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Abstract. - OBJECTIVE: Polycystic ova-
ry syndrome (PCOS) is a female endocrinopa-
thy characterized by hyperandrogenemia, in-
sulin resistance, glucose intolerance, dyslipid-
emia, non-alcoholic fatty liver disease (NAFLD),
and obesity. Hepassocin (HPS) is a hepatokine
involved in energy and lipid metabolism. We
aimed to investigate the role of HPS in metabol-
ic dysfunction and its relationship with fatty liv-
er in patients with PCOS.

PATIENTS AND METHODS: A total of 45 new-
ly diagnosed PCOS patients and 42 healthy wom-
en of similar age were included in the study. Rou-
tine anthropometric, biochemical, and hormon-
al information were recorded. Serum HPS and
high-sensitivity C-reactive protein (hsCRP) were
measured, and NAFLD fibrosis score (NFS) and
Fibrosis-4 (FIB-4) were calculated and correlated.

RESULTS: HPS and hsCRP values of the
PCOS group were found to be significantly high-
er than controls (p=0.005, p<0.001, respective-
ly). A positive correlation was found between
both HPS and hsCRP and luteinizing hormone
(LH) (p<0.001). No correlation was observed be-
tween HPS and NFS and FIB-4, however, only
a weak negative correlation was observed be-
tween hsCRP and FIB-4. A negative correlation
was found between HPS and BMI, waist circum-
ference, fat ratio, and HbAlc (p<0.05). In multi-
variate regression analysis for HPS, R-squared
is 0.898, and hsCRP, neck circumference, fat
amount, and LH are significant factors.

CONCLUSIONS: NAFLD is an important dys-
metabolic component of PCOS. Serum HPS is
elevated in PCOS patients. We found a positive
correlation between hsCRP and LH and a neg-
ative correlation between obesity indices, al-
though we did not find an association between
NFS and FIB-4, and HPS. In the future, large-
scale molecular studies of HPS may be benefi-
cial.
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Introduction

Polycystic ovary syndrome (PCOS) is a com-
mon endocrinopathy affecting ~10% of women of
reproductive age'. Most women with PCOS have
high levels of androgens and metabolic comor-
bidities such as insulin resistance (IR), dyslipid-
emia, and obesity?. These consequences can lead
to glucose intolerance, type 2 diabetes mellitus
(T2DM), hypertension, systemic inflammation,
atherosclerosis, and coagulation disorders. This
abnormal metabolic and hormonal environment
increases the risk of non-alcoholic fatty liver dis-
ease (NAFLD), which can accompany 40-50%
of women with PCOS*#. Regardless of whether
obese or lean, PCOS is considered to be a special
risk group for NAFLD, of which 50% of patients
suffer from it>. However, it is still unclear whether
postmenopausal PCOS patients are at the highest
risk for developing NAFLD®.

NAFLD is a metabolic syndrome characterized
by abnormal fat accumulation in the liver, despite
the absence of alcohol consumption, and includes
a spectrum of liver diseases ranging from initial
stages such as hepatic steatosis and steatohepa-
titis to progressive stages such as cirrhosis and
even hepatic carcinoma’. Hyperandrogenism and
IR, the two main pathological components of
PCOS, are associated with NALFD in recent
studies®. However, the linkage mechanisms of
PCOS and NAFLD need to be investigated. An
important step in the management of NAFLD pa-
tients is to reliably exclude advanced fibrosis and
prevent unnecessary biopsies using non-invasive
tests such as the NAFLD Fibrosis score (NFS) or
Fibrosis-4 (FIB-4)*°.

The liver plays an important role in the syn-
thesis of many proteins called hepatokines, which
are involved in body energy hemostasis. One of
these, fibrinogen-like peptide 1 (FGL-1), also
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called hepassocin (HPS), is upregulated during
hepatic regeneration and has mitogenic activity
in human and rat livers'®!". It has been shown
by Li et al'! to protect rats from fulminant liver
failure. However, decreased HPS expression was
observed in patients with hepatocellular carcino-
ma (HCC)". The structure of HPS is similar to
angiopoietin-like factors (ANGPTLs) that mod-
ulate energy and lipid metabolism. Despite its
protective feature in hyperglycemic crises, HPS
is known to play an important role in the devel-
opment of IR and NAFLD. In recent years, serum
HPS levels have been found to be high in patients
with T2DM and NAFLD'"*". In addition, there is
evidence in the literature that subjects who are
overweight or obese have higher levels of HPS.
Moreover, it has been suggested® that it may be
a marker for metabolic dysregulation in obesity.

HPS is a relatively new molecule and its role
in various diseases such as HCC, rheumatoid
arthritis, and gestational diabetes mellitus con-
tinues to be investigated'®'s. So, in our study, we
aimed to investigate the role of HPS in metabolic
dysfunction and its relationship with fatty liver in
patients with PCOS.

Patients and Methods

Study Population

In this prospective cross-sectional study, we
included newly diagnosed PCOS patients (n=45)
and healthy controls (n=42) between 18-45 years
of age admitted to the Endocrinology and Meta-
bolic Diseases outpatient clinic of Ankara Train-
ing and Research Hospital®.

Patients with co-morbidities or taking any
medication, active infection, psychiatric disease,
endocrinopathy, pregnancy or lactation period,
and those following a special diet were not in-
cluded in the study.

Clinical Parameter Assessment

Body weight was measured on a digital scale
with minimal clothing and no shoes. The height
was measured using a non-stretch stadiometer.
Body mass index (BMI) was calculated by divid-
ing body weight (in kilograms) by the square of
height. We measured waist circumference (WC)
at the navel level with a single layer of light cloth-
ing. Also, we measured the hip circumference
(HC) by measuring the distance around the wid-
est part of the hip. We assessed hirsutism using
the modified Ferriman-Gallwey score (mFGS).
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We collected venous blood samples from the
antecubital vein between 9:00 am and 11:00 am
after overnight fasting in the resting position. We
centrifuged the samples at 1,500 g for 10 minutes.
The sera were separated into Eppendorf tubes
and stored at -80°C until analysis. Demographic
and clinical data of the subjects were recorded.

In addition to routine endocrinological tests,
serum HPS and high-sensitivity C-reactive pro-
tein (hsCRP) parameters were also examined.
We determined serum HPS levels with a human
ELISA test Kit (Elabscience Biotechnology Inc.,
Houston, TX, USA) according to the manufactur-
er’s protocol. The detection range was between
0.16-10 ng/mL, the assay sensitivity was 0.10 ng/
mL. The coefficient of variation was <10%.

Also, we used Human hsCRP ELISA Kit
(Elabscience Biotechnology Inc., Houston, TX,
USA). The detection range was between 15.63-
1,000 pg/mL and the sensitivity was 9.38 pg/mL.
The coefficient of variation was <10%.

NAFLD Assessment

NFS =-1.675+0.037xage (years)+0.094xBMI
(kg/m?)+1.13ximpaired fasting glucose (IFG)/di-
abetes (yes=1, no=0)+0.99xaspartate aminotrans-
ferase (AST)/alanine aminotransferase (ALT) ra-
tio - 0.013xplatelet count (x10%/L) - 0.66xalbumin
(g/dl).

The NFS was further categorized into two
levels: low probability (< -1.455) and high proba-
bility (> -1.455)%.

FIB-4=age (years)xAST [U/1]/(platelets [10°/1]
x (ALT [U/1])">).

Cut off for FIB-4 was used as <1.30, consid-
ered low probability’.

Statistical Analysis

The data obtained from the research were ana-
lyzed with SPSS 22 package programs (Statistical
Package for Social Sciences; IBM Corp., Armonk,
NY, USA). While evaluating the data, continuous
variables were expressed as meantstandard de-
viation, standard error, and frequency data as
numbers (%). Chi-square analysis (Pearson Chi-
square) was applied in the categorical comparison
between groups. The conformity of continuous
data to normal distribution was evaluated with
the Kolmogorov-Smirnov test. The Independent
Samples #-test was used to compare the variables
with normal distribution between the two groups.
Pearson’s correlation test was used to examine
the relationship between continuous variables.
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Since there was a significant difference between
the groups in terms of body mass index (BMI),
ANCOVA analysis was performed to adjust the
BMI effect. A multiple linear regression analysis
was conducted to identify variables that best pre-
dicted plasma HPS concentrations, of which the
variable selection strategies were stepwise and
backward. The statistical significance level in the
analysis was accepted as p<0.05.

Results

The groups were similar in terms of age, smok-
ing, and marital status. The anthropometric, bio-
chemical, and hormone panels of the participants
are presented in Table I.

Despite no difference between the groups in
terms of NFS, there was a statistically significant
difference between the two groups, with FIB-
4 being higher compared to the control group
(p=0.76 and p=0.001, respectively). HbAlc was
similar between the two groups (p=0.068). How-
ever, fasting blood glucose and homeostasis mod-
el IR assessment (HOMA-IR) were higher in the
PCOS group, and there was a statistical differ-
ence between the groups (p<0.001 and p<0.001,
respectively). Total testosterone and dehydroepi-
androsterone sulfate (DHEAS) were higher in fa-
vor of the PCOS group, and there was a statistical
difference between the groups.

According to the results of ANCOVA analysis
adjusted for BMI, the HPS and hsCRP values of
the PCOS group were found to be significantly
higher than the control group (Table II).

A positive correlation was found between both
HPS and hsCRP and luteinizing hormone (LH)
(p<0.001). A negative significant correlation was
found between HPS and BMI, waist, hip, and
neck circumferences, fat ratio, amount of fat, lean
mass, and HbAlc (p<0.05). There was a negative
correlation between hsCRP and FIB-4 and 170H
progesterone, and a positive correlation between
hsCRP and HOMA-IR, LH, log TG, total testos-
terone, and DHEAS (p<0.05) (Table III).

In the multivariate regression analysis for HPS,
the R square value was 0.898. Both the step-
wise forward and backward selection strategies
showed a consistent pattern, such that only hsCRP
(p=0.002) had a significant effect according to
the forward model design. In this case, it is said
to be adjusted according to the others [BMI, WC,
neck circumference, hip circumference (HC), fat
amount, fat ratio, HbAlc, LH]. According to

the backward selection design model, at the last
eighth step, hsCRP (p<0.001), neck circumfer-
ence (p=0.003), amount of fat (»p=0.002), and LH
(p=0.012) were significant parameters.

Discussion

The search for new markers or newly calculat-
ed indices such as the Visceral Adiposity Index
(VAI) or NFS is used to determine the metabolic
risk of patients with PCOS. PCOS is observed
not only in obese patients but also in patients
with normal body mass index. VAI is used to
detect the existence of metabolic syndrome, and
cardiac and metabolic complications*??. In cal-
culating VAI and NFS, biochemical parameters
and anthropometric measurements are used. If
some correlation could be found between HPS
and PCOS, maybe it could also be adapted for
existing or some brand-new indices. Amongst
the present indices, we have used the NFS in this
study.

In some recent studies®*?*, new markers are
mentioned. One of the studies® is about Galec-
tin-1 which is synthesized by immune cells, and
found to be highly expressed in patients with
PCOS. In one study carried out by Amin et al*,
the authors reported 5 novel oxytocin receptor
(OXTR) variants that are significantly associated
with PCOS. These recent studies** could have
potential therapeutic results such as in some rat
model studies®® with oxytocin. HPS is investigat-
ed in our research for this kind of diagnostic or
therapeutic improvement in PCOS.

In our study, we studied HPS, NFS, and FIB-
4. We found that serum HPS levels were higher
compared to PCOS patients than in healthy con-
trols after matching BMI. There was a positive
correlation between HPS and hsCRP. No correla-
tion could be established between HPS and NFS
and FIB-4. However, no correlation was found
between hsCRP and NFS, while a weak but sig-
nificant negative correlation was found in FIB-4.

Although obesity markers such as BMI, and
WC were significantly higher in PCOS patients
compared to the control group, a negative correla-
tion was found between them and HPS, contrary
to our expectations.

Total testosterone and DHEAS were higher
in PCOS patients, but there was no correlation
between these parameters and HPS. A positive
correlation was found between LH and both HPS
and hsCRP.
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Table I. Clinical characteristics of study participants in each group.

Variables PCOS (n=45) Controls (n=42) P
Age, years 252+5.0 26.6+4.2 0.173
Marital status, n (%) Married 18 (40.9) 16 (38.1) 0.790
Single 26 (59.1) 26 (61.9)
Smoker, n (%) Yes 8 (19.0) 6 (14.3) 0.558
No 34 (81.0) 36 (85.7)
USG, n (%) Normal 9(20.9) - -
Polycystic 34 (79.1) -
NFS 37+9 38+ 1.0 0.760
FIB-4 A4+ S+ 0.001**
BMI (kg/m?) 28.8+£6.2 232+39 <0.001**
WC (cm) 933+ 14.1 81.1+94 <0.001**
HC (cm) 107.3 £10.7 100.0 + 8.6 0.002%*
NC (cm) 33.6+2.2 312+15 <0.001**
Fat ratio (%) 347+8.0 26.3+8.1 <0.001**
Fat amount (kg) 27.0+£10.8 17.0 + 8.0 <0.001**
Lean mass (kg) 48.0+4.0 444 +3.6 <0.001**
FBG (mg/dL) 91.7+8.4 849+6.1 <0.001**
HbAlc (%) 54+.3 53+.3 0.068
Fasting insulin (mIU/L) 15.5+8.5 8.6+2.9 <0.001**
HOMA-IR 3.8+2.1 1.8+.6 <0.001**
ALT (U/L) 26.0 +18.2 13.1+£6.7 <0.001%*
AST (U/L) 199 £9.1 16.9+5.3 0.062
GGT (U/L) 172+7.1 119+6.2 0.001**
Creatinine (mg/dL) WEN| WENI 0.728
e¢GFR (mL/min/1.73 m?) 121.8 + 8.0 1202 +7.9 0.350
Total cholesterol (mg/dL) 1753+ 32.1 154.3 £29.2 0.003**
TG (mg/dL) 122.2 +£80.3 73.6 +31.6 0.001**
Log TG 2.0+0.2 1.8+0.2 <0.001**
HDL (mg/dL) 529+ 13.5 554+10.2 0.351
LDL (mg/dL) 98.0 £25.1 84.2+£26.6 0.019*
Platelet (x10°/L) 290.1 +52.6 277.6 +59.0 0.316
Albumin (g/L) 46.5+3.3 46.7+2.7 0.856
TSH (mIU/ml) 25+1.1 23+9 0.390
Free T4 (ng/dL) 12+ .2 1.2+.1 0.918
Anti TPO (IU/mL) 29.4 +£70.1 18.9+32.2 0.397
FSH (IU/L) 63+1.6 6.5+2.3 0.818
LH (IU/L) 11.8£8.5 6.8+2.3 0.317
E2 (ng/L) 544 +28.1 348+73 0.339
17-OHP (ng/dl) 1.6+.8 22+.2 0.188
free T (ng/ml) 26+25 1.3+.6 0.393
TT (ng/dL) 494 + 177 279+ 14.3 <0.001
DHEAS (pg/dL) 375.0 £ 158.1 275.1 £128.9 0.005
mFGs 79+4.2 - -

Data are presented the mean + standard deviation or number (%). *p-value <0.05 denoted as statistically significant (in bold).
**p-value < 0.01 denoted as statistically significant. Student’s #-test; Mann-Whitney U test were used.NFS: NAFLD fibrosis
score; FIB-4: Fibrosis-4; BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; NC: Neck circumference;
FBG: Fasting blood glucose; HOMA-IR: Homeostasis model assessment of insulin resistance; ALT: Alanine aminotransferase;
AST: Aspartat aminotransferase; GGT: gamma-glutamyl transferase; GFR: glomerular filtration rate; TG: Triglyceride; HDL:
High-density lipoprotein; LDL: Low-density lipoprotein; TSH: thyrotropin; fT4: Free T4; free thyroxine; Anti TPO: Anti-thyroid
peroxidase; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; 17-OHP: 17-hydroxyprogesterone;
free T: free testosterone; TT: Total testosterone; DHEAS: Dehydroepiandrosterone sulfate; mFGs: Ferriman-Gallwey score.

In the regression analysis, hsCRP, neck cir-
cumference, amount of fat, and LH were import-
ant parameters affecting HPS.

NAFLD is a common risk factor for PCOS
and is known as the hepatic manifestation of IR.
It has been proven?® to be associated with obe-
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sity, T2DM, and dyslipidemia. Elevated levels
of HPS have been shown'' to have protective
effects on the liver as well as associated with the
development of NAFLD. In a study by Wu et al?’
with a total of 393 subjects, NAFLD subjects
had significantly higher serum HPS levels than
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Table I. Comparison of hepaccosin and hsCRP values for groups when BMI matched.

PCOS (n = 45) Controls (n = 42) F P
Hepassocin (pg/mL) 4.07+0.33 2.59 +0.34 8.488 0.005
hsCRP (ng/mL) 470.96 + 30.35 24575 +£30.76 24.008 <0.001

p-value < 0.05 denoted as statistically significant (in bold). ANCOVA test was used. hsCRP: high sensitivity C-reactive protein.

Table Ill. Correlation analysis of hepassocin and hsCRP with anthropometric and biochemical values (n = 87).

Hepassocin hsCRPI

r P r P
hsCRP 489 <0.001**
Age -153 157 011 918
NFS -.170 122 -144 191
FIB-4 -.093 .394 =242 .025*
BMI -.327 .002%%* 153 162
wcC -410 <0.001** 113 339
HC -.537 <0.001** -133 272
NC -.339 L007** .109 401
Fat Ratio -.461 <0.001%** 123 .300
Fat Mass -.407 <0.001%* 153 197
Lean Mass -.334 .004** 157 189
FBG .099 .368 140 .200
HbAlc =270 .016* .079 484
Fasting insulin -174 153 072 554
HOMA-IR -.161 164 238 .039*
ALT -107 328 172 112
AST -.085 435 .043 .694
GGT -.107 .347 183 .106
Creatinine -.020 856 -.075 493
GFR 106 328 .098 .368
Total cholesterol -.067 .549 131 239
TG -.170 126 207 .062
Log TG -139 213 265 .016*
HDL 206 .065 -.116 302
LDL -.039 726 131 245
Platelet -.076 498 182 102
Albumin -.022 .848 -131 244
TSH -.100 .380 -.090 431
T4 -116 .330 .070 557
Anti TPO .160 173 185 114
FSH 282 139 307 106
LH .362 .045* 455 .010*
E2 155 413 141 456
17-OHP -.176 258 -.449 L003%*
Free T 331 .056 173 326
TT 175 133 437 <0.001**
DHEAS .088 462 .249 .035*
mFGs -110 493 -.027 .865

*Correlation is significant at the < 0.05 level. **Significant when p < 0.01. hsCRP: high sensitivity C-reactive protein; NFS:
NAFLD fibrosis score; FIB-4: Fibrosis-4; BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; NC: Neck
circumference; FBG: Fasting blood glucose; HOMA-IR: Homeostasis model assessment of insulin resistance; ALT: Alanine
aminotransferase; AST: Aspartat aminotransferase; GGT: gamma-glutamyl transferase; GFR: glomerular filtration rate; TG:
Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein; TSH: thyrotropin; fT4: Free T4; free thyroxine;
Anti TPO: Anti thyroid peroxidase; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; 17-OHP:
17-hydroxyprogesterone; free T: free testosterone; TT: Total testosterone; DHEAS: Dehydroepiandrosterone sulfate; mFGs:
Ferriman-Gallwey score.
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those without NAFLD. In another study*, HPS
was shown to be significantly increased in mice
fed with a high-fat diet and primary hepatocytes
treated with oleic acid, which provided in vivo
and in vitro models of NAFLD.

The FGL-1 gene promoter has potential bind-
ing sites of signal transducer and activator of
transcription 3 (S7A73), and the unsaturated fatty
acid activates STAT3, thereby increasing HPS
expression. Blockade of STAT3 dose-dependently
inhibits HPS expression; this is responsible for the
increased level of HPS under pro-inflammatory
conditions”. HPS affects the phosphorylation of
extracellular signal-regulated kinases (ERKI/2)
to increase the activity of genes related to lipid
synthesis, so lead to lipogenesis in hepatocytes.
In contrast, in one study?’, the ERK1/2 inhibitor
PD98059 blocked the expression of HPS-induced
synthesis-related genes in vitro. HPS may be
an acute reactant of liver steatosis stress and
participates in hepatic lipid metabolism in an
ERK1/2-dependent manner. HPS may therefore
serve as a biomarker candidate in the pathogen-
esis of NAFLD and as an indicator of treatment
response.

HPS, one of the hepatokines that mediates
communication between the liver and skeletal
muscle, also acts as a link between IR and NA-
FLD. As a result of the accumulation of fatty
acids in hepatocytes, HPS expression increas-
es, thus insulin signal is impaired in peripheral
tissues and contributes to the development of
T2DM". In addition, HPS is increased in dia-
betic patients with or without hepatic steatosis in
a study by Lu et al*®. Induction of endoplasmic
reticulum stress by HPS in organs such as skel-
etal muscle, adipose tissue, and liver in animal
models fed with a high-fat diet supports the hy-
pothesis that HPS suppresses AMPK activity and
impairs insulin signaling, although its molecular
mechanism remains unclear®!. Jung et al®' showed
that although HPS increases phosphorylation of
mitogen-activated protein kinases (MAPKs) such
as p38, ERK1/2, and c-Jun N-terminal kinase
(JNK), only ERK1/2 contributes to HPS-medi-
ated hepatic IR. These variations may be due
to differences between hepatocytes and skeletal
muscle cells.

Examining the role of HPS in glucose and lipid
metabolism, its overexpression promoted lipid
accumulation via an ERKI/2-mediated pathway,
whereas the inactivation of HPS reduced oleic ac-
id-induced lipid accumulation, suggesting a caus-
al role of HPS in the development of NAFLD?.

On the other hand, Demchev et al*? showed
that HPS knockout mice exhibited improved
hepatic gluconeogenesis and lower fasting hy-
perglycemia. The administration of recombinant
HPS also aggravates insulin signaling to induce
IR through ERKI/2-mediated signaling in he-
patocytes'*. However, the role of HPS in the
pathogenesis of IR in skeletal muscle remains
unknown. In their experiments investigating the
mechanism of induction of HPS by p38 activation
in hepatocytes under hyperlipidemic conditions,
Jung et al’' identified HPS as an obesity-induced
hepatokine that induces IR in skeletal muscle
cells via the EGFR/JNK-mediated pathway.

In our study, there was a statistically signifi-
cant difference in PCOS in terms of ALT, gam-
ma-glutamyl transferase (GGT), total cholesterol,
triglyceride (TG), and low-density lipoprotein
(LDL), while high-density lipoprotein (HDL) lev-
els were similar between the two groups. The
FIB-4 score was <1.3 in both groups and was
within normal limits, however, the FIB-4 of the
case group was found to be significantly lower
than the one of the control group.

In addition, although there was no difference
between the groups in terms of NFS, it was
<—1.455 in both groups and was within the nor-
mal reference range. Therefore, no correlation
was seen between these scores and HPS. How-
ever, while no correlation was found between
hsCRP and NFS, a weak but significant negative
correlation was found with FIB-4.

However, Huang et al®, in their study, investi-
gated the relationship between HPS and obesity,
and found that HPS levels were significantly high-
er in overweight or obese subjects compared to
normal-weight subjects. In multiple linear regres-
sion analysis, however, they"® showed that BMI,
WC, NAFLD, and HOMA-IR were independently
associated with HPS after adjusting for age, gen-
der, HDL, log TG, hsCRP, ALT, the estimated glo-
merular filtration rate, and systolic blood pressure.

In our study, although BMI, WC, HC, neck
circumference, body fat amount, and the fat ratio
of PCOS patients were significantly higher than
the control group, contrary to our expectations, a
negative correlation was found between these pa-
rameters and HPS, but no correlation was found
with hsCRP. This may be due to the absence of
severely obese patients in our study.

In their study, Abdelmoemen et al”? showed
that there was more serum HPS overexpression in
the patient group with T2DM and NAFLD than
the group with only diabetes and even the group
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with only NAFLD. And they also concluded that
HPS might facilitate increased hepatic lipid accu-
mulation with NAFLD and T2DM.

In our study, while there was a statistically
significant increase in favor of the PCOS group
in terms of fasting blood glucose, fasting insulin,
and HOMA-IR, HbAlc was similar between the
two groups. However, a weak negative correlation
was observed between HPS and only HbAlc,
while a weak positive correlation was observed
between hsCRP and HOMA-IR.

Ketenci Gencer et al®*, on the other hand,
showed for the first time that HPS levels were
higher in PCOS patients than in controls. In ad-
dition, while there was a statistically significant
difference between obese and non-obese PCOS,
HPS levels were found to be similar between
normal weight PCOS and healthy controls. In
their study, HOMA-IR was independently associ-
ated with hepassocin concentrations after adjust-
ing for age, LDL, HDL, TG, total testosterone,
DHEAS, and C-reactive protein (CRP).

Similarly, in our study, HPS and hsCRP levels
were found to be significantly higher in PCOS
patients. As expected, total testosterone and
DHEAS were higher in PCOS patients, but there
was no correlation between these parameters and
HPS, whereas a positive correlation with hsCRP
was present.

In patients with PCOS, sustained high-fre-
quency gonadotropin-releasing hormone (GnRH)
pulses cause an increase in the amplitude of LH
pulses, resulting in excessive LH secretion and a
relative absence of follicle-stimulating hormone
(FSH) leading to hyperandrogenism**. Hyper-
androgenism is an independent predictor of NA-
FLD in obese or lean PCOS*. Chronic low-grade
inflammation in PCOS may be mediated by obe-
sity and hyperandrogenism. The hypertrophy of
adipocytes in PCOS causes interstitial vascular
compression, resulting in inadequate perfusion
and hypoxia in adipose tissue. And this stimu-
lates and regulates nuclear factor kB (NF-kB)
activation and regulates the expression of critical
genes involved in the inflammatory response.
This process induces the production and release
of many mediators and triggers chronic low-level
inflammation in the body, where IL-6 and IL-1p
can also stimulate CRP synthesis in the liver®.

In our study, although there was no difference
between the two groups in terms of LH, a positive
correlation was found between LH and both HPS
and hsCRP, which may indicate the negative ef-
fects of LH on metabolic parameters.

Limitations of the Study

The sample size was small, the BMI was not
equal between the groups, the level of hepatoste-
atosis could not be demonstrated by biopsy, liver
imaging was not performed, tissue expression of
HPS could not be detected in the simultaneous
liver or ovary, and it was a cross-sectional study.

Conclusions

A growing body of evidence’ suggests a tight
link between NAFLD and PCOS. Many factors
such as obesity, IR, hyperlipidemia, and nutrition
may play a role in etiopathogenesis. Serum HPS,
a hepatokine, is elevated in PCOS patients as
well as in obesity or NAFLD. However, in our
study, we could not find any correlation between
non-invasive markers of hepatosteatosis such as
NFS and FIB-4 with HPS in PCOS patients.
We found a positive correlation between HPS
and hsCRP and LH, and a negative correlation
between obesity indices. It has been reported?’
that NAFLD has a causal role in the development
of IR in skeletal muscle. Therefore, hepatokines
can be considered potential therapeutic targets to
treat NAFLD and IR. Whether HPS elevation is
a cause or a consequence of PCOS and its poten-
tial can be used in therapy may be elucidated by
future large-scale molecular studies in ovarian
and liver tissue.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

We would like to thank the Diagen Biotechnological Sys-
tems Health Services R&D center staff for the Hepassocin
and hsCRP laboratory procedure support.

Authors’ Contribution

EIC: Conceptualization, formal analysis, methodology, vi-
sualization, writing, review and editing. TO: Data curation,
formal analysis, investigation, Project administration, val-
idation, writing. IT: Investigation, validation, writing, re-
view and editing. SNF: Data curation, investigation, re-
sources, writing, review and editing. CC: Supervision, soft-
ware, writing, review and editing.

Ethics Approval

The present study protocol was reviewed and approved by
the Ethics Committee of Ankara Training and Research
Hospital (No.: E-19-157).



E. Inci Coskun, T. Omma, |. Taskaldiran, S.N. Firat, C. Culha

Informed Consent
Written informed consent was obtained from the partici-
pants of the study.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sec-
tors. Funded by the researchers in the study.

Availability of Data and Materials
All data necessary to support the protocol are available up-
on reasonable request.

ORCID ID

E. Inci Coskun: 0000-0003-4402-3725
T. Omma: 0000-0002-2557-9499

1. Taskaldiran: 0000-0002-1390-7571
S. N. Firat: 0000-0001-9386-5879

C. Culha: 0000-0002-9275-2538.

References

1) Bozdag G, Mumusoglu S, Zengin D, Karabulut E,
Yildiz BO. The prevalence and phenotypic fea-
tures of polycystic ovary syndrome: a systematic
review and meta-analysis. Hum Reprod 2016; 31:
2841-2855.

2) Goodman NF, Cobin RH, Futterweit W, Glueck
JS, Legro RS, Carmina E. American Associa-
tion of Clinical Endocrinologists (AACE), Ameri-
can College of Endocrinology (ACE), & Androgen
Excess and PCOS Society (AES). American As-
sociation Of Clinical Endocrinologists, American
College Of Endocrinology, And Androgen Excess
And Pcos Society Disease State Clinical Review:
Guide To The Best Practices In The Evaluation
And Treatment Of Polycystic Ovary Syndrome--
PART 1. Endocr Pract 2015; 21: 1291-1300.

3) Sarkar M, Wellons M, Cedars MI, VanWagner L,
Gunderson EP, Ajmera V, Torchen L, Siscovick D,
Carr JJ, Terry JG, Rinella M, Lewis CE, Terrault
N. Testosterone Levels in Pre-Menopausal Wom-
en are Associated With Nonalcoholic Fatty Liver
Disease in Midlife. Am J Gastroenterol 2017; 112:
755-762.

4) Chalasani N, Younossi Z, Lavine JE, Charlton M,
Cusi K, Rinella M, Harrison SA, Brunt EM, Sany-
al AJ. The diagnosis and management of nonal-
coholic fatty liver disease: Practice guidance from
the American Association for the Study of Liver
Diseases. Hepatology 2018; 67: 328-357.

5) Salva-Pastor N, Chavez-Tapia NC, Uribe M,
Nufo-Lambarri N. Understanding the association
of polycystic ovary syndrome and non-alcohol-
ic fatty liver disease. J Steroid Biochem Mol Biol
2019; 194: 105445.

6) Robeva R, Mladenovi¢ D, Veskovi¢ M, Hrn¢i¢ D,
Bjeki¢-Macut J, Stanojlovi¢ O, Livadas S, Yildiz
BO, Macut D. The interplay between metabolic
dysregulations and non-alcoholic fatty liver dis-
ease in women after menopause. Maturitas 2021;
151: 22-30.

7) Allen AM, Therneau TM, Larson JJ, Coward A,
Somers VK, Kamath PS. Nonalcoholic fatty liv-
er disease incidence and impact on metabolic
burden and death: A 20 year-community study.
Hepatology 2018; 67: 1726-1736.

8) Angulo P, Hui JM, Marchesini G, Bugianesi E,
George J, Farrell GC, Enders F, Saksena S, Burt
AD, Bida JP, Lindor K, Sanderson SO, Lenzi M,
Adams LA, Kench J, Therneau TM, Day CP. The
NAFLD fibrosis score: a noninvasive system that
identifies liver fibrosis in patients with NAFLD.
Hepatology 2007; 45: 846-854.

9) Shah S, Dhami-Shah H, Kamble S, Shukla A.
FIB-4 cut-off of 1.3 may be inappropriate in a
primary care referral pathway for patients with
non-alcoholic fatty liver disease. J Hepatol 2020;
73: 216-217.

10) Hara H, Yoshimura H, Uchida S, Toyoda Y, Ao-
ki M, Sakai Y, Morimoto S, Shiokawa K. Molecu-
lar cloning and functional expression analysis of a
cDNA for human hepassocin, a liver-specific pro-
tein with hepatocyte mitogenic activity. Biochim
Biophys Acta 2001; 1520: 45-53.

11) Li CY, Cao CZ, Xu WX, Cao MM, Yang F, Dong L,
Yu M, Zhan YQ, Gao YB, Li W, Wang ZD, Ge CH,
Wang QM, Peng RY, Yang XM. Recombinant hu-
man hepassocin stimulates proliferation of he-
patocytes in vivo and improves survival in rats
with fulminant hepatic failure. Gut 2010; 59: 817-
826.

12) Yu HT, Yu M, Li CY, Zhan YQ, Xu WX, Li YH, Li
W, Wang ZD, Ge CH, Yang XM. Specific expres-
sion and regulation of hepassocin in the liver and
down-regulation of the correlation of HNF1alpha
with decreased levels of hepassocin in human
hepatocellular carcinoma. J Biol Chem 2009;
284: 13335-13347.

13) Abdelmoemen G, Khodeir SA, Zaki AN, Kassab
M, Abou-Saif S, Abd-Elsalam S. Overexpression
of Hepassocin in Diabetic Patients with Nonalco-
holic Fatty Liver Disease May Facilitate Increased
Hepatic Lipid Accumulation. Endocr Metab Im-
mune Disord Drug Targets 2019; 19: 185-188.

14) Wu HT, Ou HY, Hung HC, Su YC, Lu FH, Wu JS,
Yang YC, Wu CL, Chang CJ. A novel hepatokine,
HFREP1, plays a crucial role in the development
of insulin resistance and type 2 diabetes. Diabe-
tologia 2016; 59: 1732-1742.

15) Huang RL, Li CH, Du YF, Cheng KP, Lin CH, Hu
CY, Wu JS, Chang CJ, Wu HT, Ou HY. Discovery
of a role of the novel hepatokine, hepassocin, in
obesity. Biofactors 2020; 46: 100-105.

16) Son Y, Shin NR, Kim SH, Park SC, Lee HJ. Fibrin-
ogen-Like Protein 1 Modulates Sorafenib Resis-
tance in Human Hepatocellular Carcinoma Cells.
Int J Mol Sci 2021; 22: 5330.



Metabolic role of hepassocin in polycystic ovary syndrome

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

LiuS,Guo Y, LulL, Lud, KeM, XuT, LuY, Chen
W, Wang J, Kong D, Shen Q, Zhu Y, Tan W, Ji
W, Zhou W. Fibrinogen-Like Protein 1 Is a Nov-
el Biomarker for Predicting Disease Activity and
Prognosis of Rheumatoid Arthritis. Front Immunol
2020; 11: 579228.

Kang L, Li HY, Ou HY, Wu P, Wang SH, Chang
CJ, Lin SY, Wu CL, Wu HT. Role of placental fi-
brinogen-like protein 1 in gestational diabetes.
Transl Res 2020; 218: 73-80.

Rotterdam ESHRE/ASRM-Sponsored PCOS
consensus workshop group. Revised 2003 con-
sensus on diagnostic criteria and long-term
health risks related to polycystic ovary syndrome
(PCOS). Hum Reprod 2004; 19: 41-47.

Apaydin M, Kazan ED, Beysel S, Sari A, Ozgﬁl E,
Cengiz H, Demirci T, Yilmazer M. The novel pre-
dictor of metabolic risk in patients with polycystic
ovary syndrome: could it be the visceral adiposi-
ty index? Eur Rev Med Pharmacol Sci 2022; 26:
7182-7187.

Agrawal H, Aggarwal K, Jain A. Visceral Adiposity
Index: Simple Tool for Assessing Cardiometabolic
Risk in Women with Polycystic Ovary Syndrome.
Indian J Endocrinol Metab 2019; 23: 232-237.

Oh JY, Sung YA, Lee HJ. The visceral adiposity
index as a predictor of insulin resistance in young
women with polycystic ovary syndrome. Obesity
2013; 21: 1690-1694.

Aladag H, Kiran TR, inceoglu F, Yildirim E, Yaprak
B, Karabulut AB, Aladag M. Galectin-1 as a po-
tential diagnostic biomarker in polycystic ovary
syndrome. Eur Rev Med Pharmacol Sci 2023; 27:
2543-2551.

Amin M, Horst N, Wu R, Gragnoli C. Oxytocin re-
ceptor (OXTR) is a risk gene for polycystic ovar-
ian syndrome. Eur Rev Pharmacol Sci 2023; 27:
2634-2639.

Yamamoto S, Noguchi H, Takeda A, Arakaki R,
Uchishiba M, Imaizumi J, Minato S, Kamada S,
Kagawa T, Yoshida A, Kawakita T, Yamamoto Y,
Yoshida K, Kon M, Shinohara N, lwasa T. Chang-
es in endogenous oxytocin levels and the effects
of exogenous oxytocin administration on body
weight changes and food intake in polycystic ova-
ry syndrome model rats. Int J Mol Sci 2022; 23:
8207-8217.

Kim D, Touros A, Kim WR. Nonalcoholic Fatty
Liver Disease and Metabolic Syndrome. Clin Liv-
er Dis 2018; 22: 133-140.

Wu HT, Lu FH, Ou HY, Su YC, Hung HC, Wu JS,
Yang YC, Wu CL, Chang CJ. The role of hepasso-

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

cin in the development of non-alcoholic fatty liver
disease. J Hepatol 2013; 59: 1065-1072.

Cheng KP, Ou HY, Hung HC, Li CH, Fan KC, Wu
JS, Wu HT, Chang CJ. Unsaturated Fatty Acids
Increase the Expression of Hepassocin through
a Signal Transducer and Activator of Transcrip-
tion 3-Dependent Pathway in HepG2 Cells. Lip-
ids 2018; 53: 863-869.

Li YG, Han BB, Li F, Yu JW, Dong ZF, Niu GM,
Qing YW, Li JB, Wei M, Zhu W. High Glucose In-
duces Down-Regulated GRIM-19 Expression to
Activate STAT3 Signaling and Promote Cell Pro-
liferation in Cell Culture. PLoS One 2016; 11:
€0153659.

Lu FH, Ou HY, Wu HT, Hung HC, Wu JS, Yang
YC, Chang CJ. Serum hepassocin concentrations
in diabetic patients with or without nonalcoholic
fatty liver disease. Diabetes Management 2014;
4: 255-261.

Jung TW, Chung YH, Kim HC, Abd EI-Aty AM,
Jeong JH. Hyperlipidemia-induced hepassocin in
the liver contributes to insulin resistance in skele-
tal muscle. Mol Cell Endocrinol 2018; 470: 26-33.

Demchev V, Malana G, Vangala D, Stoll J, De-
sai A, Kang HW, Li Y, Nayeb-Hashemi H, Nie-
pel M, Cohen DE, Ukomadu C. Targeted deletion
of fibrinogen like protein 1 reveals a novel role in
energy substrate utilization. PLoS One 2013; 8:
e58084.

Ketenci Gencer F, Yuksel S, Goksever Celik H.
Do serum hepassocin levels change in women
with polycystic ovary syndrome? Eur J Obstet Gy-
necol Reprod Biol 2021; 267: 137-141.

McCartney CR, Campbell RE. Abnormal GnRH
Pulsatility in Polycystic Ovary Syndrome: Recent
Insights. Curr Opin Endocr Metab Res 2020; 12:
78-84.

Cai J, Wu CH, Zhang Y, Wang YY, Xu WD, Lin
TC, Li SX, Wang LH, Zheng J, Sun Y, Liu W, Tao
T. High-free androgen index is associated with in-
creased risk of non-alcoholic fatty liver disease in
women with polycystic ovary syndrome, indepen-
dent of obesity and insulin resistance. Int J Obes
(Lond) 2017; 41: 1341-1347.

Spritzer PM, Lecke SB, Satler F, Morsch DM. Ad-
ipose tissue dysfunction, adipokines, and low-
grade chronic inflammation in polycystic ovary
syndrome. Reproduction 2015; 149: 219-227.
McDonnell T, Cussen L, Mcliroy M, O‘Reilly MW.
Characterizing skeletal muscle dysfunction in
women with polycystic ovary syndrome. Ther Adv
Endocrinol Metab 2022; 13: 1-15.



