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Context: Polycystic ovary syndrome (PCOS) represents the most common endocrine abnormality in
women of reproductive age. The cause of PCOS remains largely unknown, but studies suggest an
intrinsic ovarian abnormality.

Objective: The objective of the study was to test our hypothesis that differences in granulosa cell
proliferation and apoptosis may underlie abnormalities that affect follicular development.

Design: Granulosa cells were prepared from follicular fluid aspirated from 4- to 8-mm follicles of
unstimulated ovaries during routine laparoscopy or laparotomy from women with anovulatory
PCOS and those with regular ovulatory cycles.

Setting: The study was conducted at a university hospital.

Patients: Fourteen women with anovulatory PCOS and nine women with regular ovulatory cycles
participated in the study.

Main Outcome Measures: Immunocytochemistry on granulosa cells to investigate apoptotic and
proliferation rates, together with real-time RT-PCR to analyze gene expression profiles of apo-
ptotic regulators, was measured.

Results: Significantly lower apoptotic rates were found in granulosa cells from patients with PCOS,
compared with women with regular ovulatory cycles (P � 0.004). Lower apoptotic rates were
associated with decreased levels of the apoptotic effector caspase-3 (P � 0.001) and increased levels
of the anti-apoptotic survival factor cellular inhibitor of apoptosis proteins-2 in the PCOS group
that were coupled to higher proliferation rates (P � 0.032). Gene expression profiling confirmed
the immunocytochemical findings.

Conclusions: Our findings indicate that there are significant differences in the rate of cell death and
proliferation in granulosa cell populations in PCOS patients. These are associated with decreased
expression of apoptotic effectors and increased expression of a cell survival factor. These results
provide new insights that may be useful in developing specific therapeutic intervention strategies
in PCOS. (J Clin Endocrinol Metab 93: 881–887, 2008)

Polycystic ovary syndrome (PCOS) is a common endocrine
abnormality in women of reproductive age, affecting

6.6–8% of women in this age group (1). It is the main cause of

anovulatory infertility and is characterized by chronic anovula-
tion, hyperandrogenemia, and polycystic ovaries on ultrasound
scan (2).
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Hughesdon (3) observed that PCOS ovaries contain twice the
number of growing follicles at all stages of development. This
suggests that all steps in the process of folliculogenesis may be
disordered in PCOS, implying that there could be an intrinsic
ovarian abnormality in PCOS. It remains unclear whether it is the
resistance to atresia or the arrest in the selection of follicles that
leads to the accumulation of multiple small antral follicles in
polycystic ovaries. Recent studies documented the possibility
that a pathway of cell death modulators may play a role in de-
termining the fate of follicles in the ovary (4, 5). Apoptosis is the
mechanism underlying follicular atresia and is fundamental to
the cyclical growth and regression of follicles in the human ovary
(6). In the early stages of follicle development (primordial, pri-
mary, and small preantral), atresia is initiated by oocyte apo-
ptosis followed by death of the surrounding granulosa cells (7).
In contrast, atresia of maturing (late preantral, antral) follicles is
first demarcated by granulosa cell apoptosis (7). Throughout
oocyte development, there is an interdependence between the
oocyte and its surrounding granulosa cells, support of which is
essential in providing the oocyte with nutrients and growth reg-
ulators. The oocyte in turn promotes growth and differentiation
of the granulosa cells (8). There is evidence to suggest that dys-
function of these cells may contribute to the abnormal follicu-
logenesis observed in PCOS (9–11), although the underlying
mechanism remains to be determined.

Caspases function at the penultimate stage of cell death (12),
and caspase-3 is functionally required for granulosa cell apo-
ptosis during follicular atresia (13). The inhibitor of apoptosis
proteins (IAPs), which include cellular IAP (cIAP)-1, cIAP-2, X-
linked inhibitor of apoptosis protein (XIAP), and survivin, block
apoptosis by inhibiting caspase-3 activity (14, 15). Studies have
suggested that IAPs may be involved in the suppression of gran-
ulosa cell apoptosis in mammals (16, 17). B-cell lymphoma
(Bcl)-2 gene family members, including both pro- (Bax, Bcl-
XShort) and anti-apoptotic [Bcl-2, Bcl-XLong, myeloid leukemia
cell differentiation protein (Mcl-1)] have also been proposed as
cell death regulators in the ovary (18).

Previous studies at the cellular level, including those on gene
expression profiling in PCOS, have mostly been on archival tis-
sue, whole ovarian specimens, or granulosa cells from patients
undergoing in vitro fertilization (IVF). The hormonal treatment
used in in vitro fertilization could affect granulosa cell survival
and proliferation as well as gene expression profiles. Moreover,
these cells may not behave in the same way as granulosa cells
from normally developing follicles.

We aimed to study differences in apoptosis and cellular pro-
liferation in granulosa cells from size-matched unstimulated
ovarian follicles in anovulatory PCOS and patients with regular
ovulatory cycles to investigate the mechanisms underlying fol-
licular survival or atresia. We compared the number of apoptotic
granulosa cells by terminal deoxynucleotidyl transferase biotin-
deoxyuridine 5-triphosphate nick end labeling (TUNEL) assay
and activated caspase-3 expression, differences in gene expres-
sion of members of the IAP and Bcl-2 families by real-time quan-
titative PCR and differences in cell proliferation by expression of
the proliferation marker, Ki-67.

Patients and Methods

Patients
We recruited patients from Newham University Hospital (London,

UK) between September 2003 and March 2005. The local research ethics
committee approved the study, and all women gave their written in-
formed consent before participation. We recruited 14 women with
PCOS, who were undergoing laparoscopic investigation for infertility or
ovarian drilling for ovulation induction. The diagnosis of PCOS was
established according to the revised Rotterdam European Society of Hu-
man Reproduction and Embryology/American Society for Reproductive
Medicine criteria (2003) (19). Specifically, all women had oligomenor-
rhea or amenorrhea (eight or fewer spontaneous menses per year), clin-
ical (hirsutism), and/or biochemical (elevated free androgen index) (20)
evidence of hyperandrogenism and polycystic ovaries on ultrasound
scan. Patients with hyperprolactinemia, thyroid disease, congenital ad-
renal hyperplasia, Cushing’s syndrome, and androgen-secreting tumors
were excluded. In the control group, we recruited nine normally men-
struating women who were undergoing laparoscopic sterilization, hys-
terectomy for benign conditions, and diagnostic laparoscopy for pelvic
pain. All patients in the control group had a normal pelvis apart from
uterine fibroids. Only patients with a body mass index (BMI) of less than
30 kg/m2 were included in the study to avoid any potential influence of
BMI on the study parameters. All patients underwent the procedure in
the early follicular phase of the menstrual cycle as assessed by the last day
of the menstrual cycle, their endocrine profile, and transvaginal ultra-
sound scan. None of the patients in either group had taken any fertility
drugs or hormonal medication for 3 months before sample collection.
Endocrine parameters in control subjects were all within the normal
range. All patients underwent transvaginal ultrasonography 1 d before
the procedure to assess the size and number of ovarian follicles. An
independent clinician (M.R.), who was not involved in the rest of the
project, performed all ultrasound scans. The ultrasound characteristics
of the PCOS patients satisfied the revised Rotterdam European Society
of Human Reproduction and Embryology/American Society for Repro-
ductive Medicine criteria (2003) (19), namely the presence of 12 or more
follicles measuring 2–9 mm in diameter, and/or increased ovarian vol-
ume (�10 ml) in one or both ovaries. Follicle diameter was estimated as
the mean of two recorded diameters in the longitudinal and anteropos-
terior planes.

TABLE 1. Clinical and endocrine parameters in
normoovulatory controls and patients with anovulatory PCOS

Variable PCOS (n � 14) Control (n � 9)

Age (yr) 26 (23–32) 32 (30–36)
BMI (kg/m2) 27 (26–28) 26 (26–28)
FSH (IU/liter) 5 (4–5.6) 4.6 (4.1–6)
LH (IU/liter) 14.7 (12.3–17.8) 4.9 (4.9–6.3)
Testosterone (ng/dl) 80.8 (69.2–89.4) 54.8 (43.3–57.7)
SHBG (nmol/liter) 32.0 (24.3–37.9) 42.2 (38.0–50.5)
Free androgen indexa 8.6 (7.1–10.7) 4.0 (2.5–4.9)
DHEAS (�g/dl) 217.4 (121.6–254.2) 162.1 (95.8–221.1)
Androstenedione (ng/ml) 3.1 (2.6–4.8) 1.7 (1.3–3.1)
Progesterone (ng/ml) 0.6 (0.5–0.9) 0.4 (0.3–0.8)
Ultrasound parameters

No. of follicles 18 (16–28) 5 (4–6)
Size of follicles (mm) 4.9 (4.1–5.3) 4.6 (4.1–5.1)

Values are expressed as median (interquartile range). To convert values for
testosterone to nanomoles per liter, multiply by 0.03467.
To convert values for DHEAS to micromoles per liter, multiply by 0.02714. To
convert values for androstenedione to nanomoles per liter, multiply by 3.492.
To convert values for progesterone to nanomoles per liter, multiply by 3.18.
a Free androgen index was calculated according to the formula: �total
testosterone (in nanomoles per liter) divided by SHBG (in nanomoles per liter)� �
100.
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Blood samples for subsequent biochemical analyses were obtained
just before the operation. Samples were analyzed for FSH, LH, proges-
terone, prolactin, T4, TSH, testosterone, SHBG, androstenedione, 17-
hydroxyprogesterone, and dehydroepiandrosterone sulfate (DHEAS).

Clinical and endocrine parameters in normoovulatory controls and
patients with anovulatory PCOS are summarized in Table 1.

Follicular fluid collection and granulosa cell preparation
We collected follicular fluid from individual follicles at the time of

laparoscopy, using a single-lumen, 17-gauge needle (Casmed, Surrey,
UK). Follicular fluid was selected from follicles 4–8 mm in diameter, free
from blood contamination. Three to four follicles were aspirated from
each patient. The size of the follicles in the PCOS group ranged from 4.9
(4.1–5.3) mm [median (interquartile range)], whereas the size of the
follicles in the control group ranged from 4.6 (4.1–5.1) mm (P � 0.78).
Each sample was collected into a sterile tube without culture medium.
From the control group, only size-matched follicles were taken. All sam-
ples were processed within an hour from collection to avoid postaspi-
ration cell death. The follicular fluid from all aspirated follicles from each
patient was pooled to obtain enough granulosa cells for our assays. The
follicular fluid was immediately centrifuged at 700 � g for 10 min. Red
blood cells were removed with the help of a 50% Percoll gradient (Sigma-
Aldrich, Dorset, UK). Dynabeads M-450 CD45 (Dynal Biotech, Oslo,
Norway), which is a pan-leukocyte marker, were used to immunomag-
netically deplete CD45-positive leukocytes from the granulosa cell sus-
pension as per the manufacturer’s instructions for negative cell selection.
The number of granulosa cells in the pooled follicular fluid ranged from
1.5 � 104 to 3 � 104 in each patient in the PCOS group (average of both
ovaries), and the number of granulosa cells in the control group ranged
from 1.6 � 104 to 2.8 � 104. Granulosa cells were identified on cytospin
preparations on the basis of their morphology (granulosa cells were
small, round to cuboid cells with distinct nuclei) as well as by immuno-
cytochemistry using rabbit polyclonal FSH receptor antibody (Zymed,
South San Francisco, CA) and monoclonal inhibin antibody (Oxford-
Bioinnovations, Oxfordshire, UK).

Identification of apoptotic nuclei by TUNEL assay
Apoptotic nuclei were identified using the DeadEnd colorimetric

TUNEL system (Promega, Madison, WI) according to the manufactur-
er’s protocol. Endogenous peroxidases were blocked by immersing slides
in 3% hydrogen peroxide. Negative controls were treated in the same
manner except that the terminal deoxynucleotidyl transferase labeling
enzyme was omitted (21). A positive control was prepared by treating
cells on a separate slide with DNase 1. Apoptotic nuclei were visualized
with diaminobenzidine as chromogen substrate (Biogenex, San Ramon,
CA) and counterstained with hematoxylin. Cells showing dark brown
staining from the colorimetric reaction were considered positive for
DNA fragmentation (22).

Immunocytochemistry
Immunocytochemistry was by standard techniques using cytospin

preparations of granulosa cells, fixed in 4% neutral-buffered parafor-
maldehyde. Primary antibodies were: activated or cleaved caspase-3
(rabbit monoclonal, 1:100 dilution; Cell Signaling Technology, Danvers,
MA), cIAP-2 (goat polyclonal, 1:100 dilution; R&D Systems, Minne-
apolis, MN), and Ki-67 (monoclonal mouse antibody, 1:50 dilution,
Dako, Cambridgeshire, UK). Nonspecific binding of antibodies was
blocked with a 10% dilution of normal serum before application of the
primary antibody. For negative controls, the primary antibody was re-
placed by normal serum to verify expression patterns. Detection used an
appropriate biotinylated secondary antibody and the Vectastain Univer-
sal Elite ABC kit (Vector Laboratories, Peterborough, UK). Slides were
developed with diaminobenzidine, counterstained with hematoxylin,
and visualized with a light microscope (Leica Imaging Systems Ltd.,
Cambridge, UK).

Slides were analyzed systematically at a magnification of �200,
�400, and �1000 images. Digital images were captured with Leica DC

200 software. Slides were anonymized and coded until they had been
examined. Two investigators (M.D. and L.G.) examined the slides. The
average of two readings was taken. At least 200 cells were counted per
slide.

RNA isolation and real-time PCR analyses
RNA was isolated from granulosa cells using the Pico Pure RNA

isolation kit (Arcturus, Mountain View, CA) in accordance with the
manufacturer’s instructions. A DNAase treatment to remove genomic
DNA was carried out with the RNase-Free DNase set (QIAGEN, Craw-
ley, West Sussex, UK). cDNA was synthesized with avian myeloma virus
reverse transcriptase (Promega) according to the manufacturer’s proto-
col. RNA was isolated from the granulosa cells as soon as possible after
harvesting and stored. Reverse transcriptase reactions to generate cDNA
were performed on all the samples simultaneously.

To quantify the mRNA expression levels of the IAP and Bcl-2 families
in the granulosa cells, real-time RT-PCR was performed on a continuous
fluorescence DNA Engine Opticon 2 system (MJ Research, Waltham,
MA) using DyNamo HS SYBR Green quantitative PCR kit (Finnzymes,
Keilaranta 16 A, Finland). The IAP family included cIAP-1, cIAP-2,
XIAP, and survivin. The Bcl-2 family members included both up-regu-
lators (Bax) and down-regulators (Bcl-XLong, Mcl-1) of apoptosis. To
ensure absence of genomic DNA, a step omitting reverse transcriptase
during cDNA synthesis was carried out. Melting curve analysis and gel
electrophoresis were used to control the specificity and quality of the
PCR. Primer-only controls were included to ensure the absence of prim-
er-dimers. �-Actin was used as a reference standard for all analyses to
control for the amount of sample material. PCRs were carried out in
triplicate for each sample and the average of the three readings was taken.
Fold-induction values (x) were calculated using the following formula:
x � 2���Ct, where Ct represents the mean threshold cycle of all replicate
analyses of a given gene and �Ct represents the difference between the Ct
values of the gene in question (target) and the Ct value of the reference
gene (�-actin) (23). (��Ct is the difference between �Ct values of the
samples for each target and the mean �Ct of the calibrator, �-actin.) The
primer sequences are represented in Table 2.

Statistical analysis
Because the data were not normally distributed, the nonparametric

Mann Whitney U test was used to analyze data using the SPSS software
(version14 for Windows; SPSS Inc., Chicago, IL). P � 0.05 was consid-
ered statistically significant.

TABLE 2. Primer sequences

Primers Sequence (5�–3�)

cIAP-1 Forward: CAGCCTGAGCAGCTTGCAA
Reverse: CAAGCCACCATCACAACAAAA

cIAP-2 Forward: TCCGTCAAGTTCAAGCCAGTT
Reverse: TCTCCTGGGCTGTCTGATGTG

XIAP Forward: AGTGGTAGTCCTGTTTCAGCATCA
Reverse: CCGCACGGTATCTCCTTCA

Survivin Forward: CCCATAGAGGAACATAAAAAGCATTC
Reverse: TCAAAAATTCACCAAGGGTTAATTCT

Bcl-2 Forward: GGCAATGTGACTTTTTCCAA
Reverse: GGCTGATATTCTGCAACACTG

Bax Forward: CCAGCTGCCTTGGACTGT
Reverse: ACCCCCTCAAGACCACTCTT

Bcl-XLong Forward: GTAAACTGGGGTCGCATTGT
Reverse: TGGATCCAAGGCTCTAGGTG

Mcl-1 Long Forward: ATCTCTCGGTACCTTCGGGAGC
Reverse: GCTGAAAACATGGATCATCACTCG

ß-Actin Forward: TCACCCACACTGTGCCCATCTACGA
Reverse: CAGCGGAACCGCTCATTGCCAATGG
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Results

Granulosa cells from PCOS patients have lower
apoptotic rates

We tested the hypothesis that defects in apoptosis in gran-
ulosa cells from PCOS patients may be associated with, and
partly be responsible, for the development of the syndrome.
We used a colorimetric TUNEL assay to determine the gran-
ulosa cell apoptotic rate in PCOS, compared with cells isolated
from normal women. We found that significantly fewer apo-
ptotic nuclei were present in the PCOS group, compared with
the normal control group (P � 0.004). Typical immunocyto-
chemical staining of TUNEL-positive granulosa cells is shown
in Fig. 1A, and quantification of the results is depicted in Fig.

1B. No cell nuclei were stained in the negative controls.
TUNEL-positive cells showed the characteristic appearance of
apoptosis including chromatin condensation and shrinkage of
cytoplasm (24).

Expression of apoptotic regulators in granulosa cells
Having noted a significantly lower rate of apoptosis in

granulosa cells from PCOS patients, we were interested to
investigate the mechanism underlying this defect. We first an-
alyzed the gene expression profiles of apoptotic inducers and
inhibitors in mRNA isolated from the granulosa cells using
quantitative PCR. Among the genes investigated were the IAP
family of proteins because these act as survival factors by
inhibiting the activity of caspases, including executioner
caspases such as caspase-3. The fold change in the expression
of the target gene normalized to �-actin in the PCOS group
and relative to its expression in the control group was ana-
lyzed for each sample. Melting curve analysis confirmed the
specificity of the PCR (data not shown). We found that the
level of expression of cIAP-2 was almost 5-fold higher in the
PCOS group, compared with the normal group (Fig. 2). In
addition, the expression of a number of other apoptotic reg-
ulators was also examined. The level of survivin and Bax gene
expression was very similar to that of controls. Slight increases
in cIAP-1 and Bcl-XL as well as small decreases in XIAP, Mcl-
1L, and Bax gene expression were noted; however, none of
these changes reached statistical significance in our studies
(Fig. 2). Further work on larger sample populations will be
needed to confirm whether any change in expression of these
genes plays a role in the development of the disease.

We followed up the gene expression profiling with an im-
munocytochemical analysis to determine whether the changes
in gene expression levels were manifested by changes in pro-
tein expression. The percentage of cells showing immunore-
activity for cleaved activated caspase-3 was significantly
higher in the normal group, compared with the PCOS group
(P � 0.001; Fig. 3A). As expected, immunoreactivity for
caspase-3 was noted mainly in the cytoplasm of the granulosa
cells. The number of granulosa cells expressing active
caspase-3 was higher than the number of TUNEL-positive
cells in both PCOS and normal groups, consistent with acti-
vation of caspase-3 preceding DNA fragmentation during
atresia of granulosa cells.

In agreement with the gene expression data, the percentage of
granulosa cells showing immunopositivity for cIAP-2 antibody
was significantly higher in the PCOS group, compared with the
normal group (P � 0.010; Fig. 3B). We next asked whether the
lower apoptotic rates in PCOS were accompanied by an increase
in the number of actively proliferating cells using a well-recog-
nized indicator, the nuclear staining of Ki-67. The percentage of
Ki-67-positive granulosa cell nuclei was found to be significantly
higher in the PCOS group (P � 0.032; Fig. 3C). Quantification
of the number of positively staining caspase-3, cIAP-2, and Ki-67
cells from PCOS and normal controls is shown in Fig. 3D. Be-
cause the changes in gene expression of cIAP-1, XIAP, survivin,
Bax, and Mcl 1-L were not significant in our PCR studies, im-
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FIG. 1. A, TUNEL staining identifies apoptotic granulosa cells isolated from PCOS
patients (original magnification, �400). B, Quantification of TUNEL staining. Box
and whisker plots depicting the percentage of TUNEL-positive cells in anovulatory
women with PCOS and normoovulatory women. Solid lines inside boxes depict
the median value, whereas the upper and lower limits of the boxes and whiskers
indicate the 75th, 25th, 95th, and 5th percentiles, respectively. PCOS: mean 2.6,
SD 2.2, median 2.3; normal group: mean 6.2, SD 2.9, median 5.7; P � 0.004.
Black arrows represent the TUNEL-positive granulosa cells and the white arrow
represents the TUNEL-negative granulosa cell. PCOS, n � 14 subjects; control,
n � 9 subjects.
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munocytochemistry of protein levels in PCOS cells were not pur-
sued further.

Discussion

Our findings indicate that there are significant differences in
the rate of apoptosis and proliferation in granulosa cells in
PCOS patients. We have for the first time demonstrated that
activated caspase-3, which is functionally required for the
execution of cell death, is significantly lower in granulosa cells
of anovulatory PCOS follicles than in normal ovulatory fol-
licles. Our study also identified for the first time differences in
the expression of survival proteins of the IAP and Bcl-2 fam-
ilies in PCOS, which might account for the disordered fol-
liculogenesis in PCOS.

Our findings are consistent with and advance the findings of
Almahbobi et al. (25), who demonstrated that most of the gran-
ulosa cells of polycystic ovaries are non-apoptotic and express
more functional FSH receptors than granulosa cells of normal
follicles. Whereas they noted that granulosa cells from normal
ovaries had the same proportion of apoptotic cells as in ovulatory
polycystic ovaries, we in fact observed that there were fewer
number of apoptotic granulosa cells in anovulatory PCOS than
normal ovarian follicles.

Probing the underlying mechanism for the observed apo-
ptotic defect revealed changes in both protein and mRNA
levels for important apoptotic regulators, in particular the IAP
family member, cIAP-2. Our results also suggested that there
may be small differences in the expression of other Bcl-2 fam-
ily members, which have been proposed to play an important
role in granulosa cell apoptosis (18). We observed that the
expression of Bcl-XLong, an anti-apoptotic factor, was in-
creased nearly 2-fold, whereas Bax, which is pro-apoptotic,

was marginally down-regulated in the
PCOS group. However, more extensive
studies would be needed to substantiate
these findings. Interestingly, however,
Bax-deficient mice were noted to have ab-
normal follicles with an excessive number
of granulosa cells (26).

To investigate whether proliferation
rates were altered in PCOS granulosa cells,
we also examined the expression of the cell
proliferation marker, Ki-67 because the
granulosa cells in PCOS have often been
deemed to be atretic. We showed that the
expression of Ki-67 was significantly higher
in the PCOS group, indicating a significant
imbalance between apoptotic and prolifer-
ation rates in PCOS patients.

The differences in apoptosis and cellu-
lar proliferation observed in our study
may be due to the high concentrations of
androgens that are characteristically
found in PCOS, including this study (see
Table 1). Supporting this idea, androgen

treatment of adult Rhesus monkeys was shown to stimulate
growth and decrease apoptosis of small antral follicles (27).
Moreover, granulosa cell proliferation, as determined by im-
munodetection of the Ki-67 antigen, was significantly in-
creased in androgen-treated monkeys (27).

Folliculogenesis may also be affected by a premature re-
sponse of polycystic ovary follicles to LH, compared with
normal ovaries. This could partly be due to amplification of
LH action on granulosa cells of the developing follicle by
hyperinsulinemia (10). The appearance of LH receptors on
follicles of a smaller size in polycystic compared with follicles
from regularly cycling women could contribute to the arrest of
follicle development (11). High LH levels could also cause the
decreased apoptosis seen in granulosa cells in PCOS because
it has previously been reported in other systems that LH in-
terferes with Fas-induced apoptosis in human ovarian surface
epithelial cancer lines (28). Eventually the inhibition of gran-
ulosa cell apoptosis in PCOS may be overcome by other death
signaling pathways.

The decrease in apoptosis associated with lower expression of
activated caspase-3 noted in PCOS granulosa cells may be due to
an overall up-regulation of the survival proteins of both IAP and
Bcl-2 families in PCOS. This does not exclude the possibility that
there could be other factors involved which may act in concert
with these survival proteins to promote cell survival and prolif-
eration in PCOS.

Using microarray analysis of whole ovarian samples, Diao
et al. (29) also noted that antiapoptotic factors were overex-
pressed in PCOS. This is in contrast to the study by Jansen et
al. (30), who reported an increase in the expression of apo-
ptotic factors in PCOS ovaries. However, it is worth noting
that both studies used archival or whole ovarian tissue. More-
over, all the PCOS patients in the latter study had undergone
ovulation induction that may have resulted in altered gene
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FIG. 2. Graphs representing the fold change in gene expression patterns of cIAP-2, cIAP-1, XIAP, survivin,
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indicates a nearly 5-fold increase in PCOS over the normal group. The black circles represent the fold
change values, and the error bars represent the 95% confidence intervals. PCOS, n � 14 subjects; control,
n � 9 subjects.
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expression profiles. Our study is consistent with the findings
of others but now pinpoints the defect in apoptosis to the
granulosa cell population.

In summary, our findings indicate that there are fundamental
and significant differences in the rate of cell death and proliferation

ingranulosacells inPCOS.Thisstudyprovidesnewinsights intothe
molecular mechanisms underlying the aberrant folliculogenesis in
PCOS. Future studies focusing on key regulators described here
could further unravel the complexities of this syndrome and help in
developing novel strategies for therapeutic intervention.
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FIG. 3. Immunocytochemical staining for the following proteins (original magnification, �1000): active caspase-3 (A), cIAP-2 (B), and the proliferation marker Ki-67 (C).
Black arrows represent the immunopositive granulosa cells, and the white arrows represent the immunonegative granulosa cells. D, Quantification of the number of
positively staining cells is shown in the graph. Box and whiskers plot depict the percentage of positively staining cells. For description of the box plots, please refer to
Fig. 1. For caspase-3-positive cells: PCOS, mean 5.1, SD 2.5, median 5.1; normal group, mean 14.7, SD 7.1, median 17.0; P � 0.001. For cIAP-2: PCOS, mean 26.0, SD

9.1, median 25.0; normal group, mean 15.7, SD 5.9, median 14.0; P � 0.010. For Ki-67: PCOS, mean 9.0, SD 5.0, median 8.6; normal group, mean 4.9, SD 2.6, median
5.3; P � 0.032. PCOS, n � 14 subjects; control, n � 9 subjects.
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