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Abstract. Sahar N, Birowo P, Kusmardi, Kristianty D, Rahmaningrum K, Miranda AV, Rasyad A, Prasasty VD. 2021. Mucin-1
expression in endometrial tissue of Macaca nemestrina during mid-luteal phase after controlled-ovarian hyperstimulation. Biodiversitas
22: 1927-1933. Endometrial receptivity is one of the factors for successful implantation in pregnancy. Controlled ovarian
hyperstimulation (COH) is a required step of in vitro fertilization (IVF), one of the standard procedures to overcome infertility.
Exogenous gonadotropin hormones from COH provoke the secretion of estrogen and progesterone from the ovaries in higher amounts.
The supraphysiological environment could impact the endometrial receptivity of the implantation process. Mucin-1 (MUC1) can be used
as a marker to indicate alterations in the endometrial tissue. Therefore, this study aimed to investigate the alteration of mucin-1
expression in endometrial tissue of Macaca nemestrina after COH protocol. This study used endometrium tissue of M. nemestrina
embedded with paraffin as tissue blocks. The subjects were 15 female macaques in reproductive age (8-10 years old) with a history of
producing offspring. These macaques were classified into four groups based on the COH protocols, which consist of administering
gonadotropin-releasing hormone (GnRH) agonist and recombinant FSH (r-FSH) with dosages of 30 1U, 50 IU, 70 1U (intervention
groups), and no r-FSH (control group). The stimulations were administered for 14 days during the mid-luteal phase. Moreover, tissue
staining was done by using immunohistochemistry. Mucin-1 expression was analyzed manually for glandular and luminal compartments
and automatically for the stromal compartment by Red Green Blue (RGB) measure plugin as a color image from ImageJ software. The
expression of mucin-1 was counted semi-quantitatively as H-score. Mucin-1 expression differences in endometrial tissue were assessed
by one-way ANOVA with a significant difference found in the glandular part and insignificant results found in luminal and stromal
parts. Pearson correlation test was also performed to determine the relationship of steroidal hormones and mucin-1 expression in
glandular and luminal compartments. Both correlations were statistically insignificant. However, a positive correlation was found with
the glandular compartment and a negative correlation with luminal compartment. As the subject species, M. nemestrina is limited for
research utilization in our country, small number of subjects becomes a limitation of this study. Further studies need to be conducted to
deepen the understanding of the regulation of mucin-1 expression, particularly by the altered concentrations of steroidal hormones as a
consequence of COH.
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INTRODUCTION

In vitro fertilization (IVF) is one of the standard
procedures to overcome prolonged infertility. In 2012, the
number of newborns from IVF had reached five million as
IVF has been carried out annually around 1.5 million times
(cycles) worldwide. This number is expected to continue
rising (Gallos et al. 2017). However, several factors
influence the success of IVF. These include the patient age,
the etiology of infertility, the duration of infertility, the
quality of oocytes, the quality of transferred embryos, and
endometrial receptivity (Bhattacharya et al. 2013; Sarais et
al. 2016; Ozgu-Erdinc et al. 2020). The number and quality
of oocytes and endometrial receptivity are strongly
influenced by controlled ovarian hyperstimulation (COH)

due to the supraphysiological effect it exerts (Sakiner et al.
2018; Geng et al. 2019).

COH is one of the required steps in IVF that aims to
produce a sufficient number of oocytes to minimize
limitations and errors in the laboratory. The protocol is
done by administering exogenous gonadotropin (Baskind et
al. 2014). This causes the ovaries to produce steroid
hormones such as estrogen and progesterone (Gallos et al.
2017). One of the affected tissues is the uterine endometrial
tissue because the endometrium is a dynamic tissue whose
changes are influenced by ovarian steroid hormones
(Sakiner et al. 2018). As a result, COH will affect the
period of endometrial receptivity. On the other side,
implantation is an event heavily dependent on endometrial
receptivity (day 19-21), which is known as the implantation
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window. The asynchronous event causes the I\VF procedure
to fail (Shapiro et al. 2011).

The ability to identify the implantation window in a
clinical setting can increase the effectiveness of IVF.
Several molecules are biomarkers of endometrial
receptivity, including mucin-1 (Mahajan 2015; Wu et al.
2018). Mucin-1 is expressed as a glycoprotein in the
endometrium that acts as an anti-adhesion for the embryo.
It prevents implantation at inappropriate times and areas of
the endometrium (Wu et al. 2018). The steroidal hormones,
namely progesterone and estradiol, were upregulated-
mucin-1 expression during the endometrium receptive
phase. When the adhesion phase occurs, a human
blastocyst causes degradation of this anti-adhesive
molecule at the implantation site, thus causing implantation
(Ojosnegros et al. 2021). However, determining a receptive
endometrium by taking endometrial tissue from humans is
not in line with the rules of research bioethics. Therefore,
this study was carried out in the endometrial tissue of M.
nemestrina in the mid-luteal phase as a breakthrough since
it has never been done before. The study aimed to assess
the expression of mucin-1 in the endometrial tissue as a
result of COH.

MATERIALS AND METHODS

Animal model

This study used paraffin-embedded tissue blocks of the
Macaca nemestrina uterus. Subjects incorporated in this
study were 15 female macaques in their reproductive age
(8-10 years old) weighing about 10-15 kg with a history of
producing offspring. These macaques were divided into
four groups corresponding to their COH protocols,
particularly the administration of Gonadotropin-releasing
hormone (GnRH) agonist and recombinant-follicle-
stimulating hormone (r-FSH) with dosages of 30 1U, 50 IU,
70 1U, and no r-FSH (Sahar et al. 2019). The first three
groups are the intervention groups and the latter group is
the control group. GnRH agonist was given for 14 days.
Meanwhile, r-FSH was given for 10-12 days, and both
administrations were given throughout the mid-luteal
phase. Ovulation stimulation was conducted through HCG
administration, which was only authorized if the COH
protocol successfully stabilized the macaques menstrual
and ovarian cycles. On days 20 to 22 of the mid-luteal
phase, endometrial tissues were retrieved and embedded
into paraffin blocks. The Research Ethics Committee
approved all the experimental protocols with macaque
models of Faculty of Medicine Universitas Indonesia
(1441/UN2.FL/ETIK/XI11/2018).

Immunohistochemistry assay

Endometrial tissues were retrieved from paraffin blocks
stained with immunohistochemistry assay (Sahar et al.
2019). Firstly, endometrial tissues of Macaca nemestrina
embedded in paraffin blocks were cut with a thickness of
3.5 um. Antigen retrieval was conducted in Tris EDTA-

BIODIVERSITAS 22 (4): 1927-1933, April 2021

contained container (pH = 9) heated in Retrieval
Generation One BioGear at 98°C for 15 minutes.
Incubation of mucin-1 monoclonal antibody was done for
24 hours (overnight) at 4°C.

Image acquisition

Each tissue was measured by the immunoreactivity of
three endometrial components: glandular, luminal, and
stromal compartments. Images were acquired by using a
camera and IndoMicroView software. Images were taken
from a microscope with 400x optical magnification.

Data extraction

Images of endometrial components were exported from
IndoMicroView  software as  TIF-type  images.
Immunoreactivity to mucin-1 was divided into four
categories according to the number of positive cells:
negative, low positive, positive, and high positive. The
percentage of each cell group was quantified by an
assessment based on the researcher consensus. This
assessment was done manually for glandular and luminal
compartments.  Such an  assessment was done
independently to avoid bias. Meanwhile, the color intensity
of stromal compartments was determined by using a "RGB
Measure" plugin from ImageJ software. The assessment for
the stromal part included the vascular components that are
scattered within the tissue. The percentages of the color
intensity were used to score the histological score (H-score)
for each object-glass. The histological score formula is
given below (pi is the percentage of cells with i stain,
where i is immunoreactivity).

Histological score = Z pixi

Statistical analysis

Statistical analysis was conducted using SPSS release
24. Normality tests and homogeneity tests were conducted
to find correlations between the four designated groups
histological scores (one control and three intervention
groups). Post hoc analysis was done by using Tukey HSD
(Honestly Significant Difference) test. Bivariate correlation
analysis was also performed by using the Pearson test.

RESULTS AND DISCUSSION

The results of mucin-1 expression in glandular, luminal,
and stromal compartments of the endometrium

The results from glandular, luminal, and stromal
compartments of endometrium showed positive expression
for mucin-1 as depicted in Figure 1.A-E. Figure 1.A-C are
from the intervention groups. Figure 1.D shows the
negative control of endometrial tissue as it was not given
mucin-1 antibody, thus did not show positive expression of
mucin-1. Figure 1e shows a positive expression of mucin-1
from the glandular compartment without COH protocol.
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Figure 1. Immunohistopathology morphology: A. Immunostaining
result of the endometrial gland; B. Immunostaining result of
endometrial stroma; C. Immunostaining result of the endometrial
lumen; D. Negative control of endometrial tissue (glandular
compartment); E. Positive control of endometrial tissue (glandular
compartment). The optical magnification was 400x

After r-FSH was administered, mucin-1 expression
employing H-score was analyzed. The results showed that
the highest expression was found in the endometrium
luminal and glandular compartments, as shown in Figure 2.
Meanwhile, the stromal compartment of the endometrium
showed a lower expression of mucin-1. This was due to the
origin of glandular and luminal compartments originating
from epithelial cell lines that produced and secreted mucin-
1 in a higher amount than that of the stromal compartment
of the endometrium originating from mesenchymal cell
lines (Crha et al. 2019; Owusu-Akyaw et al. 2019). The
intervention group with a dosage of 30 IU from the luminal
compartment was not shown due to the damaged samples.
Figure 2 shows that a higher dosage of r-FSH caused a
lowered expression of mucin-1. However, such a pattern
was not found in the glandular compartment. H-score of
mucin-1 in the glandular compartment went significantly
higher after r-FSH administration with a dosage of 30 IU
and reached the highest expression with a dosage of 50 IU.
In contrast, the expression went lower in the intervention
group with a dosage of 70 IU. Regardless of that, the
intervention group with a dosage of 70 IU still had a higher
expression compared to the control group.

The difference of mucin-1 expression within
endometrial glands among intervention groups was
significant as determined by one-way ANOVA (F (3.10) =
7.474, p = 0.007). Insignificant results were shown in
luminal (F (3.8) = 1.129, p = 0.394) and stromal (F (3.11) =
1.195, p = 0.357) parts of the endometrial tissues. The
stromal compartment showing insignificant result may be
explained by the low expression of mucin-1 per definition
(Horne et al. 2002). In contrast, the insignificant result
from the luminal compartment may be explained by the
limited localization of the mucin-1 expression in luminal
cells during the receptive phase as it is controlled by
progesterone (Wu et al. 2019).

Post hoc analysis using the Tukey HSD test was
conducted to determine which groups of the glandular
component may have significant differences. The results
showed a significant difference between the control group
and the intervention groups with dosages of 30 IU (p =
0.021) and 50 IU (p = 0.007). There was no significant
difference between the control group and the intervention
group with a dosage of 70 IU (p = 0.316). There were no
significant differences either between the intervention
groups with dosages of 30 IU and 50 IU (p = 0.977), 30 1U
and 70 IU (p = 0.394), or 50 IU and 70 IU (p = 0.197).
These insignificant differences among the intervention
groups demonstrate that there was no dose-response
relationship. The result of the Tukey HSD test is shown in
Table 4.
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Figure 2. H-score of each endometrial compartment of Macaca nemestrina with the corresponding r-FSH doses and control group. 30
IU of the luminal endometrial sample was damaged

Table 1. Statistical result for the glandular compartment of endometrial tissue using ANOVA

Sum of squares df Mean square F p-value
Between Groups 37718.049 3 12572.683 7.474 0.007
Within Groups 16822.850 10 1682.285
Total 54540.899 13

Table 2. Statistical result for the luminal compartment of endometrial tissue using ANOVA

Sum of squares df Mean square F p-value
Between Groups 6617.171 3 2205.724 1.129 0.394
Within Groups 15626.588 8 1953.199
Total 22242.759 11

Table 3. Statistical result for the stromal compartment of endometrial tissue using ANOVA

Sum of squares df Mean square F p-value
Between Groups 184.892 3 61.631 1.195 0.357
Within Groups 567.148 11 51.559
Total 752.040 14

Table 4. Tukey HSD result for the glandular compartment of endometrium

Group (1) Group (3) Mean difference Standard p-value 959% confidence interval
(1-9) Error Lower bound Upper bound

301U -112.73083* 31.32623 0.021 -208.5689 -16.8927
Control 50 1U -125.28250" 29.00246 0.007 -214.0113 -36.5537
70 1U -57.28417 31.32623 0.316 -153.1223 38.5539
Control 112.73083" 31.32623 0.021 16.8927 208.5689
301U 50 1U -12.55167 31.32623 0.977 -108.3898 83.2864
70 1U 55.44667 33.48915 0.394 -47.0086 157.9019
Control 125.28250" 29.00246 0.007 36.5537 214.0113
50 IU 301U 12.55167 31.32623 0.977 -83.2864 108.3898
701U 67.99833 31.32623 0.197 -27.8398 163.8364
Control 57.28417 31.32623 0.316 -38.5539 153.1223
701U 301U -55.44667 33.48915 0.394 -157.9019 47.0086
50 1U -67.99833 31.32623 0.197 -163.8364 27.8398

Note: *Significant value
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Regarding the effects of COH on mucin-1 expression,
Wu et al. (2019) performed a study to determine mucin-1
expression on mice endometrial tissue and it showed
insignificant results to the glandular and luminal
compartments in the peri-implantation phase. The study
also showed lowered mucin-1 expression in both
compartments. These results are similar to this study results
in which COH influence on the luminal compartment was
insignificant and decreased the mucin-1 expression.
However, the result differs from this study in which mucin-
1 expression increased in the glandular compartment. Xu et
al. (2012) also performed a study to assess mucin-1
expression in human endometrial tissue using Real-Time
PCR and immunohistochemistry assay. The results showed
reduced mucin-1 expression in both glandular and luminal
compartments, while this study only showed reduced
mucin-1 expression in the luminal compartment, not in the
glandular compartment. Such a dose given to human
subjects was equivalent to this study in which r-FSH
dosage of 50 1U was given to Macaca nemestrina subjects.
The administration of r-FSH explains that the dose adjusts
the sample weight. As previously stated, both studies
showed a lowered endometrial receptivity as explained by
the lowered mucin-1 expression on the luminal
compartment as well as the glandular compartment. On the
contrary, the glandular compartment result in this study
showed increased mucin-1 expression after COH. Such a
result may be explained by several factors such as sample
and protocol differences.

The relationship of steroidal hormones and mucin-1
expression in luminal and glandular compartments of
endometrium

To identify the relationship between steroidal hormones
(progesterone and estradiol) and mucin-1 expression, the
H-score was assessed from glandular and luminal
compartments considering a higher expression of mucin-1
compared to the stromal compartment (Crha et al. 2019;
Owusu-Akyaw et al. 2019).

Table 5 shows various steroidal  hormone
concentrations (progesterone and estradiol), and the H-
score of mucin-1 after the samples in intervention groups
were administered with r-FSH with dosages of 30 IU, 50
IU, and 70 IU. These results show that each group and the
control group showed a different response of mucin-1
expression due to altered hormonal concentrations.

A Pearson bivariate correlation test was also performed
to determine the relationship between the steroidal
hormone concentrations (progesterone and estradiol) and
mucin-1 expression employing H-score. The results vary
from the luminal and glandular compartments. Table 6
shows the result of the Pearson test for progesterone and
glandular H-score. There was a positive correlation
between progesterone and glandular H-score, which was
statistically insignificant (r = 0.129, n = 14, p = 0.659).
Similar result was found for estradiol and glandular H-
score as shown in Table 7 (r = 0.148, n = 14, p = 0.613).
Meanwhile, a statistically insignificant negative correlation
was found in the result for progesterone and luminal H-
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score as shown in Table 8 (r = -0.06, n = 12, p = 0.854).
Similar result was found as well for estradiol and luminal
H-score as shown in Table 9 (r =-0.121, n =12, p = 0.708).
Scatter box plots are also shown in Figure 7 for steroidal
hormones and the H-score of glandular and luminal
compartments.

The positive correlation of steroidal hormones in the
glandular compartment explains that higher steroidal
hormones will increase the expression of mucin-1, although
statistically insignificant. This finding is in line with the
theory in which the physiological influence of steroidal
hormones, namely progesterone and estradiol, will increase
mucin-1 expression in humans (Bhurke et al. 2016; Jing et
al. 2019). On the contrary, the luminal compartment
showed a negative correlation, which implies the negative
relationship between steroidal hormones and the luminal
compartment of M. nemestrina endometrium. Such a result
may be explained by the downregulation mechanism by
progesterone through the progesterone receptor (PR)
indirectly, in which PR will interact with the estrogen
receptor (ER) (Gebru 2006). In addition to that, PR has two
isoforms, PRA and PRB, which regulate the mucin-1 gene
(MUC1) expression differently. Activated PRB will
stimulate the activity of the MUC1 promoter, whereas PRA
will suppress MUCL1 gene activity on the human epithelial
uterus cell line. Other factors, such as biological
coregulators, which include coactivators and corepressors,
influence the work of progesterone receptors. As
previously stated, different determinants could influence
the activity of MUCL gene, which may elucidate the
lowered expression of mucin-1 in the luminal
compartment. However, in this study, the difference of PR
isoforms in samples was not assessed.

Another explanation is the different regulation of
mucin-1 expression that takes place in the luminal and
glandular compartment. This is consistent with a study
conducted on human uterus by Shen et al. (2015). After the
sample was exposed to higher progesterone and estrogen,
there was a reduction in the mucin-1 expression in the
luminal compartment. The lowered progesterone receptors
explained this finding from the cells. Progesterone
regulation was proven by giving antiprogestin, which
prevents the downregulation of both PR and mucin-1. The
luminal compartment with higher steroidal hormones, as a
result of COH, would decrease the expression of mucin-1.
The study performed on Papio anubis showed the
persistent expression of mucin-1 in basal endometrium,
likewise for PR. It may explain the result of this study in
which the glandular compartment of M. nemestrina uterus
had a positive correlation between steroidal hormones and
mucin-1 expression (Zheng 2008).

One of the limitations of this study is the small number
of subjects since M. nemestrina is restricted for research
utilization. Variation of follicular reserves between samples
was also not measured. This is due to the fact that
variations in follicular reserves can cause variations in the
concentration of steroidal hormones, which are the
stimulators of the expression of mucin-1 in the
endometrium.



1932

BIODIVERSITAS 22 (4): 1927-1933, April 2021

Table 5. Steroidal hormone concentrations and H-score of glandular and luminal compartments

Group Glandular H-score Luminal H-score Progesterone (ng/mL) Estradiol (pg/mL)
Control 210.71 294.77 0.31 548.25
301U 323.44 damaged sample 1.62 731.33
50 IU 335.99 253.42 7.91 1290.5
701U 267.99 255.79 2.48 1334.67

Table 6. Pearson correlation for progesterone and glandular H-
score

Table 8. Pearson correlation for progesterone and luminal H-
score

Glandular Glandular
Progesterone "< e Progesterone = o

Progesterone  Pearson Correlation 1 0.129 Progesterone  Pearson Correlation 1 -0.060

Sig. (2-tailed) 0.659 Sig. (2-tailed) 0.854

N 15 14 N 15 12
Glandular Pearson Correlation 0.129 1 Luminal Pearson Correlation -0.060 1
H-score Sig. (2-tailed) 0.659 H-score Sig. (2-tailed) 0.854

N 14 14 N 12 12

Table 7. Pearson correlation for estradiol and glandular H-score

Table 9. Pearson correlation for estradiol and luminal H-score

Glandular Glandular
Progesterone H-score Progesterone H-score
Estradiol Pearson Correlation 1 0.148 Estradiol Pearson Correlation 1 -0.121
Sig. (2-tailed) 0.613 Sig. (2-tailed) 0.708
N 15 14 N 15 12
Glandular Pearson Correlation 0.148 1 Luminal Pearson Correlation -0.121 1
H-score Sig. (2-tailed) 0.613 H-score Sig. (2-tailed) 0.708
N 14 14 N 12 12
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Figure 3. Scatter-plot graphs for progesterone and glandular H-score (A), progesterone and luminal H-score (B), estradiol and glandular

H-score (C), and estradiol and luminal H-score (D)
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In conclusion, controlled ovarian hyperstimulation
affects mucin-1 expression in endometrial glands
significantly but not in the luminal and stromal parts of the
endometrial tissue of M. nemestrina. The relationship
between the steroidal hormones (progesterone and
estradiol) and mucin-1 expression utilizing H-score showed
insignificant results. The different mucin-1 expression
found in the luminal and glandular compartments may be
due to the different regulation in both compartments of
endometrial tissue of M. nemestrina. Further studies need
to be conducted to deepen the understanding of the
regulation of mucin-1 expression, particularly by the
altered concentrations of steroidal hormones as a
consequence of COH.
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