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Ligustrazine inhibits inflammatory response of human endometrial stromal cells
through the STAT3/IGF2BP1/RELA axis

Ying Fenga, Han Dongb and Liyan Zhengc

aThe Second Affiliated Hospital of Nanchang University, Nanchang, P.R. China; bDepartment of Obstetrics and Gynecology, Gynecology Women
and Children’s Hospital of Jinzhou, Jinzhou, P.R. China; cDepartment of Obstetrics and Gynecology, ShangRao Guangxin District Traditional
Chinese Medicine Hospital, Shangrao, P.R. China

ABSTRACT
Context: Endometriosis (EMs) is a gynecological disorder. Ligustrazine has been reported to exert an anti-
inflammatory effect on EMs. However, the underlying mechanisms are not completely understood.
Objective: To investigate the effects of ligustrazine on the progression of EMs and the underlying regula-
tory mechanisms.
Materials and methods: Human endometrial stromal cells (HESCs) were isolated from patients with EMs
or control subjects. HESCs were treated with 25, 50, 100, or 200lM ligustrazine for 1, 3, 6, or 12 h.
Western blot and enzyme-linked immunosorbent assays were performed to determine the levels of pro-
teins and inflammatory cytokines, respectively. The binding between STAT3 and insulin-like growth factor
2 mRNA-binding protein 1 (IGF2BP1) was assessed by chromatin immunoprecipitation and dual-luciferase
reporter assays. The relationship between IGF2BP1 and RELA was assessed by RNA immunoprecipitation
and RNA pull-down assay.
Results: Phosphorylated STAT3, IGF2BP1, RELA, TNF-a, IL-6, and IL-1b were upregulated in EMs tissues
compared with control tissues (by 1.79-, 2.55-, 1.58-, 3.01-, 2.55-, and 3.34-fold, respectively). Ligustrazine
inhibited the expression of p-STAT3, IGF2BP1, RELA, IL-6, TNF-a, and IL-1b. Overexpression of STAT3 pro-
moted RELA-mediated inflammatory responses, while ligustrazine (100mM) notably reversed this phenom-
enon. Ligustrazine also alleviated RELA-induced inflammation via downregulating IGF2BP1. STAT3 bound
to the promoter of IGF2BP1, and IGF2BP1 bound to the RELA mRNA.
Discussion and conclusion: Ligustrazine inhibited inflammation in EMs via regulating the
STAT3/IGF2BP1/RELA axis. These findings propose a new agent against EMs and support the development
of ligustrazine-based treatment strategies for EMs.
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Introduction

Endometriosis (EMs) is a debilitating gynecological disorder in
which endometrial-like tissues grow outside the adjacent organs,
including the bladder, ovaries, pelvic peritoneum, and colon (Li
et al. 2021; Miller et al. 2021). Previous studies have shown that
EMs is usually accompanied by dysmenorrhea, chronic pelvic
pain, dysuria, dyschezia, and dysuria (Sansone et al. 2021; Veena
et al. 2022). The statistics revealed that EMs is observed in 5–
15% of reproductive-age women (Zhang et al. 2021) and affects
approximately 165 million women in China (Shafrir et al. 2021;
Wu et al. 2021). Although many efforts have been made to opti-
mize the therapies for EMs, standard treatments, such as non-
steroidal anti-inflammatory drugs and pelvic surgery, do not
benefit all patients (Shafrir et al. 2021). Thus, it is of great clin-
ical significance to explore new therapeutic options for EMs.

Ligustrazine is an ingredient of Rhizoma Chuanxiong
(Ligusticum chuanxiong Hort [Umbelliferae]) with therapeutic
benefits (Jiang et al. 2021; Ma et al. 2021). The anti-inflamma-
tory property of ligustrazine has been observed in various

diseases. For instance, ligustrazine inhibited hepatic steatosis and
oxidative stress, and suppresses the secretion of inflammatory
cytokines in hepatic stellate cells (Zhang et al. 2016). Moreover,
recent evidence has suggested that the combined use of ligustra-
zine ferulic acid, and tetrahydropalmatine attenuated epithelial-
mesenchymal transformation during the development of EMs
(Zhang et al. 2021). However, the mechanisms underlying the
effects of ligustrazine on EMs remain unclear.

RELA, also known as p65, is a transcription factor that can
bind to genes encoding pro-inflammatory cytokines, induces
their transcription, and ultimately promotes the secretion of
inflammatory cytokines (Khawaja et al. 2021). Signal transducer
and activator of transcription 3 (STAT3) is a transcription factor
and its activation has been found in EMs, as evidenced by an
increased level of phosphorylated STAT3 (p-STAT3) (He et al.
2021). Furthermore, ligustrazine inhibited the activation of the
STAT3 signaling pathway in mice with experimental auto-
immune encephalomyelitis (Zhang et al. 2021). Insulin-like
growth factor 2 mRNA-binding protein 1 (IGF2BP1), a key
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RNA-binding protein that regulates the stability of mRNA, is
known to be upregulated in EMs (Yi et al. 2010; Cruz-Zaragoza
et al. 2021). Bioinformatics prediction from Starbase (http://star-
base.sysu.edu.cn/index.php) (Zhang et al. 2022) indicated that
IGF2BP1 could bind to the RELA mRNA. The above data led us
to hypothesize that RELA, STAT3, and IGF2BP1 might be
involved in ligustrazine-mediated progression of EMs.

In this study, we investigate the effects of ligustrazine on EMs
and explore the potential involvement of RELA, STAT3, and
IGF2BP1 in this process. The relationships among these factors
were examined. Our findings suggest that ligustrazine attenuated
inflammation in EMs via regulating the STAT3/IGF2BP1/RELA
axis, which may provide new insights into the development of
novel treatments for EMs.

Materials and methods

Tissue collection

Endometrial tissues were collected from patients with EMs or
eutopic endometrium (EU), or normal subjects (n¼ 30 per
group) in the Second Affiliated Hospital of Nanchang University
between April 2020 and April 2021. Tissues were maintained at
�80 �C. Patients who were diagnosed with EMs according to the
common diagnostic guidelines were eligible for recruitment. The
exclusion criteria were as follows: (1) Individuals who suffered
from other diseases and are currently under treatment; (2) preg-
nant or lactating women; (3) patients who were allergic to probi-
otics or had used/were using antibiotics recently; and (4)
alcoholics or smokers. This study (Clinical trial Register
Number: 2022-35) was approved by the Ethics Committee of
The Second Affiliated Hospital of Nanchang University and
informed consent was obtained from each participant.

Cell culture and treatment

Human endometrial stromal cells (HESCs) were isolated from
EMs, EU, or normal tissues as previously described (Li et al.
2021). Briefly, tissues were digested with 0.25% Type IA collage-
nase (Sigma) and strained through 250 and 38 lm stainless steel
sieves, respectively, to remove undigested tissue and glandular
cells. At least 95% of the isolated cells were positive for vimentin,
but they were not stained for cytokeratin. Cells were contained
in DMEM (Thermo Fisher Scientific) containing 1% penicillin,
10% fetal bovine serum, and 1% streptomycin (Sigma) in the
condition of 37 �C and 5% CO2. To detect the effects of ligustra-
zine on EMs, HESCs were treated with 25, 50, 100, or 200 lM
ligustrazine for 1, 3, 6, or 12 h.

Immunohistochemical (IHC) staining

Tissues were fixed in 4% paraformaldehyde in phosphate-buf-
fered saline (PBS) overnight, paraffin-embedded, and cut into
5lm thick sections. After being deparaffinized and rehydrated,
the sections were heated in sodium citrate buffer in a microwave
for antigen retrieval, washed with PBS for 5min (three times) at
room temperature, incubated in 3% H2O2 at room temperature
for 25min, washed with PBS for 5min (three times), and
blocked and incubated in goat serum for 30min. Then, the sam-
ples were stained with primary antibodies (Abcam), including
anti-p-STAT3, anti-IGF2BP1, and anti-RELA (p65) overnight at
4 �C. Next, samples were incubated with an HRP-labeled

secondary antibody for 30min at 37 �C. Finally, freshly prepared
diaminobenzidine was added for color development.

Cell transfection

HESCs (3� 105 cells/well) were seeded in six-well plates. To
silence STAT3 or IGF2BP1, cells were transfected with short
hairpin RNA targeting STAT3 (STAT3 shRNA) or IGF2BP1
(IGF2BP1 shRNA), or negative control (shNC) for 24 h using
Lipofectamine 2000 (Thermo Fisher Scientific). To overexpress
STAT3 or IGF2BP1, cells were transfected with pcDNA3.1-
STAT3 (Genepharma), pcDNA3.1-IGF2BP1 (Genepharma), or
pcDNA3.1 (Genepharma) for 24 h using Lipofectamine 2000.

Western blotting

RIPA was used to isolate proteins from tissues or cells. The BCA
kit (Beyotime) was used for protein quantification. Protein sam-
ples were separated by SDS-PAGE (10%) and then transferred to
PVDF membranes (Bio-Rad). Then, the membranes were incu-
bated with designated primary antibodies (Abcam), including
anti-STAT3 (1:1000), anti-p-STAT3 (1:1000), anti-IGF2BP1
(1:1000), anti-RELA(p65) (1:1000), and anti-b-actin (internal
control, 1:1000) overnight at 4 �C. After blocking, an anti-rabbit
secondary antibody (1:5000; Abcam) was applied for 1 h. The
Odyssey Imaging System was used to scan the membranes. The
Odyssey software (v2.0, LI-COR Biosciences) was used for blot
analysis.

Quantitative real-time PCR (RT-qPCR) detection

TRIzol (Invitrogen) was used to isolate total RNA from tissues.
PrimeScript kit (Takara) and SYBR kit (Takara) were used for
RT-qPCR. The primers were generated by GenePharma. The
sequences of the primers were as follows:

STAT3 forward, 50-GCTGCCCCATACCTGAAGAC-30

STAT3 reverse, 50-GTAGGCGCCTCAGTCGTATC-30;
IGF2BP1 forward, 50-GGCCTGAGAATGAGTG-30

IGF2BP1 reverse, 50-GAGGGGCAGACAGTGTTG -30;
Tumor necrosis factor alpha (TNF-a) forward, 50-CCAGA
ACTCCAGGCGGTGTC-30

TNF-a reverse, 50-GGCTACGGGCTTGTCACTCG-30;
Interleukin 6 (IL-6) forward, 50-TCCAGCCAGTTGC
CTTCTTG-30

IL-6 reverse, 50-AGCCACTCCTTCTGTGACTC-30;
Interleukin 1b (IL-1b) forward, 50-ATGCCTCGTGCTGT
CTGAC-30

IL-1b reverse, 50-TCCCGACCATTGCTGTTTCC-30;
b-actin (internal control) forward, 50-AAATCTGGCACCACAC
CTTC-30

b-actin reverse, 50-GGGGTGTTGAAGGTCTCAAA-30.

The 2�DDCt method was applied for quantification, and the
data in the control group was set to 1.

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-1b, TNF-a, and IL-6 levels in tissue samples and
HESC supernatants were detected by ELISA kits (Abcam)
according to the manufacturer’s instructions.
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Dual luciferase assay

The corresponding binding sequences of wild-type (WT)
IGF2BP1 or mutant (Mut) IGF2BP1 were synthesized and then
sub-cloned into the luciferase reporter plasmid pGL3 to obtain
pGL3-WT-IGF2BP1 and pGL3-Mut-IGF2BP1 plasmids. The luci-
ferase plasmids (WT or Mut) and STAT3 shRNA/shNC were
transfected to HESCs using Lipofectamine 2000. After incubation
for 48 h, the Dual-Luciferase System (Promega Corporation) was
used to assess the luciferase activity. The Renilla luciferase activ-
ity served as the internal control.

RNA immunoprecipitation (RIP) assay

The correlation between IGF2BP1 and the RELA mRNA was
assessed by RIP assay. Approximately 1� 107 cells were har-
vested and lysed in 100% RIP lysis buffer with proteinase and
RNase inhibitors. The RIP lysates were incubated with RIP buffer
containing magnetic beads conjugated to anti-IGF2BP1
(Millipore) antibody or control IgG (Millipore). Meanwhile, IgG
served as the negative control. The enrichment of IGF2BP1 and
RELA was evaluated by RT-qPCR.

Actinomycin D assays

After 24 h of transfection, actinomycin D (5mg/mL, Sigma) was
added to the media of transfected HESCs. At 0, 1, 2, 3, or 4 h
after incubation with actinomycin D, the mRNA level of RELA
was assessed by RT-qPCR.

Chromatin immunoprecipitation (ChIP) assay

Cells were homogenized in immunoprecipitation lysis buffer
(Beyotime) supplemented with protease inhibitor cocktail
(Beyotime), phosphatase inhibitor cocktail (Beyotime), and
EDTA (Beyotime). The lysates were centrifuged at 12,000 rpm
for 15min at 4 �C, and the supernatants were removed. Then,
prepared lysates were precleared using 10 lL of Protein AþG
agarose beads (cat no. 78610, Thermo Fisher Scientific) by incu-
bation with rotation at 4 �C for 2 h. The antibodies of interest or
control IgG were added to the precleared lysates, and 20lL of
Protein AþG agarose beads were then added to the mixture.
The tubes were incubated with rotation at 4 �C overnight in each
step. Anti-STAT3 antibody (Millipore) was used for ChIP.
Immunoglobulin G (IgG) was used as the negative control.
IGF2BP1 enrichment was assessed by RT-qPCR.

Statistical analysis

Three experiments were conducted in each group. The normality
of the data was tested by the Kolmogorov–Smirnov test. All data
were normally distributed and expressed as mean ± standard
deviation. All statistical analyses were performed using GraphPad
Prism 7 (GraphPad Software, Inc.). Paired Student’s t-test or
unpaired Student’s t-test was applied to analyze the differences
between the two groups. One-way ANOVA followed by Tukey’s
test was for multi-group comparisons. p< 0.05 suggested statis-
tical significance.

Results

STAT3, IGF2BP1, RELA, IL-6, TNF-a, and IL-1b were
upregulated in EMs tissues

Firstly, the levels of p-STAT3, IGF2BP1, RELA, IL-6, TNF-a,
and IL-1b in EMs were examined. The results showed that p-
STAT3, IGF2BP1, and RELA were upregulated in EMs tissues in
comparison with normal tissues (p< 0.05, Figure 1(A) and sup-
plemental Figure S1). The levels of IL-6, TNF-a, and IL-1b were
also notably upregulated in EMs (p< 0.01, Figure 1(B)).
Consistently, ELISA showed the concentrations of these pro-
inflammatory cytokines in EMs tissues were significantly higher
than those in EU and normal tissues (p< 0.01, Figure 1(C)).
Taken together, p-STAT3, IGF2BP1, RELA, TNF-a, IL-6, and IL-
1b were upregulated in EMs tissues.

Ligustrazine significantly decreased the levels of STAT3,
IGF2BP1, RELA, IL-6, TNF-a, and IL-1b in HESCs

To investigate the role of ligustrazine in EMs, we treated HESCs
with various concentrations of ligustrazine. As shown in Figure
2(A), ligustrazine downregulated the expressions of p-STAT3,
IGF2BP1, and RELA in HESCs (p< 0.05). Based on the above
results, ligustrazine at 100lM was used for subsequent experiments.
We further found that ligustrazine inhibited the expression of p-
STAT3, IGF2BP1, and RELA in HESCs in a time-dependent man-
ner (p< 0.01, Figure 2(B)). Moreover, ligustrazine time-dependently
and decreased the levels of TNF-a, IL-6, and IL-1b in supernatants
of HESCs (p< 0.01 and p< 0.05；Figure 2(C,D)). These data sug-
gest that ligustrazine significantly suppressed the expressions of p-
STAT3, IGF2BP1, RELA, IL-6, TNF-a, and IL-1b in EMs.

Ligustrazine inhibited RELA-mediated inflammation in HESCs
via inhibiting the activation of STAT3

To investigate the mechanism by which ligustrazine regulated
inflammatory responses in HESCs, HESCs overexpressing STAT3
were constructed. Western blot was then performed to evaluate
transfection efficiency. As shown in Figure 3(A), the expression
of STAT3 in HESCs was significantly upregulated 1.72-fold by
transfection with STAT3-overexpressed plasmids (p< 0.01). In
addition, STAT3 overexpression markedly increased the expres-
sion of p-STAT3, IGF2BP1, and RELA in HESCs (p< 0.05), and
it effectively reversed ligustrazine-induced downregulation of
these proteins (p< 0.05, Figure 3(B)). The decrease in the levels
of TNF-a, IL-1b, and IL-6 levels in HESC supernatants by ligu-
strazine was also significantly restored by STAT3 overexpression
(p< 0.05, Figure 3(C)). Furthermore, the anti-inflammatory
effect of ligustrazine was greatly diminished by overexpression of
STAT3 (p< 0.01, Figure 3(C)). The above results imply that ligu-
strazine inhibited RELA-mediated inflammation in HESCs via
inhibiting the activation of STAT3.

Ligustrazine alleviated RELA-mediated inflammation in
HESCs by downregulating IGF2BP1

To explore the relationship between ligustrazine and IGF2BP1 in
EMs, cells were transfected with pcDNA3.1-IGF2BP1. As shown
in Figure 4(A), the level of IGF2BP1 in HESCs was markedly
increased 1.69-fold by the transfection with IGF2BP1-overex-
pressed plasmids. IGF2BP1 overexpression did not affect the
level of p-STAT3, but increased the expression of RELA in
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HESCs (p< 0.05, Figure 4(B)). However, this phenomenon was
reversed by ligustrazine treatment (p< 0.01, Figure 4(B)). The
presence of ligustrazine also significantly abolished IGF2BP1
overexpression-induced inflammatory responses in HESCs
(p< 0.01, Figure 4(C)). Collectively, ligustrazine alleviated RELA-
mediated inflammation in HESCs via downregulating IGF2BP1.

STAT3 bound to the promoter of the IGF2BP1 gene, and
IGF2BP1 bound to the RELA mRNA

We further investigated the relationship among STAT3,
IGF2BP1, and RELA. As illustrated in Figure 5(A), transfection
with STAT3 shRNA notably inhibited the expression of STAT3,
IGF2BP1, and RELA in HESCs (p< 0.01). AnimalTFDB, a

Figure 1. STAT3, IGF2BP1, RELA (p65), IL-6, TNF-a, and IL-1b were upregulated in EMs tissues. (A) The levels of p-STAT3, IGF2BP1, RELA (p65), and STAT3 in normal,
EU, and EMs tissues were evaluated by Western blot. b-Actin was used for normalization. (B) The levels of IL-6, IL-1b, and TNF-a in normal, EU, and EMs tissues were
detected by RT-qPCR. (C) The levels of IL-6, IL-1b, and TNF-a in normal, EU, and EMs tissues were determined by ELISA. �p< 0.05; ��p< 0.01; ��p< 0.001.

Figure 2. Ligustrazine significantly inhibited the expression of STAT3, IGF2BP1, RELA (p65), IL-6, TNF-a, and IL-1b in HESCs. (A) HESCs were treated with 25, 50, 100,
or 200lM ligustrazine for 6 h. The levels of p-STAT3, STAT3, IGF2BP1, and RELA (p65) in HESCs were measured by Western blot. (B) HESCs were exposed to 100lM
ligustrazine for 1, 3, 6, or 12 h. The levels of p-STAT3, STAT3, IGF2BP1, and RELA (p65) in HESCs were detected by Western blot. (C) HESCs were treated with 25, 50,
100, or 200lM ligustrazine for 6 h. The concentrations of IL-6, IL-1b, and TNF-a in HESC supernatants were determined by ELISA. (D) HESCs were exposed to 100lM
ligustrazine for 1, 3, 6, or 12 h. The concentrations of IL-6, IL-1b, and TNF-a in HESC supernatants were assessed by ELISA. �p< 0.05; ��p< 0.01; ��p< 0.001.
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Figure 3. Ligustrazine inhibited RELA (p65)-mediated inflammation in HESCs by inactivating STAT3. (A) HESCs were transfected with empty vector or pcDNA3.1-STAT3.
The level of STAT3 in HESCs was measured by Western blot. (B) HESCs were transfected with empty vector or pcDNA3.1-STAT3, followed by treatment with or without
100lM Ligustrazine for 6 h. The levels of p-STAT3, IGF2BP1, RELA (p65), and STAT3 in HESCs were assessed by Western blot. (C) The concentrations of IL-6, IL-1b, and
TNF-a in HESC supernatants were measured by ELISA. �p< 0.05; ��p< 0.01.

Figure 4. Ligustrazine alleviated RELA (p65)-mediated inflammation in HESCs by downregulating IGF2BP1. (A) HESCs were transfected with empty vector or
pcDNA3.1-IGF2BP1. The level of IGF2BP1 in HESCs was measured by Western blot. (B) HESCs were transfected with empty vector or pcDNA3.1-IGF2BP1, followed by
treatment with or without 100lM ligustrazine for 6 h. The expression of p-STAT3, IGF2BP1, RELA (p65), and STAT3 in HESCs was detected by Western blot. (C) The
concentrations of IL-6, IL-1b, and TNF-a in HESC supernatants were measured by ELISA. �p< 0.05; ��p< 0.01.

670 Y. FENG ET AL.



computational prediction tool, predicted that there might be
three binding sites (BS) between STAT3 and IGF2BP1 (Figure
5(B)). ChIP assay then showed the enrichment of BS3 in the
complexes precipitated with anti-STAT3 antibody (p< 0.001,
Figure 5(C)). The luciferase activity of WT-IGF2BP1 was notably
decreased by STAT3 silencing (p< 0.01, Figure 5(D)). Moreover,
transfection with IGF2BP1 shRNA notably decreased the expres-
sions of IGF2BP1 and RELA in HESCs (p< 0.05, Figure 5(E)).
In addition, IGF2BP1 could bind to the RELA mRNA (Figure
5(F,G)). Furthermore, IGF2BP1 silencing notably reduced the
stability of the RELA mRNA (p< 0.01, Figure 5(H)). Thus, it
could be concluded that STAT3 could bind to the IGF2BP1 pro-
moter, and IGF2BP1 could in turn bind to the RELA mRNA to
promote RELA expression.

Ligustrazine attenuated inflammation during the
progression of EMs via regulating the STAT3/IGF2BP1/RELA
axis

Lastly, Western blot analysis was performed to ascertain the
mechanism by which ligustrazine mediates inflammation in EMs.
As illustrated in Figure 6(A), ligustrazine-induced downregula-
tion of p-STAT3, RELA, and IGF2BP1 was reversed by STAT3
overexpression (p< 0.05), while the effect of STAT3 on IGF2BP1
and RELA was reversed by IGF2BP1 silencing (p< 0.05).
Meanwhile, the inhibitory effect of ligustrazine on IL-1b, IL-6,

and TNF-a was significantly rescued by STAT3 overexpression
(p< 0.05, Figure 6(B)). However, IGF2BP1 downregulation
restored this phenomenon (p< 0.05, Figure 6(B)). To sum up,
ligustrazine attenuated inflammation during the progression of
EMs via regulating the STAT3/IGF2BP1/RELA axis.

Discussion

Excessive secretion of pro-inflammatory cytokines, such as IL-1b,
TNF-a, and IL-6, has been considered key contributors to the
development of EMs (Bian et al. 2021; Kotlyar et al. 2021). In
the present study, we showed that ligustrazine inhibited the pro-
duction of TNF-a, IL-1b, and IL-6 in HESCs and therefore alle-
viated inflammation during the progression of EMs. Further
analysis revealed, for the first time, that ligustrazine attenuated
inflammation in EMs via regulating the STAT3/IGF2BP1/RELA
axis. These data suggest that ligustrazine may act as a novel
therapeutic agent for EMs.

STAT3 is a crucial member of the STAT3 signaling partici-
pates in diverse inflammatory responses and plays an indispens-
able role in the occurrence of various inflammatory diseases
(Chowdhury et al. 2019; Yu et al. 2019). The involvement of
STAT3 in the progression of EMs has also been reported. IL-37,
an anti-inflammatory cytokine, inhibited the development of
EMs in a mouse model by inhibiting STAT3 phosphorylation,
while activation of STAT3 effectively reversed IL-37-induced

Figure 5. STAT3 bound to the promoter of IGF2BP1, and IGF2BP1 bound to the RELA mRNA. (A) HESCs were transfected with shNC or shSTAT3. The levels of STAT3,
IGF2BP1, and RELA (p65) in HESCs were assessed by Western blot. (B) AnimalTFDB was used to predict the binding sites between IGF2BP1 and STAT3. (C) ChIP assay
detected the enrichment of STAT3 on the IGF2BP1 promoter. (D) The luciferase activity of STAT3 on WT/Mut-IGF2BP1 was examined by dual-luciferase assay. (E)
HESCs were transfected with shNC or shIGF2BP1. The levels of IGF2BP1 and RELA (p65) in HESCs were assessed by Western blot. (F, G) The enrichment of IGF2BP1
with the RELA mRNA was assessed by (F) RNA pull-down and (G) RIP assay. (H) The half-life of the RELA mRNA was detected by RT-qPCR. �p< 0.05; ��p< 0.01.
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dendritic cell maturation in EMs (Li et al. 2021). Besides, long
non-coding RNA AFAP1-AS1 modulated the proliferation and
apoptosis of endometrial stromal cells in EMs by activating the
STAT3/transforming growth factor-b1/Smad axis (Huan et al.
2021). Consistent with previous literature, our data showed that
ligustrazine treatment decreased the phosphorylation level of
STAT3 in HESCs, suggesting that ligustrazine may act as an
inhibitor of the STAT3 pathway in EMs.

The interaction between RELA and STAT3 serves as a key
event in the pathogenesis of multiple inflammation-related dis-
eases (Gao et al. 2021). In the present study, we found that ligu-
strazine reversed RELA-induced inflammation in HESCs by
inhibiting the activation of STAT3. IGF2BP1 is an RNA binding
protein that maintains mRNA stability (Ramesh-Kumar and
Guil, 2022; Liu et al. 2022). Our data showed that IGF2BP1
reduced the stability of the RELA mRNA. Liu et al. (2022)
reported that silencing of IGF2BP1 restrained inflammatory
responses in chronic inflammatory diseases, such as atheroscler-
osis. In addition, recent data showed that IGF2BP1 silencing
inhibited p65 nuclear translocation and nuclear factor kappa B
activation in lipopolysaccharide-induced macrophages (Xie et al.
2019). Then, we speculated that STAT3 might upregulate the
expression of RELA by binding IGF2BP1. Further analysis of the
relationships among STAT3, IGF2BP1, and RELA demonstrated
that suggesting that STAT3 regulated the progression of EMs via
regulating the IGF2BP1/RELA axis. Furthermore, the binding
analyses indicated that STAT3 bound to the promoter of the
IGF2BP1 gene.

The limitations of the present study should also be acknowl-
edged. Firstly, our data were obtained from clinical tissue sam-
ples and cell culture experiments. Whether ligustrazine could
inhibit inflammation in EMs should be validated in animal mod-
els. Secondly, we only examined the effects of ligustrazine on the
STAT3/IGF2BP1/RELA axis, whether other inflammation-related
signaling pathways are involved in ligustrazine-mediated progres-
sion of EMs warrants further investigation. Thirdly, the optimal
dosage and treatment duration of ligustrazine for EMs need to
be explored.

Conclusions

The present study shows that ligustrazine inhibits inflammatory
responses in EMs by regulating the STAT3/IGF2BP1/RELA axis.
These data not only highlighted the therapeutic potential of ligu-
strazine for EMs but also provided a basis for future develop-
ment of ligustrazine-based treatment strategies for EMs.
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