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Abstract

Purpose Polycystic ovary syndrome (PCOS) is the most com-
mon cause of ovulatory dysfunction and female infertility. The
etiopathogenetic mechanisms of PCOS have been studied for
many years, although exact causes remain unclear. It has
been demonstrated that proteoglycan degradation by a
disintegrin-like metalloproteinase with thrombospondin type
motifs-1 (ADAMTS-1) is essential for ovulation and fertiliza-
tion. The objective of our study is to analyze the levels of
ADAMTS-1 and aggrecan in the follicular fluid (FF) of
PCOS patients compared with normal ovulatory women and
to determine whether these markers could be a predictor of
in vitro fertilization (IVF) success in PCOS patients.
Methods Women with PCOS (n = 21) and normal ovulatory
controls (n = 22) undergoing IVF treatment were recruited.
ADAMTS-1 and aggrecan levels were analyzed with
enzyme-linked immunosorbent assay (ELISA) and compared
between PCOS and normal ovulatory controls. The predictor
effect of ADAMTS-1 and aggrecan on fertilization rate and
implantation was evaluated.
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Results FF ADAMTS-1 and aggrecan levels increased in
women with PCOS compared to controls. Elevated
ADAMTS-1 levels but not aggrecan were related to increased
implantation in PCOS.

Conclusion Our study demonstrated that altered levels of
ADAMTS-1 and aggrecan may have a partial role in the
etiopathogenesis of PCOS, and ADAMTS-1 could be a pre-
dictive marker for implantation success in PCOS patients.
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Introduction

Polycystic ovary syndrome (PCOS) is a common and complex
endocrine disorder affecting 5-10% of women of reproductive
age [1]. It is associated with reproductive and metabolic abnor-
malities, such as menstrual irregularity, hyperandrogenism, infer-
tility, and insulin resistance [2]. It is believed to impaired
folliculogenesis, lack of development of a dominant follicle,
and lack of ovulation in its pathophysiology [3].
Proteoglycans, the basic components of the extracellular
matrix (ECM), consist of a protein core with a covalently
attached glycosaminoglycan (GAG) side chain [4]. Human
follicular fluid (FF) contains high concentrations of proteo-
glycan, which have important physiological effects on fer-
tility. FF proteoglycans are synthesized by the granulosa
cells at high levels [5]. Their synthesis is stimulated by
follicle-stimulant hormone (FSH) and inhibited by lutein-
izing hormone (LH) and progesterone (PG) [6]. FF proteo-
glycans such as versican, aggrecan, and hyaluronan are
important during folliculogenesis and antrum formation,
because they increase the viscosity of FF due to their
GAG chains [7] and form large aggregates [8].
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Proteoglycans play an essential role in cumulus oocyte
complex (COC) matrix expansion by combining with the
oocyte at the time of ovulation. COC expansion provides
the gel-like structure of the COC matrix, which protects the
ovum on its passage towards the uterine cavity and facili-
tates ovum pick-up by increasing the chances for capture of
the oocyte by the fimbriae. The proteoglycan aggrecan has
been found mainly in the chondrocytes; however, several
investigators have demonstrated its expression in various
tissues, such as the endometrium [4].

Matrix metalloproteinases are involved in FF and the COC
[9], and these proteinases regulate the degradation and regener-
ation of the ECM via a process called tissue remodeling.
Extensive ECM remodeling of ovarian tissue is an essential
and highly regulated event during folliculogenesis, ovulation,
and fertilization in humans [10]. Various investigations have
been conducted to determine the mechanisms involved in these
proteolytic processes. However, the exact role of ECM remod-
eling in human reproduction has not been determined. A
disintegrin-like and metalloproteinase with thrombospondin
type motifs (ADAMTS)-1, forming a new family of metallo-
proteinases with catalytic activity against proteoglycans includ-
ing versican and aggrecan [11], is essential during
folliculogenesis, ovulation, and fertilization via ECM remodel-
ing [10]. It is the only proteinase that has been well-established
to affect ovulation [12]. An essential role of versican cleavage
by ADAMTS-1 during ovulation and abnormal morphogenesis
of versican in ADAMTS-1 null mice has been demonstrated
[10]. ADAMTS-1 is mainly expressed in the granulosa cells of
mammalian preovulatory follicles [13] and induced by LH via
transactivation of the PG receptor [14]. Increasing levels in
preovulatory follicles during ovulation has also been shown in
nonhuman species [15]. Severely decreased fertility as a
result of impaired follicular development and ovulation in
ADAMTS-1 null species indicates its critical role in ovulation
and folliculogenesis [13, 15]. ADAMTS-1 is also important in
the remodeling of the COC matrix [16]. The hyaluronan-rich
matrix assembles around ovulating oocytes by binding to
versican for the expansion of COC [17]. It has also been dem-
onstrated that the degradation of the COC matrix is necessary
for sperm penetration, and it results in fertilization via versican
cleavage by ADAMTS-1 [16]. However, there are limited stud-
ies about ADAMTS-1 expression and function in human ovu-
lation, folliculogenesis, and fertilization.

The aim of our study was to examine FF aggrecan and
ADAMTS-1 levels in developing and preovulatory folli-
cles obtained from PCOS and normal ovulatory infertile
patients undergoing in vitro fertilization (IVF) procedures.
This study also aimed to investigate the etiopathogenetic
mechanisms of PCOS and impaired fertility in PCOS pa-
tients, as well as the predictor effect of aggrecan and
ADAMTS-1 on IVF outcomes, such as fertilization and
implantation.
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Materials and methods

The present study was a prospective clinical trial performed in
the assisted reproduction clinic of a tertiary center between
August 2016 and December 2016. A total of 43 patients un-
dergoing IVF treatment—21 diagnosed as PCOS according to
the Rotterdam consensus (the PCOS group) and 22 diagnosed
as normal ovulatory women (the control group)—were re-
cruited. Secondary causes of androgen excess and anovulation
were excluded. The control group included women, who had
received IVF for tubal factor and/or male infertility, except
azoospermia and severe oligoasthenospermia with normal ul-
trasonographic ovarian morphology and regular ovulatory
cycles.

Exclusion criteria were diminished ovarian reserve or en-
dometriosis, systemic diseases, abnormal prolactin levels,
and/or thyroid dysfunction. All participants were also free
from tobacco, alcohol, and chronic medication use and major
medical conditions. All women provided informed consent for
participation. The procedures were conducted after approval
from relevant local ethics committee.

Follicular fluid sampling

Patients were prepared for follicular sampling, using standard
controlled ovarian stimulation with a gonadotropin-releasing
hormone antagonist (cetrorelix) for down regulation of the
pituitary gland. In all women, gonadotropin treatment was
initiated on day 2 of the cycle according to the patient’s age,
ovarian grade, and body mass index (BMI). Daily use of re-
combinant and/or urinary FSH was administered for ovarian
stimulation. Ultrasonographic examination and blood sam-
pling for estradiol (E,) levels were performed every 1-3 days.
Gonadotropin doses were adjusted according to follicular de-
velopment and E, levels after the first 3—5 days of treatment.
When the follicle diameter was 13 mm, patients received sub-
cutaneous injections of 0.25 mg of cetrorelix. Oocyte retrieval
was performed, using a 17-gauge oocyte aspiration needle
36 h after the administration of 250 pg of human chorionic
gonadotropin (HCG) when at least three follicles that had
reached 17 mm in diameter were detected. The collected oo-
cytes were evaluated under invert microscopy to determine
their developmental stage. The percentage of metaphase II
(MII) oocytes was calculated by the following formula: (MII
number/oocyte number) x 100.

The whole FF aspirates were centrifuged at 3000 rpm for
10 min to pellet the follicular cells. Only blood-free FF sam-
ples were stored at —80 °C until enzyme-linked immunosor-
bent assay (ELISA). On the same day, intracytoplasmic sperm
injection (ICSI) of the oocytes was performed. Fertilization
was evaluated 1 day later. Oocytes were considered success-
fully fertilized when two pronuclei were observed by light
microscopy. The fertilization rate (FR) was calculated as the
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number of fertilized oocytes divided by the number of MII
oocytes. Fresh intrauterine transfer of a single embryo with
the highest quality at the eight-cell stage was performed on
day 3 by a Wallace catheter. Implantation was determined by
serum HCG levels performed 14 days after embryo transfer.

ADAMTS-1 and aggrecan assay in FF

Aggrecan levels were analyzed using human aggrecan ELISA
kit (Cat. No: CK-E91941, Eastbiopharm, Hangzhou
Eastbiopharm Co Ltd), and the results were expressed as
nanograms per milliliter. The intra-assay and inter-assay coef-
ficients of variability (CV) for aggrecan were <10 and <12%,
respectively. The sensitivity was 0.09 ng/ml and the assay
range was 0.2—60 ng/ml.

The ADAMTS-1 levels were detected through human
ADAMTS-1 ELISA kit (Cat. No: CK-E90327,
Eastbiopharm, Hangzhou Eastbiopharm Co Ltd), and values
were presented as nanograms per milliliter. The intra-assay
and inter-assay CV for ADAMTS-1 were <10 and <12%,
respectively. The sensitivity was 0.25 ng/ml and the assay
range was 0.5-30 ng/ml.

Statistical analyses

Data were analyzed using the SPSS version 17.0 statisti-
cal program. A p value <0.05 was considered as statisti-
cally significant. Continuous variables were tested for
normality with the Kolmogorov—Smirnov test.
Categorical comparisons were performed, using the
chi-square test. We used independent samples ¢ test and
Mann-Whitney U test for parametric and nonparametric
groups, respectively. Mean + standard deviation (SD)
was used in the descriptive statistics of data. The optimal
cut-off points of aggrecan and ADAMTS-1 between
PCOS and control groups were evaluated by receiver op-
erating characteristic (ROC) analyses, calculating the area
under the curve as giving the maximum sum of sensitivity
and specificity. To determine whether aggrecan and
ADAMTS-1 were independently associated with the FR,
a linear regression analysis was performed, and a binary
logistic regression analysis was used to determine the
predictive value of aggrecan and ADAMTS-1 on
implantation.

Results

Demographic features and aggrecan and ADAMTS-1
levels between PCOS and control groups

We divided patients undergoing IVF treatment into two
groups: a PCOS group (diagnosed according to the

Rotterdam criteria) and a control group (with normal ovulato-
ry cycles). Age, partner’s age, and BMI were distributed ho-
mogeneously. FSH, LH, and PG levels at day 3 of the cycle
and the percentage of MII were comparable across the groups
with no statistically significant differences, whereas E, levels
were significantly higher in the PCOS group (p = 0.003) com-
pared to controls. Oocyte, MII, and MI numbers were also
higher in the PCOS group (p < 0.001, p = 0.003, and
p =0.011, respectively).

Follicular ADAMTS-1 levels were higher in the PCOS
group (33.84 + 17.7 ng/ml) than in controls (23.58 + 5.67 ng/ml,
p = 0.013). Aggrecan levels were also higher in women with
PCOS (8.05 + 4.78 ng/ml) compared to controls
(3.63 + 2.18 ng/ml, p < 0.001). Demographic features and the
aggrecan and ADAMTS-1 levels in FF are shown in Table 1.

The cut-off level of ADAMTS-1 and aggrecan
for the prediction of the diagnosis of PCOS

This study also determined the cut-off level, sensitivity, and
specificity values of aggrecan and ADAMTS-1 for the predic-
tion of the diagnosis of PCOS. Sensitivity was 72.7%, and
specificity was 76.1% for aggrecan at a cut-off level of
4.10 ng/ml (p = 0.001). For ADAMTS-1, at a cut-off level of
27.50 ng/ml, the sensitivity was 72.2%, and the specificity was
68.0% (p = 0.013). ROC curve analyses considering sensitivity
and specificity values are demonstrated in Fig. 1 and Table 2.

Predictive value of aggrecan and ADAMTS-1 on IVF
outcome

To investigate the predictor effect of aggrecan and
ADAMTS-1 on IVF outcomes, we evaluated FR after the
ICSI procedure and implantation after embryo transfer. If an
oocyte had two pronuclei or fragmented polar bodies, it was
considered to have been fertilized. We calculated the FR as
the number of fertilized oocytes divided by the number of
MII oocytes. Results were classified as “low FR” if the FR
was <50% and “normal FR” if the FR was >50%.
Implantation was determined by serum HCG level measure-
ments taken 14 days after the embryo transfer. A linear re-
gression analysis failed to identify any predictor effect of
aggrecan or ADAMTS-1 on FR in the PCOS group or
among all patients (data not shown).

When implantation was evaluated, there was a statistically
significant positive predictor effect of FF ADAMTS-1
(p =0.036, B =0.331) levels. However, there was no statisti-
cally significant effect of aggrecan on implantation via binary
logistic regression analyses in PCOS women. Age, BMI, and
the percentage of MII were not predictive of implantation
(data not shown).
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Table 1 Demographic features

and follicular fluid aggrecan and PCOS group (n = 21) Control group (n = 22) p value

ADAMTS-1 levels in the study Mean + SD Mean + SD

groups
Age 29.23 £3.67 29.09 +3.61 0.88
Partner’s age 31.95+4.64 33.54 +3.85 0.210
BMI 27.87+5.90 25.18 £5.40 0.120
MII percentage (%) 62+ 17 70 +£25 0.24
Oocyte number 16.19£7.23 8.18£5.08 <0.001
MII number 9.57+4.53 5.59+3.78 0.003
MI number 3.09 +1.89 1.36 £2.32 0.011
FSH (mlU/ml) 7.30 +1.82 749 £1.97 0.744
LH (mlU/ml) 6.06 +3.15 491 +2.64 0.201
E2 (pg/ml) 79.04 £ 11.74 67.00 +39.39 0.003
PG (ng/ml) 0.79 +0.38 0.68 +0.29 0.300
Aggrecan (ng/ml) 8.05+4.78 3.63+2.18 <0.001
ADAMTS-1 (ng/ml) 33.84 £17.70 23.58 +£5.67 0.013
BMI body mass index, MII metaphase II, M/ metaphase I, FSH follicle-stimulating hormone, LH luteinizing
hormone, PG progesterone, ADAMTS-1 a disintegrin-like and metalloproteinase with thrombospondin type
motifs.
Italic emphasizes reflected inside the table represent statistical significance (p<0.005)

Discussion studies, ADAMTS-1 level was evaluated in granulosa cells via

Here, FF of PCOS and normal ovulatory women was obtained
via IVF procedures to investigate ADAMTS-1 and aggrecan
levels in the etiopathogenesis of PCOS. The results demon-
strated elevated aggrecan and ADAMTS-1 levels in the FF of
PCOS women, suggesting their potential role in the
etiopathogenesis of PCOS. In contrast, Xiao et al. detected
decreased expression levels of ADAMTS-1 in PCOS patients
compared with normal ovulatory controls [12]. It has also
been demonstrated that impaired follicular development and
ovulation are present in ADAMTS-1 null mice [18]. In these
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Fig. 1 ROC curve of follicular fluid aggrecan and ADAMTS-1 levels
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polymerase chain reaction, whereas ADAMTS-1 was evaluated
in FF by the ELISA method in our study. Therefore, the results
could have been affected by the species and the evaluation
method. A 40% reduction in follicle numbers in ADAMTS-1
null mice indicates that ECM remodeling by ADAMTS-1 is
necessary for folliculogenesis in mice [13]. In our study, MII
and MI oocyte numbers were higher in PCOS patients. Hence,
increased numbers of MII and MI oocytes in the PCOS group
could have caused elevated ADAMTS-1 levels in these women.
Although proteoglycans were investigated in the
etiopathogenesis of follicular maturation and anovulation,
ours is the first study evaluating FF aggrecan levels in
PCOS patients. Our data suggest a potential role of aggrecan
in the etiopathogenesis of PCOS. Lack of versican cleavage in
the basal region of the follicle in ADAMTS-1 null mutant has
been shown to be associated with reduced ovulation rates [10].
A previous study also confirmed a negative association be-
tween follicular size and the concentration of GAG in FF [19],
suggesting the critical role of GAGs in follicular maturation.
The results of our study did not show a significant correla-
tion between FR and follicular ADAMTS-1 and aggrecan
levels. One limitation of our study was the lack of evaluation
of oocyte quality, which is closely associated with fertiliza-
tion. It has been shown that decreased ADAMTS-1 levels are
closely related to lower oocyte fertilization capacity [12].
Yung et al. demonstrated upregulation of ADAMTS-1 expres-
sion during follicular maturation and elevated ADAMTS-1
levels in cumulus cells from fertilized oocytes, suggesting that
ADAMTS-1 could serve as a marker for fertilization capacity
[18]. Reduced ovulation and FR in ADAMTS-1 null mice and
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Table2 Cut-off level, sensitivity,

and specificity of follicular fluid Cut-off (ng/ml) Sn (%) Sp (%) AUC (95% C) p
aggrecan and ADAMTS-1 for the

prediction of the diagnosis of Aggrecan 4.10 72.7 76.1 0.805 (0.672—0.938) 0.001
PCOS ADAMTS-1 27.50 72.2 68.0 0.722 (0.564-0.879) 0.013

AUC area under curve, CI confidence interval, Sn sensitivity, Sp specificity

Italic represents statistical significance (p<0.005)

abnormal morphogenesis of versican and hyaluronan in the
basal region of follicles have been demonstrated previously
[10]. A negative correlation between the follicular chondroitin
sulfate (CS) concentration, a type of glycosaminoglycan, and
FR has also been demonstrated [19]. Bellin et al. also reported
that lower and higher concentrations of CS were associated
with lower FR but were unrelated to the quality of the embry-
os, whereas high concentrations of heparan sulfate were asso-
ciated with higher-quality embryos but were unrelated to the
FR [20]. Brown et al. also reported reduced rates of fertiliza-
tion in vivo but not in vitro in ADAMTS-1 null mice, which is
similar to the results of our study [10]. Reduced rate of in vivo
fertilization could be a result of inhibited sperm penetration
via reduced clearance of versican from the matrix [10].
However, in vitro FR is less dependent on the COC matrix
function and influenced primarily by medium conditions.

To the best of our knowledge, there are no studies evaluat-
ing the correlation between follicular ADAMTS-1 and
aggrecan levels and implantation. A positive predictor effect
of ADAMTS-1 (but not aggrecan) on implantation in our
study indicates that follicular ADAMTS-1 levels could be a
potential marker of high-quality embryos for transfer in PCOS
patients.

Conclusion

In conclusion, increase of ADAMTS-1 and aggrecan in the FF
may have a partial role in the etiopathogenesis of PCOS and
follicular ADAMTS-1 is a potential predictor marker for im-
plantation capacity in PCOS patients. Further studies are
needed to investigate the etiopathogenetic factors of PCOS
and to improve IVF success rates in PCOS patients.
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