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Objective: The growth of oviduct mucosa in the uterine cavity was observed by co-culture 
of oviduct mucosa cells and endometrial cells in different proportions to study the possibility 
and function of the growth of oviduct mucosa in the uterine cavity.
Methods: The extracted cells were identified by immunofluorescence with cytokeratins 19 
(CK19) and vimentin. A Cell Counting Kit-8 (CCK8) experiment, cell decidualization 
induction, and HE staining were performed after the co-culture of two kinds of cells in 
different proportions.
Results: 1) The cells could grow normally when the two cells were co-cultured indirectly. 2) 
A CCK8 test of oviduct mucosa cells showed that the growth rate of each group was similar after 
the indirect co-culture of two kinds of cells in different proportions, which was in line with the 
growth law of normal cells. 3) Immunofluorescence identification of the cells showed that most of 
the two kinds of cells in the second passage were CK19 positive and were epithelial cells, while 
most of the cells in the fifth passage expressed positive vimentin antibody and were stroma cells. 4) 
After cell decidualization induction, the cell morphology of each group showed deciduation-like 
changes. 5) After decidualization, the cell morphology of each group was similar after HE staining.
Conclusion: Oviduct mucosa cells can grow normally in the uterine environment. In the 
uterine environment with different degrees of endometrial loss, the growth rate of oviduct 
mucosa cells is not inhibited. Its morphology does not change, and it can undergo decid-
ualization in vitro.
Keywords: oviduct mucosa, endometrium, co-culture, endometrial receptivity, intrauterine 
adhesion

Introduction
At present, in reproductive medicine, endometrial loss or insufficient endometrial thick-
ness has become one of the main problems that affect the successful implantation and 
normal growth of embryos. Therapeutic methods used to promote endometrial regenera-
tion at home and abroad include exogenous estrogen, low-dose aspirin, sildenafil citrate, 
pentoxifylline, vitamin E, L-arginine, cytokines, electroacupuncture, and biofeedback 
therapy. Although these treatments claim to improve the implantation and pregnancy 
rates during the assisted reproductive technology cycle, from the perspective of evidence- 
based medicine, various methods for treating thin endometrium seem to be useless and 
inefficient, and patients with thin or even deficient endometrium are not likely to attempt 
pregnancy through assisted reproduction.1 Therefore, researchers have been exploring 
innovative interventions for the treatment of thin endometrium and endometrium loss.
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New measures to treat thin endometrium and endometrium 
deletion are urgently needed in the clinical setting. According 
to the existing knowledge, oviduct mucosa and endometrium 
have many similarities in tissue structure and function. In 
terms of tissue structure, they share the homology of embryo 
origin. The cellular components of mucosa and intima are 
composed of epithelial and mesenchymal components, and 
the epithelial cells are mainly composed of ciliary and secre-
tory cells, with similar cell morphology but different cell 
proportion. In terms of function, both of these two mucous 
membranes undergo morphological, physiological, and bio-
chemical changes, along with changes in ovarian hormones, 
during the menstrual cycle. These changes have many simila-
rities and are the necessary basis for the formation and growth 
of early embryos.2 For example, oviduct and uterine fluids 
contain growth factors, cytokines, proteins, metabolites, etc., 
which provide nutritional support and immune protection for 
the normal growth and development of early embryos.3,4 

Oviduct mucosa and endometrium have the same “implanta-
tion window”.5–7 Studies have confirmed that the chromo-
some analysis of trophoblast cells of embryos from ectopic 
salpingocyesis is not significantly different from that of normal 
intrauterine pregnancy, so it is considered that salpingocyesis 
is the implantation of normal embryos in oviduct mucosa.8 

Based on that, we hypothesized that placing oviduct mucosa 
into the uterine cavity to perform the endometrium function 
might be a way to treat thin endometrium and endometrium 
loss. Therefore, we co-cultured primary oviduct mucosa cells 
and endometrial cells to understand the growth of the two 
types of cells during co-culture and to simulate different levels 
of intimal loss, to observe the growth and status of oviduct 
mucosa cells cultured under the condition of endometrium 
deletion, and to lay a foundation for the possibility of replacing 
endometrium with oviduct mucosa in the treatment of intrau-
terine adhesions (IUA).

Materials and Methods
Subjects
At the Affiliated Hospital of Guizhou Medical University 
from November 2019 to December 2020, oviduct mucosa 
and endometrium were collected from 22 gynecological 
patients who needed to have their endometrium, oviduct, 
and uterus removed due to infertility, myoma of the uterus, 
adenomyosis, CIN III, and other diseases. The average age 
of the patients was 39.4 years old, and most of these 
patients were in the middle of their menstrual cycle (late 
proliferation). The postoperative pathological examination 

proved that there were no malignant pathological changes 
in the oviduct and endometrium, and they had not taken 
steroid hormones three months before surgery.

The 22 participants were selected for this study for the 
following reasons: 1. All of these 22 patients need to have 
their fallopian tubes removed due to their condition, and 
specimens of fallopian tubes can be taken for this experi-
ment; 2. These 22 patients need to have endometrial biopsy at 
the same time, and there is residual endometrial tissue avail-
able for this experiment; 3. Carry out the experiment in the 
article, 22 patients’ specimens are just enough to repeat this 
experiment 3 times; 4. These 22 patients are all non- 
malignant tumor diseases, and the pathological examinations 
of fallopian tube mucosa and endometrial are normal, which 
is suitable for this Research; 5. These patients are all at 
childbearing age, have regular menstrual cycles, and have 
no endocrine diseases.

All tissue samples were collected with informed con-
sent signed by the patients. The Ethics Committee of the 
Affiliated Hospital of Guizhou Medical University 
approved this study.

Extraction of Endometrium and Oviduct 
Mucosa Primary Cells
After the uterus and oviduct were removed from the body, the 
endometrium was taken immediately, and oviduct mucosa was 
separated and collected in sterile specimen bottles containing 
normal saline. The samples were stored at 4°C and sent to the 
laboratory within 1 h. The specimens were removed and 
placed in a Petri dish with a diameter of 3.5 cm. The surface 
red blood cells were washed with phosphate buffer solution 
(PBS) three times, and the tissues were cut into small pieces 
less than 1 mm. The tissue pieces were moved to a 15 mL 
centrifuge tube with a pipette, washed once with PBS solution, 
and centrifuged for 5 min at 1,200 r/min, and the supernatant 
was discarded. A 0.1 mg/mL of type I collagenase (C0103, 
Sigma) was added for digestion and placed in a 37°C constant 
temperature water bath, during which the digestion was 
vibrated every 10 min. After 90 min of digestion, Dulbecco’s 
Modified Eagle Media: Nutrient Mixture F-12 (DMEM/F12) 
was added to terminate digestion. The endometrium and ovi-
duct mucosal suspensions were centrifuged at 1,200 r/min for 
5 min to remove the supernatant and obtain the sediment. 
A 10% fetal bovine serum (super fetal bovine serum [South 
America], 04-001-1ACS, BI) was added to the two sediments 
respectively, blown and mixed well, and inoculated in a cell 
culture flask. The endometrium and oviduct mucosal cell 
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culture bottles were incubated in a CO2 incubator at 37°C for 
24 h to observe cell attachment and growth. If the cells were 
attached and growing well, the solution was changed every 48 
h, and the cell morphology was observed with an inverted 
microscope.

Cells Passage
When the bottom of the culture bottle was about 80~90% full 
of cells, the original medium was discarded and washed 
twice with PBS, 0.25% pancreatic enzymes were added just 
above the bottom of the bottle, and the culture bottle was 
placed in an incubator with 5% CO2 at 37°C for digestion for 
1–2 min. After the cells were suspended, digestion was 
stopped with DMEM-F12, which was 4–5 times the volume 
of the pancreatic enzymes, and centrifuged at 1,200 r/min for 
5 min. The supernatant was removed, and the cell sediment 
was retained. A 10% fetal bovine serum complete medium 
was added to the cell sediment, thoroughly beaten and mixed, 
and a 105 cell suspension was inoculated in the culture flask. 
A 10% fetal bovine serum complete medium was supple-
mented in the culture flask to 6 mL and placed in an incubator 
of 5% CO2 at 37°C.

Cell Identification
The second generation’s endometrial and oviduct mucosa 
cells, which were in a logarithmic growth phase and good 
growth state, were selected. The sterile slides were placed 
into a 12-well Petri dish, and the slides were taken out at 
a rate of 4×104 cells per well when the cells had grown to 
cover about 80–90% of the slides. The slides were then 
fixed with 4% formaldehyde for 15 min and 0.5% Triton 
X-100 membrane broken for 20 min, sealed with 10% 
normal goat serum PBS for 30 min, rabbit anti- 
cytokeratin (Cytokeratin 19 Antibody, 10712-1-AP, 
ProteinTech, 1:300), and PBS (blank control) and were 
incubated overnight in the dark at 4°C. The first antibody 
was recovered, washed with PBS three times, and then 
incubated with goat anti-rabbit green fluorescent second 
antibody (488, SA00006-2, ProteinTech, 1:200) for 1 
h. Then it was washed with PBS three times for 5 min 
each time, a small amount of DAPI staining was added for 
5 min, dried, sealed with an anti-fluorescent quenching 
agent, and preserved under a fluorescence microscope. 
When the endometrial cells and oviduct mucosa cells 
were subcultured to the fifth generation, the cells with 
good growth status and logarithmic growth phase were 
identified with Vimentin antibody (10366-1-AP, 
ProteinTech, 1:300). The secondary antibody was marked 

by red fluorescence Alexa Fluor 594-conjugated Goat 
Anti-rabbit IgG (H+L) (SA00006-4, ProteinTech, 1:200). 
The steps were the same as above, photographed and 
saved by fluorescence microscope.

Grouping, Cell Co-Culture, and 
Decidualization
The groups were as follows:

A. oviduct mucosal cells (control group);
B. endometrial cells (upper chamber) + oviduct muco-

sal cells (lower chamber), cell ratio of the upper chamber: 
lower chamber was 1:1 (experimental group 1);

endometrial cells (upper chamber) + oviduct mucosal 
cells (lower chamber), cell ratio of the upper chamber: 
lower chamber was 0.5:1 (experimental group 2);

endometrial cells (upper chamber) + oviduct mucosal 
cells (lower chamber), cell ratio of the upper chamber: 
lower chamber was 0.1:1 (experimental group 3).

Cell co-culture and decidualization: the fifth-generation 
oviduct mucosa cells in the logarithmic growth phase and 
good growth state were selected, and 1.8×105 cells/well were 
inserted into the six-well plate to grow simultaneously in the 
lower chamber. At the same time, the fifth generation of 
endometrial cells, which were in a logarithmic growth stage 
and good growth state, were collected and inserted into the 
upper chamber with 1.8 × 105, 9 × 104, and 1.8×104 cells per 
well.

Endometrial cells and oviduct mucosal  cells were co- 
cultured with 2% fetal bovine serum after the cells adhered to 
the wall. After 48 h of culture, change to the medium for 
inducing cell decidualization (ingredients of the medium for 
inducing cell decidualization: cell culture medium with 2% 
fetal bovine serum, 1 μm progestational hormone 
[Progesterone, V900699, Sigma], 10 nM 17-β estradiol [β- 
Estradiol, E110145, Aladdin], 0.5 mM 8-Br-cAMP 
[8-Bromoadenosine 3′,5′-cyclic monophosphate, B5386, 
Sigma]) was continuously cultured for 96 h; cell growth 
and cell changes after decidualization were observed under 
an inverted microscope.

CCK8 Cell Proliferation Assay (Growth 
Curve Was Drawn)
The third generation of oviduct mucosal cells, which were 
in the logarithmic growth phase and good growth state, 
were added to the lower compartment of a 24-well plate at 
a rate of 5×103 cells per hole. At the same time, the third 
generation of endometrial cells in the logarithmic growth 
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phase and good growth state were collected and placed 
into the upper chamber with 5 × 103, 2.5 × 103, 5 × 102/ 
well plates. Endometrial cells were cultured with oviduct 
mucosa cells after the cells adhered to the wall. The same 
group was incubated for seven consecutive days. The 
tunnel chamber was removed daily, and the medium was 
sucked out of the 24-well plate, and 500 μL fresh medium 
was added for each well, and 50 μL CCK8 was added to 
each well and cultured at 37°C for 2 h. Each well absorbed 
100 μL of the medium and was added to the 96-well plate. 
Each well had three replicas. The absorbance value of each 
well was measured by OD (optical density) at 450 nm by 
the enzyme calibration.

HE Staining
The cell slides were placed in the lower and upper compart-
ments of the 12-well plate co-cultured in the compartment. 
The fifth generation of oviduct mucosal cells in the loga-
rithmic growth phase and good growth state were taken and 
inserted into the lower compartment slides of the 12-well 
plate co-cultured at a rate of 4×104 cells per hole. At the 
same time, endometrial cells of the fifth generation, which 
were in a logarithmic growth phase and good growth state, 
were collected and inserted into 12-well plates to grow the 
upper chamber. Endometrial cells were cultured with ovi-
duct mucosal cells after the cells were attached to the slit. 
The grouping method was the same as above. After decid-
ualization, the four groups of cell slides were soaked with 
PBS three times, 3 min each. The slide was fixed with 4% 
paraformaldehyde for 15 min, and the slide was soaked by 
PBS three times, 3 min each. The climbing film was drip-
ping with Mayer’s hematoxylin (with a clean staining back-
ground, without differentiation), dyed for 10 min, and 
washed and soaked in tap water to return to blue. Next, 
the climbing film was dripping with 1% water-soluble eosin 
dye for 5 min, washed and soaked in tap water for 30 s, 95% 
alcohol I for 30 s, 95% alcohol II for 1 min, absolute ethyl 
alcohol I for 5 min, absolute ethyl alcohol II for 5 
min, xylene I for 5 min, and xylene II for 5 min, and sealed 
with neutral balsam after air drying; this was then examined 
with a microscope.

Statistical Analysis
Normally distributed variables were expressed as mean ± 
s.d. For repeated measurement data, repeated measurement 
ANOVA was used. P-values less than 0.05 were consid-
ered statistically significant. Analyses were carried out 

using the GraphPad (version 7.0; GraphPad Software, 
Inc.) and SPSS software (version 22.0; IBM Corp).

Results
Morphology of Endometrial Cells and 
Oviduct Mucosal Cells
The primary cultured cells were observed under an 
inverted microscope. Endometrial cells were completely 
adherent within 24 h, and oviduct mucosa cells adherent 
after 48 h. Both cells were polygonal, tadpole, and spindle 
types in the primary culture and early passage. The 
nucleus was centered and round, and the cells gathered 
and grew like islands. Most of the cells began to change in 
morphology after passage to the third generation and gra-
dually appeared as long fusiform. By the fifth generation, 
most cells grew into fusiform, similar to the fibrous cells 
(Figure 1).

Cell Identification
Immunofluorescence identification of epithelial marker ker-
atin antibody was performed on endometrial and oviduct 
mucosa cells passed to the second generation. The results 
showed that 80–90% of the cytoplasm of endometrial and 
oviduct mucosa cells were stained with green fluorescence 
after passage to the second generation, showing positive 
cytokeratin antibodies. Microscopically, the cells were poly-
gonal, spindle and spindle. Immunofluorescence identifica-
tion of interstitial cell marker vimentin antibody was 
performed on endometrial and oviduct mucosa cells passed 
to the fifth generation. Eighty percent of the cytoplasm of 
endometrial and oviduct mucosa cells were stained with red 
fluorescence under a microscope. It showed a positive cell 
vimentin antibody, and the cells were fusiform and polygo-
nal under the microscope. According to the results of cell 
identification, the majority of the two kinds of cells were still 
epithelial cells before the second passage, and the epithelial 
cells gradually transformed into mesenchymal cells when 
the passage continued. After the fifth passage, the cultured 
cells were mainly stromal (Figure 2).

Growth Curve
According to the same grouping method mentioned above, 
the growth curve was drawn after seven days of continuous 
measurement of endometrial cells and oviduct mucosa cells 
after co-culture. It can be seen that the growth rate of oviduct 
mucosa cells, when growing alone, was similar to that of 
endometrial cells in different proportions when co-cultured, 
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without a significant statistical difference (P > 0.05). The 
growth curve was of the “S” type, which means they experi-
enced three stages: slow growth stage, logarithmic growth 
stage, and plateau stage (Figure 3).

Decidualization Treatment
According to the same grouping method mentioned above, 
endometrial cells were co-cultured with oviduct mucosa 
epithelial cells and treated with decidualization. After 48 
h of culture, oviduct mucosa cells induced by 

decidualization began to show decidual-like changes, 
with large and round cell volumes, rich and transparent 
cytoplasm, and blurred cell boundaries (Figure 4).

HE Staining
The cells in each group were treated with decidualization 
by HE staining, and the cytoplasm was stained eosin, and 
the nucleus was blue. When oviduct mucosa cells were 
cultured alone and co-cultured with endometrial cells of 
different proportions, the cell morphology was unchanged, 

Figure 1 The primary cultured cells were observed under an inverted microscope. Endometrial cells were completely adherent within 24 hours and oviduct mucosa cells 
adherent after 48 hours. Both cells were polygonal, tadpole and spindle type in primary culture and early passage. The nucleus was centered and round, and the cells 
gathered and grew like islands. Most of the cells began to change in morphology after passage to the third generation, and gradually appeared long fusiform. By the fifth 
generation, most of the cells grew into fusiform, similar to fibrous cells. (A) Primary endometrial cells; (B) primary oviduct mucosal cells; (C) the third generation of 
endometrial cells; (D) the third generation of oviduct mucosal cells; (E) the fifth generation of endometrial cells; (F) the fifth generation of oviduct mucosal cells.
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Figure 2 Immunofluorescence identification of epithelial marker keratin antibody was performed on endometrial cells and oviduct mucosa cells of the second generation. 
The results showed that 80–90% of the cytoplasm of endometrial cells and oviduct mucosa cells were stained with green fluorescence, showing positive cytokeratin 
antibodies. Microscopically, the cells were polygonal, spindle and spindle. Immunofluorescence identification of interstitial cell marker vimentin antibody was performed on 
endometrial cells and oviduct mucosa cells of the fifth generation. 80% of the cytoplasm of endometrial cells and oviduct mucosa cells were stained with red fluorescence 
under microscope. It showed positive cell vimentin antibody, and the cells were fusiform and polygonal under the microscope. (A1) The second generation of endometrial 
cells (DAPI). (A2) The second generation of endometrial cells (CK19). (A3) The second generation of endometrial cells (Merge). (B1) The second generation of oviduct 
mucosal cells (DAPI). (B2) The second generation of oviduct mucosal cells (CK19). (B3) The second generation of oviduct mucosal cells (Merge). (C1) The fifth generation 
of endometrial cells (DAPI). (C2) The fifth generation of endometrial cells (Vimentin). (C3) The fifth generation of endometrial cells (Merge). (D1) The fifth generation of 
oviduct mucosal cells (DAPI). (D2) The fifth generation of oviduct mucosal cells (Vimentin). (D3) The fifth generation of oviduct mucosal cells (Merge).
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and all of them were fusiform, spindle, and polygonal, 
a round, large and centered cell nucleus (Figure 5).

Discussion
Embryo implantation requires two crucial conditions. The 
first is the blastocyst formation, and the second is the endo-
metrium, which has embryo receptivity. The implantation 
requires maturation of the endometrium with a certain thick-
ness and endometrium epithelial cells and decidualization of 
stromal cells. The differentiation and maturation of the endo-
metrium are known as the “implantation window” allowing 
embryo implantation. The synchronization of the two is vital. 
Studies have shown that embryo quality only accounts for 
one-third of implantation failure, and the other two-thirds are 
due to poor receptivity of the endometrium.9 Endometrium 
deletion and thin endometrium are important causes of poor 
endometrium receptivity, and therefore one of the key factors 
affecting the success of IVF-ET. Thin endometrium refers to 
the thickness of the endometrium that cannot reach the 
embryo implantation threshold. At present, it is generally 
believed that the minimum thickness of the endometrium 
during embryo implantation should be 7 mm, preferably 
greater than 9 mm, but not more than 14 mm. The endome-
trium thickness between 9–14 mm had the highest pregnancy 
rate.10–12 However, there is no suitable method to solve the 
problem of thin endometrium and endometrium deficiency.

The etiology of IUA is due to the destruction of the 
endometrium basal layer due to various factors, lack of 
a source of endometrium regenerated cells, uterine wall 
fibrosis, uncontrolled deposition of extracellular matrix 
(ECM) and fibrous collagen, and replacement of the inter-
stitial septum by fibrous tissue. The glands are replaced by 
inactive square columnar epithelium, so there is not 
enough endometrium to cover the uterine cavity, leading 
to intrauterine adhesions.

Due to the lack of endometrium regenerated cells in the 
uterus after extremely severe intrauterine adhesion separation 
surgery, endometrium could not grow even if given several 
drugs, resulting in a recurrence of IUA. Therefore, to prevent 
re-adhesion after IUA separation surgery, new cells need to be 
provided to the uterine cavity to grow and cover the uterine 
wall, and the new endometrium tissue should have the func-
tion of the endometrium. Mesenchymal stem cells (MSCs) are 
a kind of pluripotent stem cell, which have all the commonal-
ities of stem cells, namely the ability of self-renewal and 
multidirectional differentiation. They are a research hotspot 
in regenerative medicine. Multiple sources of MSCs have 
been used for endometrium deficiency and thin endometrium 
studies, from animal models to human clinical trials, such as 
bone marrow, fat, menstrual blood, endometrium, umbilical 
cord, and oviduct. It has shown promising effects in promoting 
endometrium growth, improving endometrium basal layer 
regeneration capacity, inhibiting fibrosis, promoting angiogen-
esis, improving endometrium receptivity, and immune regula-
tion, thus, improving patients’ reproductive outcomes.13–19

However, it was found in a long-term follow-up that the 
clinical application of stem cells has caused many ethical and 
safety issues. For example, the local microenvironment of the 
transplanted site of MSCs cannot limit the differentiation of 
MSCs, and the uncertainty of its long-term differentiation 
may lead to unwanted differentiation in vivo, leading to 
serious consequences of exacerbation of the disease. In addi-
tion, MSCs may also promote tumor growth and metastasis 
by building a bridge between anti-tumor immune response 
and neovascularization in malignant tumors. Due to its 
immunomodulatory properties, it inhibits anti-tumor immune 
response, leading to increased tumor growth.20–29 Its uncer-
tain direction of differentiation, outcome, and malignant 
potential are significant safety issues, leading to doubts in 
the medical community regarding its therapeutic potential in 
the field of regenerative medicine.30 Therefore, better alter-
natives are needed.

Based on the similarity and homology between oviduct 
mucosa and endometrium mentioned above, we speculated that 

Figure 3 According to the same grouping method as mentioned above, the growth 
curve was drawn after 7 days of continuous measurement of endometrial cells and 
oviduct mucosa cells after co-culture. It can be seen that the growth rate of oviduct 
mucosa cells when growing alone was similar to that of endometrial cells in 
different proportions when co-culture, without significantly statistical difference 
(P > 0.05). The growth curve is of “S” type, which means that all of them 
experienced three stages: slow growth stage, logarithmic growth stage and plateau 
stage. TS: oviduct mucosal cells were cultured alone; T:E(1:1): the proportion of 
oviduct mucosal cells and endometrial cells was 1:1; T:E(1:0.5): the proportion of 
oviduct mucosal cells and endometrial cells was 1:0.5; T:E(1:0.1): the proportion of 
oviduct mucosal cells and endometrial cells was 1:0.1.
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patients’ autologous oviduct mucosa could be transplanted into 
the uterine cavity to replace endometrium. In order to understand 
whether oviduct mucosa can grow in the uterine cavity and its 
growth situation, we used the culture fluid of endometrial cells 

cultured in vitro as the simulated endometrium microenviron-
ment and put it into oviduct mucosa cells. In order to understand 
the coexistence of these two types of cells in the same environ-
ment, we observed the growth of oviduct mucosa cells in 

Figure 4 According to the same grouping method as mentioned above, endometrial cells were cocultured with oviduct mucosa cells and treated with decidualization. After 
48 hours of culture, oviduct mucosa cells induced by decidualization began to show decidual-like changes, with large and round cell volumes, rich and transparent cytoplasm, 
and blurred cell boundaries. (A1) TS(40×), (A2) TS(100×), (A3) TS(200×), (B1) T: E(1:1)(40×), (B2) T:E(1:1)(100×), (B3) T;E(1:1)(200×), (C1) T:E(1:0.5)(40×), (C2) T:E 
(1:0.5)(100×), (C3) T:E(1:0.5)(200×), (D1) T:E(1:0.1)(40×), (D2) T:E(1:0.1)(100×), (D3) T:E(1:0.1)(200×).
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Figure 5 The cells in each group were treated with decidualization by HE staining, and the cytoplasm was stained eosin and the nucleus was blue. When oviduct mucosa 
cells were cultured alone and co-cultured with endometrial cells of different proportions, the cell morphology was basically unchanged, and all of them were fusiform, spindle 
and polygonal, a round, large and centered cell nucleus. (A1) TS(100×), (A2) TS(200×), (B1) T:E(1:1)(100×), (B2) T:E(1:1)(200×), (C1) T:E(1:0.5)(100×), (C2) T:E(1:0.5) 
(200×), (D1) T:E(1:0.1)(100×), (D2) T:E(1:0.1)(200×).
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different concentrations of endometrial cells. A CCK8 cell pro-
liferation experiment was conducted on oviduct mucosa cells 
grown in four groups of endometrial cell culture solutions with 
different concentrations. The growth curve indicated that oviduct 
mucosa cells could grow in a uterine environment with different 
endometrial proportions. The growth rate of oviduct mucosa was 
similar to that in the environment without endometrial cells, 
without excessive proliferation, suggesting that oviduct mucosa 
can grow in the endometrium microenvironment without being 
affected by the endometrium. The growth rate of endometrial 
cells in the co-culture environment was also consistent with that 
in the individual culture, suggesting that cell growth from the two 
sources did not inhibit each other.

In order to further understand the changes in the mor-
phology and structure of oviduct cells in the uterine environ-
ment, we placed oviduct mucosa cells on the bottom of the 
co-culture dish and allowed them to grow in different con-
centrations of endometrial cells, and then took them out for 
HE staining. The cell morphology of the co-cultured oviduct 
mucosa cells was observed under a microscope when they 
grew in the culture solution of endometrial cells of different 
concentrations. The cell morphology was similar to that of 
the single culture, showing fusiform, polygonal, and fusi-
form, a round, large and centered cell nucleus. These results 
indicated that the cell morphology of oviduct mucosa cells 
was not affected when co-cultured with endometrial cells. In 
the co-culture system, endometrial cells and oviduct mucosa 
both grew at the same rate as when they were grown alone. 
Therefore, we speculated that in living tissues, oviduct 
mucosa might grow in the uterine cavity or be suitable for 
the growth of oviduct mucosa in the uterine cavity without 
affecting the growth of the original endometrium.

Decidualization is a progesterone-dependent differentiation 
process of endometrium mesenchymal cells, which refers to the 
transformation of endometrium mesenchymal fibroblasts into 
specialized secretory decidua cells, which provide an essential 
nutritional and immune environment for embryo implantation 
and placental development. It is a necessary condition for 
successful embryo implantation. In order to observe whether 
oviduct mucosa cells can undergo decidualization after co- 
culture and whether they have the conditions for embryo 
implantation, we also conducted in vitro decidualization induc-
tion after co-culture of two kinds of cells. It was found that after 
in vitro decidualization induction, the volume of oviduct 
mucosa cells became larger and rounded, the cytoplasm was 
rich and transparent, and the cell boundary became blurred and 
morphologically changed, which was the same as the cell 
morphology of endometrium decidualization.

In our study, we also observed that only part of the 
oviduct mucosa cells induced by in vitro decidualization 
after co-culture had morphologic changes of deciduali-
zation cells, but not all of them. This is also consistent 
with the study of oviduct mucosa taken from living 
tissues.31

Although salpingocyesis often has a bad outcome, it is 
currently believed that its causes include insufficient blood 
supply, excessively thin oviduct mucosa and muscle layer, 
insufficient decidualization reaction,32 and abnormal secre-
tion of certain related factors. Therefore, if oviduct mucosa 
is put into the uterine cavity as a substitute for endometrium, 
it can at least solve the factors of its limited anatomical 
structure. However, insufficient oviduct mucosa decidualiza-
tion may lead to abortion, placental implantation, and other 
outcomes. Enhancing its decidualization is a problem that 
needs to be solved both in the laboratory and clinic.

In conclusion, our results indicate that oviduct 
mucosa cells can grow normally in the environment 
with endometrium, and their morphology and growth 
speed are not affected. Morphological changes of ovi-
duct mucosa cells can occur after in vitro decidualiza-
tion treatment in the symbiosis of the two cells. There 
was no significant difference between the two cells in 
separate culture and co-culture in terms of HE staining. 
These findings lay a foundation for the possibility of 
oviduct mucosa instead of endometrium in the treatment 
of IUA. However, whether the growth of cells in vitro is 
consistent with that in vivo requires further animal 
experimental studies, and our current study has not yet 
involved the study of the specific functions of the two 
cells. Therefore, these questions need to be more impor-
tant before it becomes the possibility of routine clinical 
practice. Many further experiments will be solved one 
by one, such as the comparative study of the related 
functions of the symbiotic fallopian tube mucosal cells 
and normal endometrial cells during embryo implanta-
tion, immune status, etc.
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