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Objective: The aim of this study was to assess the changes of follicular fluid (FF) and serum levels of cerebellin precursor protein 1 (cbln1) and 
betatrophin in patients with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) 
with a gonadotropin-releasing hormone (GnRH) antagonist protocol. 
Methods: Twenty infertile women with PCOS and 20 control women diagnosed as poor responders undergoing ovarian stimulation with a 
GnRH antagonist were included. Blood samples were obtained during ovum pick-up. Follicular fluid from a dominant follicle was collected 
from the subjects. Using enzyme-linked immunosorbent assays, FF and serum levels of cbln1 and betatrophin were measured in both groups 
of participants. Metabolic and hormonal parameters were also determined and correlated with each other.
Results: Both groups of women had similar serum and FF betatrophin levels (55.0 ± 8.9 ng/mL vs. 53.1 ± 10.3 ng/mL, p = 0.11). The serum and 
FF betatrophin levels of poor responders were found to be similar (49.9 ± 5.9 ng/mL vs. 48.9 ± 10.7 ng/mL, p = 0.22). Conversely, the FF cbln1 
levels of PCOS women were found to be significantly higher than the serum cbln1 levels (589.1 ± 147.6 ng/L vs. 531.7 ± 74.3 ng/L, p < 0.02). The 
FF cbln1 levels of control participants without PCOS were significantly higher than their serum cbln1 levels (599.3 ± 211.5 ng/L vs. 525.3 ± 87.0 
ng/L, p = 0.01). Positive correlations were detected among body mass index, insulin resistance, serum insulin, total testosterone, and betatro-
phin levels in the PCOS group.
Conclusion: Follicular fluid betatrophin and cbln1 concentrations may play a pivotal role on follicular growth in PCOS subjects undergoing IVF/
ICSI with an antagonist protocol.
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Introduction

Polycystic ovary syndrome (PCOS), hyperandrogenism, oligo-an-

ovulation, and associated insulin resistance affect up to one in five 
reproductive-aged women [1,2]. The identification of more peptides 
with a potential role in the etiology of PCOS has improved our knowl-
edge about the close interaction between follicular development 
and peptides. Even independently of PCOS, complex interactions oc-
cur among peptides, hypothalamo-pituitary neurons, and follicle de-
velopment. This observation warrants the identification of central 
and peripheral peptides in conditions of impaired metabolic status, 
with special attention focused on PCOS. 

Relationships between the peptides involved in insulin metabolism 
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and follicular development have been reported. Inadequate cross-
talk among peptides, peripheral adipose tissues, and specific brain 
regions in PCOS may have a negative impact on normal follicular de-
velopment. Concordantly, high intrafollicular leptin in PCOS subjects 
undergoing in vitro fertilization/intracytoplasmic sperm injection 
(IVF/ICSI) has been shown by Fedorcsak et al. [3]. Moreover, both the 
serum and follicular fluid (FF) levels of irisin peptide were found to be 
negatively correlated with insulin resistance in PCOS [4]. Alteration in 
the circulating levels of any peptide can cause defective secretion of 
gonadotropin-releasing hormone and gonadotropins in patients 
with PCOS [5,6]. Peptides may have also a direct impact on reproduc-
tive tissues [7]. In line with these findings, metabolic disturbances in 
PCOS subjects may adversely affect the secretion of peripheral or 
central peptides, and vice versa. We therefore decided to investigate 
the circulating levels of 1 central and 1 peripheral peptide in patients 
with PCOS: cerebellin precursor protein 1 (cbln1) and betatrophin. 
Although most PCOS subjects have high serum levels of different 
hormones and peptides, the impact of betatrophin and cbln1 on the 
biological parameters of PCOS subjects remains elusive. Both pep-
tides may play a role in the occurrence of PCOS by affecting the de-
velopmental potential of oocytes and insulin metabolism.

Betatrophin (also known as ANGPTL8) is a recently identified pep-
tide that is synthesized in the liver as well as white and brown adi-
pose tissue [8,9]. It regulates pancreatic beta cell function and lipid 
production [10]. Circulating levels of betatrophin are altered by both 
physiological and pathological conditions, such as metabolic disor-
ders and obesity [11-13]. In fact, close associations among circulating 
betatrophin levels, type 1 diabetes, and PCOS have been reported 
[11-13]. Likewise, high serum betatrophin levels were reported in pa-
tients with obesity or insulin resistance [14-16]. Pancreatic beta cell 
proliferation can be induced by insulin resistance. In line with this, a 
recent study showed that betatrophin stimulated beta cell prolifera-
tion in the presence of insulin resistance [8]. Since PCOS is character-
ized by insulin resistance, betatrophin levels may change in both the 
serum and in other biological compartments, including the FF of de-
veloping oocytes. 

Cbln1 is a novel central peptide that is essential for normal synaptic 
architecture and function in the cerebellum. In addition to its central 
action, cbln1 has been found to be active in the adrenal cortex, pitu-
itary, heart, kidney, and adrenal tumors [17,18]. Four different iso-
forms have been noted, which are termed cbln1 through cbln4, and 
they are characterized by a conserved C1q domain [19]. Cbln1, cbln2, 
and cbln4 are released as glycoproteins, whereas cbln3 remains 
within the endoplasmic reticulum [19]. Although much is known 
about the action of cbln1, little is known concerning the other family 
members. They are located mainly in the cerebellum and function 
there. Moreover, little is known about the function of cbln1 in periph-

eral tissues. It binds to the so-called orphan glutamate receptor 
GluR∂2 on Purkinje cells [20]. By inducing adenylate cyclase, protein 
kinase A, and steroid hormone secretion, cbln1 induces catechol-
amine release [21,22]. Nevertheless, the precise role of cbln1 in re-
productive or metabolic disorders, including PCOS, is not clear. 
Knockout mice models for cerebellin are fertile and have no anatomi-
cal defects. A recent study by Burnet et al. [23] showed cerebellin-like 
immunoreactivity in the rat pancreas and in guinea pigs. Likewise, 
Strowski et al. [24] demonstrated the expression of cbln1 and cbln3 
in the pancreas of rats. They also noted evidence that cerebellin ex-
erts insulinostatic activity in vivo and in vitro.

The unbalanced secretion of peripheral and central peptides in-
volved in insulin metabolism led us to suppose that both serum and 
FF levels of cbln1 and betatrophin may be altered in PCOS. Although 
several investigations have analyzed the serum and tissue levels of 
betatrophin and cbln1 in subjects with metabolic disorders, their lev-
els in the serum and FF of PCOS subjects have not been analyzed yet. 
This study was therefore planned to find a logical answer to two 
questions. The first aim was to investigate whether FF cbln1 and be-
tatrophin production changed in infertile PCOS subjects undergoing 
IVF/ICSI. The second aim was to investigate the relationships be-
tween the measured levels of these peptides in serum and the FF of 
PCOS subjects and insulin resistance. Possible associations among 
serum and FF cbln1, betatrophin levels, demographic variables, and 
laboratory parameters were also analyzed.

Methods

In order to determine the minimum number of subjects that need-
ed to be enrolled in this study to ensure sufficient statistical power, a 
sample size calculation was carried out before the study. The proba-
bility of a type I error (α) (i.e., finding a difference although a differ-
ence does not exist) was calculated. We used an alpha cut-off of 5% 
(0.05). Serum and FF cerebellin and betatrophin concentrations were 
considered to be significant at a type I error cut-off of 0.05 with a 
power of 0.85. Together, 20 patients in the study and control groups 
were required to ensure adequate study power, so 20 patients with 
the diagnosis of PCOS and 20 control cases diagnosed as poor re-
sponders (PORs) were included in the study. Participants with PCOS 
and control participants without PCOS were matched according to 
their body mass index (BMI). Participants in both groups met the in-
clusion and exclusion criteria for PCOS and POR. A participant was di-
agnosed with PCOS if she had two of the following three findings: (1) 
oligo-anovulation, (2) either clinical or biochemical hyperandrogen-
ism, and (3) an ultrasonographic diagnosis of polycystic ovaries [25]. 
Participants in the control group were diagnosed as PORs when at 
least two of the following three findings were present: (1) age ≥ 40 
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years, (2) a previous history of poor ovarian response (an oocyte re-
trieval of < three oocytes with a conventional induction method), or 
(3) a decline in ovarian reserve ( < 5–7 antral follicles in ultrasonogra-
phy or serum anti-Müllerian hormone levels of < 0.5–1.1 ng/mL). 
Women with the diagnosis of premature ovarian aging and severe en-
dometriosis were not included. Women with a single ovary, a previous 
history of ovarian cystectomy, a history of chronic smoking, or previ-
ous chemotherapy and/or radiotherapy treatment were excluded.

A blood test was performed on the second to fifth day of proges-
terone-induced bleeding in patients with anovulatory PCOS and on 
day 3 among ovulatory PCOS subjects and PORs. Fasting blood sam-
ples were used for biochemical and hormonal evaluations. For insulin 
resistance, the homeostasis model assessment of insulin resistance 
(HOMA-IR) formula was used: fasting serum insulin mIU/L ×  fasting 
glucose (mg/dL)/405 [26]. This study was approved by the local in-
vestigation and ethics committee of Istanbul Medipol University 
Hospital. 

1. FF and serum cbln1 and betatrophin measurements
Both the serum and FF samples used in this study were the same 

specimens collected for the measurement of irisin in our previous 
study [4]. When reviewing the literature, no study was found that in-
vestigated FF and serum betatrophin and cbln1 levels in PCOS sub-
jects undergoing an antagonist protocol. Since these 2 peptides have 
been recently identified, we decided to measure their levels in the 
same samples and the same patients undergoing IVF/ICSI. The steps 
of the controlled ovarian stimulation protocol and sample collection 
can be found elsewhere [4]. As noted previously, venous blood and 
FF samples were collected during ovum pick-up in both groups of 
participants [4]. Participants with other endocrine disorders or who 
took any medication were excluded. Women with bloody FF during 
ovum pick-up were also excluded. After the removal of the cumulus-
oocyte complex, the remaining follicular contents were put into 
tubes and centrifuged at 3,000 g for 10 minutes and were stored at 
−80°C.

Both serum and FF betatrophin and cbln1 concentrations were 
quantitatively measured using enzyme-linked immunosorbent as-
says (ELISA) kits according to the manufacturer’s instructions (human 
betatrophin ELISA kit, human cerebellin ELISA kit, REF: E20160202002; 
Rel Assay Diagnostics, Gaziantep, Turkey). This assay was used to 
measure serum and FF cbln1 and betatrophin levels in both groups 
of participants. Significant cross-reactivity or interference affecting 
the measurements was not detected. The sensitivity of the assays for 
betatrophin and cbln1 was 0.23 ng/mL and 2.34 ng/L, respectively. 
The inter- and intra-assay coefficients of variation for both peptides 
were found to smaller than 10% and 12%, respectively. The assay 
range for betatrophin was 0.5 to 100 ng/mL, and it was 5 to 1,500 

ng/L for cbln1. The method validation for both biological samples 
was carried out as defined by Aydin [27]. FF and serum betatrophin 
and cbln1 levels were measured with a ChroMate P4300 microplate 
reader (Awareness Technology Inc., Palm City, FL, USA).

2. Statistical analysis
For the statistical analysis of all demographic and laboratory find-

ings from both groups of participants, SPSS ver. 21.0 (IBM Corp., Ar-
monk, NY, USA) was used. The normality of individual group parame-
ters was assessed with the one-sample Kolmogorov-Smirnov Z test. 
They were found to be abnormally distributed in both groups. The 
Mann-Whitney U test and Wilcoxon test were used for comparisons 
of PCOS and control subjects. Correlations among the serum and FF 
levels of betatrophin, cbln1, retrieved oocytes, and serum levels of 
estradiol on human chorionic gonadotropin (hCG) day, clinical preg-
nancy rates, and other parameters were evaluated using the Spear-
man correlation method. Data were given as mean ± standard devia-
tion. The p-values < 0.05 were considered to indicate statistical sig-
nificance.

Results

The laboratory characteristics of both groups, including serum and 
FF cbln1 and betatrophin levels, are presented in Table 1. Women 
with PCOS were younger than those in the control group. The infertil-
ity duration of the PORs was longer than those in the PCOS group. 
Although the BMI of PCOS patients was higher, this did not reach sta-
tistical significance. Although the PCOS subjects had high insulin, to-
tal testosterone, and HOMA-IR levels, their estradiol and LH concen-
trations were similar to the control group. The basal FSH levels that 
were measured on day 3 among the POR subjects were found to be 
significantly higher than those in the PCOS subjects. Both the num-
ber of retrieved oocytes during ovum pick-up (20 vs. 3) and the clini-
cal pregnancy rate (75% vs. 35%) were significantly higher in the 
PCOS group than among the PORs. Likewise, the serum levels of es-

Table 1. Serum and FF levels of betatrophin and cbln1 in each group 

Variable PCOS Poor responder p-value

Serum betatrophin (ng/mL)a) 55.0 ± 8.9 49.9 ± 5.9 0.054
FF betatrophin (ng/mL)b)   53.1 ± 10.3   48.9 ± 10.7 0.11
Serum cbln1 (ng/L)c) 531.7 ± 74.3 525.3 ± 87.0 0.74
FF cbln1 (ng/L)d)   589.1 ± 147.6  599.3 ± 211.5 0.74
p-value
   a) vs. b) 0.11 0.22 -
   c) vs. d) 0.02 0.01 -

Values are presented as mean ± standard deviation.   
FF, follicular fluid; cbln1, cerebellin precursor protein 1; PCOS, polycystic ova-
ry syndrome.    
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tradiol in PCOS subjects on the day of hCG administration were 
found to be significantly higher than those in the control group.

1. Serum and FF betatrophin and cbln1 levels in PCOS patients
Serum and FF betatrophin concentrations in PCOS subjects were 

similar (55.0 ± 8.9 ng/mL vs. 53.1 ± 10.3 ng/mL, p = 0.11). A signifi-
cant difference between FF and serum cbln1 levels in PCOS subjects 
was detected (589.1 ± 147.6 ng/L vs. 531.7 ± 74.3 ng/L, p = 0.02). FF 
cbln1 levels were found to be significantly higher than serum levels 
cbln1 in PCOS subjects. The serum betatrophin concentrations of 
women with PCOS were found to be similar to the serum betatro-
phin levels of PORs (55.0 ± 8.9 ng/mL vs. 49.9 ± 5.9 ng/mL, p = 0.054). 
Likewise, a significant difference was not detected between the 
PCOS and POR groups regarding FF betatrophin levels (53.1 ± 10.3 
ng/mL vs. 48.9 ± 10.7 ng/mL, p = 0.11). When compared to the con-
trol group, PCOS patients had similar serum cbln1 (531.7 ± 74.3 ng/L 
vs. 525.3 ± 87.0 ng/L, p = 0.74) and FF cbln1 levels (589.1 ± 147.6 ng/
L vs. 599.3 ± 211.5 ng/L, p < 0.74).

Table 2 shows a correlation analysis of serum and FF betatrophin 
and cbln1 levels with each other and with laboratory and demo-
graphic parameters. Spearman correlation analysis showed no signif-
icant association between FF and serum betatrophin levels in PCOS 
subjects. Likewise, we did not detect any correlation between FF and 
serum cbln1 levels. However, a positive correlation was detected be-
tween serum betatrophin and total testosterone levels (r = 0.53, 
p < 0.01) in PCOS subjects. Positive correlations were also detected 
among HOMA-IR, serum insulin, and betatrophin levels (r = 0.47, 
p = 0.03; r = 0.30, p = 0.03, respectively). Moreover, we found a posi-
tive correlation between serum betatrophin and BMI in the PCOS 
group (r = 0.29, p = 0.04). FF betatrophin levels were also found to be 
positively correlated with BMI, HOMA-IR, and serum insulin levels in 
PCOS subjects. A significant correlation was not detected between 
FF betatrophin and serum levels of testosterone. Serum levels of be-
tatrophin were negatively correlated with FF cbln1 (r = −0.386, 

p = 0.035) in PCOS patients. FF betatrophin levels of PCOS subjects 
were positively correlated with FF cbln1 levels (r = 0.346, p = 0.04). 
Since PCOS subjects had a high oocyte retrieval number ( > 20) com-
pared to the control subjects ( < 3), a correlation analysis between 
the measured peptide levels and the number of total oocytes was 
not performed. We did not find any significant associations among 
the serum levels of estradiol on the hCG day, clinical pregnancy rates, 
and the serum and FF levels of betatrophin in either group of sub-
jects. However, a positive but insignificant correlation was detected 
between FF cbln1 and estradiol levels on the day of hCG administra-
tion. Likewise, no correlations were detected between serum be-
tatrophin and cbln1 levels and circulating estradiol levels on the day 
of hCG administration.

2. Serum and FF betatrophin and cbln1 levels in PORs
The serum and FF betatrophin levels of POR subjects were found to 

be similar (49.9 ± 5.9 ng/mL vs. 48.9 ± 10.7 ng/mL, p = 0.22). Similarly 
to PCOS patients, the FF cbln1 levels of PORs were significantly high-
er than their serum cbln1 levels (599.3 ± 211.5 ng/L vs. 525.3 ± 87.0 
ng/L, p < 0.01). Neither a negative nor positive correlation was found 
between serum and FF betatrophin and cbln1 levels in the POR 
group. No correlations were detected among the demographic vari-
ables, laboratory parameters, and measured peptide levels in the se-
rum and FF of the control subjects.

Discussion

Although the underlying cause of defective folliculogenesis is not 
well understood in PCOS, there is some evidence that abnormalities 
in some specific peptides may be associated with this condition [2]. 
Indeed, by reducing the rates of pregnancy and fertilization in rats, 
obesity secondary to metabolic disorders can adversely affect the 
outcome of IVF/ICSI [28-30]. In line with this, fewer oocytes or im-
paired embryo quality and an increased risk of spontaneous abortion 
have been reported in women with PCOS [30]. The failed reproduc-
tive outcomes that may be seen in obese patients may be mediated 
by insulin or by other peptides related to insulin metabolism [31]. 
The impact of insulin resistance and hyperinsulinemia on follicle de-
velopment in women undergoing IVF/ICSI was reported in a study 
conducted by Fedorcsak et al. [32]. They showed that women with 
PCOS and insulin resistance required a higher follicle-stimulating 
hormone dose to induce ovulation. They also noted that the pres-
ence of insulin resistance led to a decline in circulating estradiol lev-
els compared to women with normal insulin sensitivity. A study by 
Stadtmauer et al. [33] was conducted on PCOS patients resistant to 
clomifene who underwent IVF/ICSI. The authors showed that the ad-
dition of metformin led to the pick-up of more mature oocytes, a 

Table 2. Spearman correlation coefficients (r) among cbln1, betatro-
phin, and clinical and hormonal parameters in subjects with PCOS 

Independent variable
Serum betatrophin FF betatrophin

r p-value r p-value

Serum cbln1 0.130 0.47 –0.224 0.24
FF cbln1 –0.386 0.035 0.346 0.04
BMI 0.29 0.04 0.47 0.03
HOMA-IR 0.47 0.03 0.36 0.01
Testosterone 0.53 0.01 0.51 0.43
Insulin 0.3 0.03 0.47 0.02

cbln1, cerebellin precursor protein 1; PCOS, polycystic ovary syndrome; FF, 
follicular fluid; BMI, body mass index; HOMA-IR, homeostasis model assess-
ment of insulin resistance.    
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higher fertilization rate, and a higher pregnancy rate. This is the first 
study measuring FF cbln1 and betatrophin levels in PCOS patients 
undergoing IVF/ICSI with an antagonist protocol. Due to significant 
cross-reactivity or interference between measured laboratory pa-
rameters, demographic variables, and the levels of any peptide in bi-
ological fluids, evaluating the concentration of peptides is associated 
with challenges in terms of the laboratory method used. We were 
able to detect cbln1 and betatrophin in the FF of PCOS subjects and 
control cases without PCOS. Our study clearly demonstrated that the 
serum levels of cbln1 in PCOS subjects were significantly lower than 
the FF cbln1 levels. Likewise, the control subjects without PCOS 
showed lower serum cbln1 levels than FF cbln1 levels. Nevertheless, 
no significant correlation was detected between serum and FF cbln1 
levels, suggesting the independent regulation of cbln1 in the grow-
ing follicle. 

The follicular cells of the growing oocytes in PCOS subjects may 
produce cbln1 to regulate steroid hormone production. Neverthe-
less, the observation of increased levels of FF cbln1 in control cases 
without PCOS weakens our hypothesis. Several explanations may ex-
ist for the increase in FF cbln1 levels in both groups of subjects. PCOS 
may not involve the increased synthesis of cbln1 as part of the dis-
ease process. The high levels of FF cbln1 in control cases without 
PCOS support this idea. Another explanation of high FF cbln1 con-
centrations in all participants may be the method used for ovarian 
stimulation. In the current study, we used an antagonist protocol for 
ovarian stimulation. Concordantly, the presence of high FF cbln1 lev-
els in both groups of subjects might be secondary to gonadotropins 
or antagonists that might induce cbln1 production from the cumu-
lus-oocyte complex. Low levels of circulating cbln1 support the criti-
cal role of both the drugs of the antagonist protocol and follicle cells. 
In agreement with this, the positive but insignificant correlation be-
tween FF cbln1 and estradiol levels on the day of hCG administration 
supports the idea that the follicle plays a pivotal role in producing 
cbln1. Further support for this stems from the fact that it has been 
reported that cbln1 enhanced steroid hormone secretion from the 
adrenal glands [21]. Moreover, the disturbed secretion of some bio-
chemical compounds and hormones in PCOS patients supports our 
idea [34]. Together, regardless of the presence of PCOS, cbln1 may 
contribute to follicular development in healthy women and women 
with metabolic defect. To provide insight into this mystery, studies 
comparing FF cbln1 levels between subjects undergoing natural-cy-
cle IVF and subjects undergoing an antagonist protocol are required 
to determine the impact of the induction protocol and of follicular 
cells on FF cbln1 production.

 Although cbln1 induces norepinephrine release from the adrenal 
glands [21], the precise function of cbln1 in cellular reactions is con-
troversial. A recent study by Strowski et al. [24] showed the local pro-

duction of cbln1 in the pancreas. They also reported that cbln1 could 
regulate insulin release through a modulation of cyclic adenosine 
monophosphate- and calcium-dependent signal transduction in the 
pancreas. They also noted the presence of cerebellin immunoreactiv-
ity close to glucagon- and somatostatin-producing cells. However, 
cerebellin immunoreactivity was found to be lower in the central 
part of the pancreas, which contains many insulin-producing beta 
cells [24]. Significantly increased FF cbln1 levels in both groups of 
women suggest that the transfer of cbln1 from FF to the circulation 
was not allowed. If cbln1 was transported from the FF to the circula-
tion by a receptor-mediated system, the release of cbln1 into the cir-
culation would be facilitated by the presence of high levels of FF 
cbln1. Due to the presence of similar circulating and FF betatrophin 
levels in PCOS and control subjects, it is logical to think that a bidirec-
tional transition process exists for betatrophin between the serum 
and the FF. However, we did not find any relationship between the 
two compartments regarding circulating and FF cbln1 levels. In light 
of these findings, we propose that the cbln1 in the FF is mainly locally 
produced by oocytes or follicle cells, excluding the transport of cbln1 
from the circulation into the FF. 

The insignificant increase in serum betatrophin levels in PCOS sub-
jects when compared to control cases without PCOS led us to think 
that serum levels of betatrophin were not changed in PCOS subjects. 
In contrast to cbln2, the drugs used in the antagonist protocol could 
not affect betatrophin synthesis in the follicle cells. It is quite likely 
that the follicular cells of both subjects with and without PCOS may 
not have the ability to synthesize betatrophin. It is possible that the 
bidirectional transport of betatrophin may maintain balance between 
the two compartments. In fact, the high vascularity seen in the folli-
cles of PCOS patients may facilitate this transport. The results of stud-
ies investigating serum betatrophin levels in patients with metabolic 
disorders are controversial. In the present study, positive associations 
among HOMA-IR, serum insulin, BMI, FF, and serum betatrophin lev-
els were detected in PCOS subjects. Our findings are consistent with 
the results of Calan et al. [12], who showed that circulating betatro-
phin levels were positively correlated with insulin resistance [12]. 
Conversely, a study conducted by Gomez-Ambrosi et al. [15] reported 
that serum betatrophin levels were not related to insulin sensitivity in 
subjects with new-onset type 2 diabetes. The positive associations 
among circulating betatrophin, HOMA-IR, and BMI may suggest that 
unlike insulin resistance, the bidirectional transport of betatrophin 
between the serum and the follicular compartment is not compro-
mised in individuals with PCOS. Therefore, we can make the strong 
suggestion that the impact of betatrophin on folliculogenesis in 
women undergoing IVF with an antagonist protocol is independent 
of insulin resistance and the underlying causes of infertility [4]. 

Increased androgen levels in PCOS subjects may facilitate the bal-
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ance of betatrophin levels between the serum and FF compart-
ments. In line with this, the circulating betatrophin levels of PCOS 
subjects were found to be positively correlated with increased serum 
androgen and C-reactive protein levels [12]. Likewise, close associa-
tions between serum androgens and low-grade inflammation were 
detected in PCOS subjects [35]. In good agreement with these find-
ings, positive associations between circulating betatrophin and total 
testosterone levels were found in the present study. Collectively, we 
strongly suggest that serum levels of androgens might contribute to 
the regulation of serum and FF betatrophin concentrations. However, 
in order to draw a clear conclusion regarding the effect of betatro-
phin on follicular development in PCOS subjects, immunohisto-
chemical studies evaluating the existence of betatrophin and its re-
ceptors in oocytes, mural, and cumulus granulosa cells are necessary.

Although the main causes of PCOS-related subfertility remain to be 
identified, it is believed that the defective production and secretion 
of some peptides, including betatrophin and cbln1, can play an im-
portant role in the pathogenesis of failed ovulation in PCOS. Unfortu-
nately, neither the production site nor the physiological function of 
either peptide in terms of follicular development in subjects with 
metabolic dysfunction are well characterized. In the current investi-
gation, the presence of cbln1 and betatrophin was for the first time 
established in the FF of subjects with and without PCOS. We clearly 
showed that FF cbln1 levels were found to be elevated in women 
with and without PCOS. Significantly increased FF cbln1 levels in 
both groups of women led us to think that the follicular cells of grow-
ing oocytes may synthesize cbln1 to regulate steroid hormone pro-
duction. The lack of a significant correlation between FF and serum 
levels of cbln1 suggests the independent regulation of this peptide 
within the growing follicle. However, the lack of any associations 
among the cbln1, betatrophin, serum estradiol levels, and clinical 
pregnancy rates weakens the possibility that these peptides may 
have a role on follicular development in PCOS. In contrast to cbln1, 
the presence of positive correlation of HOMA-IR, serum insulin, and 
BMI with the serum and FF levels of betatrophin suggests that be-
tatrophin may have a critical impact on follicle growth in women 
with PCOS undergoing IVF/ICSI with an antagonist protocol. In light 
of our findings, we concluded that the measurement of circulating 
cbln1 and betatrophin may support the potential role of both pep-
tides as a peripheral marker for follicular well-being. These 2 peptides 
may play a role in understanding unknown aspects of follicular de-
velopment in patients with PCOS undergoing treatment with assist-
ed reproductive technology.
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