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Abstract 

Background: As a progesterone receptor antagonist, mifepristone combined with misoprostol is widely used to 
terminate early pregnancy in clinical practice. It has also been reported that mifepristone may cause cell death in 
decidual cells and result in hemorrhage of the decidua and insufficient blood supply. However, little is known about 
the histological effects of mifepristone on human decidua and chorion.

Methods: Histological and subcellular structural changes of decidua and chorionic villi from women taking mife-
pristone at early pregnancy times were examined by Hematoxylin and eosin (H&E) staining and transmission Electron 
microscope. The expression of apoptosis-related proteins Bax/Bcl-2 was examined by immunohistochemistry.

Results: After 48 h of mifepristone administration, the decidua tissue and chorionic villus structures were altered 
in women within 39–49 days of gestation and displayed varying degrees of degeneration and necrosis-like features. 
Apoptotic events were observed in the decidua and chorionic villi of early pregnancy, and mifepristone treatment 
significantly increases the number of apoptotic cells. The increased apoptotic events were concomitant with the 
increased expression of Bax and decreased expression of Bcl-2.

Conclusion: This study provides evidence that mifepristone induces histological and subcellular changes in decidua 
and chorionic villi. Mifepristone modulates the relative ratio of Bax/Bcl-2 and the increased apoptosis contributes to 
the pregnancy termination at early stage of pregnancy.

Keywords: Mifepristone, Decidua and chorion, Histology, Pregnancy, Apoptosis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Mifepristone (RU486) is a norethindrone deriva-
tive synthesized by Roussel-Uclaf Pharmaceutical in 
France in 1980, with a chemical name as 11β-[4(-N,N-
dimethylamino)] phenyl-17β-hydroxy- 17α(-1-propynyl)-
estrogen-4,9-dien-3-one [1]. It was first proved in 1985 
that mifepristone combined with prostaglandin can effec-
tively terminate early pregnancy, making drug-mediated 
abortion possible [2]. The pharmaceutical application 

of mifepristone is not only limited to the termination of 
early pregnancy, mifepristone has been widely used in 
contraception and the treatment of hormone-dependent 
diseases, such as endometriosis, adenomyosis, uterine 
fibroids, endometrial cancer and ovarian cancer [3–5]. It 
has become one of the important drugs for the treatment 
of obstetrics and gynecology diseases.

In recent years, extensive research has been focusing 
on the mechanisms of action and clinical applications 
of mifepristone [6, 7]. Studies suggest that mifepristone 
terminates early pregnancy through a variety of mecha-
nisms of action. Mifepristone competitively inhibits 
progesterone by binding to the progesterone receptor in 
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the decidua, causing degeneration and necrosis of the 
decidua tissue [8, 9]. On the other hand, by promoting 
the apoptosis of decidual cells, it leads to hemorrhage 
of the decidua and insufficient blood supply [10, 11]. In 
addition, mifepristone promotes uterine contraction and 
increases cervical collagen decomposition, which induces 
cervical maturity and cervical dilation to terminate early 
pregnancy [12, 13]. However, little is known about the 
histological effects of mifepristone on human decidua 
and chorion.

In this study, we investigated the histological struc-
tural changes of decidua and villi from women taking 
mifepristone at different early pregnancy times, as well 
as and the expression of apoptosis-related proteins Bax/
Bcl-2. We further discussed the effects and mechanisms 
of mifepristone inducing apoptosis of decidua and cho-
rionic cells during different early pregnancy times, which 
provides a theoretical basis for the optimal use of mife-
pristone in early pregnancy termination.

Materials and methods
Study subjects
The specimens were taken from January 2018 to Octo-
ber 2018 in the gynecological clinic of Hebei Provincial 
People’s Hospital. A total of 40 women who met the 
following conditions and voluntarily terminated their 
pregnancy by medication were enrolled: (1) Women of 
childbearing age; (2) Normal menstrual periods, meno-
pause ≤ 39 days, intrauterine pregnancy is confirmed by 
gynecological examination and B-ultrasound; (3) Fetal 
sac diameter < 10  mm; Fetal sac size is consistent with 
the gestational age; (4) No breastfeeding in the past 
3  months, no hormones and anti-prostaglandin drugs 
within half a year; (6) No inflammation and tumor of the 
reproductive system; (7) No intrauterine device placed; 
(8) No contraindications to the use of mifepristone (9) No 
other chronic diseases of the system. In addition, 20 early 
pregnancy women with 40  days ≤ menopause ≤ 49  days 
were randomly selected. B-ultrasound confirmed that the 
size of the fetal sac was consistent with the gestational 
age, and the inclusion conditions were the same as above.

The 40 women who had voluntarily terminated their 
early pregnancy within 39  days of pregnancy were ran-
domly divided into 2 groups: control group and the 
treatment group A. For the control group, the preg-
nancy was terminated by conventional vacuum suction. 
In addition, 20 early pregnant women (40  days ≤ meno-
pause ≤ 49  days) were assigned as treatment group B. 
For treatment group A and B, mifepristone (150  mg) 
was taken once, and misoprostol (400  μg) was given 
vaginally after 48  h. The subjects were fasted for 2  h 
before and after taking the medicine, and underwent 

negative pressure aspiration after 2 h. At the same time, 
the decidua and chorionic tissues of each group were 
collected.

Chemicals and reagents
Mifepristone (25  mg/tablet) and Misoprostol (200  µg/
tablet) was purchased from Beijing Zizhu Pharmaceuti-
cal Co., Ltd. (Beijing, China). Mouse anti-human Bax and 
Bcl2 antibodies were purchased from Fuzhou Maixin 
Biological Co., Ltd. (Fuzhou, China). TUNEL cell apopto-
sis in situ detection kit was purchased from Nanjing KGI 
Biotechnology Development Co., Ltd. (Nanjing, China). 
SP9001 kit and DAB chromogenic reagent were pur-
chased from Beijing Zhongshan Biotechnology Co., Ltd. 
(Beijing, China).

Tissue section preparation
The collected decidua and chorionic villi were fixed in 
10% formaldehyde. After 24 h, the fixed tissue block was 
dehydrated with conventional gradient of alcohol, and 
then processed with xylene, embedded in paraffin make 
a wax block. A Leica RM2125 microtome was used for 
continuous paraffin sectioning with a thickness of 6 μm. 
10 samples of decidua and chorionic tissue were taken 
from each group for later use.

Hematoxylin and eosin (H&E) staining
A total of 4 tissues samples were randomly selected 
from each group. The prepared sections are deparaffi-
nized and dehydrated and then rinsed with distilled 
water. Samples were stained with Hematoxylin solution 
for 1  min and rinsed with tap water. The sections were 
further processed by 1% hydrochloric acid for 1  min, 
and then stained with Eosin solution for 2 min. The sec-
tions were dehydrated by conventional alcohol gradient 
and sealed with neutral gum, and observed under a light 
microscope.

Transmission Electron microscope (TEM) sample 
preparation
The decidua and villus tissues obtained in each group 
were immediately washed with cold saline, and the tis-
sues were cut into  1mm3 size and immediately placed 
into the pre-fixative solution in (4% glutaraldehyde) for 
1 h at 4℃. The pre-fixed tissues were washed three times 
with phosphate buffered saline (PBS). The tissues were 
then fixed with 1% osmic acid for 2 h at 4℃. After wash-
ing, the tissues were dehydrated and infiltrated with the 
mixture of acetone and resin (3:1) for 15 min, and then 
infiltrated with pure resin for 30  min. After infiltration, 
samples were embedded in epoxy resin 812 and 815 
embedding solution, followed by incubation in ovens at 
37 °C, 45 °C, and 60 °C for 24 h respectively. The tissues 
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were cut into ultrathin sections with a thickness of 50 nm 
using Leica microtome. Double electro-staining was per-
formed with uranyl acetate for 15  min and lead citrate 
for 30 min. Hitachi H-7500 transmission electron micro-
scope (accelerating voltage 80  kV) was used to observe 
the ultrastructure of decidua and villi in each group.

Immunohistochemistry (TUNEL, Bax and Bcl‑2 staining)
Slide section preparation
The decidua and villus tissues collected in each group 
were fixed in 4% formaldehyde for 24 h, and 10 samples 
were randomly selected from each group. The fixed tissue 
blocks were dehydrated by conventional gradient alcohol, 
transparent in xylene, embedded in paraffin, and made 
into wax blocks. A series of paraffin sections with a thick-
ness of 6 μm were generated by microtome.

TUNEL staining for apoptosis
Four percent formalin-fixed and paraffin-embedded sec-
tions were deparaffinized and rehydrated. The sections 
were then immersed in a staining jar containing protein-
ase K digestion solution and digested at room tempera-
ture for 15 min. After 3 times wash in PBS, the sections 
were placed in 0.5% hydrogen peroxide for 20  min at 
room temperature. TdT enzyme reaction solution was 
added dropwise to cover the sample evenly and the slide 
was incubated in a humid box at 37  °C for 1 h, and the 
reaction was terminated by stop/wash solution. After 
drying, 50 μL of Streptavidin-HRP working solution was 
added to the slide for 30-min incubation at 37  °C, fol-
lowed by color development using DAB chromogenic 
solution. The samples were dehydrated and mounted 
using 100% n-butanol (3 times, 2  min each time) and 
Xylene (3 times, 2 min each time). For negative control, 
TdT enzyme was not added to the samples for the reac-
tion. Apoptotic cells were determined by the presence of 
brown-yellow granules in the nucleus. The mean values 
of the 6 fields were taken as the measurement of each 
sample. Apoptosis index is calculated as the number of 
cells with positive staining in the nucleus/total number of 
cells × 100%.

Bax/Bcl‑2 immunohistochemical staining
Deparaffinized and rehydrated sections were incu-
bated with 3% methanol-hydrogen peroxide for 10 min 
at room temperature to block endogenous peroxidase 
activity. Antigen retrieval was performed with 0.01  M 
citrate (PH 6.0) at 94–98  °C for 20  min. 10% normal 
goat serum was added dropwise to the sample to block 
nonspecific binding sites at 37  °C for 10  min. Primary 
antibody (mouse anti-human Bax (1:100), Bcl-2 (1:100) 
monoclonal antibody) was added dropwise to the sam-
ple for overnight incubation at 4  °C. After wash with 

PBS, samples were incubated with biotin-labeled sec-
ondary antibody working solution (goat anti-mouse 
IgG, 1:2000) for 30 min at 37 °C. After wash with PBS, 
horseradish peroxidase-labeled streptavidin work-
ing solution was added to the samples for incuba-
tion at 37  °C for 30  min, which was followed by DAB 
color development for 1–5  min. Samples were coun-
ter stained with Hematoxylin for a few seconds. The 
positive staining of Bax and Bcl-2 manifests as brown-
yellow granules in the cells. Average optical density of 
positive cells in each field was measured to indicate the 
expression of Bax and Bcl-2 in 6 random fields (× 400 
magnification).

Statistics
The measurement data are expressed as (mean ± stand-
ard deviation), and all data were processed with SPSS13.0 
statistical software. The statistical difference between two 
groups was compared using unpaired student’s t tests. 
Comparisons among multiple groups were analyzed 
using one-way analysis of variance (ANOVA) with Tuk-
ey’s post hoc test for pairwise comparison. P < 0.05 was 
considered to be statistically different.

Results
Clinical characteristics of subjects in three groups
We first examine the clinical characteristics of subjects 
in control, treatment A and treatment B groups There 
was no significant difference in age, menopause days, 
pregnancy/ delivery times and fetal sac size between 
the control and treatment A group (P > 0.05). Between 
the subjects in treatment A and B groups, there was 
no significant difference in age and pregnancy/ deliv-
ery times, however a significantly longer menopause 
days and larger size of fetal sac was found in treatment 
group B (P < 0.05) (Table 1).

Table 1 The clinical parameters of the different groups

1 vs 2: comparison of age, pregnancy, delivery times, days of menopause, and 
size of gestational sac, p > 0.05;

2 vs 3: comparison of age, pregnancy, delivery times, p > 0.05;

2 vs 3: comparison of days of menopause, and size of gestational sac, p < 0.05

Group Control (1) Treatment A (2) Treatment B (3)

Subjects 20 20 20

Age 28.6 ± 5.12 29.5 ± 5.86 29.5 ± 5.26

Pregnancy times 2.5 ± 1.25 2.4 ± 1.32 2.5 ± 1.02

Delivery times 0.7 ± 0.45 0.7 ± 0.51 0.8 ± 0.55

Menopause days 37.65 ± 1.26 37.44 ± 1.53 43.05 ± 4.63

Gestational sac size 8.65 ± 3.1 8.25 ± 2.7 20.65 ± 2.9
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Histological changes in deciduas
We next examined the histological changes in decidua 
among three groups. The decidual tissue of the control 
group was composed of large decidual cells and granulosa 
cells. The decidual cells were polygonal or oval in shape 
with an oval-shaped nucleus. They are closely-arranged, 
with a large and transparent cytoplasm (Black arrows). 
The nuclei of granulosa cells are twisted (Blue arrows). 
The two types of cells are surrounded by dense reticular 
fibers (Red arrow), and the glandular epithelium is cubic 
or squamous epithelial cells (green arrow) (Fig. 1A).

In the decidual tissue of treatment A group, the cyto-
plasm volume of decidual cells decreased and the nucleus 
became condensed, with an increasing intercellular 
space (Black arrows) (Fig.  1B and C). They displayed as 
a focal or sheet-like cellular degeneration, which sug-
gests potential necrotic events (Red arrow). The number 
of granulosa cells was decreased, with the vasodilation 
and damages of interstitial blood vessels (Green arrow) 

(Fig. 1B and D). The histological changes in experiment B 
group were similar as treatment A group.

Histological changes in chorionic villi
In the control group, the structure of villi was clear, the 
outer layer was syncytiotrophoblasts (Black arrow), and 
the inner layer was cytotrophoblasts (Blue arrow). The 
syncytiotrophoblast cells display dense cytoplasm and 
densely stained nucleus, with bristle-like cellular bound-
ary. Cytotrophoblasts are monolayer cubic cells with 
clear cell boundaries, with a large and round nucleus 
(Fig.  2A). The villous trophoblast cells in the treatment 
group A are degenerated and showed necrosis-like fea-
tures (Red arrow) (Fig. 2B). There is an interstitial dilata-
tion and edema, and cells are dispersed with a condensed 
nucleus. Blood stasis and fibrin-like substances were 
observed in the villus interstitium (Green arrow). The 
histological changes in experiment B group were similar 
as treatment A group.

Fig. 1 H&E staining of decidua tissues in control (A) and treatment A group (B). Scale bar: 300 µm. In figure A, decidual cells (Black arrows), 
granulosa cells (Blue arrows), dense reticular fibers (Red arrow) and epithelial cells (green arrow). In figure B, decidual cells (Black arrows), 
degenerated sheet of decidual cells (Red arrow), granulosa cells (Green arrow). C Quantification of the cytoplasm diameter of decidual cells in 
different grousp. D Quantification of the number of granulosa cells in different group. Data in C and D are summary of ten different slides from 5 
different samples. One-way ANOVA, * < 0.01, **P < 0.01



Page 5 of 11Tian et al. BMC Pharmacology and Toxicology           (2022) 23:55  

Ultrastructure of decidual tissues
The decidual tissue contains two types of cells with 
different structural characteristics (large decidual cells 
and granulosa cells), which are surrounded by fine 
and intertwined mesh fibers. Decidual cells are larger 
in size, with a lower electron density, an irregular cell 
shape, rich and evenly distributed euchromatin in 
the nucleus, 1–2 large and prominent nucleoli. In the 
cytoplasm, there are abundant organelles including 
abundant mitochondria, well-developed rough endo-
plasmic reticulum, lipid droplets and free ribosome 
(Fig. 3A). Granular cells are smaller in size, with high 
electron density, distorted nucleus, few nucleoli, and 
edged heterochromatin. There are a large number of 
high electron density granules in the cytoplasm, and a 
large number of mitochondria with a large volume and 
cristae (Fig. 3D).

In treatment A group, the decidual cells shrink and 
develop increased number of pseudopod-like protru-
sion. The cytoplasm contains a large number of cystic-
dilated rough endoplasmic reticulum and mitochondria 
(Fig. 3B). Most of the cristae and part of the membrane 
of the mitochondria are fused, with indistinct bound-
ary. The rough endoplasmic reticulum is expanded with 
certain degree of degranulation. The chromatin tends 
to be aggregated on the edge of the nucleus (Fig. 3C). In 
treatment A group, the high electron density granules 
decrease in granulosa cells and there are vacuoles of dif-
ferent sizes present in the cytoplasm (Fig. 3E). There are 
secondary lysosomes, and enlarged lipid droplets in the 
cytoplasm, and rough endoplasmic reticulum expands 
in an irregular shape. There are more free ribosomes and 
mitochondria show partial cristae fusion (Fig.  3F). The 
changes in treatment B group were basically the same as 
those in group A.

Ultrastructure of villous tissues
In the control tissues, the outer layer of chorionic villi 
contains syncytiotrophoblasts (Fig. 4A), cytotrophoblasts 
are located at the inner layer (Fig.  4D). The free border 
of syncytiotrophoblast cells has a large number of slen-
der microvilli, some of which are branched, the nucleus is 
irregular, and the surface is smooth. The chromatin in the 
nucleus is evenly distributed, and the nucleoli are promi-
nent. The cytoplasm contains a large number of rough 
endoplasmic reticulum and mitochondria (Fig. 4C). The 
cytotrophoblasts are located between the syncytiotroph-
oblasts and the basement membrane of the villi, and cell 
protrusions and desmosomes can be observed in the 
intercellular space. The nucleus is large with an irregular 
surface, and the chromatin is evenly distributed in the 
nucleus (Fig.  4D). There are prominent mitochondria, 
rough endoplasmic reticulum and free ribosome in the 
cytoplasm, with well-structured basement membrane 
(Fig. 4E).

The villous syncytiotrophoblast cells in treatment A 
group are found to fall off in sheets, and the number of 
microvilli on the surface decrease (Fig.  4B). The nuclei 
appear to be distorted with a curved nuclear envelope, 
and the nuclear chromatin is unevenly distributed. Free 
ribosomes are significantly reduced and cellular vacuoles 
increases. Partial fusion or disorganization of mitochon-
drial cristae is also observed (Fig.  4B and F). The cyto-
trophoblast cells become flat and small, the cell outline 
is unclear, and the nuclear chromatin distribution is 
sparse. Large and round lipid droplets are observed in 
the cytoplasm, and the rough endoplasmic reticulum is 
irregularly expanded. Partial fusion or disorganization 
of mitochondrial cristae is also observed (Fig.  4G). The 
changes of ultrastructure of villous tissues in treatment B 
are similar as treatment A group.

Fig. 2 H&E staining of chorionic villi tissues in control (A) and treatment A group (B). Scale bar: 300 µm. In figure A syncytiotrophoblasts (Black 
arrow) and cytotrophoblasts (Blue arrow). In figure B villous trophoblast cells (Red arrow) and fibrin-like substances in the villus interstitium (Green 
arrow)
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Apoptosis analysis by TUNEL assay
TUNEL staining revealed that the apoptotic cells stained 
with brownish yellow in the nucleus can be seen in the 
decidua tissue of the control group and the treatment 
group (Fig.  5A and B). The positively stained cells are 
significantly increased in treatment group, and apopto-
sis index of treatment group is significantly higher than 
that of the control group (Table 2). In chorionic villi tis-
sues, similar results are observed that, the apoptotic cells 
are significantly increased in treatment group (Fig.  5C 
and D), and apoptosis index of treatment groups was 
higher than that of the control group (Table  3). These 
data indicate the increased apoptosis after mifepristone 
treatment.

Expression level of of Bax and Bcl-2 in decidua and 
chorionic villi.

Cells stained positive for Bax are mainly located in the 
decidual stroma and decidual gland epithelium (Fig. 6A 
and B, the cytoplasm is stained brown). The staining of 
Bax-positive cells in treatment group (Fig. 6B) is denser 

than that in the control group (Fig. 6A). The relative Bax 
staining intensity in treatment group A and B is signifi-
cantly higher than that of the control group, however, 
there is no significant difference between treatment A 
and B groups (Table 4). In chorionic villi, Bax staining is 
mainly located in the cytoplasm of the trophoblast layer 
in both control (Fig. 6C) and treatment group A (Fig. 6D). 
The relative Bax staining intensity in treatment group 
A and B is significantly higher than that of the control 
group, however, there is no significant difference between 
treatment A and B groups (Table 4).

For Bcl-2 staining, in decidua the staining signals 
are mainly located in the cells of decidual stroma and 
decidual gland epithelium (Fig.  6E, control, and F, 
treatment group A). The relative Bcl-2 staining inten-
sity in treatment group A and B is significantly lower 
than that of the control group, however, there is no sig-
nificant difference between treatment A and B groups 
(Table  5). Similarly, in chorionic villi, Bcl-2 staining is 
mainly located in the cytoplasm of the trophoblast layer 

Fig. 3 TEM images of the ultrastructure of decidual cell (A) and granular cells (D) in control group, and decidual cell (B-C) and granular cells (E–F) 
in treatment A group. Scale bar: 2 µm. ER: endoplasmic reticulum; M: mitochondria; C: chromatin; LD: lipid droplet; N: nucleolus; V: vacuole.; R: 
ribosome; P: protrusion
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Fig. 4 TEM images of the ultrastructure of syncytiotrophoblasts (A) and cytotrophoblasts (C-E) chorionic villi tissues of control group, and 
syncytiotrophoblasts (B, F) and cytotrophoblasts (G) in treatment A group. Scale bar: 2 µm. ER: endoplasmic reticulum; M: mitochondria; C: 
cytotrophoblasts; LD: lipid droplet; N: nucleolus; S: syncytiotrophoblasts; V: villi; R: ribosome

Fig. 5 TUNEL staining of apoptotic cells in decidua tissues (A-B) and chorionic villi tissues (C-D). Control tissues: A and C; and treatment A group: B 
and D. Scale bar: 300 µm. Black arrows indicate apoptotic cells with string TUNEL staining signal in the nucleus
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(Fig. 6G, control, and H, treatment group A) and Bcl-2 
staining intensity in treatment group A and B is signifi-
cantly reduced than that of the control group (Table 5). 
Together, these results demonstrate that mifepristone 

could increase the expression of pro-apoptotic protein 
Bax, while suppressed the level of anti-apoptotic pro-
tein Bcl-2.

Discussion
Endometrial stroma mainly consists of two types of cells: 
the decidual cells are large and round, and the cytoplasm 
is full of lipid droplets, which function to synthesize and 
secrete collagen, forming reticular fibers that support the 
normal structure of the endometrium [14]; the granulosa 
cells are smaller in size and contain eosinophilic granules 
in the cytoplasm, which can trigger uterine contraction 
and cervical softening, dissolve the matrix reticular fib-
ers in the endometrium and facilitate the shedding of 
inner membrane [15]. Through the histological and TEM 
ultrastructure analysis, we revealed that 48 h after mife-
pristone administration within 39  days of gestation, the 
cytoplasm of the large decidual cells is reduced in the 

decidual tissue and the nucleus is pyknotic. In granulosa 
cells, the long protrusions on the surface increases, the 
high electron density granules decrease, and there are 
vacuoles of different sizes present in the cytoplasm. Over-
all, the reticular fibers surrounding the large decidual 

Table 2 Apoptosis index in decidua of three groups

Group Number of subjects Apoptosis 
Index (%)

Control (1) 10 20.12

Treatment A (2) 10 51.86

Treatment B (3) 10 49.95

Table 3 Apoptosis index in chorion

Group Number of subjects Apoptosis 
Index (%)

Control (1) 10 17.78

Treatment A (2) 10 46.23

Treatment B (3) 10 44.72

Fig. 6 Immunohistochemical staining of Bax and Bcl-2. A Bax staining in decidua tissues in control group. B Bax staining in decidua tissues in 
treatment A group. C Bax staining in chorionic villi tissues of control group. D Bax staining in chorionic villi tissues of treatment A group. E Bcl-2 
staining in decidua tissues in control group. F Bcl-2 staining in decidua tissues in treatment A group. G Bcl-2 staining in chorionic villi tissues of 
control group. H Bcl-2 staining in chorionic villi tissues of treatment A group. Scale bar: 300 µm

Table 4 Relative Bax expression level in decidua and chorion

1 vs 2, p < 0.05; 2 vs 3, p > 0.05;

Group Number of 
subjects

Bax expression 
level in decidua

Bax expression 
level in chorion

Control (1) 10 0.0865 ± 0.2767 0.1222 ± 0.1483

Treatment A (2) 10 0.1202 ± 0.0813 0.2229 ± 0.0978

Treatment B (3) 10 0.1220 ± 0.0898 0.2255 ± 0.0900

Table 5 Relative expression level of Bcl-2 in decidua and chorion

1 vs 2, p < 0.05; 2 vs 3, p > 0.05;

Group Number of 
subjects

Bcl‑2 expression 
level in decidua

Bcl‑2 expression 
level in chorion

Control (1) 10 0.2035 ± 0.0996 0.2808 ± 0.3211

Treatment A (2) 10 0.1899 ± 0.0632 0.2467 ± 0.2576

Treatment B (3) 10 0.1853 ± 0.0355 0.2259 ± 0.2624
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cells and granulosa cells seem to collapse and disinte-
grate. These results suggest that in the decidual tissue of 
mifepristone-mediated abortion, the cytoplasmic endo-
crine granules of granulosa cells are significantly reduced 
and the extracellular collagen fibers are disordered and 
disintegrated. These changes indicate that the inhibition 
of the biological activity of progesterone by mifepristone 
results in the secretion and release of endocrine granules 
in granulosa cells, causing reticular fibrinolysis and rup-
ture in decidual tissue during abortion [16, 17].

Further ultrastructure analysis of chorionic villi 
showed that 48 h after taking mifepristone, the villi tis-
sue undergo dramatic changes, including degeneration 
and necrotic morphology of trophoblast cells, reduction 
in the number of surface microvilli, expansion of rough 
endoplasmic reticulum, and the structural degradation of 
intracytoplasmic organelles. These observations indicate 
that due to the action of mifepristone and the inhibition 
of progesterone, cells of the chorionic and decidual tis-
sues show features of apoptosis and autophagy. It is com-
monly accepted that mifepristone terminates pregnancy 
by antagonizing the physiological effects of progesterone, 
which has multiple effects on the metabolism and mor-
phological structure of the embryo and its supporting 
tissues [18, 19], including decidual cell degeneration and 
necrosis, decidual and villus tissue stripping, enhanced 
uterine contractions and apoptosis of decidual tissue in 
early pregnancy [20–22].

Apoptosis is an actively regulated and programmed 
cell death, which is essential for embryonic develop-
ment, biological metamorphosis, atrophy of endocrine 
organs and repair and renewal of normal tissues [23, 
24]. In human placental development, trophoblast cells 

proliferate in large numbers; some cells differentiate and 
fuse to form syncytiotrophoblasts, while some syncy-
tiotrophoblast cells undergo apoptosis [25–27]. A previ-
ous study found that administration of mifepristone to 
DMPA (medroxyprogesterone acetate) users significantly 
increases endometrial proliferation and decreases endo-
metrial stromal apoptosis in the short term [28]. In con-
trast, mifepristone could inhibit cell growth and induce 
apoptosis in Ishikawa endometrial adenocarcinoma cells 
through caspase-3 activation and regulating apoptotic 
genes such as BCL2/BAX and FAS/FASLG [29]. The 
results of our study also revealed that in both normal and 
mifepristone-treated decidua and villus tissues, there are 
different degrees of apoptotic events and mifepristone 
treatment significantly increased apoptotic index in both 
decidua and chorionic tissues. Therefore, mifepristone-
induced apoptosis in placental tissues may contribute to 
the anti-pregnancy effect (Fig. 7).

As a major anti-apoptotic protein, Bcl-2 functions to 
increase the resistance of cells to various apoptotic stim-
uli without affecting cell proliferation [30, 31]. For exam-
ple, the overexpression of Bcl-2 can inhibit chemotherapy 
or radiotherapy-induced tumor cell apoptosis [30, 32]. 
Studies also showed that Bcl-2 is regularly expressed in 
the endometrium during menstrual cycle, which seems to 
regulate the apoptotic events related to cyclical changes 
of the endometrium [33, 34]. In contrast, Bax is one of 
the earliest identified pro-apoptotic protein and it pro-
motes apoptosis by antagonizing the biological activity 
of Bcl-2 [35, 36]. In recent years, studies have suggested 
that Bcl-2 and Bax play their roles by forming homolo-
gous or heterodimers. When Bcl-2 expression level is 
high, it favors the formation of Bcl-2/Bax heterodimer to 

Fig. 7 Schematics of structural changes of human decidua and chorion induced by mifepristone. Mifepristone can lead to apoptosis of cells in 
decidua and chorion by increasing the level of Bax and decreasing the level of Bcl-2, which eventually causes the degeneration of decidua and villi
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prevent the release of pro-apoptotic factor cytochrome C 
from mitochondria [35–37]. The ratio of Bcl-2/Bax seems 
to determine the survival of cells after the stimulation of 
pathogenic signals. Bax and Bcl-2 are expressed in syn-
cytiotrophoblasts, cytotrophoblasts and decidual cells 
during early pregnancy, which indicates that balanced 
expression of Bcl-2/Bax is involved in maintaining physi-
ological apoptosis and the reconfiguration of placental 
villus tissue structure [38, 39].Our data showed that the 
increased Bax/Bcl2 ratio after mifepristone treatment 
may favor the apoptotic cell death in decidual cells and 
the trophoblasts in the chorionic villi.

Extensive efforts have been made to investigate the 
mechanisms of action of mifepristone [6, 7]. Mifepris-
tone seems to terminate early pregnancy through a vari-
ety of mechanisms of action. It competitively inhibits 
progesterone by binding to the progesterone receptor 
in the decidua, causing the degeneration of the decidua 
tissue [8, 9], leading to the hemorrhage of decidua [10] 
and resulting in insufficient blood supply [10, 11]. Mife-
pristone also promotes uterine contraction and increases 
cervical collagen decomposition [12, 13]. The histological 
changes and increased apoptotic events in Mifepristone-
terminated chorionic villi and decidual tissues are possi-
bly resulted from the detrimental physiological changes 
in the uterine endometrium. The major factors contribut-
ing to the histological changes still need to be clarified.

Conclusion
In summary, after 48  h of mifepristone administration, 
the decidua tissue and chorionic villus structures are 
altered in women within 39  days of gestation. Decidual 
and villous tissues display varying degrees of degen-
eration and necrotic features. Apoptotic events occur in 
the decidua and chorionic villi of early pregnancy, and 
mifepristone treatment significantly increases the num-
ber of apoptotic cells. The increased apoptotic events 
are concomitant with the increased expression of Bax 
and decreased expression of Bcl-2. These data provide 
novel evidence that mifepristone-induced apoptosis con-
tributes to the pregnancy termination at early stage of 
pregnancy.

Acknowledgements
Not applicable.

Authors’ contributions
Tian F. is the guarantor of integrity of the entire study. Tian F designed this 
study and defined the intellectual content. Han H did the literature research. 
Jia L and Han H. did the clinical studies. Han H and Zhang Y acquired the data 
and analyzed the data. Li J. did the statistical analysis. Chu Z. prepared the 
paper and Zhang J. edited the paper. Yan P. reviewed the paper and revised it. 
All authors have read and approved the final paper.

Funding
This study was supported by Key project plan of medical science research in 
Hebei Province (20180143).

Availability of data and materials
The datasets used during the present study are available from the correspond-
ing author upon reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. This study is approved by rel-
evant Ethics Committee of Hebei General Hospital(2017130) and Informed 
consent was obtained from all individual participants included in the study.

Consent for publication
Not applicable.

Competing of interests
All authors declare that they have no conflict of interest.

Received: 8 March 2022   Accepted: 6 July 2022

References
 1. Beal MW, Simmonds K. Clinical uses of mifepristone: an update for wom-

en’s health practitioners. J Midwifery Womens Health. 2002;47(6):451–60.
 2. Healy DL, Fraser HM. The antiprogesterones are coming: menses induc-

tion, abortion, and labour? Br Med J (Clin Res Ed). 1985;290(6468):580–1.
 3. Critchley HOD, Chodankar RR. 90 YEARS OF PROGESTERONE: Selective 

progesterone receptor modulators in gynaecological therapies. J Mol 
Endocrinol. 2020;65(1):T15–33.

 4. Che X, Wang J, He J, Guo X, Li T, Zhang X. The new application of mifepris-
tone in the relief of adenomyosis-caused dysmenorrhea. Int J Med Sci. 
2020;17(2):224–33.

 5. Kim JJ, Kurita T, Bulun SE. Progesterone action in endometrial can-
cer, endometriosis, uterine fibroids, and breast cancer. Endocr Rev. 
2013;34(1):130–62.

 6. Cadepond F, Ulmann A, Baulieu EE. RU486 (mifepristone): mechanisms of 
action and clinical uses. Annu Rev Med. 1997;48:129–56.

 7. Gemzell-Danielsson K, Marions L. Mechanisms of action of mifepristone 
and levonorgestrel when used for emergency contraception. Hum 
Reprod Update. 2004;10(4):341–8.

 8. Xiao C, Shi Q, Cheng Q, Xu J. Non-surgical management of tubal ectopic 
pregnancy: a systematic review and meta-analysis. Medicine (Baltimore). 
2021;100(50):e27851.

 9. Li L, Zhou Z, Huang L. Abnormal expression of MMP-9 and imbalance 
of MMP-9/TIMP-1 is associated with prolonged uterine bleeding after 
a medical abortion with mifepristone and misoprostol. Acta Obstet 
Gynecol Scand. 2009;88(6):673–9.

 10. Xiong X, Gao CY, Ying DM, et al. Contrast-enhanced ultrasound evalua-
tion of mifepristone for treatment of low-risk cesarean scar pregnancy. 
Contrast Media Mol Imaging. 2020;2020:3725353.

 11. Narvekar N, Critchley HO, Cheng L, Baird DT. Mifepristone-induced 
amenorrhoea is associated with an increase in microvessel density and 
glucocorticoid receptor and a decrease in stromal vascular endothelial 
growth factor. Hum Reprod. 2006;21(9):2312–8.

 12 Baev OR, Rumyantseva VP, Tysyachnyu OV, Kozlova OA, Sukhikh GT. 
Outcomes of mifepristone usage for cervical ripening and induction of 
labour in full-term pregnancy. Randomized controlled trial. Eur J Obstet 
Gynecol Reprod Biol. 2017;217:144–9.

 13. Yellon SM. Contributions to the dynamics of cervix remodeling prior to 
term and preterm birth. Biol Reprod. 2017;96(1):13–23.



Page 11 of 11Tian et al. BMC Pharmacology and Toxicology           (2022) 23:55  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 14 Vinketova K, Mourdjeva M, Oreshkova T. Human decidual stromal cells 
as a component of the implantation niche and a modulator of maternal 
immunity. J Pregnancy. 2016;2016:8689436.

 15. Hombach-Klonisch S, Seeger S, Tscheudschilsuren G, et al. Cellular 
localization of human relaxin-like factor in the cyclic endometrium and 
placenta. Mol Hum Reprod. 2001;7(4):349–56.

 16. VandeVoort CA, Overstreet JW, Lasley BL, Stewart DR. Effects of progester-
one receptor blockers on human granulosa-luteal cell culture secretion 
of progesterone, estradiol, and relaxin. Biol Reprod. 2000;62(1):200–5.

 17. Zhu H, Jia X, Ren M, et al. Mifepristone treatment in pregnant murine 
model induced mammary gland dysplasia and postpartum hypogalactia. 
Front Cell Dev Biol. 2020;8:102.

 18. Sagers JE, Brown AS, Vasilijic S, et al. Computational repositioning and 
preclinical validation of mifepristone for human vestibular schwannoma. 
Sci Rep. 2018;8(1):5437.

 19. Yellon SM, Dobyns AE, Beck HL, Kurtzman JT, Garfield RE, Kirby MA. Loss 
of progesterone receptor-mediated actions induce preterm cellular 
and structural remodeling of the cervix and premature birth. PLoS One. 
2013;8(12):e81340.

 20. Perusquia M, Espinoza J, Navarrete E. Nongenomic uterine relaxing effect 
of RU 486 (mifepristone) prior to its antiprogesterone activity in the 
human pregnancy. Steroids. 2009;74(10–11):825–31.

 21. Xu XB, He B, Wang JD. Menstrual-like changes in mice are provoked 
through the pharmacologic withdrawal of progesterone using 
mifepristone following induction of decidualization. Hum Reprod. 
2007;22(12):3184–91.

 22. Zhao X, Zhang C, Lou H, Wu C. Clinical efficacy and safety study of mife-
pristone with misoprostol treatment in patients with missed abortion. 
Evid Based Complement Alternat Med. 2021;2021:9983023.

 23. Matsui H, Kakei M, Iwami M, Sakurai S. Hormonal regulation of the death 
commitment in programmed cell death of the silkworm anterior silk 
glands. J Insect Physiol. 2012;58(12):1575–81.

 24. Dou X, Chen L, Lei M, et al. Evaluating the remote control of programmed 
cell death, with or without a compensatory cell proliferation. Int J Biol Sci. 
2018;14(13):1800–12.

 25. Sharp AN, Heazell AE, Crocker IP, Mor G. Placental apoptosis in health and 
disease. Am J Reprod Immunol. 2010;64(3):159–69.

 26. Raguema N, Moustadraf S, Bertagnolli M. Immune and apoptosis 
mechanisms regulating placental development and vascularization in 
preeclampsia. Front Physiol. 2020;11:98.

 27. Kar M, Ghosh D, Sengupta J. Histochemical and morphological examina-
tion of proliferation and apoptosis in human first trimester villous tropho-
blast. Hum Reprod. 2007;22(11):2814–23.

 28. Jain JK, Li A, Yang W, Minoo P, Felix JC. Effects of mifepristone on prolifera-
tion and apoptosis of human endometrium in new users of medroxypro-
gesterone acetate. Hum Reprod. 2006;21(3):798–809.

 29. Li A, Felix JC, Minoo P, Amezcua CA, Jain JK. Effect of mifepristone on 
proliferation and apoptosis of Ishikawa endometrial adenocarcinoma 
cells. Fertil Steril. 2005;84(1):202–11.

 30 Campbell KJ, Tait SWG. Targeting BCL-2 regulated apoptosis in cancer. 
Open Biol. 2018;8(5):180002.

 31. Reed JC. Bcl-2-family proteins and hematologic malignancies: history and 
future prospects. Blood. 2008;111(7):3322–30.

 32 Garcia-Aranda M, Perez-Ruiz E, Redondo M. Bcl-2 inhibition to overcome 
resistance to chemo- and immunotherapy. Int J Mol Sci. 2018;19(12):3950.

 33. Maia H Jr, Maltez A, Studart E, Athayde C, Coutinho EM. Ki-67, Bcl-2 and 
p53 expression in endometrial polyps and in the normal endometrium 
during the menstrual cycle. BJOG. 2004;111(11):1242–7.

 34. Konno R, Yamakawa H, Utsunomiya H, Ito K, Sato S, Yajima A. Expression 
of survivin and Bcl-2 in the normal human endometrium. Mol Hum 
Reprod. 2000;6(6):529–34.

 35. Kale J, Osterlund EJ, Andrews DW. BCL-2 family proteins: changing part-
ners in the dance towards death. Cell Death Differ. 2018;25(1):65–80.

 36. Reed JC. Proapoptotic multidomain Bcl-2/Bax-family proteins: mecha-
nisms, physiological roles, and therapeutic opportunities. Cell Death 
Differ. 2006;13(8):1378–86.

 37. Murphy KM, Ranganathan V, Farnsworth ML, Kavallaris M, Lock RB. 
Bcl-2 inhibits Bax translocation from cytosol to mitochondria dur-
ing drug-induced apoptosis of human tumor cells. Cell Death Differ. 
2000;7(1):102–11.

 38. Narkar M, Kholkute S, Chitlange S, Nandedkar T. Expression of steroid 
hormone receptors, proliferation and apoptotic markers in primate 
endometrium. Mol Cell Endocrinol. 2006;246(1–2):107–13.

 39. Danihel L, Gomolcak P, Korbel M, et al. Expression of proliferation and 
apoptotic markers in human placenta during pregnancy. Acta Histo-
chem. 2002;104(4):335–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The effects of mifepristone on the structure of human decidua and chorion and Bax and Bcl-2 expression at early stage of pregnancy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study subjects
	Chemicals and reagents
	Tissue section preparation
	Hematoxylin and eosin (H&E) staining
	Transmission Electron microscope (TEM) sample preparation
	Immunohistochemistry (TUNEL, Bax and Bcl-2 staining)
	Slide section preparation
	TUNEL staining for apoptosis
	BaxBcl-2 immunohistochemical staining

	Statistics

	Results
	Clinical characteristics of subjects in three groups
	Histological changes in deciduas
	Histological changes in chorionic villi
	Ultrastructure of decidual tissues
	Ultrastructure of villous tissues
	Apoptosis analysis by TUNEL assay

	Discussion
	Conclusion
	Acknowledgements
	References


