:00 AM and
off at 7:00 PM, and with food and water available ad
libitum. This study was approved by the Institutional Review
Board of Dong-A University Hospital.

2. Superovulation and collection of ovaries

Female mice of three age groups (6 -9, 14-16, and 23
—26 weeks) were injected intraperitoneally with S5IU
pregnant mare’s serum gonadotropin (PMSG; Sigma, St
Louis, MO, USA) in order to synchronize the estrus cycle.
Forty-eight hours after injection of PMSG, the mice were
sacrificed by cervical dislocation and ovaries were collected.
Ovarian expression of Ids and VEGF was examined by
reverse transcriptase-polymerase chain reaction (RT-PCR),
western blot and immunohistochemistry. Ovarian apoptosis
was examined by ovarian expression of anti-apoptotic
members, Bcl-2 and Bcl-xL by RT-PCR. Ten mice per
each age group were used in this study.

3. RNA preparation and RT-PCR

Total RNA were extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s pro-
tocol. Complementary DNA (cDNA) was synthesized from
5 pg of total RNA with AMV Reverse Transcriptase
(Promega, Madison, WI, USA) using a random hexamer
(Bioneer, Daegu, Korea) at 42°C for 1 h. Template cDNA
was subjected to PCR amplification using gene-specific
sense and antisense primers under the conditions shown in
Table 1. PCR products were visualized by electrophoresis
on 1.2% agarose gel. The PCR bands were quantified and
normalized relative to the control band with Image J
(version 1.35d, National Institutes of Health Image soft-
ware, Bethesada, MO, USA).

4. Western blot analysis

Proteins were extracted by mechanical homogenization
of ovaries in the presence of 200 pl ice-cold lysis buffer
(50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1% Nonidet
P-40, 1 mM EDTA) containing protease inhibitor. The protein
content of cell lysate was determined with Bradford reagent
(Bio-Rad, Hercules, CA, USA) using bovine serum albumin
(BSA) as the standard. We separated 60 pg of cell lysate
by SDS-PAGE and transferred to PVDF (immobilon-P)
membrane (Millipore, Bedford, MD, USA). The transfer
was performed at a constant voltage of 15 V for 90 min.
For western blotting, the membrane was incubated with
anti-mouse VEGF rabbit IgG antibody (1:100; R&D sys-
tems, Minneapolis, MN, USA), anti mouse Id-1 rabbit
IgG antibody (1:200; Santa Cruz Biotech, Santa Cruz, CA,
USA) and anti-mouse actin rabbit IgG antibody (1:5,000;
Sigma) in tris-buffered saline (TBS) containing 1% tween
20 (TBS-T) supplemented with skim milk for 2 h at RT.
After washing three times with TBS-T, the blotted mem-
branes were incubated with horseradish peroxidase (HRP)-
conjugated goat antibody (Santa Cruz Biotech) for 30 min
at RT. After washing three times with TBS-T, the proteins
bands were visualized using enhanced chemiluminescence

(ECL) detection system according to the recommended
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Table 1. Primers sequences used for PCR amplification and conditions

Gene Sequence Tm (C) Cycles Product size (bp)

FW : CTGCTCTACGACATGAACGGC TG

Id-1 57 28 272
RV : CGACACAAGATGCGATCGTC
FW : AAAACAGCCTGTCGGACCAC

1d-2 58 38 314
RV : AGTCGTAGGACAGGAACGTC
FW : GCTTAGCCAGGTGGAAATCC

1d-3 56 42 138
RV : ACAAGTTCCGGAGTGAGCTC
FW : CTGTGCCTGCAGTGCGATAT

1d-4 57 28 134
RV : AGCTGCAGGTCCAGGATGTA
FW : CTTGTTCAGAGCGGAGAA AGC

VEGF 57 28 125
RW : ACATCTGCAAGTACGTTCGTT
FW : AGCCGGGAGAACAGGGTATGATA

Bcl-2 58 35 473
RW : TGTTGACGCTCTCCACACACA TG
FW : AGGCAGGCGATGAGTTTGAAC

Bcel-xL 59 35 399
RW : GAACCACACCAGCCACAGTCA
FW : ACCACAGTCCATGCCATCAC

GAPDH 57 35 452

RV : TCCACCACCCTGTTGCTGTA

procedure (Amersham Pharmacia Biotech, Piscataway, NJ,
USA). Actin expression was used as control. The protein
bands for VEGF and Id-1 were quantified and normalized
relative to the control band with Image J (National Institutes
of Health Image software).

5. Immunohistochemistry

Serial sections (4 pm) of formalin-fixed paraffin-embedded
ovarian tissues were spread on the coated-slides, and placed
in an oven at 60C for 1 h. And then the slides were
deparaffinized in xylene and dehydrated in a graded series
of ethanol. The endogeneous peroxidase was quenched
with 0.3% hydrogen peroxide at RT for 10 min and then
the tissues were rinsed three times for 10 min each time
in PBS. The sections were incubated with normal serum,
and then incubated with anti-mouse VEGF polyclonal
rabbit IgG antibody (Lab Vision, Fremont, USA) and anti-
mouse Id-1 rabbit IgG antibody (Santa Cruz Biotech) at
a dilution of 1:100 in PBS/BSA overnight at 4C. After
three washing with PBS for 5 min each time, the samples

were incubated with biotinylated conjugated secondary anti-

body and HRT coupled to streptavidin conjugated antibody
(Zymed, San Francisco, CA, USA) for 30 min at RT and
washed three times. The sections were incubated with
3.3'-diaminibenzidine chromogen (DAB, Zymed). Counter-
staining was performed with Mayer's hematoxylin (Sigma).
The results were assessed by two pathologists under a

light microscope.

6. Evaluation of ovarian apoptosis using the TUNEL
assay

Serial sections (4 pm) of formalin-fixed paraffin-embedded
ovarian tissues collected from each age group were spread
on the coated-slides, and placed in an oven at 60°C for
1 h. And then the slides were deparaffinized in xylene and
dehydrated in a graded series of ethanol.

7. Statistical analysis

Statistical analysis used SPSS program (version 12.0)
and all data were presented as a meantSEM. Comparison
of the expression of Ids and VEGF according to female

age was analyzed by one way ANOVA and student #-test.
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P<0.05 was considered to be statistically significant.

RESULTS

We investigated the mRNA expression profiles of ovarian
Id-1, 1d-2, 1d-3, Id-4 and VEGF genes according to the
female age by RT-PCR to understand whether the expressions
of these factors decrease with advancing female age. As
shown in Fig. 1, except for 1d-4, the expressions of Id-1,
Id-2, 1d-3 and VEGF exhibited a tendency to decrease
with advancing female age. Especially, the expression of
Id-1 and VEGF in aged mice of 23 —26 weeks significantly
decreased compared to those in young mice of 6 -9 weeks
(P<0.05) (Fig. 1).

Next, to examine whether these mRNA expression profiles
show the same pattern in the protein level, we carried out
western blot analysis for protein expressions of only Id-1
and VEGF because the mRNA expressions of these two
factors resulted in a significantly decrease. As shown in
RT-PCR experiment, both protein levels of Id-1 and
VEGF in the ovary were also significantly decreased with
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Fig. 1. Representative densitometry analysis of Ids (Id-1, Id-2,
1d-3, Id-4) and VEGF mRNA expression in ovaries of
different aged mice. Densitometry analysis of expressed
Ids and VEGF content was performed using Image J
(version 1.35d, NIH Image Soft) and normalized by
GAPDH level. Data represent as meantSEM. *P<0.05
(vs. 6 -9 weeks group).
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advancing female age (P<0.05). However, unlike mRNA
expression results, the expression of Id-1 and VEGF at the
protein level began to significantly decrease from the
middle age group of 14 - 16 weeks old, and the levels of
decrease were more obvious in 23 —26 weeks old (Fig. 2).

Immunohistochemistry was performed to evaluate the
localized expression of Id-1 and VEGF in the ovary. Immuno-
staining of ovary sections also confirmed reduced expression
of Id-1 and VEGF in older mice group of 23 — 26 weeks
compared to the younger mice group of 6 -9 weeks. The
Id-1 and VEGF expression was usually localized in granulosa
cells, theca cells, stromal cells, and endothelial cells. In
particular, the Id-1 antibody revealed more intense staining
of granulosa cells and cumulus cells of younger mice group
compared with older mice group (Fig. 3).

Ovarian apoptosis was also examined according to the
age of female mice to confirm whether ovarian apoptosis
increases with female aging and relates to the decreased
expression of ovarian Id-1 and VEGF. As shown in Fig.

4, the analysis of mRNA expression of two anti-apoptotic
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Fig. 2. Representative densitometry analysis of western blot for
the expressions of Id-1 and VEGF in ovaries of different
aged mice. Actin expression was used as control. Den-
sitometry analysis of expressed Id-1 and VEGF content
was performed using Image J program and normalized
by the control level. Data are the meantSEM. *P <
0.05, **P<0.005 (vs. 6 -9 weeks group).
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Fig. 3. Representative photomicrographs of immunostaining for
Id-1 and VEGF in paraffin-embedded ovaries of different
aged mice (magnification x 400). Control (A - C): negative
control, no primary antibody.
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Fig. 4. Representative densitometry analysis of Bcl-2 and Bel-xL
mRNA expression in ovaries of different aged mice.
Densitometry analysis of expressed Bcl-2 and Bcl-xL
content was performed using Image J program and nor-
malized by GAPDH level. Data represent as mean+
SEM. *P<0.05 (vs. 6 -9 weeks group).

members in the ovary, Bcl-2 and Bel-xL showed a signifi-
cantly decrease in aged mice (23 — 26 weeks) compared to

younger mice (6 -9 weeks) (Fig. 4).

DISCUSSION

The present study showed that the expression of Id-1
was significantly decreased with advancing female age,
suggesting a functional role of Id-1 in ovarian aging. To
our knowledge, this is the first report to describe the
expression of Id-1 during the follicular development in the

mouse ovary according to female age.
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The reason for decreased expression of Id-1 in the ovary
of aged mice is as yet unclear. However, one can speculate
two possible reasons. The first reason is the increased
percentage of degenerative oocytes and atretic follicles
with advancing age. It has been well known that the
percentage of abnormal/degenerating oocytes increase with
female age (Tarin et al., 2001). Id-1 was universally up-
regulated in the cumulus cells, but it was selectively down-
regulated in atretic follicles (Iijima et al., 2005). Our
present study also showed increased ovarian apoptosis (Fig.
4) as well as decreased expression of Id-1 in cumulus cells
(Fig. 2) with advancing age. Therefore, these results suggest
that decreased Id-1 expression may be attributable to increased
degenerative oocytes and atretic follicles resulting from
ovarian aging.

However, it is a little bit risky to ascertain any relation-
ship between the expression of Ids and VEGF and the
expression of Bcl-2 and Bel-xL from our present experiment.
Moreover, the finding that ovarian apoptosis is increased
with advancing age is hardly a novel one. It is known that
VEGEF is a strong survival factor for granulosa cell apoptosis
(ovarian follicular atresia). We only suggest the possibility that
ovarian expression of Id and VEGF may be associated with
ovarian apoptosis by the finding that Id-1 and VEGF are
both decreased in the aged mice. Therefore, further study
on this topic is needed.

The second reason may be the reduced ovarian angiogenesis
via decreased expression of VEGF with female aging. 1d-1
plays a role in angiogenesis by regulating the expression
of VEGF and Id-1 expression level correlates with micro-
vessel counts (Kim et al., 2007; Maw et al., 2008). Indeed,
our present study revealed a significantly decreased expre-
ssion of VEGF as well as Id-1 in the ovary of aged mice.
Many studies have shown that enhancing VEGF expression
during the follicular phase may be useful in increasing
ovarian angiogenesis and the number of predominant follicles
destined for ovulation (Wulff et al., 2002; Danforth et al.,
2003; Shimizu et al., 2003; Iijima et al., 2005). Our

previous studies also demonstrated the importance of an
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adequate expression of ovarian VEGF in the production of
good oocyte quality in aged female by showing that admini-
stration of pro-angiogenic factors such as sodium nitroprusside
(SNP), leptin, and estrogen during superovulation in aged
female mice increased not only in the number and quality
of ovulated oocytes, but also in the expression of ovarian
VEGF (Lee et al., 2008; Ha et al., 2010; Joo et al., 2010).
These results suggest the possibility that the decreased
expression of Id-1 in the ovary with female aging may
affect the age-related fertility outcomes via the regulation
of VEGF expression.

In the present study, Id-1 was expressed in granulosa
cells, cumulus cells, stroma cells, theca cells, and endo-
thelial cells. In particular, intense staining for Id-1 was
observed in cumulus cells and granulosa cells of younger
mice compared with older mice. Considering that Id-1
protein can induce cell proliferation and increase DNA
synthesis (Norton and Atherton, 1998; Alan et al., 1999),
this result suggests that decreased expression of Id-1 with
aging may affect ovarian cell proliferation, such as granulosa
cells and cumulus cells, and subsequently follicular develop-
ment and oocyte quality.

It has been well reported that the expression of VEGF
is detected in the granulosa cells, cumulus cells and stromal
cells of ovary tissues as well as endothelial cells (Kaczmarek
et al., 2005; Fraser, 2006). This result was also found in
the images of immunohistochemistry of the present study,
which showed that the expression of Id-1 and VEGF were
detected in granulosa cells, theca cells, stromal cells, and
endothelial cells.

One of bias arising from the present study is that the
age difference of two or three weeks in each age group
may result in individual difference within each age group.
The sexual maturity and lifespan in the laboratory for mice
is around 6 weeks and 1 year, respectively. Considering
this reproductive physiology of mice, 6 to 9 weeks, 14 to
16 weeks, and 25 to 27 weeks in mice may be comparable
with human teenage years, early 20— 30 years of age, and

late 30 —40 years of age in humans, respectively. Our pre-
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liminary study examined the difference of result according
to the age and confirmed no significant difference between
individuals in each age group. In this respect, we divided
the ages into three groups and we think that the age
difference of 2 -3 weeks in each group does not affect the
results between individuals in each group.

In conclusion, our present study showed decreased Id-1
and VEGF expression with increased ovarian apoptosis
with advancing female age. This result suggests that Id-1
may play a functional role in follicular development and
ovarian aging by associating with VEGF. This research
may contribute to the development of a novel treatment
strategy for the improvement of age-related decline of
fertility. However, direct treatment of pro-angiogenic factor
such as VEGF during superovulation for the activation of
ovarian angiogenesis has a risk of possible side effects
including ovarian hyperstimulation syndrome or tumor. In
this respect, the controlled expression of VEGF via the
regulation of Id-1 expression may prevent this risk. There-
fore, the activation of ovarian angiogenesis via the regulation
of Id-1 expression may be a promising and important
future target for the development of new strategy for the

treatment of age-related infertility.
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