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Abstract

Background: The molecular mechanisms of intrauterine adhesions (IUA) are not yet fully understood, and there is a lack of specific
diagnostic markers and effective molecularly targeted treatments in clinical practice. This study employed proteomic techniques to
analyze differentially expressed proteins (DEPs) and associated signaling pathways in pathological tissues, aiming to identify potential
diagnostic markers and therapeutic targets. Methods: This study collected 15 endometrial tissue samples from 10 patients treated at
Changzhou Maternity and Child Health Care Hospital from March 2022 to September 2022. The tissue samples were divided into 3
groups: the adhesion group (Adhes group), the peri-adhesion endometrial group (Endome group), and the control group (Control group).
Pairwise comparisons of the three groups were performed. Label-free quantitative (LFQ) proteomics was used to identify DEPs, and
bioinformatics analyses, such as the Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Ontology (GO), and protein domain
analysis, were employed to identify the functions and pathways of DEPs. Parallel reactionmonitoring (PRM)was used for the quantitative
analysis of selected target proteins. Results: 1328, 290, and 1335 DEPs were found in the Adhes vs Control, Endome vs Control, and
Adhes vs Endome groups, respectively. Bioinformatics analysis showed that these proteins are primarily involved in key processes such
as muscle contraction, cytoskeletal dynamics balance, extracellular matrix (ECM) remodeling, and immune regulation. PRM validation
identified out 14 target proteins, among which ADIPOQ, TGFB1, MYLK, and CAMK2G were closely associated with ECM remodeling
and cytoskeletal regulation, while lactoferrin (LTF)was involved in immune regulation. Conclusions: This study identified a series of key
proteins associated with IUA and found that they may participate in the disease process through mechanisms such as ECM remodeling,
actin cytoskeleton regulation, and immune regulation. The identified target proteins (such as ADIPOQ, TGFB1, MYLK, and CAMK2G)
provide potential biomarkers and intervention targets for the diagnosis and treatment of IUA.
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1. Introduction

Intrauterine adhesions (IUA), or Asherman syndrome,
is characterized by partial or complete endometrial dam-
age leading to adhesions within the uterine cavity or cervi-
cal canal. The primary causes are invasive curettage and
endometritis [1]. IUA disrupts intrauterine blood supply
and angiogenesis, resulting in endometrial fibrosis, atrophy,
and the formation of avascular fibrous tissue [2,3], which
reduces the area for embryo implantation and impairs en-
dometrial receptivity [4]. Clinically, IUA presents with de-
creased menstrual flow, amenorrhea, recurrent miscarriage,
secondary infertility, and, in some cases, periodic lower ab-
dominal pain or postpartum complications such as placenta
accreta and placental adhesion [5–7]. The current gold stan-
dard for the diagnosis of IUA remains hysteroscopy. The
sensitivity and specificity of imaging examinations are lim-
ited, and they are prone to overlooking patients with mild
adhesions [8]. The treatment of IUA consisting of transcer-
vical resection of adhesion (TCRA) has limitations, which
includes a high recurrence rate and a tendency to exacerbate

endometrial fibrosis [9]. Moreover, the application of anti-
adhesion materials after surgery cannot reverse endometrial
fibrosis. Therefore, there is an urgent need to find newways
to more effectively and safely treat IUA. Biomarkers can
provide sensitive and highly specific diagnostic tests. More
importantly, some biomarkers may serve as therapeutic tar-
gets. Regulating keymolecules and signaling pathwayswill
help to develop novel therapeutic strategies.

Proteomics can detect the changes in expression of
differentially expressed proteins (DEPs) between diseases
and normal samples, and obtain the signaling pathways
and biological processes of diseases through bioinformatics
analysis [10]. Compared with traditional isotope-labeled
quantitative proteomics, label-free quantitative (LFQ) pro-
teomics have no limit to the number of samples and do
not require expensive stable isotope labels for internal stan-
dards. LFQ have a high depth of analysis and dynamic
ranges, which can make timely quantification of all pro-
tein changes amongst different groups [11–13]. Parallel
Reaction monitoring (PRM) is a proteomic method based
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on high-resolution mixed mass spectrometry for highly se-
lective quantification of target proteins and target peptides,
allowing simultaneous identification of multiple target pro-
teins [14]. There have been few specific proteomics in IUA.
In this study, we explored the pathogenesis of IUA at the
protein level, hoping to provide a theoretical basis for fur-
ther study of the pathogenesis of IUA and potential targets
for the treatment of IUA.

2. Materials and Methods
2.1 Sample Collection

We selected 5 patients with IUA confirmed by
hysteroscopic examination, who were admitted to the
Changzhou Maternity and Child Health Care Hospital from
March 2022 to September 2022, aged 20–40, who were
fertile, and had not taken any estrogen-progestogen hor-
mones within the 6 months prior to sampling and 5 patients
who could provide normal endometrial tissue due to uterine
fibroids (the presence of intramural or subserous fibroids
would not affect the endometrium). The endometrial adhe-
sion tissue of IUA patients was selected as Adhes group,
the endometrial tissue 2 cm away from the adhesion tissue
was selected as Endome group, and the endometrial tissue
of uterine fibroids patients was selected as Control group.
We performed pairwise comparisons, divided into three
comparison groups: Adhes/Control, Endome/Control, Ad-
hes/Endome group. All specimens were collected 3–7 days
after menstruation and confirmed by pathological examina-
tion. The study was approved by the Ethics Committee of
Changzhou Maternity and Child Health Care Hospital (ap-
proval number 2021[88]); Patients were informed and en-
rolled after obtaining consent and signing written informed
consent. Patients with connective tissue diseases, endome-
trial diseases and endocrine diseases were excluded. All pa-
tients underwent routine examinations before surgery, and
age, Body Mass Index (BMI), and Hemoglobin (Hb) were
recorded. The collected specimens were stored in a –80 ℃
freezer.

2.2 LFQ Proteomics Analysis
Sample were removed and ground into a fine pow-

der. Lysis buffer containing Triton X-100 (Sigma Sangon
Biotech, Shanghai, China) and a protease inhibitor cocktail
(Merck Millipore, Darmstadt, Germany) was added to the
powder, followed by ultrasonication for lysis. The lysate
was centrifuged at low temperature, and the supernatant
was collected for protein concentration determination us-
ing a bicinchoninic acid (BCA) kit (Beyotime, Shanghai,
China). A total of 300 µg of protein from each sample was
used for enzymatic hydrolysis. Trichloroacetic acid (TCA)
(Sigma-Aldrich, St. Louis, MO, USA) was added to each
sample to a final concentration of 20%, followed by precip-
itation and centrifugation to remove the supernatant. The
resulting precipitate was washed with pre-cooled acetone
(Hangzhou Hanno Chemical, Hangzhou, Zhejiang, China)

and air-dried. The dried precipitate was resuspended in 200
mM TEAB (Sigma-Aldrich), sonicated to ensure disper-
sion, and digested overnight with trypsin (Promega, Madi-
son, WI, USA). The next day, dithiothreitol (DTT) (Sigma-
Aldrich) was added and allowed to react for 30 minutes,
followed by incubation with iodoacetamide (IAM) (Sigma-
Aldrich) for 15 minutes at room temperature in the dark.

The resulting peptides were dissolved in solvent A
(0.1% formic acid (Fluka, Buchs, Switzerland), 2% acetoni-
trile (Thermo Fisher Scientific, Waltham, MA, USA) in wa-
ter) and separated using an UltiMate 3000 UHPLC system
(Thermo Fisher Scientific). The peptides were then ion-
ized using a nanospray ionization (NSI) source and intro-
duced into an Orbitrap Exploris™ 480 mass spectrometer
(Thermo Fisher Scientific) for tandem mass spectrometry
(MS/MS). The ion source voltage was set to 2.0 kV, and the
High-Field AsymmetricWaveform IonMobility Spectrom-
etry (FAIMS) compensation voltages (CV) were set to –45
V and –65 V. A high-resolution Orbitrap analyzer was used
to detect and analyze the precursor ions of the peptides and
their fragment ions. The primary mass spectrometry (MS)
scan range was 400–1200 m/z with a resolution of 60,000,
while the MS/MS scan range was fixed at 110 m/z with a
resolution of 15,000. Data acquisition was performed us-
ing a data-dependent acquisition (DDA) mode. The auto-
matic gain control (AGC) was set to 1× 105, and the signal
threshold was set to 5 × 104 ions/s.

2.3 Data Processing

The resulting MS/MS data were processed using a
Proteome Discoverer (v2.4.1.15) (https://www.thermofish
er.cn/order/catalog/product/cn/zh/CSW0064764). The re-
verse decoy database was added to calculate the false dis-
covery rate (FDR) due to random matching. The FDR for
protein, peptide, and propensity score method (PSM) iden-
tificationwas set to 1%. Fisher’s exact test and Pearson’s re-
peatability test were used to detect and analyze DEPs. A p-
value less than 0.05 was considered statistically significant.
Proteins with variation in differential expression≥1.5 were
considered to have significant up-regulation, and less than
1/1.5 were considered to have significant down-regulation.

2.4 Biological Analysis

The gene ontology (GO) analysis was divided into
three categories: biological process, molecular function,
and cellular component, to explain the biological role of
proteins from different perspectives. The GO annotation is
to annotate the identified proteins using the eggnog-mapper
software (v2.0) (Heidelberg, Germany) (http://eggnog-map
per.embl.de/) based on the fifth edition of the EggNOG
database. The GO ID in each protein annotation result is
extracted, and then the proteins are functionally classified
according to cellular components, molecular functions, and
biological processes. The protein domains are certain com-
ponents that recur in different protein molecules with sim-
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Fig. 1. Differential protein analysis of three comparison groups. (A) The green represents down-regulated proteins, while the orange
represents the up-regulated proteins. (B) Heat map analysis of differentially expressed proteins (DEPs) in each sample.

ilar sequences, structures, and functions and are the units
of protein evolution. The Pfam database [15] was used
to analyze the enrichment of functional domains of DEPs.
Fisher’s exact test method was used to test the significance
of domain enrichment of DEPs in the context of identified
proteins, and a p-value < 0.05 was considered significant.
The Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways mainly include metabolism, genetic information
processing, environmental information processing, cellu-
lar processes, human diseases, and drug development. The
KEGG database was used to annotate the protein pathway.
Hierarchical clustering was based on the DEPs functional
classification (such as pathway). Cluster membership were
visualized by a heat map using the “pheatmap” R-package
(v.1.0.12).

2.5 PRM Analysis

The selected target proteins were verified by the PRM
analysis. The MS/MS data were retrieved by Maxquant
(v1.6.15.0) (https://www.maxquant.org/). The resulting
MS data were processed using Skyline (v.3.6) (https://skyl
ine.ms/). Peptide settings: the enzyme was set as Trypsin
[KR/P], max missed cleavage set as 2. The peptide length
was set as 8–25, Variable modification was set as Car-
bamidomethyl on Cys and oxidation on Met. Max variable
modifications were set as 3. Transition settings: precursor
charges were set as 2, 3, ion charges were set as 1, 2, ion
types were set as b, y, p. The product ions were set as from

ion 3 to last ion, the ion match tolerance was set as 0.02 Da.
The above experiments were performed in the Jingjie PTM
BioLab Co., Ltd (Hangzhou, Zhejiang, China).

Table 1. Information about the subjects.
Adhes/Endome Group Control Group p

Age (years) ∗ 29.60 ± 3.44 32.60 ± 2.88 0.557
BMI (kg/m2) & 20.83 (3.35) 23.44 (2.37) 0.117
Hb (g/L) ∗ 133.00 ± 8.80 129.80 ± 8.08 0.558
∗Data shown as mean ± standard deviation (SD); &Data shown as
median (IQR); BMI, body mass index; IQR, interquartile range; Hb,
hemoglobin.

2.6 Statistical Analysis
Continuous variables were expressed as the mean ±

standard deviation or the median of the interquartile range
(IQR), depending on whether they satisfied a normal dis-
tribution. Similarly, comparisons of continuous variables
among two groups were performed using the t-test or the
Mann-Whitney U test, which were analyzed using SPSS
22.0 of IBM (Armonk, New York, NY, USA). Microarray
intensity values were transformed into a log10 scale, and
fold changes were calculated on a log1.5 scale.
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Fig. 2. The volcano plot of the DEPs among three comparison groups. Down-regulated proteins were labeled green, and the orange
dots represented up-regulated proteins. The gray dots represented proteins with no significant differences. (A) Volcano plot of DEPs in
Adhes/Control group. (B) Volcano plot of DEPs in Endome/Control group. (C) Volcano plot of DEPs in Endome/Adhes group.

3. Results
3.1 Sample Features

The study included 15 endometrial samples from 5
IUA patients and 5 control patients, and there were no sig-
nificant differences in terms of age, BMI, and preoperative
Hb values among the three groups (p > 0.05) (Table 1).

3.2 The Differences of DEPs among the Three Groups
15 endometrial tissues among 3 groups were per-

formed using LFQ proteomic analysis between the two
comparison groups, respectively. Based on 64,325 inde-
pendent peptides, 7529 proteins were identified after 5 bio-
logical duplications. We defined the DEPs as changes with
a 1.5-fold up- or down-regulation and a p-value less than
0.05. 789 upregulated DEPs, and 539 downregulated DEPs
were found in the Adhes/Control group; 587 upregulated
DEPs, and 748 downregulated DEPs were found in the En-
dome/Adhes group; and 178 upregulated DEPs, and 112
downregulated DEPs were found in the Endome/Control
group (Fig. 1A); The samples within the same group were
clustered more consistently on the heat map, and there
were obvious differences in the expression characteristics
between different groups (Fig. 1B). In Fig. 2, it can be
seen that the differential expression of proteins in the Ad-
hes/Control group was the most significant.

3.3 Functional Enrichment Analysis of DEPs
3.3.1 GO Enrichment Analysis

In order to better understand the biological signifi-
cance of DEPs, we performed GO enrichment analysis. In
the Adhes/Control comparison group, the most significant
biological processes were regulation of muscle contraction,
extracellular matrix (ECM) organization, and cell junction
assembly (Fig. 3A). Similarly, the DEPs mainly enriched
in biological processes such as the regulation of transmem-
brane transport, actin cytoskeleton organization, and reg-

ulation of muscle contraction in the Endome/Adhes group
(Fig. 3G). In the Endome/Control group, DEPs were mostly
enriched in oxygen transport, defense response to fungus,
and antimicrobial humoral response on the ontology of bi-
ological process (Fig. 3D).

In the Adhes/Control and Endome/Adhes groups,
most of the DEPs were concentrated in the ontology of
cellular components, such as focal adhesion, cell-substrate
junction, and I band (Fig. 3B,H). Among them, focal ad-
hesion was one of the most significant enrichment KEGG
pathways of DEPs. For the Endome/Control group, the key
cellular components of theDEPswere the hemoglobin com-
plex, tertiary granule lumen, and specific granule (Fig. 3E).

There were several similar enrichments between the
Adhes/Control and Endome/Adhes groups in the molecu-
lar function, for example, alpha-actinin binding, structural
constituent of muscle, and actinin binding (Fig. 3C,I). In the
Endome/Control group, the essential molecular functions
were Toll-like receptor binding, major histocompatibility
complex (MHC) class II receptor activity, and arachidonic
acid binding (Fig. 3F).

3.3.2 Protein Domain Enrichment Analysis

Bioinformatics analysis demonstrated that the first 3
structural domains of the differential proteins are Lin-11,
Isl1, MEC-3 (LIM) domain, calponin homology (CH) do-
main, the 2OG-Fe (II) oxygenase superfamily in the Ad-
hes/Control and the Endome/Adhes group. The master pro-
tein domain was enriched in Globin, the putative peptido-
glycan binding domain, and the ferritin-like domain in the
Endome/Control group (Fig. 4).

3.4 KEGG Cluster Analysis

We performed cluster analysis of KEGG pathways af-
ter enriched analysis to discover the metabolic pathways,
biochemical reactions, and signal transduction processes.
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Fig. 3. The bubble chart of the gene ontology (GO) enrichment analysis of DEPs in each compare group. The color of the circle
represents the p-value, and the size of the circle represents the number of DEPs. (A) Enrichment analysis of biological processes in
Adhes/Control group. (B) Enrichment analysis of Cell component in Adhes/Control group. (C) Enrichment analysis of Molecular
function in Adhes/Control group. (D) Enrichment analysis of biological processes in Endome/Control group. (E) Enrichment analysis
of Cell component in Endome/Control group. (F) Enrichment analysis of Molecular function in Endome/Control group. (G) Enrichment
analysis of biological processes in Endome/Adhes group. (H) Enrichment analysis of Cell component in Endome/Adhes group. (I)
Enrichment analysis of Molecular function in Endome/Adhes group.

A cross-sectional comparison of the three groups found that
the DEPs had multiple similar KEGG enrichment pathways
between the Adhes/Control and the Endome/Adhes groups.
In addition to the above focal adhesion, the DEPs was also
enriched in regulation of actin cytoskeleton, the cGMP-
PKG signaling pathway and the oxytocin signaling path-
way. For the Adhes/Control group, the central pathways
were the apelin signaling pathway, vascular smooth mus-
cle contraction, and cholinergic synapse. ECM-receptor
interaction and protein processing in endoplasmic reticu-
lum were found to be enriched in most proteins of the
Endome/Adhes group. The Endome/Control group pri-
marily functioned in the staphylococcus aureus infection,
hematopoietic cell lineage and homologous recombination
(Fig. 5).

3.5 Validation of DEPs in Endometrial-Related Tissues
To verify the above proteomic data results, we selected

DEPs with lower p-values and higher enrichment multiples,
and many specific peptide segments, which are also func-
tional proteins or transcription factors, but do not include
cytoskeletal proteins, to pick up to 20 target proteins. Sub-
sequently, 1–2 specific peptide segments were selected to
quantify the 20 target proteins using the method of frag-
ment ion peak area. Finally, 14 proteins were successfully
detected and quantified (ADIPOQ, ABHD6, CAMK2G,
IRAG1, MYLK, SYNPO2, PTPN11, PROS1, SLC4A1,
TGFB1, HLA-DRB3, COQ6) (Table 2) through the peak
area. The rest of the data is available in Fig. 6. These target
proteins were with high fold change and low p-value and
most of them have significant enrichment in certain KEGG
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Fig. 4. The top 10 protein domain enrichment analysis of DEPs. (A) Protein domain enrichment analysis of Adhes/Control group.
(B) Protein domain enrichment analysis of Endome/Adhes group. (C) Protein domain enrichment analysis of Endome/Control group.

pathways. The results are in high agreement with those of
LFQ proteomics, which appear to serve as reliable confir-
mations of protein changes.

4. Discussion

IUA is an endometrial fibrosis disease that signifi-
cantly affects the reproductive health of women of ges-
tational age. Currently, no cure has been found. There
is currently a high rate of recurrence after surgery. Al-
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Fig. 5. Hierarchical cluster analysis heatmap reveals the DEPs involved in multiple important biological pathways. The color
blocks corresponding to the functional description of the enrichment of DEPs in different comparison groups indicate the degree of
enrichment. Red represents strong enrichment and blue represents weak enrichment. ECM, extracellular matrix; GnRH, gonadotropin-
releasing hormone.

though there have been many studies reporting the bio-
logical indicators related to IUA, the specific pathogene-
sis of IUA has not been clarified. So far there have been
few reports on IUA proteomics. In this study, we per-
formed LFQ proteomics and PRM analysis from patients
with IUA. 1328, 290, and 1335DEPswere discovered in the
Adhes/Control, Endome/Control, Adhes/Endome groups,
respectively. Through comprehensive bioinformatic anal-
ysis, similar biological process, molecular function and
KEGG pathways were found between the Adhes/Control
and the Endome/Adhes groups. Most DEPs were involved
in cellular processes and biological regulations, and the role
of molecular function regulation and transportation activity.

They were found to participate in many signaling pathways,
such as regulation of actin cytoskeleton, ECM-receptor in-
teraction, cGMP-PKG signaling pathway and focal adhe-
sion. Zhang et al. [16] conducted transcriptome analy-
sis on IUA tissues and found that actin-mediated cell con-
traction, focal adhesion and cGMP-PKG signaling pathway
were significantly enriched, which is similar to our results.
In the Endome/Control group, DEPs were enriched in bi-
ological processes such as oxygen transport, defense re-
sponses to fungi, and antimicrobial humoral reactions, and
are enriched in pathways related to Staphylococcus aureus
infection and hematopoietic cell lineage. This suggests that
the repair of the endometrium adjacent to adhesions may be
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Fig. 6. PRM analysis of target protein. (A) LTF. (B) SLC4A. (C) CAMK2G. (D) MYLK. (E) SYNPO2. (F) PGM5. (G) PTPN11. (H)
PROS1. (I) IRAG. (J) TGF-β1. (K) COQ6. (L)ABHD6. (M) ADIPOQ. (N) HLA-DRB3.

accompanied by an enhancement in the immune response.
Studies have shown that immune responses play a signif-
icant role in endometrial remodeling [17], but the specific
role in the repair of the endometrium next to adhesions is
still unclear.

Protein domain analysis showed that the main do-
mains of DEPs in the Adhes/Control and Endome/Adhes
groups were LIM domain, CH domain, and the 2OG-Fe (II)
oxygenase superfamily. The LIM domain is a structural do-
main widely found in cytoskeletal and signal transduction-
related proteins, and is mainly involved in cell adhesion,

signal transmission, and the mechanical regulation of the
ECM [18,19]. LIM domain proteins may participate in
the formation of IUA by regulating abnormalities in ECM
remodeling and cellular connections. The CH domain is
commonly found in actin-binding proteins, regulating actin
binding and dynamic reorganization, and may influence the
formation of adhesion tissues bymediating actin-dependent
cell migration and contractile processes [20,21]. In the En-
dom/Control group, the key structural domains of DEPs in-
clude globin, peptidoglycan-binding domain, and ferritin-
like domain, suggesting that immune response, antimicro-
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Table 2. The target protein quantified by PRM.

Protein accession Gene name Protein description p-value
Ratio

PRM LFQ

Q9Y2Z9 COQ6 Ubiquinone biosynthesis monooxygenase COQ6, mitochondrial 2.63 × 10–2 0.51 0.34
Q06124 PTPN11 Tyrosine-protein phosphatase non-receptor type 11 1.08 × 10–2 1.12 20.59
P01137 TGFB1 Transforming growth factor beta-1 3.87 × 10–2 2.36 26.25
P79483 HLA-DRB3 HLA class II histocompatibility antigen, DR beta 3 chain 1.07 × 10–2 3.57 3.13
P07225 PROS1 Vitamin K-dependent protein 2.77 × 10–5 3.70 4.91
Q9UMS6 SYNPO2 Synaptopodin-2 3.81 × 10–2 4.65 4.59
Q9Y6F6 IRAG1 Inositol 1,4,5-triphosphate receptor-associated 1 5.22 × 10–3 5.96 4.22
Q15848 ADIPOQ Adiponectin 3.53 × 10–4 8.86 6.81
P02730 SLC4A1 Band 3 anion transport protein 5.71 × 10–3 9.85 3.93
Q15746 MYLK Myosin light chain kinase, smooth muscle 2.26 × 10–4 13.06 7.95
Q13555 CAMK2G Calcium/calmodulin-dependent protein kinase type II subunit gamma 5.58 × 10–4 14.53 2.53
Q9BV23 ABHD6 Monoacylglycerol lipase ABHD6 2.02 × 10–3 14.54 3.29
PRM, parallel reaction monitoring; LFQ, label-free quantitative.

bial defense, and iron metabolism regulation may play im-
portant roles in adhesion endometrial repair. The functional
distribution of these domains is highly consistent with the
results of the GO and KEGG analyses.

In order to screen for new biomarkers, we conducted
PRM verification and obtained 14 target proteins. Some of
these target proteins involve multiple key pathways and bi-
ological functions in the GO and KEGG analysis. Although
the relationship between most target proteins and IUA has
not been confirmed, some of them have been proven to be
related to other fibrotic diseases. TGF-β1 and ADIPOQ
are involved in ECM remodeling. TGF-β1 is a core pro-
fibrotic factor in IUA [22,23], which can drive the occur-
rence of fibrosis by promoting the over-deposition of col-
lagen and other ECM [24] components. ADIPOQ, also
known as Adiponectin (APN), is an adipokine with anti-
inflammatory and anti-fibrotic effects. APN can also in-
hibit skin fibrosis by reducing the deposition of ECM [25].
Moreover, it can activate the AMPK pathway to delay the
progression of the fibrotic ring in keloids [26,27]. We sus-
pect that its dysfunction may be one of the core mecha-
nisms for the occurrence of IUA.MYLK and CAMK2G are
closely related to actin regulation and cytoskeletal dynam-
ics. MYLK (myosin light chain kinase) is a calmodulin-
dependent protein kinase. MYLK can trigger epithelial-
mesenchymal transition (EMT) by remodeling the structure
of the actin cytoskeleton, promoting the migration and in-
vasion of liver cancer cells [28]. MYLK-mediated phos-
phorylation of myosin light chain (MLC) and myoglobin
contraction are crucial inmuscle contraction and cell migra-
tion processes [29]. As a key sensor of calcium signaling,
CAMK2Gparticipates in cytoskeletal dynamics andmuscle
contraction activities through the regulation of the actin net-
work [30,31]. LTF plays a significant role in the immune re-
sponse and antimicrobial defense. LTF is a multifunctional
iron-binding glycoprotein that not only has strong antibac-
terial activity but also participates in antimicrobial defense

and tissue repair by regulating immune cell activity and the
expression of inflammatory factors [32–34]. LTF inhibits
the progression of rat hepatitis and liver fibrosis by down-
regulating TGF-β1, TNF-α, COL1A1 [35]. It has also been
found to inhibit renal fibrosis by reducing the phosphoryla-
tion of Akt and mTOR as well as the expression of CTGF
and TGF-β1 [36]. Therefore, we speculate that in IUA, LTF
may inhibit the expression of fibrotic factors, by its antifi-
brotic properties.

PROS1 is a vitamin K-dependent glycoprotein.
UrawaM et al. [37] found that it inhibited pulmonary fibro-
sis in mice and reduced the expression of TGF-β1, CTGF
and TNF-α through suppression the of apoptosis. EMT is
one of themain pathological features of IUA, and regulating
the EMTprocessmay provide new strategies for the preven-
tion and treatment of IUA. PTPN11, also called SHP2, can
mediate the IL-6 and TGF-β1/Smad signaling pathway, and
regulate EMT in cancer cells [38,39]. PGM5 affects the ag-
gressiveness of breast cancer cells by regulating EMT [40].
The remaining target proteins (such as SYNPO-2, SLC4A1,
etc.) have not yet been found to have a clear association
with fibrosis or IUA. Further in-depth research is necessary
to elucidate their specific roles.

There are some limitations in this study. First, the
number of research samples is still insufficient. Second, we
only conducted preliminary PRM verification, and the se-
lected target protein has not been independently verified.
The detailed function and mechanism of its role in IUA
and endometrial fibrosis needs to be further studied. Subse-
quently, the relevant results of this study will be further ver-
ified from the tissue samples, and the biological functions
of the differential proteins will be confirmed. The inclusion
of more types of research objects provides important sup-
port for the subsequent study of molecular biological mech-
anisms of IUA.
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5. Conclusions
This study reveals the molecular mechanisms related

to IUA and the repair of endometrium adjacent to adhesions
through proteomics and bioinformatics analysis. The for-
mation of IUA is closely related to the regulation of the actin
cytoskeleton and abnormal remodeling of the ECM, while
the repair of the endometrium adjacent to adhesions may
be achieved by regulating ECM function and the immune
response. The target proteins (such as TGF-β1, ADIPOQ,
MYLK, etc.) verified by PRM further validate the relia-
bility of these mechanisms. As potential biomarkers, these
proteins may provide new research directions for the patho-
genesis and treatment of IUA. The functional verification
and mechanism of action of these target proteins will be the
main focus of our future research.

Abbreviations
IUA, intrauterine adhesions; LFQ, label-free quanti-

tative; PRM, parallel reaction monitoring; DEPs, differen-
tially expressed proteins; GO, Gene Ontology; KEGG, Ky-
oto Encyclopedia of Genes and Genomes; EMT, epithelial-
mesenchymal transition.

Availability of Data and Materials
The datasets used and/or analysed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
YL designed the research study. FYL and CXZ per-

formed the research. JXY and YWR provided help and ad-
vice on analyzing the data. FYL wrote the original draft.
YL reviewed and edited the manuscript. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
Written informed consent from every patient was ob-

tained before the surgery. The Nanjing Medical University
and the Changzhou Maternity and Child Health Care Hos-
pital Committee approved all the experiments. Approval
No.: Ethics Committee of Changzhou Maternity and Child
Health Care Hospital 2021[88]. All procedures involving
human participants in this study were conducted in strict
adherence to the ethical guidelines established by the 1964
Helsinki Declaration and its subsequent amendments.

Acknowledgment
Wewould like to thank all the staff members who took

part in this study.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Azizi R, Aghebati-Maleki L, Nouri M, Marofi F, Negargar S,

Yousefi M. Stem cell therapy in Asherman syndrome and thin
endometrium: Stem cell- based therapy. Biomedicine & Phar-
macotherapy. 2018; 102: 333–343. https://doi.org/10.1016/j.bi
opha.2018.03.091.

[2] Salama NM, Zaghlol SS, Mohamed HH, Kamar SS. Suppres-
sion of the inflammation and fibrosis in Asherman syndrome rat
model by mesenchymal stem cells: histological and immunohis-
tochemical studies. Folia Histochemica et Cytobiologica. 2020;
58: 208–218. https://doi.org/10.5603/FHC.a2020.0024.

[3] Movilla P, Wang J, Chen T, Morales B, Wang J, Williams A, et
al. Endometrial thickness measurements among Asherman syn-
drome patients prior to embryo transfer. Human Reproduction.
2020; 35: 2746–2754. https://doi.org/10.1093/humrep/deaa273.

[4] ZhaoX, LiuY, ZhangA,GaoB, FengQ,HuangH, et al. Logistic
regression analyses of factors affecting fertility of intrauterine
adhesions patients. Annals of Translational Medicine. 2020; 8:
49. https://doi.org/10.21037/atm.2019.11.115.

[5] Hooker AB, Lemmers M, Thurkow AL, HeymansMW, Opmeer
BC, BrölmannHAM, et al. Systematic review andmeta-analysis
of intrauterine adhesions after miscarriage: prevalence, risk fac-
tors and long-term reproductive outcome. Human Reproduction
Update. 2014; 20: 262–278. https://doi.org/10.1093/humupd/d
mt045.

[6] Liu F, Hu S, Yang H, Li Z, Huang K, Su T, et al. Hyaluronic Acid
Hydrogel Integrated withMesenchymal StemCell-Secretome to
Treat Endometrial Injury in a Rat Model of Asherman’s Syn-
drome. Advanced Healthcare Materials. 2019; 8: e1900411.
https://doi.org/10.1002/adhm.201900411.

[7] Salazar CA, Isaacson K, Morris S. A comprehensive review
of Asherman’s syndrome: causes, symptoms and treatment op-
tions. Current Opinion in Obstetrics & Gynecology. 2017; 29:
249–256. https://doi.org/10.1097/GCO.0000000000000378.

[8] Huang R, Huang X, Li S, Zhao Y, Lv X, Li Y, et al. Value of
2D ultrasonography in the diagnosis and evaluation of intrauter-
ine adhesions - a prospective study. Reproductive Biomedicine
Online. 2024; 49: 103771. https://doi.org/10.1016/j.rbmo.2023.
103771.

[9] Bosteels J, Weyers S, D’Hooghe TM, Torrance H, Broekmans
FJ, Chua SJ, et al. Anti-adhesion therapy following operative
hysteroscopy for treatment of female subfertility. The Cochrane
Database of Systematic Reviews. 2017; 11: CD011110. https:
//doi.org/10.1002/14651858.CD011110.pub3.

[10] Chen Y, Huang C, Chen X, Cai Y, Li W, Fang X, et al. Bone
protein analysis via label-free quantitative proteomics in patients
with periprosthetic joint infection. Journal of Proteomics. 2022;
252: 104448. https://doi.org/10.1016/j.jprot.2021.104448.

[11] Bantscheff M, Schirle M, Sweetman G, Rick J, Kuster B. Quan-
titative mass spectrometry in proteomics: a critical review. An-
alytical and Bioanalytical Chemistry. 2007; 389: 1017–1031.
https://doi.org/10.1007/s00216-007-1486-6.

[12] Neilson KA, Ali NA, Muralidharan S, Mirzaei M, Mariani M,
Assadourian G, et al. Less label, more free: approaches in label-
free quantitative mass spectrometry. Proteomics. 2011; 11: 535–
553. https://doi.org/10.1002/pmic.201000553.

[13] Sandin M, Chawade A, Levander F. Is label-free LC-MS/MS
ready for biomarker discovery? Proteomics. Clinical Ap-

10

https://doi.org/10.1016/j.biopha.2018.03.091
https://doi.org/10.1016/j.biopha.2018.03.091
https://doi.org/10.5603/FHC.a2020.0024
https://doi.org/10.1093/humrep/deaa273
https://doi.org/10.21037/atm.2019.11.115
https://doi.org/10.1093/humupd/dmt045
https://doi.org/10.1093/humupd/dmt045
https://doi.org/10.1002/adhm.201900411
https://doi.org/10.1097/GCO.0000000000000378
https://doi.org/10.1016/j.rbmo.2023.103771
https://doi.org/10.1016/j.rbmo.2023.103771
https://doi.org/10.1002/14651858.CD011110.pub3
https://doi.org/10.1002/14651858.CD011110.pub3
https://doi.org/10.1016/j.jprot.2021.104448
https://doi.org/10.1007/s00216-007-1486-6
https://doi.org/10.1002/pmic.201000553
https://www.imrpress.com


plications. 2015; 9: 289–294. https://doi.org/10.1002/prca
.201400202.

[14] Rauniyar N. Parallel Reaction Monitoring: A Targeted Exper-
iment Performed Using High Resolution and High Mass Ac-
curacy Mass Spectrometry. International Journal of Molecular
Sciences. 2015; 16: 28566–28581. https://doi.org/10.3390/ijms
161226120.

[15] Mistry J, Chuguransky S, Williams L, Qureshi M, Salazar GA,
Sonnhammer ELL, et al. Pfam: The protein families database
in 2021. Nucleic Acids Research. 2021; 49: D412–D419. https:
//doi.org/10.1093/nar/gkaa913.

[16] Zhang J, Jiang P, Tu Y, Li N, Huang Y, Jiang S, et al. Identifica-
tion and validation of long non-coding RNA associated ceRNAs
in intrauterine adhesion. Bioengineered. 2022; 13: 1039–1048.
https://doi.org/10.1080/21655979.2021.2017578.

[17] Meyer N, Zenclussen AC. Immune Cells in the Uterine Remod-
eling: Are They the Target of Endocrine Disrupting Chemi-
cals? Frontiers in Immunology. 2020; 11: 246. https://doi.org/
10.3389/fimmu.2020.00246.

[18] Kadrmas JL, Beckerle MC. The LIM domain: from the cy-
toskeleton to the nucleus. Nature Reviews. Molecular Cell Bi-
ology. 2004; 5: 920–931. https://doi.org/10.1038/nrm1499.

[19] Jiang T, Zeng Q, Wang J. Unlocking the secrets of Cardiac
development and function: the critical role of FHL2. Molec-
ular and Cellular Biochemistry. 2024. https://doi.org/10.1007/
s11010-024-05142-6.

[20] GimonaM,Mital R. The single CH domain of calponin is neither
sufficient nor necessary for F-actin binding. Journal of Cell Sci-
ence. 1998; 111: 1813–1821. https://doi.org/10.1242/jcs.111.
13.1813.

[21] Korenbaum E, Rivero F. Calponin homology domains at a
glance. Journal of Cell Science. 2002; 115: 3543–3545. https:
//doi.org/10.1242/jcs.00003.

[22] Xue X, Chen Q, Zhao G, Zhao JY, Duan Z, Zheng PS. The
Overexpression of TGF-β and CCN2 in Intrauterine Adhesions
Involves the NF-κB Signaling Pathway. PLoS ONE. 2015; 10:
e0146159. https://doi.org/10.1371/journal.pone.0146159.

[23] Zhou Q, Wu X, Hu J, Yuan R. Abnormal expression of fi-
brosis markers, estrogen receptor α and stromal derived factor
1/chemokine (C X C motif) receptor 4 axis in intrauterine ad-
hesions. International Journal of Molecular Medicine. 2018; 42:
81–90. https://doi.org/10.3892/ijmm.2018.3586.

[24] Hinz B. The extracellular matrix and transforming growth
factor-β1: Tale of a strained relationship. Matrix Biology: Jour-
nal of the International Society for Matrix Biology. 2015; 47:
54–65. https://doi.org/10.1016/j.matbio.2015.05.006.

[25] Fang F, Liu L, Yang Y, Tamaki Z, Wei J, Marangoni RG, et al.
The adipokine adiponectin has potent anti-fibrotic effects me-
diated via adenosine monophosphate-activated protein kinase:
novel target for fibrosis therapy. Arthritis Research & Therapy.
2012; 14: R229. https://doi.org/10.1186/ar4070.

[26] Luo L, Li J, Wu Y, Qiao J, Fang H. Adiponectin, but Not
TGF-β1, CTGF, IL-6 or TNF-α, May Be a Potential Anti-
Inflammation and Anti-Fibrosis Factor in Keloid. Journal of In-
flammation Research. 2021; 14: 907–916. https://doi.org/10.
2147/JIR.S301971.

[27] Luo L, Li J, Liu H, Jian X, Zou Q, Zhao Q, et al. Adiponectin Is
Involved in Connective Tissue Growth Factor-Induced Prolifer-
ation, Migration and Overproduction of the Extracellular Matrix
in Keloid Fibroblasts. International Journal of Molecular Sci-

ences. 2017; 18: 1044. https://doi.org/10.3390/ijms18051044.
[28] Lin J, He Y, Chen L, Chen X, Zang S, Lin W. MYLK pro-

motes hepatocellular carcinoma progression through regulat-
ing cytoskeleton to enhance epithelial-mesenchymal transition.
Clinical and Experimental Medicine. 2018; 18: 523–533. https:
//doi.org/10.1007/s10238-018-0509-2.

[29] Shen Q, Rigor RR, Pivetti CD, Wu MH, Yuan SY. Myosin light
chain kinase in microvascular endothelial barrier function. Car-
diovascular Research. 2010; 87: 272–280. https://doi.org/10.
1093/cvr/cvq144.

[30] Yong J, Song J. CaMKII activity and metabolic imbalance-
related neurological diseases: Focus on vascular dysfunc-
tion, synaptic plasticity, amyloid beta accumulation, and lipid
metabolism. Biomedicine & Pharmacotherapy. 2024; 175:
116688. https://doi.org/10.1016/j.biopha.2024.116688.

[31] Hudmon A, Schulman H. Neuronal CA2+/calmodulin-
dependent protein kinase II: the role of struc-
ture and autoregulation in cellular function. An-
nual Review of Biochemistry. 2002; 71: 473–510.
https://doi.org/10.1146/annurev.biochem.71.110601.135410.

[32] Bukowska-Ośko I, Sulejczak D, Kaczyńska K, Kleczkowska P,
Kramkowski K, PopielM, et al. Lactoferrin as aHumanGenome
“Guardian”-An Overall Point of View. International Journal of
Molecular Sciences. 2022; 23: 5248. https://doi.org/10.3390/ij
ms23095248.

[33] Kowalczyk P, Kaczyńska K, Kleczkowska P, Bukowska-Ośko
I, Kramkowski K, Sulejczak D. The Lactoferrin Phenomenon-A
Miracle Molecule. Molecules. 2022; 27: 2941. https://doi.org/
10.3390/molecules27092941.

[34] Valenti P, Antonini G. Lactoferrin: an important host de-
fence against microbial and viral attack. Cellular and Molecu-
lar Life Sciences. 2005; 62: 2576–2587. https://doi.org/10.1007/
s00018-005-5372-0.

[35] Aoyama Y, Naiki-Ito A, Xiaochen K, Komura M, Kato H, Na-
gayasu Y, et al. Lactoferrin Prevents Hepatic Injury and Fibrosis
via the Inhibition of NF-κB Signaling in a Rat Non-Alcoholic
Steatohepatitis Model. Nutrients. 2021; 14: 42. https://doi.org/
10.3390/nu14010042.

[36] Hsu YH, Chiu IJ, Lin YF, Chen YJ, Lee YH, Chiu HW. Lacto-
ferrin Contributes a Renoprotective Effect in Acute Kidney In-
jury and Early Renal Fibrosis. Pharmaceutics. 2020; 12: 434.
https://doi.org/10.3390/pharmaceutics12050434.

[37] Urawa M, Kobayashi T, D’Alessandro-Gabazza CN, Fujimoto
H, Toda M, Roeen Z, et al. Protein S is protective in pulmonary
fibrosis. Journal of Thrombosis and Haemostasis. 2016; 14:
1588–1599. https://doi.org/10.1111/jth.13362.

[38] Sun X, Zhang J, Wang Z, Ji W, Tian R, Zhang F, et al. Shp2
Plays a Critical Role in IL-6-Induced EMT in Breast Cancer
Cells. International Journal of Molecular Sciences. 2017; 18:
395. https://doi.org/10.3390/ijms18020395.

[39] Li S, Wang L, Zhao Q, Liu Y, He L, Xu Q, et al. SHP2 posi-
tively regulates TGFβ1-induced epithelial-mesenchymal transi-
tion modulated by its novel interacting protein Hook1. The Jour-
nal of Biological Chemistry. 2014; 289: 34152–34160. https:
//doi.org/10.1074/jbc.M113.546077.

[40] Ran F, Zhang Y, Shi Y, Liu J, Li H, Ding L, et al. miR-
1224-3p Promotes Breast Cancer Cell Proliferation and Migra-
tion through PGM5-Mediated Aerobic Glycolysis. Journal of
Oncology. 2021; 2021: 5529770. https://doi.org/10.1155/2021/
5529770.

11

https://doi.org/10.1002/prca.201400202
https://doi.org/10.1002/prca.201400202
https://doi.org/10.3390/ijms161226120
https://doi.org/10.3390/ijms161226120
https://doi.org/10.1093/nar/gkaa913
https://doi.org/10.1093/nar/gkaa913
https://doi.org/10.1080/21655979.2021.2017578
https://doi.org/10.3389/fimmu.2020.00246
https://doi.org/10.3389/fimmu.2020.00246
https://doi.org/10.1038/nrm1499
https://doi.org/10.1007/s11010-024-05142-6
https://doi.org/10.1007/s11010-024-05142-6
https://doi.org/10.1242/jcs.111.13.1813
https://doi.org/10.1242/jcs.111.13.1813
https://doi.org/10.1242/jcs.00003
https://doi.org/10.1242/jcs.00003
https://doi.org/10.1371/journal.pone.0146159
https://doi.org/10.3892/ijmm.2018.3586
https://doi.org/10.1016/j.matbio.2015.05.006
https://doi.org/10.1186/ar4070
https://doi.org/10.2147/JIR.S301971
https://doi.org/10.2147/JIR.S301971
https://doi.org/10.3390/ijms18051044
https://doi.org/10.1007/s10238-018-0509-2
https://doi.org/10.1007/s10238-018-0509-2
https://doi.org/10.1093/cvr/cvq144
https://doi.org/10.1093/cvr/cvq144
https://doi.org/10.1016/j.biopha.2024.116688
https://doi.org/10.1146/annurev.biochem.71.110601.135410
https://doi.org/10.3390/ijms23095248
https://doi.org/10.3390/ijms23095248
https://doi.org/10.3390/molecules27092941
https://doi.org/10.3390/molecules27092941
https://doi.org/10.1007/s00018-005-5372-0
https://doi.org/10.1007/s00018-005-5372-0
https://doi.org/10.3390/nu14010042
https://doi.org/10.3390/nu14010042
https://doi.org/10.3390/pharmaceutics12050434
https://doi.org/10.1111/jth.13362
https://doi.org/10.3390/ijms18020395
https://doi.org/10.1074/jbc.M113.546077
https://doi.org/10.1074/jbc.M113.546077
https://doi.org/10.1155/2021/5529770
https://doi.org/10.1155/2021/5529770
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Sample Collection
	2.2 LFQ Proteomics Analysis
	2.3 Data Processing
	2.4 Biological Analysis
	2.5 PRM Analysis
	2.6 Statistical Analysis

	3. Results
	3.1 Sample Features
	3.2 The Differences of DEPs among the Three Groups
	3.3 Functional Enrichment Analysis of DEPs
	3.3.1 GO Enrichment Analysis
	3.3.2 Protein Domain Enrichment Analysis

	3.4 KEGG Cluster Analysis
	3.5 Validation of DEPs in Endometrial-Related Tissues

	4. Discussion
	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

