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ABSTRACT
As a chaperone protein of progesterone receptor (PR), FK-506 Binding Protein 52 (FKBP52) can 
enhance the activity of PR, but the mechanism of FKBP52 affecting PR expression levels is difficult to 
clarify. Here, we report a novel in vitro model of ectopic endometrial stromal cells (ESCM) estab-
lished through the primary culture method of endometrial stromal cells, which is used to study the 
details of relationship between FKBP52 abnormality and PR expression level in endometriosis (Ems). 
At the same time, the clinical study of the relationship between FKBP52 and PR expression levels in 
endometriosis patients was used to verify our conclusions. The results showed that the expression 
levels of PR-A mRNA and protein in endometriosis are positively correlated with FKBP52 and the 
abnormality of FKBP52 leads to the decrease of PR-B mRNA and protein expression. When FKBP52 
was deleted or reduced, the expression levels of m RNA and protein of PR-A and PR-B have 
decreased leading to the proliferation of ectopic endometrium cells (ESC) and the occurrence of 
endometriosis, which is consistent with the expression levels of clinical endometriosis patients and 
fully confirms our conclusions and reliability of the model, and has great guiding significance for the 
research of Ems disease occurrence mechanism and clinical treatment.
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Introduction

Endometriosis is a benign gynecological disease, 
but its biological behaviors of invasion and 

metastasis are similar to tumors, often causing 
inflammation, pain, and reducing fertility.1,2 So 
far, the pathogenesis of Ems has not been fully 
elucidated and it is ineffective to treat it through 
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various treatment methods.3,4 Therefore, it is extre-
mely urgent to explore the mechanism of unknown 
Ems and seek new clinical treatment plan. FK-506 
Binding Protein 52 (FKBP52) is a chaperone pro-
tein of progesterone receptor (PR including PR-A 
and PR-B) and can enhance the activity of PR,5–7 

which has unique biological functions in 
cancer,8–11 neurons12–15 and other aspects.16,17 

Faber et al. discovered FKBP52 by constructing 
antibodies against the EC1 epitope of rabbit pro-
gesterone receptor complex.18 The early researches 
on the function of FKBP52 mainly focused on its 
influence on the steroid hormone receptor signal-
ing pathway and the biological influence of related 
diseases.19–23 Pratt et al found that FKBP52 can 
form a stable biologically functional complex with 
steroid hormones under the participation of 
Hsp90.23 In addition, it has also been reported 
that FKBP52 was involved in the regulation of 
neuronal microtubule function and was closely 
related to the occurrence of various diseases. 
Similarly, progesterone can form the structure of 
FKBP52–Hsp90–receptor complex under the parti-
cipation of FKBP52 and Hsp90, which makes the 
progesterone enter the cell to promote the tran-
scription and translation process and complete the 
activation of progesterone.24–26 When FKBP52 was 
absent or reduced, the progesterone receptor’s 
binding and transport function of progesterone 
were directly affected, inhibiting blastocyst implan-
tation and hindering the normal reproductive 
process.27,28 Therefore, the regulatory role of 
FKBP52 in female diseases has attracted wide atten-
tion, while the specific interactive regulation 
mechanism of progesterone and FKBP52 still 
needs further exploration.

It was reported that the expression level of 
FKBP52 was related to endometriosis.29 Hirota 
et al. utilized mice lacking FKBP52 expression to 
study the effect of FKBP52 in endometriosis.28 The 
results showed that the lack of FKBP52 expression 
promoted the inflammatory response, cell prolifera-
tion and angiogenesis at the transplantation site dur-
ing the heterotopic transplantation. In addition, the 
team also reported through clinical cases that the 
serum FKBP52 level in patients with endometriosis 
was significantly lower than healthy people.29 

Combined with experimental investigation and clin-
ical investigation, the results of this study indicated 

that the level of FKBP52 was reduced, which pro-
moted the formation of endometriosis. In addition, 
the study found that the expression of FKBP52 in 
ectopic tissue of endometriosis patients decreased 
significantly and it was related to the growth of 
endometriosis lesions, which inhibited the binding 
ability of PR-A and progesterone by affecting the 
binding ability of PR-A and HSP90, and made the 
function of PR-A in normal endometrium (includ-
ing inhibiting abnormal uterine hyperplasia and lim-
iting potential abnormal proliferation mediated by 
PR-B) inhibited.30,31 The low expression of FKBP52 
causes dysfunction of the progesterone receptor 
complex and leads to embryo cessation, which indi-
cates that FKBP52 affects steroid hormones by affect-
ing the function of steroid hormone receptors.23,32 

The researchers have proposed that epigenetic silen-
cing of the PR gene and post-translational modifica-
tion of PR can promote the degradation of proteins, 
while the loss of important activated T cell nuclear 
factor 3 can lead to suboptimization of PR 
activity.33–35 However, these studies only explained 
the effect of PR on progesterone resistance and could 
not explain the synergistic effect between PR (PR-A, 
PR-B) and other chaperone proteins (eg. FKBP52). 
These studies are mainly based on clinical and ani-
mal experiments to study the mechanism of proges-
terone resistance and it is difficult to study the 
specific relationship between the mechanisms due 
to the complex human or animal environment.

Therefore, we established a new in vitro model of 
ectopic endometrial stromal cells through the pri-
mary culture method of endometrial stromal cells 
and the vitro model is used to study the relationship 
between FKBP52 abnormalities and PR expression 
levels in endometriosis, which makes the research 
level from the clinical organization to the molecular 
level of cytology. Western Blotting (WB), Real-time 
Quantitative PCR Detecting System (qPCR), RNA 
interference (siRNA), synthetic clone primer over-
expression, Cell Counting Kit (CCK-8), flow cyto-
metry and other experimental techniques were used 
to explore the effects of abnormal immunophilin 
FKBP52 on the expression levels of PR (PR-A, PR- 
B) in endometriosis. Finally, the relationship 
between FKBP52 and PR (PR-A, PR-B) expression 
levels in clinical endometriosis patients was used to 
further confirm the reliability of the ESCM model 
and conclusions.
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Materials and methods

Antibodies and reagents

The complete medium (serum concentration is 
20%) is prepared by solution containing double 
antibodies (both penicillin and streptomycin are 
100 IU/mL) 1640: fetal bovine serum at a ratio of 
4:1. Mouse anti-human vimentin monoclonal anti-
body (vimentin) is usually prepared by diluting it 
with double-distilled water (ddH2O) at a ratio of 
1:100 and storing it at 4°C. The mouse anti-human 
keratin monoclonal antibody is prepared by dilut-
ing it with ddH2O at a ratio of 1:200 and storing it 
at 200°C for later use. All details of other antibodies 
and reagents are included in the supporting 
information.

Clinical tissue samples of the human body

The following tissues were obtained from laparo-
scopy performed by 30 women. 1) Endometrial 
tissues of women without Ems due to fallopian 
tube infertility (n = 15); 2) Ovary ectopic endome-
trial tissue of women with Ems (n = 15). Median 
age of infertile patient: 28 ± 0.7 y/26–35 y. Median 
age of EMS patient: 29 ± 0.2 y old/21–35 y. No 
significant difference was observed between the 
two groups. Both groups were from the prolifera-
tive endometrium, and Ems had been confirmed by 
laparoscopic surgery and histopathology. The 
severity of Ems was distinguished according to the 
report of the American Society of Reproductive 
Medicine Classification. The third and fourth stages 
had seven and eight cases, respectively. At least 
6 months prior to surgery, all subjects did not 
receive any hormonal treatment during their nor-
mal menstrual cycle. Tissue samples were obtained 
under aseptic conditions and stored in the refrig-
erator at −80°C for qPCR and WB. The experimen-
tal procedure was approved by the Institutional 
Review Committee of Guangxi Medical 
University. Informed consent was obtained from 
the woman whose tissue was used.

Primary culture endometrial stromal cells

Normal endometrium (NSC) was obtained by vagi-
nal curettage. The ectopic endometrium (ESC) was 
obtained from Ems cyst, which was adopted by an 

improved culture method. (1) According to the 
thickness of tissue fibers, the digestion time of 
normal endometrium is 30–40 min, and the diges-
tion time of the inner wall of Ems cyst is 
120–150 min. (2) The use of 0.25% EDTA-free 
trypsin digestion tissue can improve cell attach-
ment rate. (3) The six-well plate is used to assist 
the initial colony growth of cultured cells. (4) 
Because the cells have tumor-like properties, 20% 
serum and 1640 medium are used. The stromal cells 
with cell immunohistochemistry were identified 
after the cultured cells grew on glass coverslips. 
Vimentin can be used as a primary antibody. 
During the staining process, the primary antibody 
was replaced with the mouse anti-human keratin 
monoclonal antibody as negative control.

The endometrial stromal cell model in vitro

The tissue specimens of endometriotic cysts will be 
cleaned several times with PBS solution containing 
double antibodies (both penicillin and streptomy-
cin are 100 IU/mL) or sterile saline in a sterile 
biological safety cabinet to remove blood clots, 
and cut off the connective tissue as much as possi-
ble. In a sterile petri dish, the endometrial tissue 
was cut into fragments with a volume of about 
1.0 mm3 by using tissue scissors and ophthalmic 
scissors, and the tissue pieces were washed with 
PBS solution until the cleaning solution was clear. 
Wait for the tissue mass to settle to the bottom of 
the tube naturally, and discard the supernatant. 
Then, the chopped intimal tissue was transferred 
to a centrifuge tube with sterile forceps, PBS was 
added to it, and the mixture was centrifuged at 
1000 r/min for 5 min. The supernatant was 
removed, and blood clots and other impurities 
were removed again. And, 0.25% EDTA-free tryp-
sin digestion tissue (approximately 3 times the 
volume of the tissue) was added, and digested in 
a 37°C water bath (digestion time: 30–40 min for 
normal endometrium; 120–150 min for inner wall 
of endometriotic cysts), and then the digestion was 
terminated with complete culture solution. After 
the digestion was terminated, the mixed solution 
was centrifuged at a speed of 1000 r/min for 5 min, 
and the supernatant is removed. The 1640 medium 
was added and the tissue mass was repeatedly 
pipetted with a pipette to separate the cells and 
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stand still to sink the undispersed tissue mass. After 
grinding and filtering with a 200-mesh screen, the 
filtered tissue is gently moved with sterile tweezers 
to make it fully filtered, and the filtrate is collected 
in a sterile centrifuge tube. Serum (concentration 
20%) containing double-antibody complete med-
ium is added into the filtrate. After mixing, the 
cells were inoculated into a six-well plate, and 
2 mL of cell growth medium was added to it, and 
cultured in a CO2 incubator at 37°C. After 24 h, the 
medium was removed, and new medium (2 mL) 
was added. Subsequently, the medium was changed 
every 2–3 d, and the morphology of interstitial cells 
was observed under an inverted microscope to 
obtain uniform cells. Subsequently, the medium 
was changed every 2–3 d, and the morphology of 
mesenchymal cells was observed under an inverted 
microscope to obtain uniform ectopic endome-
trium cell, which was used to construct an in vitro 
endometrial stromal cell model.

Identification of ESC

Interstitial cells were identified by cellular immuno-
histochemistry. During this staining process, 
a mouse anti-human keratin monoclonal antibody 
was used instead of the primary antibody as 
a negative control. The specific process is as follows: 
(1) sterile coverslips were placed in a six-well plate 
and the logarithmic growth phase cells were 
digested and inoculated with trypsin, which was 
placed on the sterile coverslips for cell slide culture. 
(2) When the cells were gone into a monolayer (the 
confluence is about 70%-80%), the cover glass was 
removed and the cells were washed three times with 
PBS to remove dead cells. At 40°C, the cells were 
fixed with 4% paraformaldehyde for 30 min and 
washed three times with PBS. (3) 0.5% Triton- 
X-100 liquid prepared with deionized water was 
added to the cells for 15 min that has been pene-
trated the cell membrane, which was washed three 
times with PBS. (4) The endogenous peroxidase was 
blocked with 0.3% hydrogen peroxide in methanol 
and placed at room temperature for 20 min, which 
was washed with PBS for three times. The secondary 
antibody was placed in a humid box and sealed with 
5% normal animal serum of the host at room tem-
perature for 20 min. (5) Mouse anti-human vimen-
tin monoclonal antibody was added and incubated 

at 37°C for 2 h, which were washed three times with 
PBS and placed overnight at 40°C. The biotinylated 
secondary antibody was added dropwise and incu-
bated at room temperature for 15 min, which were 
washed 3 times with PBS. (6) The peroxidase- 
labeled streptomycin working solution was added 
and incubated at room temperature for 15 min, 
which were washed three times with PBS. (7) DBA 
developer was added and developed at room tem-
perature for 10 min, which were washed thoroughly 
with tap water, counterstained with hematoxylin, 
sealed with neutral gum and observed under 
a microscope.

siRNA screening of FKBP52

The siRNA interference sequence of FKBP52 was 
designed and synthesized by Guangzhou Ruibo 
Biological Company. Real-time fluorescence quan-
titative PCR was used to verify the silencing effi-
ciency of the three siRNAs and siRNAs with 
silencing efficiency over 70% were selected for sub-
sequent experiments. The information of the 
siRNA interference sequence of FKBP52 is shown 
in S Table 1 (Supporting information).

Real-time quantitative PCR (qPCR) assay

Total RNA was isolated from human tissues and 
cultured cells using TRIzol RNA Isolation Reagents 
(Invitrogen, CA, USA). cDNAs were synthesized by 
using reverse transcriptase M-MLV (RNase H−) 
(Takara, Dalian, China). qRT-PCRs were per-
formed on an Applied Biosystems® 7500 Real- 
Time PCR Systems (ABI, CA, USA) by using the 
2× SYBR Green qPCR ProMix (EnzyValley, 
Guangzhou, China) following the manufacturer’s 
instructions. The following primers are shown in 
S Table 2 (Supporting information)

Western blot analysis (WB)

A proper amount of tissue was taken and cultured 
cells were harvested by scraping and centrifugation, 
which all were washed with PBS and re-suspended 
in RIPA buffer. Soluble proteins were collected by 
centrifugation at 12,000x g. Protein lysates were 
subjected to 10% and 12% of SDS-PAGE and trans-
ferred onto an NC membrane (Merck Millipore, 
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Billerica, MA, USA). After blocking with 5% skim 
milk, the membranes were incubated with the 
respective primary antibodies in Tris-buffered sal-
ine (TBS) that contains 0.1% Tween-20 overnight at 
4°C. The membranes were then incubated with the 
appropriate secondary horseradish peroxidase- 
conjugated IgG antibodies at a 1:5000 dilution 
(Proteintech Group Inc., Rosemont, IL, USA), fol-
lowed by incubation with specific secondary anti-
bodies. The reactive bands were detected by 
infrared fluorescence and exposed to the Odyssey 
Analysis System (LI-COR Biosciences, Lincoln, 
Nebraska, USA). The following protein antibodies 
were used: anti-FKBP52 antibody (abcam, 
ab97306), progesterone receptor A/B (C89F7) and 
Rabbit mAb antibody (CST,3151S).

Cell proliferation detection

Cell proliferation was determined by using the CCK8 
assay. Briefly, the normal and ectopic endometrial 
stromal cells in logarithmic growth phase were 
taken. To cover the cell surface, 0.25% trypsin 
(1 mL) was added, until the cells were digested to 
become round. The digestion is terminated by add-
ing the full culture liquid (1 mL). It was transferred 
to the 2-mL centrifuge tube at 1000 rpm centrifuga-
tion for 5 min and discarded the supernatant. At the 
same time, detection culture (1 mL) was added to 
suspend to count cells. Cell density was adjusted to 
1.5 × 105/mL, and the suspension (100 μL) was 
added into a 96-hole plate. Cells were incubated for 
0, 24, 48, 72, and 96 h or other different times. Then, 
the CCK-8 chromogenic solution was added into the 
holes and incubated at 37°C with 5% CO2 incubator. 
The 96-hole plate was removed, and the OD450 
absorptivity of each hole was read by the enzyme- 
labeling instrument (ThermoFisher, CA, USA), 
which is used to draw cell proliferation curves.

Assessment of apoptosis by flow cytometry

Apoptosis and necrosis were identified by double 
fluorescence staining with Annexin V-propidium 
iodide (PI). The normal endometrial stromal cells 
and ectopic endometrium stromal cells (1 × 105 
cells per sample) were loaded with 5 μL PI and 
10 μL Annexin V-FITC (BD Pharmingen, San 
Diego, CA, USA) at room temperature for 15 min 

in the dark. Flow cytometric analysis was per-
formed using a flow cytometer (Becton, Dickinson 
and Company, Franklin Lakes, NJ, USA) after 
Annexin-PI labeling.

Gene silencing and overexpression of FKBP52

Three FKBP52 siRNAs were synthesized by 
Guangzhou Ruibo Biological Company and one 
of the most potent silencing cellular models was 
screened. The amplification primers were 
designed according to the sequence at the CDS 
region about the FKBP52 gene of NCBI species 
(human) by using PCR. Then, the total RNA 
reverse transcribed cDNA extracted from human 
endometrial tissue was used as a template. The 
gene sequence was amplified and built into the 
overexpression vector. FKBP52 over-expression 
plasmid, empty vector, FKBP52-siNRA, and NC- 
siRNA were transfected into human endometriotic 
cells by lipofectamine 2000 cationic liposome 
method. The information about the siRNA inter-
ference sequence of FKBP52 is shown in S Table 1 
(Supporting information).

Statistical analysis

Results are expressed as mean ± standard deviation 
(SD). All data analyses were performed using 
GraphPad Prism 6 software (GraphPad, Inc., La 
Jolla, CA, USA) and IBM SPSS 19.0 software 
(IBM SPSS, IBM Corporation, USA). Differences 
among the mean values of multiple groups were 
analyzed by one-way analysis of variance with 
Tukey’s test for post hoc comparisons. Statistical 
significance was considered at P < .05.

Results

Establishment of an endometrial stromal cell model 
in vitro. Endometriosis is a benign and common 
gynecological disease, which seriously affects the 
quality of life of patients. In order to strengthen 
the basic research on its etiology and pathogenesis 
and provide better methods for clinical treatment, 
researchers have been constantly exploring the 
establishment of experimental models in vivo or 
in vitro to study the disease. The vitro models of 
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endometriosis mainly include tissue models and 
cell models. The cell model can well reflect the 
biological characteristics of the cells in the body 
and the interaction between the cells, which is 
closer to the real environment of the human body. 

Therefore, the cell model is still an important way 
to study the pathogenesis of Ems. In order to better 
study the biological function of FKBP52 in Ems and 
its specific regulatory mechanism, an endometrial 
stromal cell model was established and conducted 

Figure 1. (a) immunohistochemical identification of normal endometrial stromal cells (20×); (b) Immunohistochemical identification of 
ectopic endometrial stromal cells (40×); HE staining of normal endometrial stromal cells (C:10×; D:40×); ectopic endometrial stromal 
cell morphology with HE staining (E:10×; F:20×).

Figure 2. (a) The growth curve of cell; (b) cell relative proliferation rate, * refers to the significant statistical difference (P < .05). ** refers 
to the extremely significantly difference (P < .01).
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a preliminary analysis of the characteristics about 
the cell model to provide reliable research models 
for studying the influence mechanism of abnormal 
immunophilin FKBP52 on the expression levels of 
PR-A and PR-B in endometriosis.

In order to establish the best vitro cell model, 
primary cultured endometrial stromal cells were 
used to isolate and culture normal endometrial 
specimens (15, success rate 93.33%) and EMS ecto-
pic endometrium specimens (15, success rate 

86.67%), respectively. ESC vimentin was positive 
by cell type identification (Figure 1(a)) and the 
cell purity was 85%. After a generation of training, 
the purity could reach more than 90%. The isolated 
NSC and ESC cells were observed with HE staining 
only to prove that they were successfully isolated. It 
is found that NSC cells are spun-cone-shaped and 
the nucleus is not easy to see, which is uniform in 
the morphology of cells (Figure 1(cand Figure 1d)). 
However, ESC cells have large nuclei and many cell 

Figure 3. Apoptosis and living analysis of NSC (a) and ESC (b) cells at different point-in-time under normal culture conditions. (c) The 
total apoptosis rate statistics in NSC and ESC at different time points; (d) The total living rate statistics in NSC and ESC at different time 
points, * refers to the significant statistical difference (P < .05). *** refers to the extremely significantly difference (P < .001).
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divisions, which is uneven in the morphology of 
cells (Figure 1(eand Figure 1f)). Through the culti-
vation, it was found that the ESC cell population 
has grown slowly and it usually took 4 weeks to 
reach the logarithmic growth phase (Figure S1), 
while NSC only took 1 week (Figure S2). The 
growth of NSC cells weakened after five passages 
of culture and the growth of ESC cells began to 
weaken after seven passages of growth. Finally, 
Cell Counting Kit-8 (CCK-8) and flow cytometry 
were used to detect cell proliferation and apoptosis, 
respectively. The growth curve of cell (Figure 2(a)) 
shows the strong value-added of both NSC and 

ESC. The cell relative proliferation rate shows that 
ESC cells proliferate more vigorously than NSC 
cells (Figure 2(b)). Apoptosis and survival analysis 
of NSC and ESC confirmed that NSC had more 
apoptosis than ESC (Figure 3). The above test 
fully shows that an endometrial stromal cell 
model has been successfully established.

Relationship between abnormal FKBP52 and 
expression levels of PR-A and PR-B in endometriosis

In order to study the effect mechanism of 
FKBP52 on the expression levels of PR-A and 

Figure 4. Detection of cell transfection efficiency after transfection of FKBP52 overexpression plasmid ((a): fluoroscopy×100; (b): optical 
microscope×100); cell transfection efficiency after FKBP52-siNRA transfection ((c): fluoroscopy×100; (d): optical microscope×100). The 
optical microscope refers to a picture of cells without fluorescence excitation.

Figure 5. Cell proliferation curves (a) and relative proliferation rates (b) of five groups. The relative proliferation rates at 24 and 48 h 
have a significant level (P-value = .0001 at 24 h, P-value = 0.0001 at 48 h, statistically significant (P < .05); P-value = 0.6862 at 72 h, 
P-value = 0.8726 at 96 h, no statistically significant (P > .05)). The difference between the last two time points may cause by the factors 
such as the elimination of the transfection effect during the proliferation and growth of cells after transfection.

8 L. LIU ET AL.



PR-B in endometriosis, the gene silencing and 
overexpression of the FKBP52 model should be 
constructed, which used sequencing to deter-
mine whether the target sequence was built 
into the vector (the specific sequence showing 
in the supporting information). The lipofecta-
mine 2000 cationic liposome method was used 
to transfer FKBP52 overexpression plasmid, 
empty, FKBP52-siRNA and NC-siRAN into 
human endometriosis cells. Figure 4(a and 
Figure 4c) shows cell transfection efficiency 
after transfection of FKBP52 overexpression 
plasmid and FKBP52-siNRA transfection, 
respectively. Figure 4(b and Figure 4b) is used 
to compare with fluorescence images to highlight 
cell transfection efficiency after transfection of 
FKBP52 overexpression plasmid and FKBP52- 
siNRA transfection. According to different trans-
fection conditions, endometriotic stromal cells 
were divided into five groups: blank control 
group (Blank); overexpression empty vector 
group (pcDNA 3.1); FKBP52 overexpression 
group (pcDNA 3.1-FKBP52); FKBP52 silence 
group (siRNA-FKBP52) and siRNA blank con-
trol (siRNA-NC). The Cell proliferation curves 
(Figure 5(a)) of five groups showed that the cell 
proliferation decreased after FKBP52 overexpres-
sion and increased after silencing FKBP52. The 
relative proliferation rates of the five groups 
show the relative cell proliferation rate of 
siRNA-FKBP52 was significantly higher than 
that of pcDNA 3.1-FKBP52. However, Figure 5 
(a) also showed that the pcDNA3.1 was signifi-
cantly decreased compared with the blank and 
the siRNA-NC. This may be because the 

pcDNA3.1 and pcDNA3.1-FKBP52 were trans-
fected with large fragments of circular DNA, 
which had a greater impact on the growth of 
primary cells. Therefore, compared with other 
groups, cell growth dropped sharply or even 
negatively within 24 hours after transfection, 
resulting in little difference in absolute cell pro-
liferation rates between the two groups. 
However, the proliferation curve and trend are 
different, which indicates that the difference in 
FKBP52 expression will affect cell proliferation. 
However, only small fragments were transfected 
into siRNA-NC and siRNA-FKBP52, which had 
little effect on the state of cell growth. The 
difference between the two groups also indicates 
that the difference in FKBP52 expression has 
a great influence on cell proliferation.

Real-time quantitative PCR assay (qPCR) and 
Western blot analysis (WB) were used to analyze 
the mRNA expression level of each gene and the 
protein expression of five groups of cells, respec-
tively. Figure 6(a) shows that the mRNA of 
FKBP52 increased significantly after FKBP52 
gene overexpression and the mRNA of FKBP52 
decreased significantly after FKBP52 gene silen-
cing, compared with the blank group. Figure 6 
(b) shows that the mRNA of PR-A increased 
significantly after FKBP52 gene overexpression 
and the mRNA of PR-A decreased significantly 
after FKBP52 gene silencing, compared with the 
blank group. Figure 6(c) shows that the mRNA 
of PR-A decreased significantly after FKBP52 
gene overexpression and the mRNA of PR-A 
decreased significantly after FKBP52 gene silen-
cing, compared with the blank group. Expression 

Figure 6. qPCR was used to detect the level of mRNA of each gene after FKBP52 overexpression and silencing. (a) Relative expression of 
FKBP52; (b) relative expression of PR-A; (c) relative expression of PR-B. * refers to the significant statistical difference (P < .05). ** refers 
to the extremely significantly difference (P < .01).
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of FKB52 in five groups showed that FKBP52 
protein expression (Figure 7) increased signifi-
cantly after FKBP52 gene overexpression and 
FKBP52 protein expression decreased signifi-
cantly after FKBP52 gene silencing, which is 
consistent with the gene expression change of 
FKBP52. Expression of PR-A in five groups 
showed that the protein expression of PR-A 
was up-regulated after FKBP52 gene overexpres-
sion and the protein expression of PR-A was 
down-regulated after FKBP52 gene silencing, 
which is consistent of gene mRNA expression 
levels. Expression of PR-B in five groups showed 
that PR-B protein expression was down- 
regulated after FKBP52 gene overexpression 
and PR-B protein expression decreased after 
FKBP52 gene silencing, which is consistent 
with gene mRNA expression levels.

Verifying the reliability of the mechanism and model 
through clinical testing

In order to further verify the correctness of the con-
clusions obtained from endometrial stromal cell 
model in vitro, we conducted a clinical study on the 
relationship between FKBP52 and PR expression 
levels in patients with endometriosis. Figure 8 shows 
that compared with normal endometrial tissue, the 
mRNA expression of FKBP52 in the ectopic endome-
trial tissue for the case group was significantly 
decreased and the mRNA expression of PR (PR-A, 
PR-B) in the ectopic endometrial tissue was 
decreased, which is consistent with the conclusion 
on the mRNA expression of the endometrial stromal 
cell model in vitro. Figure 9 shows that compared 
with normal endometrial tissue, the protein expres-
sion of FKBP52, PR-A, PR-B in ectopic endometrial 
tissue decreased, which is consistent with the 

Figure 7. Expression of FKB52, PR-A and PR-B in five groups at vitro endometrial stromal cell model.

Figure 8. Relative expression of FKBP52, PR-A, and PR-B in normal and Ems tissues. (a) FKBP52 relative expression; (b) PR-A relative 
expression; (c) PR-B relative expression. The red dot is the abnormal value in the box graph analysis; the green dotted line is the mean 
line; *P < .05 means that the difference is of statistical significance.
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conclusion on the protein expression of the endome-
trial stromal cell model in vitro.

Discussion

Endometriosis is a benign and common gynecolo-
gical disease, which seriously affects the quality of 
life of patients. In order to better study the biologi-
cal function of FKBP52 in Ems and its specific 
regulatory mechanism, an endometrial stromal 
cell model in vitro was established and was con-
ducted a preliminary analysis of the characteristics 
for the cell model to provide reliable research mod-
els for studying the influence mechanism of abnor-
mal immunophilin FKBP52 on the expression 
levels of PR-A and PR-B in endometriosis, which 
makes the research level from the clinical organiza-
tion to the molecular level of cytology. Western 
Blotting, Real-time Quantitative PCR Detecting 
System, RNA interference, synthetic clone primer 
overexpression, CCK-8, flow cytometry and other 
experimental techniques were used to explore the 
effects of abnormal immunophilin FKBP52 on the 
expression levels of PR (PR-A, PR-B) in endome-
triosis. Finally, the relationship between FKBP52 
and PR (PR-A, PR-B) expression levels in clinical 
endometriosis patients was used to further confirm 
the reliability of the endometrial stromal cell model 
in vitro and conclusions. The results show that the 
expression levels of PR-A mRNA and protein in 
endometriosis are positively correlated with 
FKBP52 and the abnormality of FKBP52 leads to 
the decrease of PR-B mRNA and protein expres-
sion. When FKBP52 is deleted or reduced, the 
expression levels of m RNA and protein of PR-A 
and PR-B have decreased leading to the prolifera-
tion of ESC cells and the occurrence of 

endometriosis, which is consistent with the expres-
sion levels of clinical endometriosis patients and 
fully confirms our conclusions and reliability of 
the model. The ESCM is built successfully and the 
influence mechanism that the decrease of FKBP52 
will cause the reduction of PR-A and PR-B expres-
sion levels (ie, the expression level of PR is reduced) 
is confirmed by ESCM, which has great guiding 
significance for the research of Ems disease occur-
rence mechanism, clinical treatment and organ 
chips.
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