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Abstract

(AMH).

value of AMH was better than that of INSL5.

Background: Insulin-like peptide 5 (INSL5) is involved in both reproductive and metabolic processes in polycystic
ovary syndrome (PCOS). This study aimed to evaluate the relationship between INSL5 and anti-Mullerian hormone

Methods: A retrospective case—control study was conducted in a university-based reproductive centre between
December 2019 and January 2021. We included 117 women with PCOS and 100 healthy subjects from Zhejiang
Province. All subjects were divided into four groups (1st—4th) based on quartiles of serum INSL5 levels. Serum INSL5
concentration was assayed using an enzyme-linked immunosorbent assay.

Results: A significant direct association was observed between serum INSL5 and AMH levels in women with PCOS.
The mean AMH level in the 1st-4th INSL5 level quartiles were 4.64, 5.20, 6.46, and 9.48 ng/ml, respectively (P<0.001).
After adjusting for age, body mass index, metabolic indices, and serum levels of oestradiol and total testosterone,
AMH levels remained positively and significantly associated with INSL5 levels (P for trend <0.001). The diagnostic

Conclusions: INSL5 and AMH levels were significantly correlated and elevated in women with PCOS. INSL5 and AMH
might be associated with increased androgen secretion and chronic anovulation in PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is both a reproduc-
tive and metabolic disorder in women. PCOS has a wide
variety of clinical presentations and symptoms, including
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hyperandrogenism, oligo or amenorrhoea and polycystic
ovaries (PCO) [1, 2]. The estimated prevalence of PCOS
is 8-13% [3]. Familial clustering studies have shown that
PCOS has a strong heritable component [4]. Character-
istics of the condition are heterogeneous. PCOS features
can include cystic ovaries, metabolic disorders, repro-
ductive and physiological abnormalities, and higher risk
of cardiovascular disorders [5, 6]. PCOS is also character-
ised by abnormal follicular development, with the num-
ber of growing follicles twice that in typical preovulatory
arrest [7].
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One of the important biomarkers used to diagnose
PCOS is anti-Miillerian hormone (AMH), which is a
polypeptide of the transforming growth factor beta fam-
ily [8]. AMH plays an important role in sexual differ-
entiation in male foetuses and is solely secreted by the
granulosa cells of the pre-antral and small antral ovar-
ian follicles in women [9, 10]. AMH inhibits the recruit-
ment of primordial follicles from the resting oocyte pool,
which may inhibit the role of follicle-stimulating hor-
mone (FSH), resulting in female ovulation disorders [11].
The changes in AMH precedes modifications in serum
FSH, inhibin B, and antral follicle count. AMH secretion
drops significantly before menopause due to follicular
failure [12]. The levels of AMH in patients with PCOS are
significantly correlated with the number of ovarian small
follicles, which reflects the presence of an ovarian follicle
pool in the early follicular phase of the menstrual cycle
and is strongly dependent on the number of antral folli-
cles [13—15]. Tata et al. showed that AMH concentrations
during pregnancy are two-to-three fold higher in women
with PCOS as compared to women with no reproductive
defects, and the severity of the reproductive dysfunc-
tion is positively correlated with AMH levels [11, 16].
Elevated AMH levels in PCOS were originally thought
to be due only to an increase in the number of follicles
[17, 18], as a low level of antral follicle count may lead
to low serum AMH concentrations. Moreover, the level
of serum AMH does not depend on the menstrual cycle
phase or exogenous sex steroids [19].

Relaxin peptides are members of a superfamily of pep-
tides including relaxin-1, relaxin-2, insulin-like peptide
3 (INSL3), INSL4, and INSL5, which play a vital physi-
ological role in various diseases [20, 21]. Relaxin peptides
interact with four G protein-coupled receptors (GPCRs),
which are currently classified as relaxation protein family
polypeptide receptors 1-4 (RXFP1-4). INSL5 is mainly
expressed in the intestinal endocrine L-cells of the gas-
trointestinal system, especially the colon and rectum; but
also by various tissues such as hypothalamus, uterine and
pituitary tissue [22]. The connection between the repro-
ductive system and INSL5 has been observed in INSL5
knockout mice. Animal experiment suggest that knock-
out INSL5 gene results in a notable decrease in sperm
motility and irregular cycle in both sex [23]. INSL3 and
AMH levels are significantly associated and elevated in
women with PCOS which may reflect the dysfunction
of follicles and granulosa cells [24]. Some animal studies
have shown that INSL3 plays a vital role in developing
ovarian follicular, while impaired fertility is associated
with prolonged oestrous cycles and accelerated follicular
atresia [25-27]. In a cross-sectional study, serum INSL5
levels were significantly higher in women with PCOS
compared to women without PCOS (27.63+7.74
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vs.19.90 £5.85ng/ml, P<0.001) [28]. Another study sug-
gested that the expression and localisation of RXFP4 on
human sperm and INSL5 may affect male reproductive
function [29].

Both INSL5 and AMH are recognised for their impor-
tance to reproductive function. They have recently been
detected in adulthood in both sexes, where their roles still
need to be explored. With this background, we assessed
serum levels of AMH and INSL5 in women with PCOS,
and we evaluated the relationship of these biochemicals
with hormone levels and metabolic parameters.

Methods

Study population

A retrospective case-control study design was used for
this study. The trial process took place from December
2019 to January 2021 in the Department of Endocrinol-
ogy, Hangzhou Women’s Hospital (Hangzhou Mater-
nal and Child Health Hospital) in Zhejiang, China. The
study sample included 117 women with PCOS and 100
women with normal menstrual cycles, with ages ranging
from 18 to 35years. A detailed medical assessment (such
as height, weight, family history of PCOS, regularity and
length of the menstrual cycle, and medical history, etc.)
was obtained from all subjects at the initial examination.
Written consent was obtained from all participants. This
study was approved by the ethics committee of Hang-
zhou Women’s Hospital (2018-004-No. 03).

Inclusion and exclusion criteria

The subjects in the PCOS group were selected based on
the Rotterdam consensus criteria (2018) [1]. Women with
other causes of irregular menstrual cycles and/or andro-
gen excess such as hyperprolactinemia, congenital adre-
nal hyperplasia, Cushing’s syndrome, or other diseases
of the galactorrhoea, breast feeding, pregnancy adrenal
gland, and thyroid disorders were excluded by laboratory
analysis and clinical examination. The use of medica-
tions for hormonal contraception and/or anti-androgen
therapy within the preceding 6 months, dyslipidaemia,
obesity, hypertension, hyperglycaemia and insulin resist-
ance were also criteria for exclusion from this study. The
subjects in control group were enrolled with normal
menstrual cycle without concomitant health problems or
signs of hirsutism, acne or hyperandrogenism. No obvi-
ous abnormality in ultrasound imaging.

Laboratory evaluation and biochemical assays

Fasting peripheral venous blood samples (2-3mL) for
fasting glucose, fasting insulin, oestradiol (E2), luteinizing
hormone (LH), FSH, prolactin (PRL), progesterone (P),
high-density lipoprotein (HDL), low-density lipoprotein
(LDL), dehydroepiandrosterone sulfate (DHEA-S), total
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testosterone (T), sex hormone-binding globulin (SHBG),
and AMH were drawn between 07:30 and 09:30a.m.
after an overnight fast. Sex hormone assessments were
performed during the early follicular phase of men-
strual bleeding (3rd to 5th days) and serum DHEA-S, T,
SHBG, AMH were detected using the chemilumines-
cence method (Beckman Coulter UniCel Dx1-800). The
levels of fasting plasma glucose, HDL, and LDL were
measured using a Beckman Coulter AU5821 chemis-
try analyser. After separation, the excess serum samples
were stored in a refrigerator at — 80°C prior to analysis of
INSL5. The levels of serum INSL5 were detected using a
commercially available human enzyme-linked immuno-
sorbent assay kit (Catalog number: JL19996, Jianglai bio-
logical, Hangzhou, China). The free androgen index (FAI)
was calculated by the following formula: [FAI=100x(T/
SHBG)]. Insulin resistance was estimated using the
homeostatic model assessment index of insulin resist-
ance: HOMA-IR = [fasting insulin (pmol/L) x fasting glu-
cose (mmol/L)] / (22.5 x 6.965).

Statistical methods

The distributions of AMH and INSL5 were both skewed.
IBM-SPSS 21.0 statistics software (IBM Inc., Armonk,
NY, USA) was used for statistical processing. Data are
expressed as mean=standard deviation (SD). Con-
tinuous variables were analysed using analysis of vari-
ance (ANOVA) for comparing the characteristics across

Table 1 Background characteristics of the study population
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quartiles of INSL5. Receiver operating characteristic
(ROCQC) curve and area under the curve (AUC) were used
to evaluate the performance of INSL5 and AMH in build-
ing a risk model to diagnose PCOS. The association
between INSL5 and AMH was evaluated using a linear
regression model. To evaluate the potential for confound-
ing, six models were built. Model 1 was unadjusted.
Model 2 included adjustments for age and body mass
index (BMI). Model 3 included the further adjustments
of glucose metabolism indexes (fasting glucose and fast-
ing insulin). Model 4 included the adjustments of model
3 and lipid metabolism indexes (total cholesterol and tri-
glyceride). Model 5 included the adjustments of model 4
and lipid metabolism indexes (HDL and LDL). Model 6
included the adjustments of model 5 and sex hormones
(E2 and T). Linear trends across the quartiles of INSL5
levels were assessed by modelling the median values of
all quartiles as a continuous variable. P value <0.05 was
accepted as statistically significance.

Results

Background characteristics of the study population

The background sample characteristics are shown in the
Table 1. The participants were divided into four groups
based on quartiles of serum INSL5 levels: 1st (3.92—
16.47), 2nd (16.47-21.26), 3rd (21.26-30.02) and 4th
(30.02-99.84) ng/ml. There was a significant correla-
tion between BMI and INSL5 (P=0.033). A significant

The quartile of INSIL5(ng/ml)

Ist 2nd 3rd 4th
Variable Overall (3.92-16.47) (16.47-21.26) (21.26-30.02) (30.02-99.84) P value
Mean(SD)
n =55 n =54 n =54 n =54
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age(year) 26.09(4.46) 27.69(3.80) 25.76(4.45) 25.52(4.58) 25.35(4.68) 0.02*
BMI(kg/m2) 21.38(3.46) 20.46(2.61) 21.00(3.07) 22.19(4.31) 21.89(3.44) 0.033*
Fasting glucose(mg/dL) 85.57(8.52) 84.62(9.21) 85.97(8.86) 86.06(8.57) 85.66(7.5) 0.807
Fasting insulin(uIU/mL) 8.60(6.64) 7.88(5.04) 7.93(5.38) 9.28(5.88) 9.31(9.4) 0.498
Total cholesterol(mg/dL) 184.55(38.05) 183.55(33.55) 178.97(45.17) 192.84(39.58) 182.84(32.29) 0.277
Triglycerides(mg/dL) 92.52(55.11) 79.36(35.04) 87.88(52.40) 104.52(70.49) 98.58(54.99) 0.08
HDL(mg/dL) 62.34(14.35) 63.35(12.28) 63.18(13.22) 62.78(16.36) 60.02(15.37) 0.592
LDL(mg/dL) 99.76(29.80) 98.95(26.24) 95.33(34.82) 106.33(31.45) 98.45(25.49) 0.267
E2(ng/mL) 155.40(584.66) 113.46(157.68) 181.66(674.29) 266.06(942.37) 61.21(31.98) 0.294
T(ng/mL) 0.71(0.29) 0.64(0.19) 0.65(0.19) 0.76(0.37) 0.78(0.36) 0.014*
LH(mIU/mL) 11.65(8.31) 10.87(6.40) 10.82(11.37) 10.74(7.29) 14.17(7) 0.084
FSH(mIU/mL) 6.33(2.39) 6.88(2.33) 5.86(2.15) 5.76(2.43) 6.8(2.47) 0.016*
PRL(ng/ml) 18.85(21.72) 15.96(9.47) 19.85(27.64) 23.36(29.75) 16.26(12.05) 0.243
P(ng/ml) 2.68(5.78) 2.34(3.49) 3.24(6.41) 4.13(8.73) 0.99(1.05) 0.033*
DHEA-S(pug/mL) 7.34(3.23) 6.59(2.79) 7.31(2.89) 7.65(3.34) 7.86(3.78) 0.192
SHBG(nmol/L) 54.60(41.48) 56.64(28.26) 60.46(52.30) 51.99(50.45) 49.27(29.03) 0.513
LH/FSH 1.94(1.20) 1.79(1.29) 1.87(1.38) 1.92(1.04) 2.17(1.06) 0.397
FAI 2.21(2.23) 1.59(1.25) 1.90(1.56) 2.89(3.14) 2.47(2.33) 0.011*
AMH(ng/ml)
Total 6.44(4.00) 4.64(3.20) 5.20(2.92) 6.46(3.55) 9.48(4.41) <0.001*
Control 3.75(2.75) 3.92(3.62) 3.24(2.08) 3.89(2.36) 4.07(1.72) 0.732
PCOS 8.73(3.45) 6.1(1.22) 7.16(2.26) 8.24(3.13) 11.37(3.36) <0.001*
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inverse association was observed between INSL5 levels
and age across the quartiles (P=0.02) in Table 1.

INSL5 and hormone levels

The hormone levels, lipid metabolism index and glu-
cose metabolism index in the four groups are presented
in Table 1. Significant proportional associations were
observed between T levels and INSL5 across the quar-
tiles. The mean T in 1st—4th were 0.71, 0.64, 0.76, and
0.78 ng/mL, respectively (P=0.014). FAI, FSH and P also
showed significant correlations with INSL5 across groups
(P=0.011; P=0.016; P=0.033, respectively). There were
no significant differences among the groups in E2, LH,
PRL, DHEA-S and SHBG (P> 0.05).

INSL5 and AMH

In only-PCOS and the total groups, we found a positive
correlation between INSL5 and AMH (P<0.001). While
there was no significant correlation found between INSL5
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and AMH in the control group (P=0.732), as shown in
Table 1. Women with PCOS had higher serum AMH lev-
els in the second, third and fourth INSL5 quartiles com-
pared with the PCOS group and total groups (Fig. 1).
Significant proportional relationships were observed
between AMH levels and INSL5 across the quartiles in
all subjects. Linear regression models were designed to
reveal the independent relationship between INSL5 and
AMH; The mean AMH in 1st-4th were 4.64, 5.20, 6.46,
and 9.48, respectively (P<0.001) in total subjects. The
mean AMH in 1st—4th were 6.1, 7.16, 8.24 and 11.37 ng/
mL, respectively (P<0.001) in women with PCOS. In
models 1 and model 2, the mean AMH increased with
increasing INSL5 levels (Table 2). After further adjust-
ments for glucose metabolism parameters in model 3,
this association remained significant (P for trend <0.001).
Adjustment for lipid metabolism parameters had mini-
mal effect on the results, with higher AMH levels remain-
ing significantly associated with higher INSL5. There was
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P=0.026

Ist (3.92-16.47) 2nd (16.47-21.26) 3rd (21.26-30.02) 4th (30.02-99.84)

INSLS5 quartile [range (ng/mL)]

Fig. 1 AMH level in INSIL5 quartiles. Standard deviations of the means are shown in the bars
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Table 2 Association of serum INSIL5 and AMH among PCOS women
Quartile median AMH Model 1° Model 2° Model 3¢ Model 4¢ Model 5¢ Model 6f
of Mean
NsLs  value D) B(SE) P B(SE) P B(SE) P BSE) P B(SE) P B(SE) P
6.09
Ist 13.53 (1.22) 0 0 0 0 0 0
7.16 0.237 0.247 0.241 0.276 0.300 0.609
2nd 20.03 (2.26) 0.15) 0.114 (0.159) 0.121 (0.16) 0.132 (0.167) 0.098 (0.174) 0.085 (0.252) 0.016
8.23 0.437 0.475 0.465 0.519 0.504 0.739
3rd 26.02 (.13) (0.152) 0.04 (0.163) 0.004 (0.164) 0.005 (0.175) 0.003 (0.183) 0.006 (0.256) 0.004
11.37 0.801 0.829  <0.00 0.833 <0.00 0.894  <0.00 0.962 <0.00 1.214
4th 44.07 (3.45) 0.167) <0.001 0.177) 1 0.179) 1 0.189) 1 (0.208) 1 (0.276) <0.001
P for linear trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1.0 =
0.8 —
> 0.6
z
g
=
5]
197
0.4 -
0.2 — AMH
—INSLS5
—AMH + INSLS5
— Reference
0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity
Fig. 2 Receiver operating characteristics (ROC) curves of AMH level in INSIL5. The sensitivity (y axis) is plotted against the specificity (x axis)

Table 3 Diagnosis value of INSIL5 and AMH for PCOS

indicators AUC 95%ClI P Cut-off Sensitivity Specificity Youden index
INSIL5 0.693 (0.623,0.762) <0.001 19.88 0.752 0.57 0.322
AMH 0.902 (0.858,0.945) <0.001 4.56 0.932 0.77 0.702
INSIL5+AMH 0.902 (0.858,0.945) <0.001 0.906 0.79 0.696

a significant correlation between serum AMH and INSL5
in model 6 (P for trend <0.001).

INSL5 and PCOS

Women with PCOS had significantly higher INSL5 and
AMH levels (Fig. 1). The sensitivity and specificity of the
serum concentration of INSL5 and AMH were evaluated

for the PCOS group by using cut-off values according to
the ROC (Fig. 2, Table 3). The AUC of AMH for the diag-
nosis value of PCOS was 0.902 (95% confidence inter-
val: 0.858-0.945, P<0.001). The sensitivity for PCOS,
with a cut-off value for AMH of 4.56ng/ml, was 93.2%
and the specificity was 77.0%. The AUC of INSL5 for
the diagnosis value of PCOS was 0.693 (95% confidence
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interval:0.623-0.762, P<0.001). When using a cut-off
value for INSL5 of 19.88 ng/ml, the sensitivity was 75.2%
and the specificity was 57.0%. While the combination of
AMH and INSL5 cut-offs did not significantly improve
the accuracy of diagnosis value.

Discussion

In the present study, we investigated the circulating
peptide INSL5 levels in women with PCOS and ascer-
tained relationship between INSL5 and AMH. There
are few studies about INSL5, although a previous cross-
sectional study suggests that the levels of INSL5 are
higher in women with PCOS compared to the normal
subjects, consistent with our findings [28]. To the best
of our knowledge, this is the first study evaluating the
association between INSL5 levels and AMH in women
PCOS. Our results showed that women with PCOS had
elevated serum AMH levels in the second, third and
fourth INSL5 level quartiles compared with the overall
sample (Table 1). Linear regression analysis revealed that
increased INSL5 levels were associated with higher odds
of AMH. The results demonstrated that INSL5 level was
positively correlated with AMH in women with PCOS.
The origin of follicular overgrowth may be the result of
primordial ovarian hyperandrogenism in PCOS, mainly
caused by thecal cell dysfunction, but its origin is still
unclear [7]. AMH, a recognised biomarker of female
reproductive potential, is widely used in clinical practice
and is a good indicator of female fertility and menopau-
sal health management. The level of AMH reflects the
response and number of primary follicles and response to
exogenous gonadotrophins [30].

More studies have shown that the offspring of women
with PCOS are at increased risk for future metabolic
and reproductive dysfunction [31]. The second follicle
abnormality in PCOS is follicular accumulation caused
by a dominant follicle selection defect or follicular block.
Anovulatory infertility in patient with PCOS is the focus
concerns. The change of oocyte capacity and decreased
endometrial function are considered as a potential path-
ogenic factor of fertility in women with PCOS [32, 33].
This process in women with PCOS is primarily associated
with impaired FSH, which inhibits follicular maturation
and also associated with excessive LH and insulin secre-
tion. Although the underlying mechanism of this process
remains unclear, the evidence suggests that higher lev-
els of AMH produced in the polycystic ovary may play
a negative selection role in follicular development and
inhibit FSH-dependent aromatase activity [19, 34].

INSLS5, interacting with RXFP4, is widely distributed
among different tissues such as colorectal tissues, pla-
centa, thyroid, thymus, kidneys, ovaries and testis [35].
There is some evidence of a link between INSL5 and the
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reproductive system in both sexes. RXFP4 expression in
the testes of INSL5-deficient mice resulted in infertility
due to irregular length of the oestrous cycle and sper-
matogenesis disorders [23]. Another study demonstrated
that the expression of RXFP4 and INSL5 in human sperm
inhibited the natural decline of sperm motility, which
may be related to a decrease in mitochondrial ROS pro-
duction [29]. The expression of INSL5 in the mouse
hypothalamus and testis indicates that INSL5 is influen-
tial on the hypothalamic pituitary-gonadal axis (HPG)
and has important effects on reproduction [22].

There are few studies on INSL5 and the reproduc-
tive system, but many studies have shown that INSL3,
another well-known member of the relaxin superfam-
ily, may affect the reproductive function in males and
females. Serum LH levels and the number of ovarian
follicles determined by ultrasound have been associ-
ated with INSL3 levels in women with PCOS [36].
Future clinical may find that the significant correlation
between INSL3 and AMH found in this research may
be associated with impaired follicular development
in women with PCOS [24]. In addition to this, animal
studies have already shown that INSL3 plays a vital
role in ovarian follicular development [27]. A previous
study demonstrated that the impaired fertility in INSL3
knockout mice is related to prolonged oestrus cycle and
accelerated follicular atresia [25]. Based on these data,
we suggest a possible interaction between the INSL
family and ovarian function. On the other hand, these
results might indicate that increased INSL5 up-regulate
AMH, although the receptor for INSL5 in granulosa
cells has not yet been described.

Moreover, an optimal cut-of value of INSL5 for pre-
dicting PCOS was found to be >19.88 ng/ml (sensitiv-
ity 75.2%, specificity 57%) and an optimal cut-of value
of AMH was 4.56ng/ml (sensitivity 93.2%, specificity
77%). In the present study, the results suggest that the
diagnosis value of AMH for PCOS is better than that
of INSL5. Meanwhile, the combination of INSL5 and
AMH did not improve the accuracy of the test and the
diagnosis value.

We confirmed that increased INSL5 concentrations are
positively correlated with T concentrations in women
with PCOS, which also supports the potential role of
INSLS5 in follicular membrane cell steroidogenesis. Sev-
eral studies have shown that androgens, whether from
the ovary, adrenal glands or exogenous sources, may
promote the growth of ovarian follicles through andro-
gen receptors and reduction of granulosa cell apoptosis
[37, 38]. Among women with PCOS, the highest level of
INSL3 is described as functional ovarian hyperandro-
genism, which is characterized by more severe hyper-
androgenism and insulin resistance [39]. Another study
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showed that a positive correlation was between INSL3,
LH, androgen levels and ovarian follicular number [36].
An inverse relationship between circulating INSL5 and T
levels in 14 obese men has also been found; where lev-
els of T increased but INSL5 decreased after obese men
underwent bariatric surgery [40].

The physiological role of INSL5 in the human repro-
ductive system is still unclear although many studies
have reported the effects of INSL5 on lipid and glucose
metabolism. We found no significant correlation between
INSL5 levels and HOMA-IR (P=0.498), or with fast-
ing insulin and glucose, which does not support some
previous studies [28]. Increasing INSL5 has been shown
to make no significant difference on food intake, body
weight, or glucose control in mice [41]. However, in
INSL5 knockout mice, a reduction in the number of beta
cells in the pancreas and reduced insulin production was
found, which led to a significant increase in blood glu-
cose levels [23]. INSL5 is co-stored with glucagon-like
peptide-1 (GLP-1) and peptide YY, and it stimulated
insulin, GLP-1 in both vitro and vivo studies [42, 43]. In
agreement with some but not all studies, INSL5 did not
correlate with total cholesterol, triglycerides, HDL and
LDL in our study.

There are some limits in our research. One limita-
tion of this study is that we did not have the data on fol-
licle numbers detected by ultrasound, or INSL3 levels.
We didn't elaborate PCOS phenotypes and explore the
effect of PCOS phenotypes and PCOS features. Another
important drawback is the lack of accepted international
standards for AMH detection, so concentration and cut-
off points are method dependent.

The research showed a significant relationship between
circulating INSL5 and AMH which may be related to the
increased secretion of androgens and chronic anovula-
tion of PCOS. This link may explicate the contribution
of this peptide in the development of the PCOS disorder.
Moreover, The relationship between INSL5 and female
reproductive function may guide clinical applications,
such as fertility guidance and drug therapy. The mecha-
nisms responsible for increased concentrations of AMH
and particularly INSL5 in the blood of women with
PCOS are, however, still unclear and need to be further
elucidated in future research.
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