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Serum Phoenixin-14 levels of women
with polycystic ovary syndrome increase

proportionally with BMI
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Abstract. — OBJECTIVE: This study aimed
to compare serum PNX-14 values of women with
PCOS classified as lean or overweight accord-
ing to the BMI values.

PATIENTS AND METHODS: Fifty lean or
overweight women diagnosed with PCOS ac-
cording to the revised Rotterdam criteria were
included in the study. They were divided into
two groups according to their BMI values. Thirty
patients with BMI values of 18.5-24.9 kg/m? con-
stituted the normal-weight PCOS group. Twen-
ty patients with BMI values of 25-29.9 kg/m?
formed the overweight PCOS group. Thirty pa-
tients with regular menstrual cycles who did not
exhibit clinical and laboratory findings of PCOS
were selected as the control group. The patients
in the control group were also divided into two
different groups as normal weight (n=17) and
overweight (n=13). In anovulatory PCOS group,
blood samples were collected on the third day of
progesterone withdrawal bleeding. Both in ovu-
latory PCOS and control groups, blood samples
were collected on the third day of spontaneous
menstrual cycle. In addition to basal hormonal
parameters, serum Phoenixin-14 concentrations
were measured by enzyme-linked immunosor-
bent assay.

RESULTS: LH values of the overweight or lean
PCOS group were significantly higher than the
overweight or lean non-PCOS group (p<0.01).
The LH/FSH ratios of the lean and obese PCOS
groups were significantly higher than the non-
PCOS control group (p<0.01). Testosterone lev-
els of both lean and obese PCOS groups were
significantly higher than non-PCOS groups
(p<0.02). The HOMA-IR value of the obese PCOS
group was significantly higher than the lean
PCOS group (p<0.03). The HOMA-IR values of
the patients in the PCOS group were significant-
ly higher than the non-PCOS controls. Phoenix-
in-14 levels of the obese PCOS group were ap-
proximately three times higher than the lean
PCOS group (p<0.01). Phoenixin-14 levels of the
obese non-PCOS group were also three times
higher than the lean non-PCOS group (p<0.01).
Serum Phoenixin-14 levels of patients in the lean
PCOS group were significantly higher than in
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the lean non-PCOS group (9.11+2.09 pg/mL vs.
2.04+0.11 pg/mL, p<0.01). Serum Phoenixin-14
levels of the patients in the obese PCOS group
were significantly higher than in the obese non-
PCOS group (27.4+3.04 pg/mL vs. 6.44%1.09 pg/
mL, p<0.01). A positive and significant correla-
tion was found between serum PNX-14 levels
and BMI, HOMA-IR, LH, and testosterone levels
in both lean and obese PCOS patients.

CONCLUSIONS: This study showed for the
first time that serum PNX-14 levels are signifi-
cantly increased in lean and obese PCOS pa-
tients. The increase in PNX-14 showed a propor-
tional trend with BMI levels. Serum PNX-14 lev-
els were correlated positively with serum LH,
testosterone, and HOMA-IR.
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Introduction

Phoenixin (PNX) is a new neuropeptide
formed by cleavage from small integral membrane
protein 20 known as C4orf52 and it is involved
in the biogenesis of mitochondrial cytochrome
c oxidase. PNX isoforms (PNX 14 and PNX 20)
containing 14 and 20 amino acids are the most
common amide peptides'?. Amidation makes
the peptide active, while nonamidated forms are
inactive. PNX-14 and 20 are two separate forms
with similar biological mechanisms of action and
receptors®. Although the amino acid sequenc-
es are very similar in animals and humans, the
amino acid sequence of PNX-20 may differ in hu-
mans and rodents'. Although PNX is primarily a
central neuropeptide, adipose cells and pancreatic
cells can also secrete PNX?. The hypothalamus
is the region where PNX release is most intense
in the central nervous system?®. Hypothalamus se-
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cretes PNX into small capillaries, allowing it to
be mixed into the systemic circulation®.

The ovaries are reproductive tissues in which
PNXis intensely secreted’. Ovarian tissue and fol-
licles are reproductive structures in which PNX is
intensely secreted®. PNX acts by attaching to the
G protein-coupled receptor 173 in the brain and
peripheral tissues. These receptors are intensely
expressed in gonads and granulosa cells®?, PNX-
20 is more active in the brain and PNX-14 is more
active in peripheral tissues. PNX-20 increases
both GnRh and GnRH stimulated LH secretion.
FSH and testosterone secretion is also stimulated
by PNX® In summary, PNX is a noropeptide
that has a role in hypothalamic pituitary gonad-
al axis regulation and follicular development™’.
Since polycystic ovary syndrome is an endocrine
disease characterized by hypothalamo-pituitary
ovarian axis defect®'?, serum PNX-14 levels may
be affected by the presence of this syndrome.

Really peripheral and central peptide synthesis
and secretion are significantly impaired in wom-
en with polycystic ovary syndrome (PCOS). The
synthesis and release of many adipokines, central
and peripheral peptides are impaired in PCOS®°.
Combined deficiency or overexpression of more
than one peptide is one of the etiological causes of
PCOS. The interaction between natriuretic pep-
tide precursor type C natriuretic peptide recep-
tor 2 is critical for follicle development®'°. The
relationship between PNX levels and PCOS has
not been evaluated except in a few isolated stud-
ies™!". It has been reported that serum PNX levels
of PCOS patients are higher than healthy con-
trols. Serum PNX levels also correlated positively
with serum LH, testosterone, and progesterone
levels''. There is only one clinical study report-
ing a correlation between BMI and PNX values
in women!'. However, there is no study on how
BMI values affect serum PNX values in PCOS
patients. This study was designed to compare se-
rum PNX-14 values of PCOS patients classified as
lean or overweight according to their BMI values.
Lean or overweight non-PCOS healthy patients
were taken as the control group. Thus, it will be
revealed whether circulating PNX levels are af-
fected by BMI or PCOS.

Patients and Methods
Fifty lean and overweight patients diagnosed

with PCOS according to the revised Rotterdam
criteria were included in the study. Presence of at
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least two of the following criteria was accepted
as PCOS: (i) ovulatory dysfunction, (ii) clinical-
ly or laboratory-confirmed hyperandrogenemia,
(iii) detection of 12 or more follicles between 2
and 9 mm on ultrasound examination or an ovar-
ian volume greater than 10 mL. All participants
with the diagnosis of PCOS were divided into two
groups according to their BMI values. BMI was
determined according to the World Health Orga-
nization (WHO) guidelines as the ratio of patient
weight to the square of patient height (kg/m?).
Thirty patients with BMI values of 18.5-24.9 kg/
m?2 constituted the normal weight PCOS group.
Tweenty patients with BMI values of 25-29.9 kg/
m?2 formed the overweight PCOS group. Thirty
patients with regular menstrual cycles who did
not exhibit clinical and laboratory findings of
PCOS were selected as the control group. The pa-
tients in the control group were in turn divided
into two different groups as normal weight (n=17)
and overweight (n=13). Thus, each patient in the
PCOS group was matched with the control group
in terms of BMI and age. Local ethics commit-
tee approval and patient consent were obtained
before starting the study (Kayseri City Hospital
2023/805).

Patients in both the control and PCOS groups
were invited to collect blood samples on the
third day of the follicular phase. Blood samples
were collected on the third day of the cycle from
women who underwent progesterone withdrawal
bleeding due to ovulatory dysfunction. In ovu-
latory PCOS patients, blood samples were col-
lected on the third day of spontaneous menstrual
cycle. Blood samples were collected the morn-
ing following an overnight fast. Because the
patients presented at different times, the blood
sample from each patient was centrifuged and
serum aliquots were aliquots stored at -20°C un-
til analysis. When the target number of patients
was reached, frozen samples were thawed and
luteinizing hormone (LH), follicle stimulating
hormone (FSH), testosterone, estrogen, glucose,
and insulin levels were measured, and insulin
resistance values were calculated (HOMA-IR).
Patients with endocrine diseases such as diabe-
tes, thyroid, and adrenal glands, and those using
insulin, cholesterol lowering, or other hormonal
drugs for the last 6 months were not included in
the study. Those with chronic systemic inflam-
matory diseases other than PCOS, those who
had ovarian drilling, those who were found to
have adrenal or pituitary pathology were not in-
cluded in the study.
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Phoenixin-14 Measurement With ELISA

Phoenixin-14 concentrations in serum was
measured by enzyme-linked immunosorbent
assay (ELISA) using Human PNX-14 (Phoenix-
in-14) ELISA Kit (Wuhan Fine Biotech Co., Ltd.,
Wuhan, Hubei, China). This kit is used to mea-
sure the Phoenixin-14 concentration in serum,
plasma, tissue homogenates and other biological
fluids. The detection range of the Phoenixin-14 kit
(assay range) was 1.563-100 pg/ml and the mini-
mum measurable level (sensitivity) was < 0.938
pg/ml. The intra- and inter-assay coefficients of
variation were <8% and <10%, respectively.

The primary objectives of our study can be
listed as follows:

(i) To compare serum Phoenixin-14 levels of
lean and overweight PCOS patients.

(i1) To compare serum Phoenixin-14 levels of
patients in the lean and overweight PCOS
and the lean and overweight non-PCOS con-
trol group.

(iii) To reveal the possible correlation between
serum Phoenixin-14 levels, demographic,
and metabolic parameters.

Statistical Analysis

Data were analyzed with the use of the Statis-
tical Package for Social Sciences software 21.0 for
Windows package software (IBM, Armonk. NY,
USA). Normality of data was examined by the
use of the Shapiro-Wilk test. Continuous variables
were analysed using the Mann-Whitney U-test.

Pearson’s correlation analysis was performed to
correlate serum PNX-14 and other demographic
and hormonal parameteres. Data were presented as
mean + SD. Differences were considered statisti-
cally significant at p<0.05.

Results

Table I shows the distribution of demographic and
hormonal parameters of all groups. Age and BMI
values of the patients in the PCOS and non-PCOS
control groups were found to be similar (p>0.05).
The BMI values of PCOS or non-PCOS patients in
the lean or overweight groups were consistent with
the BMI of the group in which they were present.
The distribution of fertility status of the patients in
each group was similar. LH values of the overweight
PCOS group were higher than the lean PCOS group
(p<0.02). The LH values of the patients in the lean
PCOS group were significantly higher than the lean
non-PCOS group (p<0.01). LH values of the over-
weight PCOS group were significantly higher than
the overweight non-PCOS group (p<0.01). There
was no significant difference between and within
the groups in terms of FSH values. LH/FSH ratios
were similar in lean and overweight PCOS groups.
The LH/FSH ratios of the lean and obese PCOS
groups were significantly higher than the non-PCOS
control group (p<0.01). The testosterone levels of
the lean and obese PCOS groups were similar. Tes-
tosterone levels of both lean and obese PCOS groups

Table I. Comparison of demographic and hormonal findings of lean and obese patients in PCOS and non-PCOS groups.

Lean Overweight Lean Overweight

PCOS PCOS non-PCOS non-PCOS
N 30 20 17 13
Age (y) 25.7+£3.20 26.8+4.01 26.0+2.40 27.7+5.11
BMI (Kg/m?) 22.4+3.04* 27.6+4.02 23.1+3.06° 28.0+6.10
Fertility status n (fertil/infertile) 14/16 12/8 9/8 7/6
Phoenixin-14 (pg/mL) 9.11+2.09* 27.4+3.04 2.04+0.11% 6.44+1.09
LH (mIU/mL) 10.2+3.08* 12.9+1.01 6.03+2.06 7.13+3.04
FSH (mIU/mL) 5.20+£1.20 5.42+2.04 5.2942.09 5.1243.05
LH/FSH ratio 1.92 22 1.15 1.56
Testosterone (ng/dL) 47.5+£8.01* 51.1+£9.22 33.2+6.09% 40.6+8.30
Estradiol (pg/mL) 49.7+6.04 51.3£7.01 44.5+5.09 48.1+6.44
Insulin resistance (HOMA index) 7.1141.20* 11.2+£2.09 4.22+1.08° 7.9242.04
Glucose (mg/dL) 89.3+£9.22* 113.4£11.4 83.7+6.7° 110.2£10.3

*Shows statistical signicance between normal weight PCOS vs. obese PCOS. Shows statistical significant between normal
weight non-PCOS vs. obese non-PCOS. p<0.05 shows significant difference. Data are presented as Mean+SD.
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were significantly higher than non-PCOS groups
(p<0.02). Serum estradiol levels were similar with-
in and between groups. The HOMA-IR value of the
obese PCOS group was significantly higher than the
lean PCOS group (p<0.03). The HOMA-IR values
of the patients in the PCOS group were significantly
higher than the non-PCOS controls. The blood glu-
cose values of the obese PCOS group were found
to be significantly higher than the lean PCOS group
(p<0.02). Blood sugar values were similar between
the groups.

Phoenixin-14 levels of the obese PCOS group
were approximately three times higher than the lean
PCOS group (p<0.01). Phoenixin-14 levels of the
obese non-PCOS group were also three times high-
er than the lean non-PCOS group (p<0.01). Serum
Phoenixin-14 levels of patients in the lean PCOS
group were significantly higher than in the lean non-
PCOS group (9.11£2.09 pg/mL vs. 2.04+0.11 pg/mL,
p<0.01). Serum Phoenixin-14 levels of the patients in
the obese PCOS group were significantly higher than
in the obes non-PCOS group (27.4+3.04 pg/mL vs.
6.44+£1.09 pg/mL, p<0.01). A positive and significant
correlation was found between serum PNX-14 levels
and BMI, HOMA-IR, LH, and testosterone levels in
both lean and obese PCOS patients (Table II). In the
non-PCOS control group, no correlation was found
between PNX-14 levels and other parameters.

Discussion

PCOS is one of the most common endocrinop-
athies detected in women of reproductive age. It is
a spectrum of diseases that give clinical manifesta-
tions with different phenotypic features rather than
a single clinical picture'?. Promising new drugs have
come into use in the medical treatment of PCOS. The
short-term data of myoinositol treatment in PCOS

are encouraging. It has also been reported that the
combination of myoinositol and melatonin provides
improvement in glucose and thyroid functions'.
Similarly, in anovulatory patients treated with d-chi-
ro-inositol, ovulation was restored in two patients'.
Low-dose vitamin D administration has also been
recommended for improvement in metabolic pa-
rameters and luteal support in PCOS patients'®. In
the last decade, the view that PCOS-related chang-
es occur as a result of defects in the synthesis and
release of central or peripheral peptides is gaining
weight®12. PCOS, characterized by varying degrees
of disruption in the function of dozens of peptides
rather than a single peptide, leads to disruption of
the pulsatile pattern of central LH release’. Since the
defect in LH secretion impairs the endocrine func-
tions of the ovaries, ovulatory dysfunction or andro-
gen hypersecretion may occur. Since the chronic
inflammatory background and hyperandrogenemia
impair insulin hemostasis, it causes an increase in
lipogenesis and a decrease in lipolysis'®'2. Our study
is important in terms of presenting the first clini-
cal data investigating serum PNX-14 levels in lean
and obese PCOS patients. Serum PNX-14 levels of
both lean and obese PCOS patients were found to
be significantly higher than healthy controls with-
out PCOS. We also found a positive and significant
correlation between PNX-14 levels and serum LH.
PNX is known to increase GnRH-mediated LH
secretion'. The fact that PNX injection into the rat
brain ventricles resulted in an increase in LH release
is an important proof that PNX has a positive modu-
latory effect on LH release".

PNX exerts its hypothalamic and pituitary ef-
fects mostly via GPR 173 receptors and cAMP/
PKA pathway'®. However, the mechanism by
which PNX increases serum FSH and testos-
terone levels is not fully known. In the current
study, no significant correlation was found be-

Table IlI. Correlation analysis of serum PNX-14 levels and demographic and hormonal parameters of lean and obese PCOS patients.

Lean PCOS Overweight PCOS
Serum Phoenixin-14
r P r P
BMI 0.677 0.04 0.54 0.02
HOMA-IR 0.65 0.03 0.69 0.02
Glucose 0.45 0.33 0.31 0.32
LH 0.66 0.01 0.73 0.01
FSH 0.12 0.40 0.36 0.60
Testosterone 0.59 0.03 0.81 0.01

3522



Serum Phoenixin-14 levels of women with polycystic ovary syndrome increase proportionally with BMI

tween PNX-14 and serum FSH levels in neither
lean nor obese PCOS group. However, a positive
and significant correlation was found between se-
rum testosterone levels and PNX-14. In addition,
the increase in PNX-14 levels showed a positive
and significant correlation with serum LH lev-
els. The PNX-testosterone relationship is more
pronounced in obese women with PCOS than
in lean women with PCOS. In the light of these
findings, we can state that serum PNX-14 levels
increase proportionally with BMI in the presence
of PCOS. There was a 3-fold increase in PNX
levels in the obese PCOS group compared to the
lean group (9.11£2.09 pg/mL vs. 27.4+£3.04 pg/
mL). In obese non-PCOS patients, PNX-14 levels
increased nearly three times compared to the lean
non-PCOS group (2.04+0.11 pg/mL vs. 6.44+1.09
pg/m/L). However, PNX increases in non-PCOS
groups were significantly lower than in PCOS
patients. In the light of these findings, we can
make the following comments; (i) PCOS signifi-
cantly increases serum PNX-14 levels compared
to healthy controls, (ii) serum PNX increase is
potentiated in obese PCOS patients, (iii) obesity
increases serum PNX-14 levels nearly three times
in the presence of PCOS, (iv) serum PNX values
of non-PCOS lean patients are within normal lim-
its, (v) obese women have an increase in serum
PNX-14 levels even without a diagnosis of PCOS,
(vi) however, PNX-14 increase in non-PCOS
obese individuals is approximately one-fifth of
obese women with PCOS (6.44+1.09 pg/m/L vs.
27.443.04 pg/mL).

Since there are not enough clinical studies, it
is not possible to make a clear comment about the
relationship between BMI and PNX-14. Synthesis
and secretion of many peripheral and central pep-
tides are impaired in obese PCOS patients'°, Ad-
ipokines are involved in lipogenesis as well as in
the regulation of communication between adipose
tissue and endocrine and reproductive organs'?.
Since PN X is secreted in both central and adipose
tissue, its synthesis and release may change in the
presence of PCOS. Ullah et al'! showed that BMI
and serum PNX levels were correlated in women
with PCOS. It has also been shown that both ma-
ture adipocytes and preadipocytes contain a large
amount of the PNX receptor GPR173*3. By bind-
ing to these receptors, PNX-14 transforms preadi-
pocytes into mature adipocytes and increases the
formation of white adipose tissue*’. Consistent
with the above, we found a positive correlation
between serum PNX-14 levels and BMI in both
the lean and obese PCOS groups. However, the

positive correlation between PNX and BMI was
more pronounced in the lean group than in the
obese group. The increase in the presence of ma-
ture adipocytes due to obesity may cause desen-
sitization of PNX-14 secreting cells and PNX re-
ceptors. Obese and lean PCOS patients may have
extensive expression of the PNX receptor GPRI73
mRNA in their white preadipocytes. PNX may
contribute to obesity due to PCOS through the
hypertrophy and hyperplasia it creates in adipose
tissue*!. The fact that the PNX-BMI correlation
strengths of obese cases and lean PCOS cases are
different from each other is a topic worth inves-
tigating.

Since PNX is expressed in both alpha and beta
cells of the pancreas, it may have a role in insu-
lin and glucose hemostasis?**'. PNX stimulates
glucose-mediated insulin release via the cAMP/
Epac pathway in pancreatic cells*. We found a
positive correlation between serum PNX-14 lev-
els and HOMA-IR in both lean and obese PCOS
groups. The possible reason why the increase in
PNX-14 potentiates insulin resistance may be that
PNX transforms preadipocytes into mature adi-
pocytes™. Increasing adipocytes may stimulate
insulin resistance by stimulating adipokine se-
cretion'?. In summary, although PNX positively
regulates insulin secretion, insulin resistance may
occur due to stimulation of lipogenesis. The emer-
gence of insulin resistance in both lean and obese
PCOS patients suggests that PNX induces insulin
resistance independent of adiposity. Increasing
androgen levels may also have induced insulin
resistance independently of PNX. Impaired PNX
synthesis in the presence of obesity may also be
responsible for insulin resistance®.

Conclusions

In addition to the above metabolic and hormonal
effects, PNX-14 positively regulates the synthesis of
reactive oxygen derivatives and anti-inflammatory
cytokines". However, we did not study changes in
serum levels of ROS or anti-inflammatory cyto-
kines. Since PNX-14 works in coordination with
other peptides such as kisspeptin and nesfatin for its
central and peripheral effects, determining the lev-
els of these peptides is important to reveal the actual
functions of PNX. Despite all these limitations, it
has been shown for the first time that serum PNX-14
levels are significantly increased in lean and obese
PCOS patients. The increase in PNX-14 shows a
proportional trend with BMI levels. The increase in
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PNX-14 also correlates positively with serum LH,
testosterone, and HOMA-IR.
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