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the postoperative days 3, 7, 14, and 28 (n=3 in 
each), tissues were collected for histological 
evaluation and immunohistochemical staining.

Histological evaluation

The uteri were fixed in 4% paraformaldehyde, 
embedded in paraffin wax and cut into 5 μm 
slices. Sirius red staining was performed to 
evaluate the degree of fibrosis. The fibrotic area 
rate was defined as the ratio of endometrial 
fibrosis area to the total endometrial area in 
each high-power field (HPF) (×100). These val-
ues were calculated using the Image Pro Plus 
(IPP) v6.0 and used to assess fibrosis. Four 
HPFs in each section, and two sections fro-
meach rat were selected for the calculation of 
the fibrotic area rate, the endometrial gland 
number (Number/HPF), the endometrial thick-
ness (the average vertical thickness of stromal 
layer), and the proportion of areas of collagen 
type I and III. Slices were then observed under 
polarized light microscopy to differentiate col-
lagen types I and III according to their color. 
Collagen type I ranged from orange to red, while 
collagen type III ranged from green to yellow. 
These different colored collagen fibers were 
quantified by a morphometrical analysis using 

IPP. The proportion of the area of each color in 
each section was calculated.

Immunohistochemical staining

After dewaxing and rehydration, the slices were 
incubated in 0.3% Triton X-100 at 37°C for 30 
minutes to initiate perforation. A citrate buffer 
(pH 6.0) at 95~100°C for 15 min was used to 
retrieve the antigens. The slices were immers- 
ed in 3% hydrogen peroxide solution for 15 min 
to block endogenous peroxidase before being 
incubated overnight at 4°C with primary anti-
bodies including anti-cytokeratin 18 (CK-18) 
(bsm-33103M, Bioss) and anti-high molecular 
weight cytokeratin (anti-HMW-CK) (bs-1494R, 
Bioss). Sections were then incubated with  
secondary antibody at room temperature for 2 
hours and with 3-3’-diaminobenzidine (DAB) 
solution for visualization.

Scanning electron microscopy

The specimens were fixed in 1% glutaralde- 
hyde for 24 h at 4°C. They were then treated 
with 1% osmium tetroxide for 2 h, then dehy-
drated, dried, and coated with gold before visu-
alization. All specimens were observed under a 

Figure 2. Histological evaluation of dHAM+OMECs after transplantation on IUA. A: Sirius red staining of the control, 
IUA, dHAM transplantation, and dHAM+OMECs transplantation groups at 3, 7, 14, and 28 days after surgery. B: Im-
ages of all groups under polarized light microscopy in sections stained with Sirius red. Collagen type I was visualized 
in the orange to red range, while collagen type III was visualized in the green to yellow range. C: Scatter plot of the 
fibrotic area rate, the number of endometrial glands, the endometrial thicknesses, and the proportion of areas of 
collagen type I and III in all groups. After scraping for 3, 7, 14, and 28 days, the percentage of the area containing 
collagenous fibers and the proportion of areas of collagen type I and III in the endometrial layer increased (P<0.05) 
with the development of fibrosis. In the dHAM transplantation group, the fibrotic area rate and the proportion of 
areas of collagen type I and III were lower compared to the IUA group (P<0.05), but still higher than that of the 
control group (P<0.05) at 7, 14, and 28 days after transplantation. In the dHAM+OMECs transplantation group, the 
fibrotic area rate and the proportion of areas of collagen type I and III were significantly decreased compared to the 
IUA group after 7, 14, and 28 days, and in the dHAM transplantation group at 14 and 28 days after transplantation 
(P<0.05). Furthermore, there were no significant differences in the fibrotic area rate and the proportion of areas 
of collagen type I and III between the control group and the dHAM+OMECs transplantation group at 28 days after 
surgery (P>0.05).
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scanning electron microscope (S-3400N, Hita- 
chi, Japan).

Statistical analysis

The statistical analyses were performed using 
the Statistical Package of Social Science 22.0 
(SPSS 22.0). The data were expressed as mean 
± standard deviation (SD). We also used the 
Student’s t-test and one-way ANOVA in our anal-
yses. P<0.05 was considered to be statistically 
significant. 

Results

HAM decellularization and OMECs seeding

The dHAM seeding OMECs were observed by 
light microscopy (Figure 1E, 1F), scanning elec-
tron microscopy (Figure 1G, 1H), and hematox-
ylin and eosin (H&E) staining (Figure 1I, 1J). 
These methods confirmed the absence of epi-
thelial cells in the dHAM, suggestive of a suc-
cessful decellularization procedure. After trans-
plantation of the OMECs, the cells were found 
on the surface of the dHAM. 

Evaluation of endometrial fibrosis

For Sirius red staining, the sections were first 
imaged using light microscopy, under which all 
collagen types would stain red, while non-colla-
gen types would stain purple. Sirius red stain-
ing of the control group demonstrated that  
the single columnar endometrial epithelial cells 

and endometrial glands both stained purple. At 
3, 7, 14, and 28 days after the rat operations, 
the uteri had no evidence of epithelial cells and 
a minimal number of endometrial glands, but 
there was evidence of many fibers that stained 
red. The fibrotic area rate was defined as the 
ratio of fibrotic area to the endometrial area 
(including the stromal layer). In the IUA group, 
the fibrotic area rate was significantly higher 
than in the control group (P<0.05). In the dHAM 
transplantation group, the firotic area rate  
was lower when compared to the IUA group at 
all time-points except for 3 days after trans-
plantation (P<0.05), but it was still higher than 
in the control group (P<0.05). In the dHAM+ 
OMECs transplantation group, the fibrotic area 
rate was significantly decreased compared to 
the IUA group after 7, 14, and 28 days, as well 
as compared to the dHAM transplantation 
group at 14 and 28 days after transplantation 
(P<0.05). Furthermore, no significant differenc-
es infibrotic area rate were observed between 
the control group and the dHAM+OMECs trans-
plantation group at 28 days after surgery 
(P>0.05) (Figure 2). 

Next, we visualized the specimens using polar-
ized light microscopy. Collagen typeI fiber col-
ors ranged from orange to red, while collagen 
type III fiber colors ranged from green to yellow. 
The proportion of the area of collagen type Ito 
collagen type III in the control group was low, 
but the value was higher in the IUA group (P< 
0.05). The proportions of the areas of collagen 

Figure 3. Immunohistochemical staining of CK-18 and HMW-CK in the dHAM+OMECs group. Endometrial epithe-
lium and endometrial glands were positive for CK-18. However, 14 and 28 days after surgery in the dHAM+OMECs 
transplantation group, the regenerated epithelium was also observed and was positive for CK-18. Immunohisto-
chemical staining of HMW-CK also revealed a positive expression of OMECs, but not endometrium and endometrial 
glands in the dHAM+OMECs transplantation group.
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type I to collagen type III were lower in the uteri 
of the dHAM transplantation group compared 
with the IUA group, but still higher than in the 
control group. In the dHAM+OMECs transplan-
tation group, the proportion of area of collagen 
type I and collagen type III was lower than in  
the IUA and dHAM transplantation groups 
(P<0.05), but no significant difference was 
observed at 28 days after surgery compared  
to the control group (P>0.05) (Figure 2).

Reconstruction of endometrial epithelium

The number of endometrial glands (Number/
HPF) in the IUA and dHAM transplantation 
groups was significantly lower than in the con-
trol group (P<0.05) and no statistically signifi-
cant difference was found between these 
groups (P>0.05). However, 14 and 28 days 
after dHAM+OMECs transplantation, the num-
ber of endometrial glands and endometrial 
thickness were remarkably increased com-
pared to both the IUA and the dHAM transplan-
tation groups (P<0.05), but still remained lower 
and thinner compared to the control group 
(P<0.05) at 14 after transplantation. Twenty-
eight days after scraping, no significant differ-
ence was observed between the control and 
the dHAM+OMECs transplantation groups, with 
respect to the number of endometrial glands 
and endometrial thickness (P>0.05) (Figure 2).

Immunohistochemical staining of CK-18 in the 
control group showed positive reactivity in both 
the endometrial epithelium and the endome- 
trial glands. In the IUA and the dHAM trans- 
plantation groups, the uteri were deprived of 
endometrium and most endometrial glands. 
While the remaining endometrial glands were 
positive for CK-18. However, 14 and 28 days 
after surgery in the dHAM+OMECs transplanta-
tion group, the uterine cavity had re-formed, 
and the regenerated endometrial epithelium 
was observed. Further immunohistochemical 
staining of CK-18 of these sections confirmed 
that the newly-generated epithelial cells were 
positive for CK-18. Immunohistochemical sta- 
ining using HMW-CK also led to a positive reac-
tion to OMECs, but not in the endometrium  
or the endometrial glands. HMW-CK-positive 
OMECs were also observed in all uteri in the 
dHAM+OMECs transplantation group (Figure 
3). 

Discussion

Trauma to the basal layer of the endometrium 
has been considered to be the most common 
reason for IUA. The inability to regenerate en- 
dometrium is associated with the loss of the 
endometrial basalis. Although clinical treatme- 
nt for IUA can restore the structure of the uter-
ine cavity, it remains difficult to repair injured 
endometrium and restore endometrial physio-
logical function, especially in patients with 
moderate to severe IUA. Thus, it was essential 
to establish an animal model of IUA to further 
discover the mechanisms leading to the devel-
opment of IUA, and also to assess for novel 
treatment options. In the present study, we suc-
cessfully induced a physiologically and clinical-
ly relevant IUA rat model by mechanical scrap-
ing. Following this procedure, we confirmed the 
presence of IUA based on findings of an 
absence of endometrium, loss of most of the 
endometrial glands, the presence of a thinner 
endometrium, and increased levels of endo- 
metrial fibrosis. The level of endometrial fibro-
sis was demonstrated by findings of a higher 
fibrotic area rate, and greater expression of  
collagen type I and collagen type III (two pre-
dominant types of collagen in the development 
of fibrosis) [16, 17].

As a traditional natural biomaterial, HAM has 
been proven to have anti-fibrotic properties  
and has been successfully applied in the pre-
vention of IUA reformation, leading to improve-
ments in menstruation [18, 19]. However, suf-
ficient evidence of histological findings with 
respect to IUA prevention and endometrium 
regeneration were still lacking in HAM. Dece- 
llularized HAM is used to seed other cells for 
tissue repair because of its high biocompatibil-
ity and low immunogenicity. Whether decellu-
larized HAM is effective in the prevention of  
IUA and endometrium regeneration has been 
unknown [10-12]. In our study, we found that 
the fibrotic area rate in the IUA group was sig-
nificantly higher than the control group. After 
dHAM transplantation, the degree of fibrosis 
improved compared with the IUA group, but  
was still higher than the control group. There 
was no statistically significant difference in  
the number of endometrial glands and the 
endometrial thickness measurements between 
the IUA and the dHAM transplantation groups. 
Furthermore, we found no evidence of endome-
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trium regeneration, suggesting that the preven-
tive effects of dHAM in IUA were limited. These 
results provide evidence as to the level of effec-
tiveness of dHAM in the prevention of IUA. 
However, other methods might also be intro-
duced to regenerate endometrium.

In the field of tissue engineering and regene- 
rative medicine, cell seedingis of great impor-
tance. Cell transplantation has been widely 
used in tissue repair. For IUA, bone marrow-
derived mesenchymal stem cells have been 
proven to achieve some preventive effects and 
improve endometrium regeneration [20, 21]. 
OMECs have characteristics of sufficient avail-
ability, minimal invasiveness, and high prolifer-
ation, and have been widely used in tissue 
repair methods such as the reconstruction of 
corneal [22, 23], bladder [24] urethral [25], and 
esophageal ulcerations [26], and the preven-
tion of esophageal strictures [27]. Preventive 
effects of OMECs on IUA have also been report-
ed [28], however, long-term preventive effect  
of OMECs on IUA, and whether OMECs could 
improve regeneration of the endometrium, re- 
mained unknown. In our study, we transplanted 
OMECs seeded on the dHAM, which had anti-
fibrotic potential, to observe the long-term pre-
ventive effect of OMECs on IUA and endometri-
al repair.

Immunohistochemical staining using CK-18, 
and histological staining, suggested that the 
regenerated epithelium was endometrium. 
However, it remained unknown as to where  
the regenerated epithelium came from. Regen- 
eration of endometrium relies on epithelial pro-
genitor cells and mesenchymal stem/stromal 
cells [29]. It has been confirmed by the markers 
of epithelial stem cells such as p63 [7, 30] and 
integrin β1 [31], that based on the results of 
colony-forming assays and immunohistochem-
istry, cultured OMECs contain epithelial stem 
cells/progenitor cells. The question remains as 
to whether cultured OMECs can differentiate 
into endometrial epithelial cells or improve 
regeneration of remaining epithelial progenitor 
cells and the stromal cells in endometrium. In 
the present study, the regenerated epithelium 
did not express HMW-CK, which was positive in 
the OMECs, suggesting that the regenerated 
epithelium did not have the same characteris-
tics as the OMECs. However, the above method 
could not prove the origin of regenerated epi-

thelium. It is still controversial as to whether 
the OMECs can differentiate into other cells. 
Studies on the differentiation of OMECs have 
mainly focused on ocular reconstruction. Kolli 
et al. [32] reported that cultured OMECs look- 
ed morphologically like corneal epithelium, 
while their gene expression remained related  
to oral but not corneal tissue. Hayashida et al. 
[33] and Bardag-Gorce et al. [34] reported that 
the keratin expression of OMECs changed, but 
transplanted OMECs might not have fully differ-
entiated into corneal epithelial cells. However, 
it is worth noting that endometrial epithelium is 
a simple columnar type of epithelium, while 
OMECs and corneal epithelial cellsare of the 
stratified squamous epithelial type. Previous 
research of Kuramoto et al. [28] reported the 
finding that cultured OMECs sustained the 
characteristic of OMECs in keratin expression  
8 days after transplantation, but no regenera-
tive epithelium was observed. The mechanism 
of action of OMECs in the regeneration of endo-
metrium will need to be explored further.

Although the present study indicates that 
OMECs have some effects on preventing IUA 
formation and improving the regeneration of 
the endometrium in a rat model, there are so- 
me additional and unique problems applicable 
to humans. It was difficult for both the dHAM 
and OMECs to tightly adhere to the uterine wall. 
Decellularized HAM also could not be easily 
degraded in 28 days, and OMECs might be 
shed with menstruation. It remains unknown 
whether regenerative endometrium is function-
al endometrium, and whether pregnancy out-
comes can be improved. More effort will be 
needed to further the research on OMECs in 
IUA. 

In conclusion, we confirmed that OMECs car-
ried on dHAM are effective in preventing IUA 
formation and promoting endometrial regener-
ation in a rat model. Transplantation of OMECs 
seeded on dHAM represents a new therapy for 
the prevention of IUA formation after hystero-
scopic operations and artificial abortions,as 
well as the prevention of re-adhesion formation 
after synechiotomy to treat IUA. However, more 
comprehensive research related to transplan-
tation of OMECs should be performed prior to 
any clinical application in the treatment and 
prevention of IUA. 
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