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Abstract: Purpose: Intrauterine adhesion (IUA) is a fibrotic disease mainly caused by tissue injury, yet the mecha-
nism is poorly understood. The aim of this study was to investigate the roles of TGF-f1/BMP7/Smad signaling
coincident with epithelial-mesenchymal transition (EMT) in IUA. Methods: Twenty-four female SD rats were divided
into IUA and sham groups. For each animal, a mechanical injury or sham operation was performed on the left uterus
(IUA-L, Sham-L), and the right uterus (IUA-R, Sham-R) was used as the control. Animals were sacrificed in batches
on days 7 and 28. The endometrial morphology, number of endometrial glands, microvascular density (MVD), area
of endometrial fibrosis and immunohistochemistry (IHC) analysis of biomarkers of EMT, as well as levels of TGF-1,
phosphorylated Smad3 (pSmad3), BMP7, phosphorylated Smad1/5 (pSmad1/5) and estrogen receptor (ER) were
evaluated. Besides, the correlation between these IHC markers was also analyzed. RT-PCR and western blot were
used to test relevant genes. Results: Compared with other groups, the IUA-L group showed a significant decrease
in the number of glands and MVD. And it also showed a significant increase in the stromal fibrosis rate and a-
SMA level. Moreover, in the IUA-L group, TGF-B1 and pSmad3 levels were consistently high, and levels of BMP7,
pSmadl/5 and ER were low. EMT markers E-cadherin was decreased, while N-cadherin was increased. Sham and
control groups showed no significant difference in these markers. In addition, E-cadherin with a-SMA, fibrosis rate
with BMP7, TGF-B1 with pSmad3 and BMP7 with pSmad1/5 showed correlation in IUA-L group, which had statistical
significance. The mRNA expression of TGF-B1, a-SMA and ccn2 in 7 d IUA-L was higher than 7 d IUA-R while BMP7
was lower, which had significant difference. The protein expression of BMP7 in 7 d IUA-L was lower than 7 d IUA-R,
which had significant difference. Conclusions: These results suggest a potential role of Smad signaling together with
EMT in endometrial fibrosis development.
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Introduction to hormones and become fibrosed histological-
ly [5]. As a matter of fact, epithelial-mesenchy-
mal transition (EMT) is acknowledged to play a

vital role in organ injury and fibrogenesis due to

Intrauterine adhesion (IUA) is characterized by
the presence of menstrual irregularities, infer-

tility and recurrent pregnancy loss and is draw-
ing increased attention as a serious complica-
tion of uterine surgery. The prevalence of IUA
after termination of pregnancy (TOP) varies
from 8.1% to 21.2% according to different stu-
dies [1-3]. In addition, the recurrence rate of
IUA can be as high as 62.5% [4]. However, the
current standard treatment is not satisfactory,
especially for severe IUA, yet little is known
about the mechanism underlying IUA.

Most surgeons take IUA as a fibrotic disease for
granted since endometrial cells lose sensitivity

trauma [6]. Not surprisingly, researchers easily
connected EMT to the development of endome-
trial fibrosis. Based on a report indicating that
mesenchymal protein vimentin increased while
epithelial marker cytokeratin decreased in IUA
mouse models [7]. In addition, transforming
growth factor 1 (TGF-B1), an archetypical pro-
moter of fibrosis, was observed being signifi-
cantly elevated in human IUA samples [8]. Mo-
reover, Salma et al provided specific proof sug-
gesting that TGF-B1 may influence endometrial
fibrosis via Smad3 both in IUA patients and ra-
bbit models but did not explain the connection
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with EMT [9]. Besides, these researches never
illustrate the location of EMT markers in IUA en-
dometrium. Therefore, our study explored the
EMT markers’ location of fibrosed and normal
endometrium to prove whether EMT function in
endometrial fibrosis for the first time.

Bone morphogenetic protein 7 (BMP7), a mem-
ber of the TGF-B superfamily, has been admit-
ted by FDA for plastic surgery use [10]. Mem-
bers of this subfamily were first identified in
bone and thought to induce osteogenesis;
however, increasing evidence has subsequent-
ly indicated their fundamental roles in organ
homeostasis [11]. These findings enlightened
us that BMP7 may also inhibit the fibrous pro-
gression of [UA.

In fact, these studies inspired our group to
investigate the relationship between TGF-B1/
BMP7 and EMT. We hypothesized that TGF-f1
counterbalances BMP7 through Smad signal-
ing in the development of endometrial fibrosis
coinciding with EMT.

Materials and methods
Animals and experimental protocol

This study was approved by the institutional
ethics review board of Shanghai OB/GYN Hos-
pital. Six- to eight-week-old sexually mature fe-
male rats were purchased from Silaike Corpor-
ation (Shanghai, China). Each rat was provided
with chow and fresh water in the same con-
trolled conditions (20°C, 12 h:12 h light/dark
cycle with lights on at 6:00 am).

All the rats were anesthetized by pentobarbital
injection and placed in the supine position, and
the abdominal area was shaved and disinfe-
cted with povidone-iodine. The uterine horns
were identified after a vertical incision was
made in the midline of the lower abdomen. In
the IUA group, the left uterus was operated on
through a 2.5 cm longitudinal incision (Figure
1A-C). Here, we chose a mechanical injury me-
thod that used a pair of scissors to destroy the
endometrium following a method described in
our previous work [12]. In the sham group, rats
received only an incision wound without any
treatment to the endometrium. After the inter-
vention, the uteri were sutured and gently mo-
ved back to their pelvic position. Six rats from
each group were sacrificed on days 7 and 28.
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Hematoxylin & eosin (HE) staining

Uteri were fixed in 4% paraformaldehyde for 24
h and embedded in paraffin. The slides were
first deparaffinized and rehydrated, and then
they were stained with hematoxalin and eosin.
We visualized the whole image of the patho-
logical uterus and counted the gland quantity
to predict IUA.

Masson staining

Masson staining was used for the detection
of endometrial fibrosis. The deparaffinized and
rehydrated slides were incubated with Masson
staining mixture for 5 minutes and then stain-
ed with phosphomolybdic acid-aniline blue so-
lution for 6.5 minutes. The areas of the colla-
gen fibers stained in blue relative to the total
view were calculated by Image Pro-Plus 6.0.

Immunohistochemistry

After deparaffinization, dehydration and anti-
gen retrieval, the slides were immersed in 3%
hydrogen peroxide to block endogenous per-
oxidase activity and then blocked in goat ser-
um for 1 hour. The slides were then incubated
overnight at 4°C with the primary antibodies
against CD31 (Abcam, 1:200), a-smooth mus-
cle actin (@a-SMA, Abcam, 1:200), E-cadherin
(Santa Cruz Biotechnology, Inc., 1:100), N-cad-
herin (Servicebio, Inc., 1:200), TGF-B1 (Abcam,
1:200), BMP7 (Abcam, 1:200), pSmad3 (Bioss,
Inc., 1:300), pSmad1/5 (Bioss, Inc., 1:200) and
estrogen receptor (Abcam, 1:200). Biotinylated
goat anti-mouse or goat anti-rabbit secondary
antibody (Jiehao) was applied for 60 min at
room temperature. The slides were later stain-
ed with 3,3-diaminobenzidine (DAB) at room
temperature, lightly counterstained with hema-
toxylin, dehydrated and covered with glass
cover slips. Quantification of immunoreactivity
was performed by Image Pro-Plus 6.0, and 3-5
fields were randomly selected from each slide
to determine the mean optical density (MOD).

Immunofluorescence

Immunofluorescence staining was carried out
for a-SMA (myofibroblast marker) and vimentin
(mesenchymal marker). After antigen retrieval
and blockade of nonspecific binding sites, the
slides were incubated overnight at 4°C with
primary antibodies. For detection, the sections
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Western blot analysis

Total proteins of uterine tis-
sues using RIPA (Beyotime)
with PMSF (Beyotime) were
extracted. The concentration
of protein was quantified by
BCA kit (Beyotime). 30 pg pro-
teins were added to SDS-PA-
GE for separation, subsequ-
ently blotted on to PVDF me-
mbrane and incubated with
primary antibody BMP7 (Ab-
cam, 1:1000). The membrane
was washed and treated with
second antibody. Finally, the
membrane was scanned with
a Darkroom Eliminator.

Figure 1. Mechanical surgery to establish an IUA rat model. A. Normal rat

uterine appearance. The uterine had two horns and the color appeared red.
B. After disinfection, tweezers were used to pick Y-shaped uterus, the en-

Statistical analysis

dometrial surface was damaged by mechanical injury. Using scissors to cut

endometrium layer carefully, kept the depth to superficial muscle layer. Ster-
ile gauzes were needed to make the surgical area clean. C. Suture after the
operation. The injured uterus looked distorted and unshapely. D. The profile
of rat uteri on day 7, hydrops was found in IUA-L uterus group as the Sham-L
group showed no difference with IUA-R and Sham-R group. E. IUA-L uterus
was blocking and IUA-R uterus enjoyed a normal uterine cavity.

were exposed to Alexa 488 goat anti-rabbit IgG
secondary antibody (1:1000 dilution, Abcam)
for 60 min. Counterstaining of nuclei with 4’,6-
diamidino-2-phenylindole (DAPI) was also per-
formed.

Confocal microscopy

Fluorescent slides were examined by a confo-
cal laser scanning microscope (Leica TCS SP5
confocal microscope, Solms, Germany). Images
were recorded with objective lenses (100x
objective), and then exported as a TIFF-format
digital file.

Quantitative real-time RT-PCR

Grind the excised uterine tissues using Trizol
reagent (Invitrogen), following the manufactur-
er’s instructions. The purity and concentration
of RNA were identified then reverse transcrib-
ed to cDNA. Quantitative real-time PCR using
384-well optical plates was performed in a
SYBR green (Takara, Japan) format with 10 uL
template. Each group included 6 samples, and
each sample was done in triplicate. We used
24CT method to analyze relative gene expres-
sion.
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All measurement data are sh-
own as the mean + sd. T-test
and One-way analysis of vari-
ance was used to analyze the
data from different groups,
followed by a Bonferroni test
for post hoc comparisons.
Spearman’s rank correlation coefficient was
used when evaluating correlations between
two variables. The data were analyzed by SP-
SS 20.0. P<0.05 was defined as indicative of
statistical significance.

Results
Endometrial morphology of the rat model

The sham and control endometria were com-
posed of four to six polypoid protrusions with
the surfaces covered by columnar epithelial
cells. Most endometrial glands were located
in the functional and basal layers. Seven days
after the IUA operation, we observed hydrops
of the uteri in the flesh (Figure 1D and 1E).
According to the HE staining, the uterine cavi-
ties were totally blocked, almost all the surface
epithelium had disappeared, and the glands
were hard to detect both in the functional and
basal endometrial layers. The stroma became
edematous, and extracellular matrix (ECM) col-
lagen depositions increased. Moreover, the ca-
pillaries were broken and formed congestion,
and severe hemorrhaging and neutrophil cells
infiltrated in the stroma (Figure 2A and 2B). At
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Figure 2. The micro view of an IUA rat model. A. HE staining of rat uteri after 7 days; the IUA-L uterine cavity totally
disappeared and gland quantity decreased sharply. Neutrophil cells and red blood cells also filled in IUA-L endome-
trium. Scale bar = 200 pm. B. Immunohistochemical staining of the endometrium for CD31. Light yellow circle sym-
bolized as active capillary, MVD was counted by CD31. Scale bar = 20 ym. C. Gland quantity decreased significantly
inthe 7 d and 28 d IUA-L group compared with that of other groups, P<0.05. Other groups showed no differences.
D. MVD decreased significantly in the 7 d and 28 d IUA-L group compared with that of other groups, P<0.01. Other

groups showed no differences.

28 days after surgery, the IUA-L uterine horns
recovered from acute inflammation, and a
minority of the endometria had re-epithelized;
however, hydrops has become more severe,
and ruptured vessels and ECM still existed.
Moreover, there appeared to be fibrinoid degen-
eration in the stroma. In addition, the numbers
of glands (P<0.05) and MVD (CD31) (P<0.01)
on days 7 and 28 were significantly reduced in
the IUA-L group compared with those in the
IUA-R and sham group (Figure 2C and 2D).

Endometrial fibrosis in the IUA rat model

As fibrosis is of considerable importance in the
development of IUA, we performed Masson sta-
ining and a-SMA immunoreactivity to assess
the extent of endometrial fibrosis extent, we
further detected fibrosis genes expression as
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well. The endometrial cells, blood vessels and
muscle were dark red, but the endometrial stro-
mal fibers appeared blue after Masson staining
(Figure 3B). In addition to the myometrial cells,
a-SMA was also seen in the fibrous stroma.
Here, we provided a confocal image of a-SMA
for a better view but still quantified a-SMA by
IHC (Figure 3A). All these methods indicated
that IUA rat uteri contained increased levels of
collagen fibers and a-SMA while the staining
was negative in the control and sham uteri. We
calculated the proportion of fibrotic tissues
based on Masson staining and a-SMA level by
IHC. The ratio of endometrial fibrosis was high-
est in the IUA operated side, and the other
groups showed no significant differences (P<
0.01, Figure 3C). Similar results were found for
the a-SMA level (P<0.01, Figure 3C). Moreover,
the fibrous gene level of ccn2 (also known as

Am J Transl Res 2019;11(8):4726-4737



Smad signaling coincides with EMT in IUA rat model

Il VAL Il VAL

fibrosis rate

IUA-R 0.8 VAR
4+ B Sham-L M Sham-L
g Sham-R 0.64 3 Sham-R
K 04
~
2+ .
L
0.2+
L.L TE TN FTE
0~ = . 0.0+ -7 —
> 3
A 4

> &
MOD fibrosis rate
D 50+ 159
o= c——
- 10+
20+ [
5
10+
o . o e i T
A\ & o & N & & &
mRNA expression mRNA expression

Figure 3. The IUA rat model became fibrotic. A. Typical a-SMA green staining of IUA-L stroma on day 7, IUA-R, Sham-L
and Sham-R endometrium did not show positive immunofluorescence staining. a-SMA was not normally expressed
in endometrial layer. But in IUA-L group, a-SMA was seen in the fibrous stroma. Here, we provided a confocal im-
age of a-SMA for a better view but still quantified a-SMA by IHC. Scale bar = 25 ym. B. Masson staining of the
endometrium 7 days after surgery in the IUA and sham groups. The extent of blue color in endometrial layer meant
deeper fibrosis rate, as we can see, IUA-L group showed much deeper blue than IUA-R, Sham-L and Sham-R group.
Besides, less glands and epithelial cells were found in IUA-L group. Scale bar = 20 ym. C. IHC staining of a-SMA in
the IUA-L group was highest among the groups, P<0.01. According to Masson staining, the average fibrosis rate was
57.17%+0.2658 and 45.81%+0.1209 in IUA-L on day 7 and day 28, P<0.01, respectively. D. The mRNA expression
of ccn2 and a-SMA. ccn2 and a-SMA were relevant fibrosis markers. The mRNA level of ccn2 in 7 d IUA-L group was
25 folds meaningfully higher than 7 d IUA-R group. Even though the mRNA expression of a-SMA showed no differ-
ence between 7 d IUA-L and IUA-R group, we could still observe the potential higher expression. As for Sham-L and
Sham-R group, mRNA expression of ccn2 and a-SMA both showed no significant difference.
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Figure 4. Representative immunostaining of TGF-B1 and pSmad3 in rat model on day 7. A. TGF-B1 staining was
increased progressively in the epithelial cell cytoplasm in the IUA-L uterus but was negative in IUA-R and sham uteri.
Scale bar = 20 ym. B. pSmad3 staining was positive in the nuclei of epithelial cells and a small number of stromal
cells in the IUA-L group but negative in the normal endometrium too. The location and expression of TGF-B1 and
pSmad3 were identical in IUA-L group. Scale bar = 20 um. C. The P value of the differences in TGF-B1 was P<0.01
both on day 7 and was P<0.05 on day 28. D. The P values of the differences in pSmad3 on day 7 and day 28 were
P<0.01. Scale bar = 20 uym. E. The gene level of TGF-B1 was more 10 folds higher in 7IL compared with 7IR group
(P =0.0390). This was consistent with immunostaining of TGF-31.

CTGF, connective tissue growth factor) and a-
SMA were highly expressed in day 7 IUA-L (7IL)
group (Figure 3D). The expression of ccn2 was
significantly increased in 7IL (P = 0.0159) while
a-SMA had a tendency of high expression in 7IL
(P=0.1775).

Activation of Smad signaling in the rat model
of IUA

TGF-B1 immunoreactivity was increased pro-
gressively mainly in the epithelial cell cyto-
plasm in the IUA-L uterus but was negative in
IUA-R and sham uteri (Figure 4A). Besides, the
gene level of TGF-B1 was also highly expressed
in 7IL compared with 7IR groups, which had a
significant difference (P = 0.0390, Figure 4E).
As for pSmad3 staining, it was positive in the
nuclei of epithelial cells and a small number of
stromal cells in the IUA-L endometrium but neg-
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ative in the normal endometrium too (Figure
4B). The expression of these two markers we-
re significantly increased as IUA developed in
comparison with those of controls (P<0.05,
Figure 4C and 4D). Furthermore, the staining
intensity for BMP7 was decreased significantly
in the stromal cell cytoplasm in the IUA-L while
it was still strong in IUA-R and sham endome-
trium (P<0.04, Figure 5A). Moreover, pSmadl/5
was also significantly decreased both in the
nuclei of epithelial and stromal cells in the
IUA-L endometrium when compared with nor-
mal endometrium (P<0.01, Figure 5B). And the
gene and protein expression of BMP7 were sig-
nificantly decreased in 7IL compared with 7IR
(P = 0.0286, P = 0.0214, Figure 6). Likewise,
pSmad3 staining showed almost identical re-
sults with TGF-B1, and pSmadl/5 was close-
ly connected with BMP7, which indicates an
activation of the TGF-B1/pSmad3 and BMP7/

Am J Transl Res 2019;11(8):4726-4737
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Figure 5. Representative immunostaining of BMP7 and pSmad1/5 in rat model on day 7. A. BMP7 was fully ex-
pressed in the stromal cell cytoplasm. The immunostaining intensity of BMP7 in IUA-L decreased, it was still strong
in IUA-R and sham endometrium. B. pSmad1/5 was also located in the nuclei of epithelial and stromal cells. And it
showed less positive in IUA-L endometrium when compared with IUA-R, Sham-L and Sham-R. BMP7 and pSmad1/5
were similarly decreased in the IUA-L group but maintained high expression in the other groups. C, D. The MOD of
BMP7 and pSmad1/5 were lower than other groups. The P value of the differences in BMP7 and pSmad1/5 was

P<0.05 on day 7 and day 28. Scale bar =20 um.
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Figure 6. The mRNA and protein expression of BMP7. A. 6 samples were
collected from each group. Western blot membrane from left to right repre-
sented 7IL, 7IR, 7SL and 7SR. The first row was BMP7 protein marker, and
the second row was their GAPDH. B. T-test analysis proved BMP7 protein
expression was lower in 7IL compared with 7IR (P = 0.0286). As 7SL showed
no significant difference with 7SR. C. The mRNA expression of BMP7 was
significantly decreased in 7IL compared with 7IR (P = 0.0214). While 7SL
and 7SR had no statistical difference.

pSmadl/5 signaling pathway developing in en-
dometrial fibrosis.
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EMT-associated proteins dur-
ing the IUA development and
ER expression

Membranes of epithelial cells
of normal endometrium sta-
ined positive for E-cadherin
(Figure 7A), while N-cadherin
was rarely present in normal
endometrium; however, in our
study, the membrane of IUA
model uterine epithelial cells
stained positive for N-cad-
herin (Figure 7B). IHC reveal-
ed a reduction in the epitheli-
al marker protein E-cadherin
consistent with an increase in
the mesenchymal marker pro-
tein N-cadherin in the IUA-L
endometrium compared with
the IUA-R and sham ones (P<
0.04, Figure 7C, 7D). Vimentin,

which was localized mostly to the cytoplasm of
stromal cells in both normal and model endo-

Am J Transl Res 2019;11(8):4726-4737
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Figure 7. EMT markers changed in the IUA-L group. A. Usually, E-cadherin affluently displayed in normal epithelial
cells. After the mechanical injury, it was hard to detect E-cadherin staining in IlUA-L. Scale bar = 20 ym. B. N-cadherin
was an epithelial marker but rarely expressed in epithelial cells. This study found strong N-cadherin staining in
IUA-L epithelial cells but light staining in normal epithelial cells. Scale bar = 20 ym. C. The MOD level of E-cadherin
after day 7 and day 28 declined significantly in the IUA-L group, P<0.01. D. N-cadherin level after day 7 and day 28

increased significantly in the IUA-L group compared with that of other groups, P<0.01.

metrium, was increasingly seen in the cyto-
plasm of epithelial cells in the model uteri
directly from the fluorescent images (Figure
8A). Altogether, these results suggest that the
EMT phenomenon may influence endometrial
fibrosis. In addition, we also tested ER level of
endometrium. ER, closely correlated with se-
xual hormone, was usually located in the nucle-
ar of stromal cells. After endometrium injury,
ER expression decreased obviously in IUA-L
when compared with IUA-R and sham groups
(P<0.001, Figure 8B and 8C).

Relationship between EMT and Smad signal-
ing

We found that EMT marker E-cadherin in [UA-L
group correlated with fibrosis marker a-SMA
(r = 0.533, P<0.000). Fibrosis rate (Masson
staining) was correlated with BMP7 (r = 0.333,
P = 0.048) and TGF-B1 was correlated with
pSmad3 staining levels (r = 0.424, P = 0.001)

4733

in IUA-L group. BMP7 was correlated with
pSmadl/5 staining levels in IUA-L group (r
-0.398, P = 0.004) and Sham-L group (r
0.561, P<0.000). All these markers showed no
correlation among other groups (Table 1).

Discussion

This study investigated the fibrotic mechan-
ism of IUA on Smad signaling coincident with
EMT. IUA is a clinical complication mostly cau-
sed by dilation and curettage. As such, IUA can
be viewed as wounds that undergo tissue in-
jury and repair. Indeed, menstruation can be
regarded as a physiological process, but IUA
is a more serious inflammatory process and
causes fibrosis [13]. Since TGF-1 was close-
ly connected with inflammation, more studies
have reported that TGF-B1 was increased both
in IUA animal models and human endometrial
samples. And it may enhance IUA fibrosis th-
rough Smad3 signaling [8, 14-17]. Our study

Am J Transl Res 2019;11(8):4726-4737
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Figure 8. Representative Vimentin and ER immunostaining. A.
Vimentin was a mensenchymal marker normally expressed in
the cytoplasm of stromal cells and stayed negative in epithe-
lial cells. Here, we could found vimentin not only located in the
cytoplasm of both epithelial cells and stromal cells in IUA-L
group. Moreover, the morphology of the glands in IUA-L group
also became stiffened, these epithelial cells looked much
similar as stromal cells. Scale bar = 25 ym. B. ER was mainly
located in the nuclei of stromal cells. After the mechanical in-
jury, ER expression decreased in IUA-L group. C. ER level after
day 7 and day 28 decreased significantly in the IUA-L group
compared with that of other groups, P<0.01.

Table 1. Statistical significance in immunoreactivity

correlation for rat model

IHC marker IUA-L IUA-R Sham-L  Sham-R

Spearman’s rank correlation (r =)

(P-value)

E-cad/a-SMA 0.533"" 0.183 0.186 0.240
<0.000 0.286 0.277 0.165

Masson/BMP7 0.333" -0.124 -0.280 -0.063
0.048 0.473 0.098 0.714

TGF-1/pSmad3 0.424 -0.275 0.202 0.175
0.001 0.061 0.150 0.190

BMP7/pSmad1/5 -0.398™ -0.107 0.561"" -0.216
0.004 0.456 <0.000 0.137

The first column illustrated protein name. The first row of protein
was r coefficient, the second row of protein was P-value. “P<0.05,
“P<0.01, ""P<0.001; P-value were derived by Spearman’s rank

correlation coefficient.

proved that TGF-B1 closely connected with
pSmad3 on endometrial fibrosis as the most
classical signaling. Here we used a mechanical
injury rat model, which may better imitate IUA
etiology, though other researches have used
the chemical constituent like lipopolysaccha-
ride (LPS), or an electrothermal injury method
[18, 19].
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The TGF-B family includes over 30 mem-
bers, including three TGF-Bs, one Nodal
protein, eleven growth and differentiat-
ion factors (GDF), four activins and ten
BMPs [20]. To our surprise, there are very
few family members, including BMPs, that
have been studied in the endometrium,
yet the TGF-B superfamily members are
such common and essential differentia-
tive and proliferative factors among or-
ganisms [21].

To our knowledge, BMP2 is critical for
decidualization and embryo implantation
[22]. In addition, BMP4 is closely connect-
ed with embryonic development and organ
formation. In addition, a recent report has
shown that BMP4 may be vital in control-
ling sex hormones and protecting against
hyperandrogenism [23]. As for BMP7, which
has been indicated in the inhibition of decid-
ualization and proliferation of endometrial stro-
mal cells and may be decreased by progester-
one [24]. In addition, abnormal uterine bleed-
ing is also associated with increased BMP7 in
human endometrium [25]. As mentioned above,
BMP7 possesses anti-inflammatory and antifi-
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brotic properties [26]. In our study, BMP7 ex-
actly decreased in IUA-L group both in mRNA
and protein level. What’s more, BMP7 was con-
nected with fibrosis rate, and it was highly ex-
pressed in normal rat endometrium too, espe-
cially in stromal cells. The level of pSmad1/5,
consistent with that of BMP7, was decreased
in the IUA endometrium. Furthermore, BMP7
negatively correlated with pSmad1/5 in IUA-L
group. But they were positively correlated in
Sham-L group. On the one hand, it may sug-
gest that BMP7 Smad signaling failed to per-
form its antifibrotic role in IUA-L group but the
two variables were still closely connected. On
the other hand, it indicated BMP7 Smad sig-
naling well performed its antifibrotic role in
Sham-L group. All these phenomena suggest-
ed that a BMP7/Smadl1/5 signaling may exist
in endometrial fibrosis.

EMT is the functional loss of E-cadherin in epi-
thelial cells and the concomitant gain in N-cad-
herin. In endometriosis disease, epithelial cells
lose cell-cell adhesive strength and gain more
mesenchymal characters [27]. This IUA process
is similar to the development of adenomyosis
[28]. Correspondingly, EMT regulates the mech-
anisms both in endometriosis and adenomyo-
sis fibrosis development. As IUA is also a uterus
fibrotic disease, a similar EMT mechanism may
exist. From our study, E-cadherin and N-cadhe-
rin levels changed conversely in ITUA endome-
trial epithelial cells. Epithelial cells stained ne-
gative for E-cadherin while starting to appear
positive for N-cadherin, which is rarely observed
in normal endometrium [29]. Furthermore, IUA
epithelial cells gained another mesenchymal
character; vimentin vividly appeared in gland
epithelial cells. However, we also determined
that the morphology of the vimentin-positive
gland cells started to lose their columnar shape
and looked like mesenchymal cells. In fact, we
indicated that EMT does exist in the develop-
ment of IUA.

As mentioned above, EMT is considered as an
important step in fibrosis. And our study has
showed E-cadherin’s correlation with a-SMA. In
fact, adding TGF-B1 to endometrial epithelial
and stromal cells changes the abilities of cell
adhesion and differentiation and may ultimate-
ly lead to fibrosis [30, 31]. Actually, BMP7 has
come into clinical use but it is never clarified
in endometrial fibrous diseases, such as en-
dometriosis, adenomyosis or IUA, etc. We firmly
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believe that BMP7 play a significant role in [UA.
Our study, for the first time, indicated the idea
of BMP7 anti-fibrous function which may coun-
teracts TGF-Bl-induced EMT. We are also inter-
ested in testing ER’s role in IUA-L group, so we
did IHC to explore its function. Luckily, we found
ER expression decreased in IUA-L that deno-
ted fibrous endometrium lost sensitivity to hor-
mone stimulation.

Nowadays, more and more scientists introduce
endometrial stem cell into uterus diseases. It
seems endometrial stem cell is promising for
IUA treatment and it may associate with IUA
mechanism. While BMP family is also closely
connected with stem cell, BMP7 may influence
IUA coincident with endometrial stem cell. All in
all, we believed that future researches would
move to that way.

Conclusion

This research demonstrated Smad signaling in
conjunction with EMT progression of IUA, which
aimed to provide a new facet of IUA develop-
ment. Overall, understanding the fibrotic mech-
anism remains a major challenge in IUA and
definitely needs a further exploration.
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