Letter to the Editor

Obstetrics and Gynecology

Treatment with progesterone attenuates proliferation
of endometrial polyps (EP) via regulation of expression

of miR-320b and its target gene, MCL1

Yan Su, Weiwei Feng, Haofan Shi

Obstetrics and Gynaecology, The International Peace Maternity and Child Health
Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China

Submitted: 3 April 2023; Accepted: 17 August 2023
Online publication: 7 November 2023

Arch Med Sci 2023; 19 (6): 1934-1939
DOI: https://doi.org/10.5114/aoms/171308
Copyright © 2023 Termedia & Banach

The mechanism underlying the pathogenesis of endometrial polyps
(EP) remains unclear. Endocrinopathy can be corrected by counteracting
the effect of oestrogenic stimulation with progesterone, and systemic
administration of pregestational agents was shown to block the effect
of estrogenic stimulation and reverse the process of excessive endome-
trial growth [1]. Progesterone is an essential factor involved in the de-
velopment of endometrial receptivity, and it maintains the homeostasis
of the female endocrine system by blocking the synthesis of gonado-
tropin in the hypothalamus [2]. Meanwhile, the expression of miR-320
is down-regulated in patients with breast cancer [3]. By increasing the
expression of miR-320, progesterone may block the infiltration of cells
from the trophectoderm and uterus.

Progesterone has been shown to affect the expression of multiple
miRNAs [4]. In addition, MCL1 was found to be involved in the control of
proliferation of endometrial cells [5]. In this study, we probed the effect of
progesterone on the expression of miR-320b and its target gene, MCL1,
during the development of EP.

In this study, we enrolled EP patients as the case group (n = 20), and
normal healthy participants as the control group (n = 20). EP samples
were collected from the case group, while 20 samples of normal endome-
trium were collected from the control group. The protocols of the study
were approved by the Institutional Ethics Committee, and all protocols
strictly followed the latest version of the Declaration of Helsinki. Written
informed consent was obtained from each participant before this study.

MicroRNA microarray assays were performed to identify potential
miRNAs involved in the development of EP. In addition, real-time PCR,
Western-blot analysis, and IHC assay were performed to compare the
expressions of miR-320b, progesterone receptors, and MCL1 between
the EP and control groups. Subsequently, MTT assay and flow cytome-
try analysis were performed to determine the effect of progesterone on
cell proliferation and apoptosis. Computational analysis and luciferase
assays were performed to further clarify the potential molecular mech-
anism of miR-320b in EP.

RL95-2 and HEC-1-A cells were cultured and seeded into 96-well plates
at a density of 1 x 10* cells/well and incubated overnight for prepara-
tion. To test the effect of progesterone at different concentrations, the
cells were treated with 0.5, 1, or 2 pM of progesterone for 24 h before
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evaluating the cellular expressions of miR-320b,
progesterone receptor, and MCL1. All experiments
were repeated at least 3 times.

The differences in the results from 2 groups
were compared by Student’s t tests. The measure-
ment data were presented as mean + standard
deviation. All statistical analysis was performed
using GraphPad Prism 7.00 (GraphPad Software,
La Jolla, CA). A p-value of < 0.05 was considered
statistically significant.

The demographic and clinicopathological
characteristics of all participants were collected,
and they are summarized in Table I. The results
showed that the 2 groups had no obvious differ-
ences in terms of the above characteristics.

As shown in Supplementary Figure S1, only
miR-320b among other miRNAs was evidently
down-regulated in EP patients compared to that
in the control group. We also found that the EP
group showed lower levels of progesterone recep-
tor mRNA (Figure 1 A) and miR-320b (Figure 1 B)
along with higher levels of MCL1 mRNA (Figure 1 C)
and protein (Figure 1 E). Also, a negative regula-
tory relationship with a correlation coefficient of
—0.5000 (r = —0.5000) was confirmed between the
expression of miR-320b and MCL1 (Figure 1 F).
These results suggested that progesterone recep-
tors and miR-320b are involved in the develop-
ment of EP by negatively regulating the expres-
sion of MCLI.

Progesterone at different doses (0.5 uM, 1 pM,
2 uUM) were used to treat RL95-2 and HEC-1-A cells
before the levels of miR-320b and MCL1 expres-
sion in treated cells were measured using real-time
PCR and Western-blot analysis. Moreover, among
the various progesterone doses (0.5 pM, 1 uM,
2 uM) used for cell treatment, only 1 pM and 2 uM
progesterone evidently increased the expression
of miR-320b (Figures 1 F and 1 G) and suppressed
the mRNA (Figures 1 H and 1 1) and protein (Fig-
ures 1) and 1 K) levels of MCL1 in RL95-2 (Figures
1 Hand 1)) and HEC-1-A (Figures 1 1 and 1 K) in

and its target gene, MCL1

an accordingly stepwise manner. Also, both 1 uM
and 2 uM progesterone dose-dependently inhib-
ited the proliferation of RL95-2 (Figure 1 L) and
HEC-1-A (Figure 1 N) cells while promoting their
apoptosis (Figure 1 M and 1 O).

We searched an online microRNA database
(www.mirdb.org) and identified MCL1 as a poten-
tial target gene of miR-320b with a binding site
located in MCL1 3’UTR (Figure 1 P). Subsequent-
ly, as shown in Figure 1Q and 1R, the transfection
of miR-320b significantly reduced the luciferase
activity of wild-type MCL1 3’UTR but not that of
mutant MCL1 3’UTR in RL95-2 (Figure 1 Q) and
HEC-1-A (Figure 1 R) cells.

In the glandular tissues of the endometrial epi-
thelium, the presence of oestrogen can prolong the
survival and proliferation of stem cells as well as
the migration of daughter cells [6]. Also, progester-
one was shown to inhibit the effect of oestrogen
by promoting the synthesis of inhibitory factors
[7]. In this study, we recruited both EP patients and
normal healthy subjects to compare their expres-
sion of 13 different miRNAs. The results showed
that only the expression of miR-320b was lower
in the subjects with EP. We also found that the EP
group was associated with much lower expression
of progesterone receptor and miR-320b, along with
a much higher level of MCL1. In addition, a nega-
tive regulatory relationship with a correlation co-
efficient of —0.5000 was confirmed between the
expression of miR-320b and MCL1.

Progesterone can inhibit the expression of ER
genes while promoting ER protein degradation
[8]. Furthermore, the downregulation of cadherin
6 and other adhesion molecules by progesterone
was shown to inhibit cancer cell proliferation and
invasion. It was also shown that a reduced level
of miR-320 can increase the level of Mcl-1 ex-
pression in cervical cancer. In this study, we found
that progesterone dose-dependently increased
the expression of miR-320b while decreasing the
expression of MCL1 in RL95-2 and HEC-1-A cells.

Table I. Demographic and clinical data of the study participants

Parameter Endometrial polyp (n = 20) Normal endometrium (n = 20) P-value
Menopausal status: 0.847
Menopause 12 (60%) 11 (55%)
Premenopause 8 (40% 9 (45%)
Hypertension: 0.625
Yes 11 (55%) 12 (60%)
No 9 (45%) 8 (40%
Diabetes mellitus: 0.715
Yes 10 (50%) 11 (55%)
No 10 (50%) 9 (45%)
BMI 23.21 £3.5 24.32 £5.43 0.785
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Figure 1. A — mRNA level of progesterone recep-
tor in the EP group was much lower than that in
the control group. B — MiR-320b expression in the
EP group was much lower than that in the control
group. C — mRNA level of MCL1 in the EP group
was much lower than that in the control group.
D — A negative regulatory relationship with a cor-
relation coefficient of =0.5000 was confirmed be-
tween miR-320b and MCL1 expression. E — The
protein level of MCL1 in the EP group was much
higher than that in the control group. F— 0.5 uM of
progesterone exerted no effect on the expression
of miR-320b, while 1 and 2 uM of progesterone
increased miR-320b expression in RL95-2 cells in
a dose-dependent manner. G — 0.5 uM of proges-
terone exerted no effect on the expression of miR-
320b, while 1 and 2 pM of progesterone increased
miR-320b expression in HEC-1-A cells in a dose-de-
pendent manner
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Figure 1. Cont. H— 0.5 pM of progesterone exerted no effect on the expression of MCL1 mRNA, while 1 and 2 pM
of progesterone decreased MCL1 mRNA expression in RL95-2 cells in a dose-dependent manner. 1 - 0.5 uM of pro-
gesterone exerted no effect on the expression of MCL1 mRNA, while 1 and 2 uM of progesterone decreased MCL1
mRNA expression in HEC-1-A cells in a dose-dependent manner. ) — 0.5 uM of progesterone exerted no effect on
the expression of MCL1 protein, while 1 and 2 uM of progesterone decreased MCL1 protein expression in RL95-2
cells in a dose-dependent manner. K — 0.5 pM of progesterone exerted no effect on the expression of MCL1 pro-
tein, while 1 and 2 pM of progesterone decreased MCL1 protein expression in HEC-1-A cells in a dose-dependent
manner. L — Progesterone (1, 2 uM) dose-dependently inhibited the proliferation of RL95-2 cells. M — Progesterone
(1, 2 pM) dose-dependently inhibited the proliferation of HEC-1-A cells
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Figure 1. Cont. N — Progesterone (1, 2 uM) dose-dependently promoted the apoptosis of RL95-2 cells. O — Proges-
terone (1, 2 pM) dose-dependently promoted the apoptosis of HEC-1-A cells. P — MCL1 was identified as a target
gene of miR-320b with a ‘seed sequence’ located in the 3’UTR of MCL1. Q — Luciferase activity of RL95-2 cells
co-transfected with miR-320b mimics and wild-type MCL1 3’UTR was much lower than that of the cells co-trans-
fected with miR-320b mimics and a scramble control. R — Luciferase activity of HEC-1-A cells co-transfected with
miR-320b mimics and wild-type MCL1 3’'UTR was much lower than that of the cells co-transfected with miR-320b

mimics and a scramble control

As a member of the Bcl-2 family, Mcl-1 exerts an-
ti-apoptotic effects by activating many pathways
involved in cell survival [9]. Therefore, Mcl-1 is of-
ten over-expressed in human cancers and can pro-
tect cancer cells against apoptosis. In this study,
we demonstrated that progesterone inhibited cell
proliferation while promoting their apoptosis.

Our study demonstrates that progesterone
can regulate the expression of multiple miRNAs.
Our findings shed light on the complex regulatory
mechanisms involved in endometrial cell function,
thus potentially contributing to the development
of novel therapeutic approaches for various endo-

metrial disorders and reproductive health issues.
Also, our study identifies MCL1 as being involved in
the control of endometrial cell proliferation, which
provides new insights into targeted therapies to
control aberrant cell growth or treat endometrial
pathologies by inhibiting MCL1 expression. How-
ever, there are limitations to our study. The sample
number of participants in our study was relatively
small, which could limit the statistical power and
generalizability of our study. In our future study,
a broader population will be recruited to increase
the representativeness of our future findings. Also,
in our future study, we will investigate the associa-
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tion between progesterone usage and the forma-
tion of endometrial polyps, as well as the effect of
progesterone on the existing polyp size.

In conclusion, the findings of this study demon-
strate that progesterone treatment could attenu-
ate proliferation of EP by regulating the expression
of multiple genes such as MCL1 and miR-320b.
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