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BACKGROUND

The polycystic ovary syndrome (PCOS) is caused by endocrine system
dysfunction in women. MUCIN-1 (MUC-1) expression is found in
endometrial tissues, which leads to implantation process dysfunction
because of imbalance of trophoblast adhesion process. This study was
conducted to compare endometrial MUC-1 expression between PCOS and
normal women considering all existing external variables.

METHODS

This cross-sectional study was conducted in General Hospital Dr. Moewardi
Surakarta. Endometrial samples were obtained from 30 infertile PCOS women
based on Rotterdam criteria, and 30 normal women. Life style and
reproductive data such as age, menstrual problems, menstrual cycle, age at
menarche, and BMI were collected. Subjects underwent endometrial biopsy
in luteinizing hormone (LH) secretion phase LH + 5 days to LH + 10 days
for immunohistochemistry (IHC) of MUC-1 expression. An independent-t
and multiple linear regression test were used to analyze the data at
significance level of p<0.05.

RESULTS

Mean MUC-1 expression in the PCOS endometrium (49.66 + 47.79) was
significantly higher than in normal women (7.66 + 14.55) (p=0.03).
Multivariate linear regression model of life style and reproductive variables
with MUC-1 showed that PCOS (=29.54; 95% CI19.57-49.49; p=0.004) and
BMI (f=29.99; 95% CI1 5.91-54.07; p=0.001) significantly increase MUC- 1
expression. PCOS (Beta=0.37) was more important than BMI (Beta=0.30) in
increasing the MUC-1 expression.

CONCLUSION

Expression of MUC-1 levels in the PCOS endometrium was higher than in
normal women. This suggests that MUC-1 contributes to the unexplained
reproductive failure in PCOS.
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INTRODUCTION

Infertility in patients with polycystic ovary
syndrome (PCOS) is caused by the dysfunction
in endometrial receptivity contributing to failure
of embryo implantation, since it is estimated that
almost 75% of miscarriages are caused by
implantation failure.® For a successful
pregnancy, competent blastocyst implantation
into a receptive endometrium is needed.®*>
Abnormal endometrial receptivity will cause
failure of embryo implantation and lowers the
mean number of pregnancies in women with
PCOS. In PCOS, factors that affect
implantation undergo some changes causing the
requirements for implantation to be incompletely
fulfilled.®

Mucin 1 (MUC-1) is a protein that is highly
expressed in endometrial luminal epithelium and
glands, and is the first molecule on the surface
of the uterus where the embryo is being
implanted. Typically, MUC-1 is expressed in
various luminal epithelial and glandular cells,
provides protection to the underlying epithelium,
and plays arole in cell signaling."®

There is a need for research to determine
whether the expression of MUC-1 changes
during implantation. In addition, are there
external variables that contribute to changes in
MUC-1 expression that interfere with
endometrial receptivity. In normal women,
MUC-1 is produced in functional endometrium,
especially to increase the apposition to
endometrial stroma.”

At present, endometrial receptivity studies
in PCOS are still needed to find out the causes
or markers that can be used to detect
implantation failures in those who are infertile,
especially in PCOS. Since implantation failure
is almost 75%,@ it is important to determine
whether these markers affect the implantation
failure rate in PCOS. The novelty of this study
lies in the effect of external factors on changes
in MUC-1 expression.

The endometrium in PCOS patients has a
higher expression of MUC-1 than in normal
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women.'” A gsystematic review showed
controversy with respect to whether MIC-I is
significantly higher or lower in women with
PCOS compared to healthy women.('V

A study on 78 women with recurrent implantation
failure found that age, body mass index (BMI),
and menstrual cycle length were not significantly
associated with endometrial MUC-1. ( The
presence of MUC-1 can cause failure of embryo
implantation during the apposition
phase.Therefore it is necessary to discover how
exactly the expression of MUC-1, a glycoprotein
on epithelial cells, and other modulators are
expected to play a major role in embryo
implantation in women with PCOS resulting in
implantation dysfunction because of imbalance
in the trophoblast apposition process.”’ The
objective of this study was to investigate
differences in endometrial MUC-1 expression
between women with PCOS and normal women,
and to determine the effect of PCOS on MUC-
1 expression by considering all existing external
variables.

METHODS

Research design

A cross-sectional study was conducted in
the outpatient clinic of Dr. Moewardi General
Hospital, Surakarta, from June until November
2019.

Research subjects

The study sample was taken by a non-
random consecutive sampling, with the subjects
signing the participation agreement form with
regard to the research activities (informed
consent). The sample size was determined with
effect size =0.7, 0=0.05 and $=0.2, and was 30
for each group. The subjects were divided into
two groups of 30 PCOS women and 30 normal
women, respectively, who were between 25 and
40 years old. The inclusion criteria were infertile
PCOS women who met 2 of the 3 Rotterdam
criteria:1%'¥ 1) oligo-ovulation or anovulation
defined as <8 menstrual cycles in the past year,
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2) hyperandrogenism (hirsutism or acne), with
hirsutism defined by a Ferriman-Gallwey (FG)
self-reported score of >5 (for Asian), 3)
polycystic ovaries (PCO) as detected by
transvaginal ultrasound (TVUS) with 12 follicles
of 2-9 mm diameter, and age 23-40 years. The
controls were 30 normal women who were
undergoing sterilization and/or routine VIA
(visual inspection with acetic acid) screening,
history taking and gynecological examinations,
and not suspected of suffering from PCOS (no
pelvic pain, no history of dysmenorrhea or
dyspareunia, normal clinical gynecological
examination). Exclusion criteria were normal
women with malignancies, not agreeing to
become research subjects, using hormonal
contraceptives, having androgen excess disorder,
being at risk of hypertension, endometriosis and
diabetes mellitus.

Exposure data

Data on lifestyle and reproductive
exposures, as well as anthropometric measures,
were collected, including age, age at menarche,
menstrual problems, menstrual cycles. and BMI.

Immunohistochemistry

The expression of MUC-1 in PCOS was
determined by endometrial biopsy in the
luteinizing hormone (LH) secretory phase, at LH
+ 5 days until LH + 10 days by endometrial
sampling with the Pipelle curette, 2-3 cm below
the uterine fundus. The endometrial biopsy was
then put into a bottle with buffered formalin and
sent to the Pathological Anatomy department of
Dr. Sardjito Hospital in Yogyakarta for
immunohistochemical examination (IHC) of
MUC-1 expression using mouse MUC-1
monoclonal antibody (Novocastra NCL-MUC-
1 from Vision BioSystems). In the present study,
the points in time of LH + 5 days to LH + 10
days were used, because at these time points
there are surges in endometrial receptivity after
ovulation, at which the endometrial secretory
phase and receptivity for optimal implantation
can occur. The expression of MUC-1 was
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calculated based on observations of 200 luminal
epithelial and glandular cells, using a microscope
at 40x10 magnification. The number of positive
(=brown-colored) cells was counted, then the
results were divided by 200 and expressed as a
percentage.

Statistical analysis

An independent t-test and multivariate
linear regression was used to analyze the data.
For statistical analysis the IBM-SPSS statistics
program version 21 was used, with significance
set to a p value of <0.05.

Ethical clearance

Ethical clearance was obtained from the
Health Research Ethics Commission of Dr.
Moewardi Hospital/Faculty of Medicine,
Universitas Sebelas Maret, Surakarta, Central
Java, Indonesia under No.744/X/HREC/2018
dated 29 October 2018.

RESULTS

Table 1 shows the mean values of the
variables of age, menstrual problems, menstrual
cycle, age at menarche, BMI, and MUC-1 for
the groups of PCOS and normal women. There
were significant differences between the two
groups with regard to menstrual cycle (27.88 +
2.39 vs 28.06 £ 2.40 days; p=0.040); age at
menarche (14.31 +£2.19 vs 13.36 + 1.21 years;
p=0.028), and MUC-1 (49.66 + 47.79% vs 7.66
+ 14.55%; p=0.03). The differences in age,
menstrual problems, and BMI were not
significant (Table 1).

All external variables, such as age,
menstrual problems, menstrual cycle, age at
menarche, BMI and PCOS were entered into
the multivariate linear regression model. There
was a statistically significant association of
PCOS (p=29.54; 95% C19.57-49.49; p=0.004),
and BMI (B=29.99; 95% CI 5.91-54.07;
p=0.016) with MUC-1. However, there were
no significant differences in age, menstrual
problems, menstrual cycle, and age at menarche.
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Table 1. Means of several variables in PCOS and normal women

Means of several

Variables PCOS (n=30) Normal (n=30) p value
Age (years) 33.75+5.38 31.70+£4.71 0.058
Menstrual problem 34.00+11.33 28.77+5.25 0.718
Menstrual cycle (days) 27.88 £2.39 28.06 +=2.40 0.040*
Age at menarche (years) 14.31+2.19 13.36 £1.21 0.028*
BMI (kg/m?) 23.18 £3.02 22.24+2.19 0.052
MUC-1 (%) 49.66 = 47.79 7.66 + 14.55 0.03*

PCOS (Beta=0.37) was more important than
BMI (Beta=0.30) in increasing the MUC-1
(Table 2).

Furthermore, endometrial tissue samples
were examined by immunohistochemical
methods in PCOS and normal women, then
observations were made using a microscope at
40 X 10 magnification to obtain a visual
representation of MUC-1 levels as shown in
Figure 1 (A) and (B).

In Figure 1 (A) the cytoplasm and glandular
stroma are clear (show no color), while in
Figurel (B) they are brown in color. Thus, the
results of immunohistochemical expression of
MUC-1 in luminal endometrial epithelium and
glandular stroma in the secretory phase showed
that PCOS women had a higher MUC-1
expression than normal women. MUC-1
expression appears brown in the cytoplasm and
glandular stroma.

DISCUSSION

The results showed that there was an
increase in endometrial MUC-1 expression in
PCOS compared to normal wome'i, resulting in
a decrease in endometrial receptivity. The high

levels of MUC-1 also caused impaired
endometrial reception which will affect the
embryo implantation adhesion process in the
endometrial wall. Thus, it could be concluded
that MUC-1 had an effect on endometrial
receptivity. Therefore, it is necessary to conduct
early detection of MUC-1 as biomarker of
endometrial receptivity to increase the numbers
of successful implantations. In addition, estrogen
in PCOS also causes endometrial dysfunction
associated with increased MUC-1 levels.(!!2
A previous study showed that failure of embryo
implantation was related to abnormal
endometrial expression of MUC-1.% A higher
than normal MUC-1 level causes a decrease in
endometrial receptivity. Excessive MUC-1
expression in the endometrium in PCOS will
influence the changes in embryo adhesion to the
endometrial wall during implantation. MUC-1 is
one of the many biomarkers needed during
blastocyst adhesion to the endometrial wall and
MUC-1 also plays an important role in the
embryo during the blastocyst stage.'" Other
studies have also shown in their research results
that MUC-1 is only one of several biomarkers
that are deregulated in the endometrium of
patients with PCOS.®

Table 2. Multivariate linear regression model of demographic
and clinical characteristics with MUC-1

Independent variables B Beta 95% C.1. p value
Age 1.35 0.01 -18.78-21.49 0.893
Menstrual problems -0.19 -0.01 -25.49-25.10 0.988
Menstrual cycle 7.81 0.07 -17.90-33.53 0.545
Age at menarche 2.72 0.03 -17.92-23.38 0.792
BMI 29.99 0.30 5.91-54.07 0.016%*
PCOS 29.54 0.37 9.57-49.49 0.004*
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Figurel. Immunohistochemist

of MUC-1 expression in endometrium. (A) normal group, (B) PCOS group.

Mucin-1 expression in endometrium

i

Black bar: 10 um.; T: MUC-1 Expression

Infertile patients may suffer recurrent
implantation failure, since embryo implantation
needs a series of molecular interactions between
the embryo and the maternal uterus.!> The event
needed during the implantation process is
endometrial reception, so that the embryo can
function normally at the blastocyst stage resulting
in the emergence of the complex interaction dialog
between the embryo and the endometrium. This
dialog can occur if there is a synchronization
between oocyte and endometrial maturation,
followed by blastocyst orientation in the
endometrial wall. In the early stages of
implantation involving bi-directional molecules
between the blastocyst and endometrium about
6-12 days after ovulation, this dialog is very
important for success.'® The implantation
includes apposition, adhesion, and invasion through
the endometrial wall. This means that embryo
implantation is the result of many well-functioning
processes, including cellular adhesion, invasion,
and decidualization of the endometrium.*>!” Part
of the immune system mechanism is regulated
by genetic expression of ovarian hormones.
During most of the menstrual cycle, the
endometrium basically rejects the embryo. In
order to reverse this endometrial condition and
make an implantation process possible, a
physiological effort is needed. During the
beginning of the menstrual cycle, the estrogen
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level increases to enhance endometrial cell
proliferation. When ovulation occurs, the
progesterone secreted by the luteinizing follicle
leads to cell differentiation. Therefore, the
endometrium is in a mature and optimal condition
for embryo implantation.”-'® Endometrial
receptivity is physiologically marked by
pinopodes, specific projections on the surface of
the endometrial epithelial membrane, as a
morphologic sign of endometrium receptivity.
Expression of pinopodes is limited to a brief period,
with a maximum of two days in the menstrual
cycle during the implantation window. Blastocyst
attachment is seen to be located on the top of
endometrial pinopodes.'”

The results of the present study showed that
there was an increase in endometrial MUC-1
expression in PCOS compared to normal women,
causing a decrease in endometrial receptivity. This
increased MUC-1 will also cause impaired
endometrial reception, which will affect the
embryo implantation adhesion process in the
endometrial wall. Thus, it could be concluded that
MUC-1 has an effect on endometrial receptivity.
Therefore, it is necessary to conduct early
detection of MUC-1 as biomarker of endometrial
receptivity to increase implantation success rate.
In addition, estrogen in PCOS also causes
endometrial dysfunction associated with increased
MUC-1 levels.t"12
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During implantation, MUC-1 reduction is
localized on specific receptor area. Mucin-1
expression rate on the uterine surface greatly
decreases during the conception attachment
period and the endometrium is exposed to
stimulation by progesterone.?” There is a
correlation between MUC-1 expression and
progesterone receptors due to the presence of
the embryo going to be implanted. @V Then,
MUC-1 will disappear followed by the loss of
progesterone receptors. MUC-1 epithelial
synthesis is stimulated by progesterone, it will
cause the loss of epithelial progesterone from
the uterus. As a consequence, MUC-1
production decreases and enables a receptive
condition for conception attachment.® Increased
MUC-1 expression in PCOS causes the
endometrial surface to be non-receptive,
because of the anti-adhesive characteristic of
MUC-1. Hence, an increase in MUC-1
expression decreases the occurrence of
implantation or is anti-adhesive. A higher than
normal increase in MUC-1 expression will
interrupt embryo attachment to the endometrial
wall, and this will cause higher progesterone
receptor needs and impair embryo adhesion.(”
The limitation of this study were lutheal phase
length, prolaktin levels, ovulation confirmation,
uterine cavity shape or level progesterone were
not measured.

The clinical implication of this study is that
in the application of Assisted Reproductive
Technology (ART) attention should be paid to
the MUC-1 marker, to increase the implantation
success rate. Directions in further studies are
the provision of adequate anti-MUC-1 and
progesterone to improve endometrial receptivity
so that implantation can occur.

CONCLUSIONS

The level of endometrial MUC-1
expression in PCOS was higher than in normal
women. The higher expression of MUC-1 in
PCOS causes an endometrial receptivity defect
and decreases embryo implantation.
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