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Abstract
Purpose Pentraxin 3 (PTX3) plays a crucial role in cumulus expansion and fertilization. The ovarian PTX3 level in polycystic
ovary syndrome (PCOS) remains uncertain. In the present study, we investigated the follicular PTX3 levels and found the
influence of reproductive hormones on ovarian PTX3 concentration.
Methods This study was based on 204 healthy-weight women (102 PCOS and 102 normal ovulating subjects) undergoing
in vitro fertilization (IVF). Follicular fluid (FF) was collected during oocyte retrieval. The PTX3 levels and other hormone levels
in FF samples were analyzed by enzyme-linked immunosorbent assay (ELISA).
Results The PTX3 level in the follicle was significantly higher in the healthy-weight PCOS women than controls. Positive
correlations were found between ovarian PTX3 level and the existence of PCOS, cycle length, basal LH to FSH ratio and TT
in serum, antral follicle count, and ovarian insulin and androgen level, and inverse correlations with the basal serum PRL and
ovarian SHBG. In multivariant linear regression analysis, the presence of PCOS diagnosis, participants’ basal LH to FSH ratio,
and ovarian androstenedione level were the main predictors of ovarian PTX3 level among the enrolled subjects.
Conclusion Elevated ovarian PTX3 level supports the low-grade chronic inflammatory state in the follicles of PCOS. The
existence of PCOS, disturbed pituitary gland, and ovarian hyperandrogenism might also be related to this state of low-grade
chronic inflammation and could be a subject of further study.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrinopathies, afflicting females of reproductive
age, with an estimated prevalence of 5–19.9% according
to different diagnostic criteria [1, 2]. It is characterized by
hyperandrogenism, oligo-/anovulation, and polycystic ovari-
an morphology. Metabolic dysfunction in PCOS includes in-
creased incidence of insulin resistance, hyperinsulinemia, dys-
lipidemia, and cardiovascular diseases. Detailed pathogenesis
of PCOS remains to be illustrated. Emerging data suggest that
PCOS is a multifactorial disease, and genetic [3], epigenetic
[4], and environmental [5] factors could determine individual
susceptibility of this condition.

Accumulating evidence suggests that PCOS is a chronic
inflammatory disease. The ovaries of women with PCOS ex-
hibit inflammation and fibrosis [6]; the peripheral blood of
women with PCOS has reduced numbers of anti-
inflammatory regulatory T cells and elevated serum levels of
autoantibodies [7], and recent study also indicated the patho-
genic role for CD19+ B cells in the development of PCOS [8].
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Humoral innate immune molecule pentraxin 3 (PTX3) that
belongs to the same superfamily of acute reactants as C-
reactive protein (CRP) is a member of the long pentraxin
family and has multifunctional properties for its capacity to
interact with different types of ligands. In particular, PTX3
plays a non-redundant role in innate immunity by opsonizing
selected pathogens [9] and in female fertility [10, 11]. Recent
research demonstrated that PTX3 in the circulation is associ-
ated with PCOS [12–14], but its role in PCOS is so far incon-
clusive. Unlike the short pentraxin, PTX3 is produced in the
local site of the inflammation, including follicle cells [4], and
it is essential for the organization of cumulus oophorus extra-
cellular matrix and in vivo fertilization [15, 16]. The PTX3
level in the follicular fluid has not been tested in PCOS wom-
en, yet. In this study, we aimed to assess whether the ovarian
PTX3 level is altered in PCOS women and analyze the rela-
tionships between follicular PTX3 level and clinical and hor-
monal features.

Materials and methods

Patient selection and sample collection

The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a priori
approval by the Ethics Committee of the International
Peace Maternity and Child Health Hospital, School of
Medicine, Shanghai Jiao Tong University. All participants
provided written informed consent after full explanation of
the purpose and nature of all procedures used. One hundred
two PCOS patients, diagnosed according to the Rotterdam
Consensus (European Society for Human Reproduction
and Embryology/American Society for Reproductive
Medicine criteria) [6], and one hundred two infertile wom-
en with tubal blockage (serving as controls) seeking
in vitro fertilization (IVF) treatment were recruited. The
control women met the following inclusion criteria: (1)
normal ovarian response; (2) menstrual cycle length range
between 26 and 33 days; (3) no structural abnormalities of
the uterus and ovary was found by vaginal ultrasound and/
or laparoscopy; (4) no diseases affecting gonadotropin and
sex steroid secretion, clearance, or excretion; (5) no signs
of hyperandrogenism; and (6) no polycystic ovary mor-
phology or other morphological abnormalities. And all en-
rolled subjects met the following inclusion criteria: (1) age
between 22 and 37; (2) body mass index (BMI) between
18.5 and 25; (3) both ovaries present; (4) only the subjects
undergoing GnRH long agonist protocol or GnRH antago-
nist protocol were selected; (5) all the participants under-
going intracytoplasmic sperm injection (ICSI) or whose
spouse had male infertility factors were excluded. The FF
samples were carefully collected from the first aspiration

follicle as previously described [4], and only FF samples
from one follicle which did not contain any visible blood
contamination were used in this study. The FF samples
were immediately centrifuged, and the supernatants were
stored at − 80 °C until further analysis.

Measurement of hormones

The levels of day 3 serum hormones were measured by chemi-
luminescence immunoassay (CLIA) in the clinical laboratory
of International Peace Maternity and Child Health Hospital,
School of Medicine, Shanghai Jiao Tong University. The hor-
mone levels in FFs were detected by enzyme-linked immuno-
sorbent assay (ELISA), including androstenedione (Abcam,
Cambridge, UK), total testosterone (TT) (Abcam,
Cambridge, UK), sex hormone-binding globulin (SHBG,
R&D Systems, Inc. Minneapolis, MN, USA), and insulin
(R&D Systems, Inc. Minneapolis, MN, USA). Free androgen
index (FAI) was calculated as the ratio of TT (nmol/L)/SHBG
(nmol/L) multiplied by 100. The values in FFs were from the
individual follicle from each subject.

Measurement PTX3 levels in FF

The concentration of PTX3 in FF was determined using an
ELISA kit (R&D Systems, Inc. Minneapolis, MN, USA),
according to the manufacturer’s protocol. This assay is a
quantitative sandwich enzyme immunoassay technique.
The intra- and interassay coefficients of variations were
3.7% and 7.3%, respectively. The assay was performed
using FF that had been stored frozen at − 80 °C and the
PTX3 levels were all measured at the same time using
reagents with the same lot numbers to reduce the measure-
ment variability.

Statistical analysis

Statistical analysis is performed using the software SPSS ver-
sion 24.0 software (SPSS Inc., Chicago, IL, USA).
Differences in the demographic and clinical characteristics
among the subjects were evaluated by χ2, t tests, or non-
parametric Mann–Whitney U test according to whether the
variables were categorical or continuous. The PTX3 distribu-
tion was non-normal, so the non-parametric Mann–Whitney
U test was applied. The correlations between FF PTX3 levels
and other components participating in our study were ana-
lyzed using Pearson’s correlation. Multivariate analysis was
performed using backward stepwise logistic regression anal-
ysis. All tests were two-sided and P < 0.05 was considered
statistically significant.
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Results

Patient demographic data and clinical features

Demographic data and baseline clinical characteristics of
cases and controls are shown in Table 1. Enrolled PCOS
women and control ones were of comparable age and du-
ration of infertility. The GnRHant protocol was more com-
mon among the enrolled subjects. Significant differences
between the two groups (P < 0.05) could be found in men-
strual cycle length, parity, body mass index (BMI), antral
follicle count (AFC), serum luteinizing hormone (LH)/fol-
licle-stimulating hormone (FSH) ratio, total testosterone
(TT), dehydroepiandrosterone-sulfate (DHEA-S), prolac-
tin (PRL), and estradiol (E2) levels on the third day of
menstrual cycle. All these values mentioned above were
greater for PCOS group than those in controls except for
serum PRL level, which is lower in PCOS women. The
PCOS women were more likely to suffer from primary

infertility. The fertilization rate of the enrolled PCOS
women was significantly lower than that of the controls.
The average follicular diameter used for the analysis of FF
is 16 mm, and the minimum follicular diameter used to
obtain FF is no less than 14 mm. Furthermore, the concen-
trations of androstenedione, TT, free androgen index
(FAI), and insulin in the follicular fluid (FF) were signifi-
cantly higher in the PCOS group, whereas the sex
hormone-binding globulin (SHBG) level was lower.

Ovarian PTX3 levels in PCOS women and controls

As shown in Table 1 and Fig. 1, the ovarian PTX3 level was
8.60 (95% CI: 4.42–18.05) ng/ml and 15.59 (95% CI: 6.64–
48.13) ng/ml in control and PCOS women, respectively. We
observed a significant elevation of 94% in the mean ovarian
PTX3 level from PCOS women (19.76 ± 1.17 ng/ml) com-
pared with controls (10.18 ± 0.47 ng/ml) (P < 0.001).

Table 1 Demographic data and clinical characteristics of IVF patients, between control and PCOS groups

Items Control (n = 102) PCOS (n = 102) P value

Age 29.98 ± 0.36 29.17 ± 0.35 0.108

Body mass index (kg/m2) 21.39 ± 0.21 22.02 ± 0.21 0.040

Cycle length (days) 28.95 ± 0.17 67.56 ± 4.04 < 0.001

Duration of infertility (years) 4.27 ± 0.31 4.20 ± 0.38 0.927

Parity, n (%) < 0.001

No previous pregnancy 40 (39.22) 66 (64.71)

Previous pregnancy 40 (60.78) 36 (35.29)

Day 3 LH/FSH 0.77 ± 0.02 1.35 ± 0.08 < 0.001

Day 3 TT (nmol/L) 0.79 ± 0.03 2.00 ± 0.08 < 0.001

Day 3 DHEA-S (umol/L) 6.68 ± 0.21 7.95 ± 0.31 0.001

Day 3 PRL (ng/ml) 15.53 ± 0.57 13.81 ± 0.55 0.031

Day 3 E2 (pmol/L) 135.03 ± 4.06 159.24 ± 6.95 0.003

AFC 10.82 ± 0.23 24.59 ± 0.26 < 0.001

Protocols, n (%) 0.203

GnRHa long 22 (21.6) 15 (14.7)

GnRHant 80 (78.4) 87 (85.3)

Fertilization rate 72.84 ± 2.16 61.38 ± 2.21 < 0.001

Androstenedione (ng/ml) in FF 6.27 ± 0.34 8.94 ± 1.01 0.013

TT (ng/ml) in FF 5.22± 0.22 9.17 ± 0.55 < 0.001

SHBG (nmol/L) in FF 57.17 ± 1.10 51.86 ± 1.32 0.002

FAI in FF 32.50 ± 1.39 68.20 ± 5.96 < 0.001

Insulin (mU/L) in FF 38.80 ± 1.66 50.43 ± 2.10 < 0.001

PTX3 (ng/ml) in FF 8.60 (6.48–13.52) 15.59 (11.92–23.10) < 0.001

Day 3, the third day of spontaneous menstrual cycle; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TT, total testosterone; DHEA-S,
dehydroepiandrosterone-sulfate; PRL, prolactin; E2, estradiol; AFC, antral follicle count; GnRHa, gonadotropin-releasing hormone agonist; GnRHant,
gonadotropin-releasing hormone antagonist; Gn, gonadotrophin; HCG, human chorionic gonadotropin; FF, follicular fluid; SHBG, sex hormone-
binding globulin; FAI, free androgen index; PTX3, pentraxin 3. Values are presented as mean ± SE or median (lower quartile–upper quartile).
Significance was determined by unpaired Student’s t test, χ2 , or non-parametric Mann–Whitney U test
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Associations of enrolled parameters with ovarian
PTX3 levels in PCOS

Table 2 shows the univariated relationships between the ovar-
ian PTX3 level and several anthropometric, endocrine, and
metabolic parameters. In the whole sample of PCOS and con-
trol subjects, correlation analysis revealed that the PTX3 level
in FF was positively associated with the existence of PCOS (R
= 0.534, P < 0.001), cycle length (R = 0.425, P < 0.001), basal
LH to FSH ratio (R = 0.398, P < 0.001), and TT (R = 0.475, P
< 0.001) in serum, AFC (R = 0.467, P < 0.001), ovarian
insulin level (R = 0.179, P = 0.010), and ovarian
hyperandrogenism (R = 0.616 for androstenedione; R =
0.664 for TT; R = 0.668 for FAI, all P < 0.001). And it was
inversely associated with the basal serum PRL (R = − 0.180, P
= 0.010) and ovarian SHBG (R = − 0.156, P = 0.026)
(Table 2). However, no relationships were observed between
the ovarian PTX3 level and age, BMI, duration of infertility,
parity, basal serum DHEA-S and E2 levels, COH parameters,
and fertilization rate.

The multivariable associations between follicular PTX3
with possible variables are displayed in Table 3. The PTX3
level in the ovary was pronouncedly associated with the exis-
tence of PCOS (95% CI = 3.704~8.711), serum LH to FSH
ratio on the third day of menstrual cycles (95% CI =
1.704~4.898), and ovarian androstenedione (95% CI =
0.600~0.846). In a multivariable regression model, the asso-
ciations of ovarian PTX3 with menstrual cycle length, basal
PRL, TT, AFC, and ovarian TT, FAI, SHBG, and insulin
levels were no longer significant.

Discussion

In the present study, we found that the ovarian PTX3 is in-
creased in non-obese PCOS women. In addition, the existence
of PCOS, serum basal LH/FSH ratio, and high levels of ovar-
ian androstenedione were strongly associated with the ovarian
PTX3 level. To our knowledge, this study, for the first time,
explored the ovarian PTX3 level in PCOS women and inves-
tigated the relationships between ovarian PTX3 level and oth-
er hormones.

Up to now, there were several studies investigating serum
PTX3 level in PCOS, but the association between PTX3 and
PCOS remains uncertain. Among these studies, serum PTX3
level in PCOS women was found to be lower [12, 13], higher
[14, 17], or comparable [18] to that of non-PCOS women. In
contrast to the short pentraxin, CRP, which is predominantly
produced in the liver, PTX3 is synthesized in response to local
inflammatory stimuli by a variety of cells, and ovarian follic-
ular cells have innate immune capabilities that modulate their
endocrine function [19]. Our previous study has found that the
granulosa cells from PCOS women had higher expression of

Fig. 1 Ovarian PTX3 levels among normal ovulating women and PCOS
subjects. The bottom and top of each box indicate the 25th and 75th
percentiles, the line through the middle of each box represents the
median. P value is determined by non-parametric Mann–Whitney U test

Table 2 Correlations of follicular PTX3 with each parameter

Items R P value

Existence of PCOS 0.534 < 0.001

Age − 0.122 0.083

Body Mass Index (kg/m2) 0.101 0.151

Cycle length (days) 0.425 < 0.001

Duration of infertility (years) − 0.067 0.343

Parity − 0.103 0.141

Day 3 LH/FSH 0.398 < 0.001

Day 3 TT 0.475 < 0.001

Day 3 DHEA-S 0.100 0.154

Day 3 PRL − 0.180 0.010

Day 3 E2 0.094 0.182

AFC 0.467 < 0.001

Protocols 0.045 0.520

Induction length (days) 0.016 0.816

E2 (pmol/L) on HGC day − 0.060 0.397

No. of retrieved oocytes 0.103 0.141

Fertilization rate − 0.121 0.086

Androstenedione in FF 0.616 < 0.001

TT in FF 0.664 < 0.001

SHBG in FF − 0.156 0.026

FAI in FF 0.668 < 0.001

Insulin in FF 0.179 0.010

Data are presented as Pearson correlation coefficients
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PTX3 than the non-PCOS women [4]. So it is of great signif-
icance to evaluate the PTX3 level in the ovarian environment.
Mean PTX3 level in the follicle was 10.18 ± 0.47 ng/mL in the
normal ovulating women, which is similar to the finding of
Alessio et al. [20]. The mean concentration of follicular PTX3
in PCOS women was 19.76 ± 1.17 ng/mL, which was clearly
higher compared to normal ovulating controls. Studies in mice
have revealed that Ptx3 mRNA expression starts 2 h after
injection of hCG, peaks at 6 h, and declines thereafter [15],
coinciding with matrix deposition by cumulus cells and cu-
mulus expansion [21]. It might be hypothesized that the var-
iability in time between hCG injection and ovum pick-up
could account for elevated follicular PTX3 in PCOS women.
But oocyte retrieval is usually performed at 36 h after hCG
administration, so our results provide a basis for pursuing
studies on the innate immunity in the pathogenesis of PCOS,
and PXT3 might also have specific diagnostic and immuno-
logic therapeutic value in PCOS.

We failed to find any significant association between fer-
tilization rate and follicular concentration of PTX3. However,
the fertilization rate here refers to the retrieved oocytes of one
women, not the oocytes that come from the examined FF, so it
is more meaningful to perform in vitro study to evaluate the
effect of PTX3 on fertilization. There is a constant state of
chronic low-grade inflammation in obesity and insulin resis-
tance [22]. Samples from the non-obese women were selected
in our study to minimize the influences of obesity and meta-
bolic disturbances on inflammatory status. The uncertained
association between plasma PTX3 level and metabolic distur-
bances has been discussed in several studies [13, 14]. Previous
studies related to male subjects have reported inverse link
between plasma PTX3 and fat mass [23], BMI [24], and waist
circumference [24], while positive correlation between PTX3
levels and BMI as well as visceral obesity in PCOS was ob-
served [14]. A recent study carried out by Katarzyna et al. also
showed a positive correlation between circulating PTX3
levels and BMI values and fat percentage in women with

PCOS, while the correlation was negative in non-PCOSwom-
en [17]. It was reported that PTX3 mRNA expression is up-
regulated in visceral adipose tissue in obesity, whereas the
plasma PTX3 levels inversely correlatedwith insulin secretion
[25]. The discrepancies of these studies are not easily ex-
plained. In our study, the enrolled PCOS women had higher
BMI and ovarian insulin level than the control, but further
association analysis indicated that ovarian PTX3 level was
not correlated with BMI or ovarian insulin level among the
enrolled subjects. Possible explanation of this finding is the
concentration of BMI that varies from 18.5 to 25. Most PCOS
subjects from other studies are overweight or obese with
higher BMI or fat percentage and the enrolled subjects in
our study compromised Chinese women with lower BMI
values. Since PTX3 can be secreted by follicular cells and
the existence of blood-follicle barrier that separates FF from
blood capillaries [26], and we have excluded the obese wom-
en during the study, it is reasonable to have such disaccord
with that in the circulation.

Hyperandrogenism, especially the excessive androgen pro-
duction by the ovaries, is the core pathophysiologic feature of
PCOS [4, 27]. The enrolled PCOS women in our study
showed higher androgen levels both in the circulation and
ovary. Ibrahim et al. had reported that hyperandrogenism
might be related to the low-grade chronic inflammatory state
in PCOSwomen [28]. Among the enrolled subjects, we found
significantly positive correlations between ovarian PTX3 lev-
el and endocrine disturbances of this condition, including
higher ovarian and circulating androgen levels. Further regres-
sion analysis revealed that the correlations of PTX3 level in
follicle with menstrual cycle length, basal PRL, TT, AFC, and
follicular TT, FAI, SHBG, and insulin were attenuated. Only
the existence of PCOS, higher ratio of LH/FSH, and elevated
follicular androstenedione could account for the higher PTX3
in the ovary.

The LH hypersecretion by the pituitary gland also induces
ovary dysfunction and enhances hypersecretion of androgen

Table 3 Stepwise multiple regression analysis between follicular PTX3 levels and each parameter

Variable Unstandardized coefficients Standardized coefficients P value (95% CI)

B Std. Error Beta

Constant − 2.253 1.521 0.140 (− 5.252~0.747)

Existence of PCOS 6.207 1.269 0.305 < 0.001 (3.704~8.711)

Day 3 LH/FSH 3.301 0.810 0.231 < 0.001 (1.704~4.898)

Androstenedione in FF 0.723 0.0762 0.539 < 0.001 (0.600~0.846)

Adjusted R2 0.566

P value of the model < 0.001

Std. error of the estimate 6.383

These factors were adjusted in the multivariate regression analysis: menstrual cycle length, day3 PRL, day3 TT, AFC, TT in FF, FAI in FF, SHBG in FF,
insulin in FF
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in the theca cells in ovarian follicle [2], thus inducing
hyperandrogenism both in the circulation and ovary. The re-
markable female predominance of autoimmune diseases has
suggested the immunosuppressive effects of androgens [29],
while other investigators reported a direct proinflammatory
effect of androgens on mononuclear cell [30, 31]. Despite a
documented role of androgen as an immunoregulator with
o r g an - s p e c i f i c mann e r , t h e po t e n t i a l r o l e o f
hyperandrogenism on the immune response, especially innate
immune response of ovary, has never been fully illustrated.
PCOS is characterized by a chronic inflammatory state both in
circulation [28, 32] and ovaries [33]. Ovary acts as the main
androgen supplier in women, and is also an androgen-
sensitive tissue [34]. Studies have indicated that androgen
excess in vivo and in vitro induces a proinflammatory re-
sponse in PCOSwomen [35, 36]. In our study, the univariable
association analysis and multivariable regression analysis re-
vealed remarkable positive associations between follicular
PTX3 level and ovarian androstenedione concentration. The
finding suggests that ovarian hyperandrogenism might be the
causation of elevated PTX3 in the follicle. Ptx3 expression in
the follicle cells is regulated by growth differentiation factor 9,
which is regulated by androgen/androgen receptor [37]. The
RNA-seq data indicated the upregulation of PTX3 in follicle
cells from PCOSwomen is associatedwith hyperandrogenism
[4]. However, there is no available data on the direct effect of
androgens on PTX3 production. Further studies are warranted
to clarify the potential role of endocrine mediators in the de-
velopment of higher PTX3 in the ovary.

There are several limitations and considerations with re-
gard to the present study. All the enrolled subjects were un-
dergoing assisted reproductive medicine and all the samples
were collected after some drug administration. Secondly, the
subjects enrolled in our study were non-obese, so it is worth
further verification in both obese and non-obese subjects, or
other ethnic groups should be undertaken with caution.
What’s more, the enrolled samples were all from luteinized
follicles. Therefore, it is of significance to further confirm our
findings in unstimulated and non-luteinized follicular fluid,
and also this can be further carried out in animal study.
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