
INTERNATIONAL JOURNAL OF MOLEcULAR MEdIcINE  45:  1351-1360,  2020

Abstract. Intrauterine adhesions (IUAs) represent one of 
the most common diseases in women of reproductive age. 
Patients with moderate-to-severe IUA can experience a 
decrease in normal menstrual patterns, amenorrhea and even 
infertility. At present, the first‑line treatment strategies for 
IUAs in the clinical practice are hysteroscopic transuterine 
resection of adhesion and postoperative adjuvant therapy, 
including oestrogen. However, a high recurrence rate of IUAs 
remains. In recent years, studies have demonstrated that 
aspirin combined with oestrogen may significantly prevent the 
postoperative disease recurrence rate, improve endometrial 
receptivity and improve the conception rate by increasing 
endometrial blood supply and angiogenesis more effectively. 
The TGF-β1-Smad2/Smad3 pathway is one of the important 
mechanisms involved in endometrial fibrosis. However, 
whether aspirin can inhibit endometrial fibrosis through the 
TGF-β1-Smad2/Smad3 pathway to prevent postoperative 
re-adhesion remains to be elucidated. The results of the present 
study suggested that aspirin inhibits endometrial fibrosis by 
suppressing the TGF-β1-Smad2/Smad3 pathway, which may 
provide new hypotheses for the mechanism of action of aspirin 
in the treatment of IUAs.

Introduction

Intrauterine adhesions (IUAs) were first defined by Joseph 
Asherman in 1948, and their presence is also known as 

Asherman syndrome (1). Endometrial fibrosis is caused by 
various factors, such as trauma and infection, and it results 
in impaired endometrial function, endometrial adhesion, 
uterine cavity degeneration and progression to an IUA (2,3). 
The primary clinical symptoms of IUAs include decreased 
menstruation, amenorrhea, repeated spontaneous abortion 
and infertility (3), which have adverse effects on the physical 
and mental health of the patients. For infertility patients who 
wish to remain fertile, moderate-to-severe IUAs require 
surgery (3). Hysteroscopic transuterine resection of adhesion 
(TcRA) is the most important and commonly used treatment 
for moderate-to-severe intrauterine adhesions. TcRA has a 
significant role in improving menstruation and increasing 
pregnancy rate (4), but the disease recurrence rate following 
TcRA is >62% (5). Therefore, the long-term treatment results 
remain unsatisfactory. The prevention and decrease recurrence 
following TcRA is a major clinical problem.

Transforming growth factor-β1 (TGF-β1) serves as a 
multifunctional cellular regulator. Following activation of 
TGF-β1, activated TGF-β1 binds to its receptor and activates 
downstream Smad signalling, including Smad2 and Smad3, 
which serves a crucial role in tissue fibrosis (6,7), including 
cardiac (8), liver (9), pulmonary (10), pancreatic (11) and 
renal fibrosis (12), and chronic autoimmune disease Sjögren's 
syndrome (SS) (13). The mechanism of the TGF-β1/Smad 
signalling pathway involved in the occurrence of intrauterine 
adhesions has been described previously (14,15).

Aspirin is a non‑steroidal anti‑inflammatory drug whose 
primary active component is acetylsalicylic acid (16). Aspirin is 
clinically used to decrease fever, inflammation, cardiovascular 
disease and certain types of cancer (17‑19). Jiang et al (20) 
described the association between the use of aspirin and 
liver fibrosis in 1,856 patients with chronic liver disease in 
the USA. The results revealed that the liver fibrosis index in 
patients using aspirin was decreased compared with those 
who did not use aspirin. A recent study in a rat liver fibrosis 
model demonstrated that aspirin may significantly improve 
the degree of liver fibrosis in rats (21). In addition, aspirin has 
a positive effect on improving cardiac fibrosis (22). A recent 
study has demonstrated that aspirin has a positive effect on the 
growth and repair of the endometrium following IUAs (23), 
suggesting that this may be associated with the promotion 
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of endometrial microvascular formation and improvement 
of local blood circulation by aspirin, thereby decreasing 
IUA recurrence, improving menstruation and increasing the 
pregnancy rate (23). To the best of our knowledge, there are 
no previous studies investigating whether aspirin inhibits 
endometrial fibrosis by inhibiting the TGF‑β1-Smad2/Smad3 
pathway and decreases postoperative recurrence of IUAs.

Materials and methods

Patient selection. The present study recruited 54 patients with 
IUAs who were admitted to the Xiangyang No. 1 People's 
Hospital, Hubei University of Medicine between July 2018 and 
July 2019. The present study was reviewed and approved by 
the Ethics Committee of Xiangyang No. 1 People's Hospital, 
Hubei University of Medicine (approval no. 2018KYLL). All 
patients provided written informed consent prior to the study. 
The inclusion criteria were: Patients diagnosed with IUAs by 
hysteroscopy; patients with a history of infertility who wished 
to become pregnant; and patients who were reviewed again 
with good compliance. The exclusion criteria were: Infection; 
other diseases of the uterus; hormone-dependent or malignant 
diseases; and patients who received hormone therapy within 
3 months prior to surgery. All patients underwent hystero-
scopic investigation of the IUAs within 3‑7 days following the 
end of the menstruation cycle. The IUA scores and grades were 
evaluated according to the revised criteria of the American 
Fertility Association (AFS) (24).

Postoperative artif icial menstrual cycle therapy and 
follow‑up. Patients with IUAs were randomly divided into 
two groups. All patients underwent TcRA surgery and 
received oral medication. Patients in group A (observation 
group; n=26) were given 4 mg/day oestradiol valerate for 
21 days, and 1 mg/day cyproterone acetate was given for the 
last 10 of the 21 days for artificial cycle therapy for a total of 
2 cycles. Group B (combination therapy group; n=28) received 
100 mg/day aspirin and 4 mg/day oestradiol valerate for 
21 days, and 1 mg/day cyproterone acetate was given during 
the last 10 of the 21 days for artificial cycle therapy for a total of 
2 cycles. Patients were treated continuously for 2 months. All 
patients from both groups received TcRA and the placement 
of an intrauterine-suitable balloon in the uterus for 1 week. 
during the postoperative follow-up examinations, there was 
no postoperative infection or abdominal pain observed in 
any of the patients. The outcomes of the 2 different therapies 
after 2 months were assessed using the following indicators: 
Uterine length, endometrial thickness, menstrual flow and 
volume, postoperative adhesion cases and postoperative adhe-
sion score according to the AFS standard. Hysteroscopy was 
performed by the same senior doctor at the time of admission 
and 2 months following surgery.

Histological staining, masson trichrome staining and immu‑
nohistochemistry (IHC). The endometrial tissues were fixed 
in 4% formalin for a minimum of 24 h. The fixed tissues 
were embedded in paraffin and cut to 4‑µm thick sections for 
staining. The tissues were stained using a Masson's trichrome 
staining according to the manufacturer's protocol (cat. 
no. G1345; Beijing Solarbio Science & Technology co., Ltd.). 

The sections were immersed in bouin buffer, incubated at 37˚C 
for 2 h and rinsed three times with PBS. Samples were then 
treated with the following agents at room temperature, with a 
rinse in warm running water for 3 min after each application: 
0.5% celestine blue staining solution for 3 min; Mayer (1%) 
hematoxylin staining solution for 3 min; and 1% acidic ethanol 
differentiation solution for 10 sec. The following agents 
were then administered, with a triplicate wash with distilled 
water between: 1% acid fuchsin solution staining solution for 
10 min; 1% phosphomolybdic acid solution for 10 min; and 
2% aniline blue solution for 5 min. After dehydration with 
95% ethanol samples were treated with absolute ethyl alcohol 
in triplicate for a duration of 10 sec per treatment. Finally, 
samples were treated with 50% xylene solution for 2 min 
and 100% xylene solution for 2 min. The percentage of blue 
staining indicated the extent of endometrial fibrosis. For IHC 
(according to the manufacturer's protocol of the immunohisto-
chemical staining kit; cat. no. E670016, Sangon Biotech Co., 
Ltd.), tissue paraffin sections were deparaffinized in xylene 
(100% for 10 min; 50% for 10 min) and rehydrated using an 
alcohol gradient (100% for 5 min; 95% for 5 min; 70% for 
5 min) at room temperature. Antigen retrieval was performed 
by heating in a high-pressure induction cooker for 100 sec, and 
endogenous peroxidase activity was quenched by immersing 
the samples in 3% H2O2 for 10 min. Samples were then incu-
bated with anti-rabbit TGF-β1 (20 µg/ml; cat. no. ab92486; 
Abcam), anti-rabbit phosphorylated (p)-Smad2 (1:100; 
cat. no. ab53100; Abcam), anti-rabbit p-Smad3 (1:100; cat. 
no. ab74062; Abcam), anti‑rabbit α-smooth muscle actin 
(α‑SMA; 1:100; cat. no. ab32575; Abcam), anti‑rabbit collagen 
type I α1 chain (cOL1A1; 1 µg/ml; cat. no. LS-c343921; 
Lifespan BioSciences, Inc.) and anti‑rabbit fibronectin (FN; 
1:200; cat. no. ab2413; Abcam) primary antibodies overnight 
at 4˚C. The slides were washed with PBS and incubated with 
normal goat serum (1:50; cat. no. A0208; Beyotime Institute 
of Biotechnology) at 37˚C for 15 min. The slides were then 
stained with 2% 3,3-diaminobenzidine, and cell nuclei were 
stained with 1% haematoxylin at room temperature for 3 min. 
Images were captured in  randomly selected fields of each 
section at magnification, x200, and used for analysis of the 
positive staining. The results of the Masson trichrome staining 
and IHc were evaluated quantitatively using the ImageJ soft-
ware [v.1.4.3.67; National Institutes of Health (NIH)]. Average 
optical density (AOd ) was used in the present study for 
the statistical analysis and was calculated using the following 
formula: AOd= integrated optical density (IOd)/area.

Reverse transcriptionquantitative polymerase chain 
reaction (RT‑qPCR) assay. The total RNA of endometrium 
tissues was isolated using a High PureRNA Isolation kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. The amount of total RNA was 
estimated by measuring the absorbance at 260 and 280 nm, 
and the purity of each sample was determined according to 
the A260/A280 ratios using a SMA2000 spectrophotometer 
(Thermo Fisher Scientific, Inc.). A260/A280 ratio values 
of ≥1.8 and ≤2 were used an indicator of good quality RNA. 
For detection of the α-SMA, cOL1A1 and FN mRNA levels, 
1 µg total RNA was reverse transcribed at 37˚C for 60 min 
using the miRcute miRNA First-Strand cdNA Synthesis kit 
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(Beyotime Institute of Biotechnology) and then amplified 
using an Applied Biosystems 7900HT cycler using SuperReal 
PreMix Plus (Beyotime Institute of Biotechnology). The qPcR 
thermocycling conditions were as follows: Predenaturation 
at 94˚C for 5 min, 40 cycles of denaturation at 94˚C for 20 sec 
and annealing at 60˚C for 20 sec. GAPDH was used as the 
normalization control for qPcR. The relative expression was 
calculated using the 2-ΔΔcq method (25). Each reaction was 
performed in triplicate. The primers used for the RT-qPcR 
analysis are presented in Table I.

Western blot analysis. Endometrial tissues were lysed 
with a radio immune precipitation assay buffer containing 
protease inhibitors. Proteins were quantified using a BcA 
protein assay kit. Aliquots of the lysates (30 µg) were sepa-
rated via 10% SdS-PAGE, transferred onto nitrocellulose 
membranes and blocked with 5% skimmed milk at room 
temperature for 2 h. Primary antibodies against TGF-β1 
(4 µg/ml; cat. no. ab92486; Abcam), anti-rabbit p-Smad2 
(1:500; cat. no. ab53100; Abcam), anti-rabbit Smad2 (1:2,000; 
cat. no. ab40855; Abcam), anti-rabbit p-Smad3 (1:500; 
cat. no. ab74062; Abcam), anti‑rabbit Smad3 (1:2,000; cat. 
no. ab40854; Abcam), anti-rabbit α-SMA (1:2,000; cat. 
no. ab32575; Abcam), anti‑rabbit COL1A1 (0.1 µg/ml; cat. 
no. LS-c343921; Lifespan BioSciences, Inc.); anti-rabbit 
fibronectin (1:500; cat. no. ab2413; Abcam); and anti‑rabbit 
GAPdH (1:500; Beyotime Institute of Biotechnology) were 
used in the analysis. The membranes were incubated with 
horseradish peroxidase-conjugated goat anti-rabbit IgG 
(1:1,000; cat. no. A0208; Beyotime Institute of Biotechnology) 
for 1 h at 37˚C. Enhanced chemiluminescence (Thermo Fisher 
Scientific, Inc.) was used to visualize the bands. ImageJ soft-
ware (v.1.4.3.67; NIH) was used to quantify the intensity of the 
bands, using GAPdH as the control.

Statistical analysis. Measurement data are expressed as the 
mean ± standard deviation. Normally distributed variables 
(average age, body mass index and times of labour) were 
compared using Student's t‑test between 2 groups, and the 
Mann-Whitney U test were used for non-normally distributed 
variables (times of pregnancy, surgical abortion, postoperative 
average AFS score) between 2 groups. All datasets in which both 

pre- vs. postoperative and group A vs. group B comparisons were 
statistically compared by two-way repeated-measures ANOVA, 
and a Bonferroni's post hoc test was used to correct for multiple 
comparisons. count data were expressed as the number of cases 
as a percentage. comparisons between groups were performed 
using a χ2 test or Fisher's exact test. P<0.05 was considered to 
indicate a statistically significant difference. All statistical 
analyses were performed using SPSS (v.22.0; IBM corp.)

Results

Demographic data in the study groups. The baseline demo-
graphics and clinical characteristics, including age, body mass 
index, times of pregnancy, times of labour, IUA grade and 
most probable aetiology of IUA, of the 54 patients included 
in the present study were not significantly different (Table Ⅱ).

Patients with IUA receiving a combination of oestradiol 
valerate and aspirin therapy exhibit better effects than those 
with simple oestradiol valerate therapy. The results revealed 
that the recurrence rate of postoperative adhesion and average 
AFS score in the combination therapy group was significantly 
decreased compared with those in the oestradiol valerate-alone 
therapy group (Table II). In both treatment groups, significant 
differences in uterine length, menstrual flow, menstrual volume 
and endometrial thickness between the pre- and postoperative 
values within the same group were observed. In addition, 
the combination therapy group exhibited greater improve-
ments, including duration of menstrual period (4.50±0.71 days 
in group A vs. 5.39±1.20 days in group B; P<0.01), menstrual 
volume (55.77±8.45 ml in group A vs. 63.57±12.39 ml in 
group B; P<0.01), endometrial thickness (6.88±0.77 mm in 
group A vs. 7.54±1.14 mm in group B; P<0.05), no adhesion 
cases following operation [34.6% (9/26) in group A vs. 75.0%, 
21/28 in group B; P<0.05] and postoperative average AFS 
score (5.62±2.42 in group A vs. 3.43±1.73 in group B; P<0.01), 
with the exception of uterine length (7.09±0.22 cm in group A 
vs. 7.13±0.26 cm in group B (P=0.253) (Table Ⅲ).

Combination therapy with oestradiol valerate and 
aspirin inhibits endometrial fibrosis in patients with IUA. 
Endometrial fibrosis was measured in the tissues with 

Table I. Sequences of the reverse transcription quantitative polymerase chain reaction primers used.

Name Sequence

α‑SMA Forward: 5'‑GCTTCCTCTTCTTCCCTGGAG‑3'
 Reverse: 5'‑AGATGGCTGGAAGAGGGTCTC‑3'
COL1A1 Forward: 5'‑GGCATAAAGGGTCATCGTG‑3'
 Reverse: 5'‑GAACCTTCGCTTCCATACTC‑3'
FN Forward: 5'‑GAGAGATCTGGAGGTCAT‑3'
 Reverse: 5'‑GGGTGACACCTGAGTTGAA‑3'
GAPDH Forward: 5'‑CGGAGTCAACGGATTTGGTCGTAT‑3'
 Reverse: 5'‑AGCCTTCTCCATGGTGGTGAAGAC‑3'

α-SMA, α-smooth muscle actin; cOL1A1, collagen type I α 1 chain; FN, fibronectin.
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Masson's trichrome staining. The results revealed that the 
endometrial tissues from the two postoperative groups 
exhibited less fibrosis compared with the tissues from the 
preoperative groups. However, the combined group exhib-
ited significantly decreased levels of endometrial fibrosis 
compared with the oestradiol valerate-alone therapy group. 
The endometrial fibrosis area was 61% decreased in the 
combination therapy group compared with in the oestra-
diol valerate-alone therapy group (Fig. 1). In addition, the 
expression levels of the fibrosis markers (COL1A1, α-SMA 
and fibronectin) in tissues were analysed with IHC staining. 
cOL1A1, α‑SMA and fibronectin exhibited strong staining 
in the preoperative endometrial tissues from the two groups. 
These 3 proteins were mildly expressed or were undetected 
in the postoperative tissues. However, 3 proteins levels were 
expressed less in the combination therapy group compared 
with in the oestradiol valerate-alone therapy group (Fig. 2). 
The levels of 3 fibrotic markers were examined at the mRNA 
level by RT-qPcR and at the protein level by western blot 
analysis in the pre- and postoperative tissues. There was 
no significant difference in preoperative expression levels 
between the two groups. However, the expression levels of the 
two groups were significantly decreased following therapy 
compared with the preoperative levels. In samples from 
the combination therapy, the mRNA and relative protein 
expression levels of α‑SMA, COL1A1 and fibronectin were 
decreased compared with in the oestradiol valerate-alone 
therapy group (Figs. 3 and 4A-d), which were consistent 
with the IHc staining results. These data suggest that 
combination therapy with oestradiol valerate and aspirin 
may have a more positive effect on inhibiting endometrial 
fibrosis during endometrium rehabilitation in patients with 
IUA compared with the oestradiol valerate-alone therapy 
group.

Aspirin inhibits endometrial fibrosis by suppressing the 
TGF‑β1‑Smad2/Smad3 pathway in intrauterine adhesions. 
In order to understand the molecular mechanisms of aspirin 
inhibition of endometrial fibrosis, the present study examined 
changes in TGF-β1, Smad2, p-Smad2, Smad3 and p-Smad3 in 
endometrial tissues both prior to and following treatment. The 
IHc and western blot analysis results revealed that TGF-β1, 
p-Smad2 and p-Smad3 were expressed at high levels in 
preoperative endometrial tissues, but that this level decreased 
following surgery in the two groups. combination therapy 
with aspirin and oestradiol valerate resulted in a significant 
inhibition of TGF-β1, p-Smad2 and p-Smad3 expression 
levels in the uterine tissues compared with oestradiol valerate 
alone. However, no significant changes in total Smad2 and 
Smad3 levels were observed (Figs. 4A, E-G and 5). These data 
indicated that aspirin may inhibit postoperative endometrial 
fibrosis by suppressing the TGF‑β1-Smad2/Smad3 pathway in 
IUAs.

Discussion

IUAs are a major health problem that lead to abnormal menstrual 
patterns, repeated spontaneous abortions and female infertility. 

Table II. demographic data of the study groups.

 Group A Group B
Variable (n=26) (n=28)

Average age, years 28.15±3.68 29.07±4.25
Body mass index 22.16±2.18 22.01±1.99
Times of pregnancy   3.81±1.13 3.96±1.07
Times of labour   0.88±0.82 1.01±0.79
IUA grade (n)  
  Moderate 15 (57.7) 16 (57.1)
  Severe 11 (42.3) 12 (42.9)
Most probable etiology of IUA  
  Surgical abortion (average times)   2.81±1.33 2.86±1.27
  Curettage in the middle and late    4 (15.4)   3 (10.7)
  pregnancy (%)
  Pelvic inflammatory disease (%)  1 (3.8) 2 (7.1)
  Other etiology   No No

data are presented as the mean ± standard deviation or n (%). 
Group A, oestradiol valerate therapy; Group B, combination therapy 
of aspirin and oestradiol valerate; IUA, intrauterine adhesion.

Table III. Outcome measures in the study groups.

 Group A Group B
Variable (n=26) (n=28)

Uterine length, cm  
  Preoperative   6.10±0.26   6.23±0.37
  Postoperative   7.09±0.22b   7.13±0.26b

Endometrium thickness, mm  
  Preoperative   5.04±1.04   4.96±1.04
  Postoperative   6.88±0.77b   7.54±1.14a,b

duration of menstrual period,
days
  Preoperative   2.81±0.75   2.71±1.08
  Postoperative   4.50±0.71b   5.39±1.20a,b

Menstrual volume, ml  
  Preoperative 30.77±9.56 31.61±9.72
  Postoperative 55.77±8.45b 63.57±12.39a,b

Postoperative adhesion cases,
n (%)
  No     9 (34.6) 21 (75.0)a

  Mild     7 (26.9)   3 (10.7)
  Moderate     5 (19.2)   2   (7.1)
  Severe     5 (19.2)   2   (7.1)
Postoperative average AFS   5.62±2.42   3.43±1.73a

score

data are presented as the mean ± standard deviation or n (%). aP<0.05 
vs. group A; bP<0.05 vs. preoperative values within the same group. 
Group A, oestradiol valerate therapy; Group B, combination therapy 
of aspirin and oestradiol valerate therapy; AFS, American Fertility 
Society.
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In the endometrial tissues of patients with IUAs, a large amount 
of fibrous tissue replaces the endometrium, destroying the 
basal layer of the endometrium, decreasing the blood vessels 
in the tissue and decreasing the perfusion of oestrogen and 

progesterone, further aggravating intrauterine adhesions (5). At 
present, the treatment goals for IUAs are primarily to restore 
the normal shape and volume of the uterine cavity and prevent 
adhesion recurrence and treatment-associated symptoms, 

Figure 2. Aspirin inhibits the expression of fibrosis markers COL1A1, α‑SMA and fibronectin in endometrial tissues. (A) The expression levels of COL1A1, 
α‑SMA and fibronectin were detected by immunohistochemistry. Magnifcation, x200. (B‑D) The levels of fibrosis markers (B) COL1A1, (C) α-SMA and 
(D) fibronectin were significantly inhibited in endometrium tissues in the aspirin and oestradiol valerate therapy group (group B; n=28) compared with the 
oestradiol valerate therapy group (group A; n=26) following treatment. *P<0.05 vs. preoperative. #P<0.05 vs. group A. COL1A1, collagen type I α 1 chain; 
α-SMA, α-smooth muscle actin.

Figure 1. Aspirin inhibits endometrium fibrosis. (A) Fibrosis was detected by Masson's Trichrome staining. Magnification, x200. Fibrotic areas were stained 
blue. (B) Fibrosis was significantly decreased in endometrium tissues in the aspirin and oestradiol valerate therapy group (group B; n=28) compared with the 
oestradiol valerate therapy group (group A; n=26) following treatment. *P<0.05 vs. preoperative; #P<0.05 vs. group A.
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including infertility and amenorrhea (26). Although intra-
uterine adhesions can be improved to a certain extent through 

surgery and treatment, there is currently no effective strategy to 
prevent disease recurrence following TcRA surgery.

Figure 4. Aspirin inhibits the protein expression levels of cOL1A1, α‑SMA, fibronectin and the TGF‑β1-Smad2/Smad3 pathway in endometrial tissues. 
(A) The expression levels of cOL1A1, α‑SMA, fibronectin, TGF‑β1, Smad2, p-Smad2, Smad3 and p-Smad3 in endometrial tissues were determined at the 
protein level by western blot analysis. (B-E) The relative protein quantities (cOL1A1, α‑SMA, fibronectin, TGF‑β1) were calculated by comparison against 
the internal control, GAPdH. (F and G) The relative quantity of p-Smad2 and p-Smad3 were calculated by comparison against the total Smad2 and Smad3, 
respectively. The protein levels of the fibrosis markers (COL1A1, α‑SMA, fibronectin), TGF‑β1, p‑Smad2/Smad2 and p‑Smad3/Smad3, were significantly 
inhibited in the endometrium tissues in the aspirin and oestradiol valerate therapy group (group B; n=8) compared with the oestradiol valerate therapy group 
(group A; n=8) following treatment. *P<0.05 vs. preoperative. #P<0.05 vs. group A. Pre‑op, preoperative; post‑op, postoperative; COL1A1, collagen type I α 1 
chain; α-SMA, α-smooth muscle actin; TGF-β1, transforming growth factor β1; p-, phosphorylated.

Figure 3. Aspirin inhibits the mRNA expression of cOL1A1, α‑SMA and fibronectin in endometrial tissues. (A‑C) The expression levels of (A) COL1A1, 
(B) α‑SMA and (C) fibronectin in endometrial tissues were determined at the mRNA level by reverse transcription quantitative polymerase chain reaction 
analysis. The relative quantity of mRNA was calculated by comparison against the internal control, GAPdH. The mRNA levels of cOL1A1, α-SMA and 
fibronectin were significantly inhibited in the endometrium tissues within the aspirin and oestradiol valerate therapy group (group B; n=28) compared with 
the oestradiol valerate therapy group (group A; n=26) following treatment. *P<0.05 vs. preoperative. #P<0.05 vs. group A. COL1A1, collagen type I α 1 chain; 
α-SMA, α-smooth muscle actin.
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Extensive studies have been performed regarding this issue, 
including oral oestrogen (27), transdermal oestrogen gel (28), 
placement of an intrauterine balloon (29) or intrauterine 
device (30), intrauterine injection of sodium hyaluronate (31), 
amniotic membrane transplantation (32) and other methods 
following TRcA surgery. In order to obtain improved thera-
peutic effects in patients with moderate and severe IAUs, it 
is necessary to use oestrogen combined with other adjuvant 
therapy following TcRA (33). Bosteels et al (34) statistically 
analysed the data on drug therapy to prevent adhesion recur-
rence and treatment of infertility following TcRA surgery 
prior to June 2017, and suggested that it remains uncertain 
whether anti-adhesion therapy improves the critical reproduc-
tive outcome or decreases the severity of IUAs. Of course, due 
to the blind manner in which the participants and personnel 
were involved, as well as the risk of serious bias associated 
with indirectness and inaccuracy, the overall quality of the 
evidence is low. conversely, although these treatments may 
improve symptoms to a certain extent, the overall treatment 
effect remains unsatisfactory.

Aspirin is one of the most widely used drugs in the world. 
Aspirin was originally used primarily in patients with anti-
pyretic and analgesic diseases. At present, there is increasing 
evidence that aspirin has a preventative effect in colorectal 
cancer and other types of cancer (35). Recent studies have 

suggested that aspirin is more effective in preventing adhesion 
recurrence following TcRA surgery, as it can increase endo-
metrial angiogenesis (28). A prospective study revealed that 
aspirin combined with an intrauterine balloon and intrauterine 
device significantly increased endometrial thickness following 
TcRA surgery, and AFS scores and menstrual scores also 
improved significantly (23). Chi et al (28) demonstrated that 
compared with transdermal oestrogen alone therapy, trans-
dermal oestrogen combined with aspirin following TcRA 
surgery resulted in an improved effect on increasing the 
endometrial thickness, increasing menstrual flow, preventing 
adhesion recurrence and improving endometrial receptivity, 
which may be associated with increased uterus intimal angio-
genesis and decreased resistant index and pulsatility index in 
uterine arteries. The endometrial repair time following TcRA 
surgery is usually ~2 months (36). Therefore, all patients in the 
present study were reviewed 2 months after TcRA to assess for 
endometrial recovery. The results of the present study revealed 
that patients receiving aspirin combined with oestrogen and 
progesterone following TcRA exhibited positive effects 
regarding improved menstruation, increased endometrial 
thickness and improved AFS scores compared with patients 
receiving single oestrogen and progesterone.

Although there are some studies on the application of 
aspirin as an anti‑fibrosis treatment, the specific anti‑fibrosis 

Figure 5. Aspirin inhibits the expression of the TGF-β1-Smad2/Smad3 pathway proteins in endometrial tissues. (A) The expression levels of TGF-β1, p-Smad2 
and p-Smad3 were detected by immunohistochemistry. Magnifcation, x200. (B-d) TGF-β1, p‑Smad2 and p‑Smad3 were significantly inhibited in the endo-
metrium tissues in the aspirin and oestradiol valerate therapy group (group B; n=28) compared with the oestradiol valerate therapy group (group A; n=26) 
following treatment. *P<0.05 vs. preoperative, #P<0.05 vs. group A. TGF‑β1, transforming growth factor β1; p-, phosphorylated.
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mechanism of aspirin remains unclear. Aspirin decreases 
cardiac interstitial fibrosis caused by pressure overload in 
transverse aortic constriction (TAc) mice, which may be asso-
ciated with the inhibition of the p-Erk1/2 and p-Akt/β-catenin 
signalling pathways by aspirin, thereby decreasing the expres-
sion levels of α‑SMA and collagen I (37). A previous study 
revealed that aspirin alleviated cardiac fibrosis in mice by 
inhibiting autophagy (22). In a rat liver fibrosis model, aspirin 
improved the degree of liver fibrosis in a dose-dependent 
manner (21), but the underlying molecular mechanism remains 
unclear. Endometrial fibrosis is considered to be a key patho-
logical event in the development of IUAs (38). Previous studies 
have demonstrated that aspirin may decrease fibrotic markers, 
including TGF-β, connective tissue growth factor (cTGF), 
collagen I and collagen III, in endometrial tissue (28), but the 
specific mechanism of action remains unclear. The results of 
the present study revealed that the expression of cOL1A1, 
α-SMA and FN in the endometrium of the aspirin group was 
decreased, thereby indicating an active role in the anti‑fibrosis 
process.

TGF-β1 is considered to be a key mediator of fibrosis. 
It serves a vital role in regulating wound healing and tissue 
repair. Activation and overexpression of TGF-β1 are associated 
with tissue scarring and fibrosis (39). TGF‑β1 activates both 
classical (Smad-based) signaling pathways and non-classical 
(non-Smad-based) signaling pathways, leading to the activa-
tion of myofibroblasts, overproduction of extracellular matrix 
(EcM) and inhibition EcM degradation (40). In Smad-based 
signaling pathways, TGF-β1 binds to the TGF-β1 receptor on 
the cell membrane to form a ligand-receptor complex, which 
in turn binds, phosphorylates and activates Smad2 and Smad3. 
Smad4 then binds activated Smad2/3, and the complex enters 
the nucleus and interacts with transcription factors to induce 
transcription of profibrotic molecules, including α-SMA, 
collagen I, fibronectin and tissue inhibitor of matrix metal-
loproteinases (TIMP) (40). conversely, Smad3 may induce 
transcription of fibrotic fs (miRNAs) and long non-coding 
RNAs (lncRNAs), while indirectly inhibiting transcription 
of anti‑fibrotic miRNAs. In addition, Smad3 can increase the 
transcription of fibrotic molecules by affecting epigenetic modi-
fications of DNA and histones (40). There have been advances 
in the progress of various fibrotic diseases treatment options 
that target the TGF-β1/Smad signaling pathway, including 
idiopathic pulmonary fibrosis and renal fibrosis (41,42). 
The TGF-β type I receptor kinase small molecule inhibitor 
EW‑7197 inhibits the TGF‑β1/Smad2/3 signalling pathway 
and has potential for anti‑fibrotic therapy (43). Suberoylanilide 
hydroxamic acid, an inhibitor of histone deacetylases that may 
decrease the levels of TGF-β1, cTGF, α-SMA, p-Smad2/3, can 
alleviate rat liver fibrosis by suppressing TGF‑β1 signaling (44). 
These data indicate that targeting the TGF-β1-Smad signaling 
pathway is a potential avenue of anti‑fibrotic therapy.

TGF-β1 has a specific role in the occurrence and progres-
sion of IUAs, and the expression levels of TGF-β1 and Smad3 
are positively correlated with the severity of IUAs (15,45). 
Studies have revealed that miRNA-29b and miRNA-326 may 
improve endometrial fibrosis in primary human endometrial 
stromal cells, and can significantly decrease COL1A1, α-SMA 
and FN expression by inhibiting the TGF-β1/Smad signal-
ling pathway (14,46). In order to investigate the potential 

mechanism underlying the anti‑fibrosis effect of aspirin, the 
present study examined the expression levels of TGF-β1, 
Smad2 and Smad3 in the endometrial tissues of two groups. 
The results of the present study demonstrated that the expres-
sion levels of cOL1A1, α-SMA and FN in the endometrial 
tissues of the combination therapy group were decreased 
compared with those in the oestradiol valerate group. Aspirin 
may inhibit the expression of TGF-β1, p-Smad2 and p-Smad3 
by TGF-β1-Smad-based signaling pathways in endometrial 
tissues, which may be one of the mechanisms by which aspirin 
improves endometrial fibrosis.

It is worth noting that combination therapy with oestrogen 
and aspirin may improve the rate of pregnancy in patients 
with IUA (28). However, an additional study indicated that 
there was no significant improvement in the pregnancy rate 
and live birth rate following additional low dose aspirin (23). 
different results may be associated with the different doses of 
aspirin, which suggests that aspirin serves a positive role in 
improving the pregnancy outcome of patients with IUAs. The 
appropriate dose of aspirin required for endometrial repair 
following TcRA recovery requires a continuous follow-up 
study. In addition, obstetric complications should be observed, 
including placentation issues, prematurity and postpartum 
hysterectomy following treatment for IUAs (47). For example, 
intrauterine adhesions may lead to placenta accreta and the risk 
of severe postpartum haemorrhage (48). However, to the best 
of our knowledge, whether aspirin may decrease the obstetric 
complications with IUAs following surgery has not yet been 
described in the literature and requires long-term follow-up 
observations.

One potential limitation of the present study is that there 
was a relatively small number of cases and a short follow-up 
time period. A larger sample size is required in order to assess 
the appropriate dose and the duration of aspirin treatment, 
and the effect on pregnancy outcomes and obstetric complica-
tions, which will form the basis for future studies. In addition, 
endometrial tissue samples from patients with IUAs are rare 
and difficult to obtain: A small amount of endometrial tissue 
can be valuable for endometrial repair in IUAs, and certain 
patients with intrauterine adhesions are reluctant to partici-
pate in research for this reason. Animal models of intrauterine 
adhesion will be used in future studies to further investigate 
the mechanism of anti‑endometrial fibrosis in aspirin.

In conclusion, aspirin combined with oestradiol valerate 
exhibited an improved effect on increasing endometrial thick-
ness and improving menstrual and AFS scores following 
TcRA compared with oestradiol valerate alone. This result 
reveals that aspirin inhibits endometrial fibrosis by suppressing 
the TGF-β1-Smad2/Smad3 pathway in IUAs.
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