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Abstract

Introduction. Endometriosis (EMs), manifested by pain and infertility, is a chronic inflammatory disease. The precise
pathophysiology of this disease remains uncertain. Insulin-like growth factor-2 mRNA-binding protein 1 (IGF2BP1)
and polypyrimidine tract-binding protein 1 (PTBP1) have both been found to regulate proliferation, apoptosis, and
invasion. This study aimed to investigate the effects of IGF2BP1/PTBP1 in treating EMs.

Materials and methods. qRT-PCR and western blotting were employed to quantify IGF2BP1 and PTBP1 expression
in six patients with EMs (mean age 33.83 years). The correlation analysis, STRING database prediction, and RNA
immunoprecipitation were utilized to identify the relationship between IGF2BP1 and PTBP1. Ectopic endometrial
volume, weight, HE staining, and IGF2BP1 silencing were utilized to estimate the effects of IGF2BP1 in EMs model
rats. qRT-PCR, CCK-8, 5-ethynyl-2’-deoxyuridine (EDU) labeling, Transwell assay, and flow cytometry were utilized
to assess the effects of IGF2BP1/PTBP1 on the proliferation, migration, invasion, and apoptosis of ectopic endometrial
stromal cells (eESCs). Furthermore, western blotting was employed to evaluate expressions of PCNA, VEGF, and
E-cadherin in EMs rats and eESCs.

Results. The mRNA and protein levels of IGF2BP1 and PTBP1 in the ectopic and eutopic endometrium of EMs patients
were significantly increased. RNA immunoprecipitation revealed a close interaction of IGF2BP1 with PTBP1. Addi-
tionally, the endometrial volume, weight, and histopathologic scores in rats were significantly reduced after IGF2BP1
silencing. IGF2BP1 silencing also decreased the expression of PCNA and VEGF, and increased E-cadherin expression
in endometrial tissues of EMs rats. Moreover, IGF2BP1 silencing inhibited proliferation, migration, and invasion and
promoted apoptosis through PTBP1 in eESCs.

Conclusions. IGF2BP1 exhibits potential beneficial properties in the management of EMs by interacting with PTBP1,
thereby highlighting IGF2BP1 as a promising therapeutic target for EMs. (Folia Histochemica et Cytobiologica 2024,
Vol. 62, No. 1, 25-36)
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Introduction cavity. This condition is associated with symptoms

such as pelvic pain, dysmenorrhea, dyspareunia, and
infertility [1]. EMs is known to impact around 10%
of women during their reproductive years [2]. One of
the most frequently utilized therapies for managing
EMs involves the use of dienogest, a progestin with
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Endometriosis (EMs) is a chronic, inflammatory gy-
necologic disease characterized by the presence and
growth of tissue resembling the endometrium outside
the confines of the uterus, particularly in the pelvic
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The insulin-like growth factor-2 mRNA-binding
protein 1 (IGF2BP1), classified as an m6A reader, is
known to have a significant impact on the regulation
of specific mRNAs by influencing their stability,
translatability, or localization [4, 5]. Previous research
has provided evidence that IGF2BP1 functions as an
RNA-binding protein (RBP) that plays a role in the
regulation of proliferation, apoptosis, and invasion [6].
Additionally, it has been discovered that METTL3,
which is an m6A writer, plays a role in impeding the
advancement of EMs [7]. Polypyrimidine tract-binding
protein 1 (PTBP1) is a well-established regulator of
posttranscriptional gene expression, exerting control
over various aspects of mRNA splicing, translation,
stability, and localization [8]. It assumes a pivotal
role in the regulation of numerous cellular processes
in cancer cells, including glycolysis, apoptosis, proli-
feration, tumorigenesis, invasion, and migration [9].
A prior study showed that PTBP1 negatively regula-
ted endometrial decidualization, likely contributing
to recurrent implantation failure [10]. However, the
effects of IGF2BP1 and PTBP1 against EMs are yet
to be explored.

Our initial investigation revealed a notable upregu-
lation of IGF2BP1 and PTBP1 expressions in ectopic
endometrial tissues obtained from patients diagnosed
with EMs. In the current study, we postulated that
IGF2BP1 might have a role in the process of EMs by
modulating PTBP1. This study aimed to first detect
the expression and correlation of IGF2BP1 and PTBP1
in the endometrial tissues of EMs patients, assess the
impact of IGF2BP1 in rats with EMs, and investigate
the effects of IGF2BP1/PTBP1 on endometrial re-
ceptivity in endometrial mesenchymal stromal cells
(eESCs). This study may thereby establish a theoretical
foundation for the targeted therapy of EMs.

Materials and methods

Clinical samples. We recruited samples of 17 female partici-
pants, ranging in age from 22 to 49 years, who were schedu-
led to undergo either laparoscopic surgery or hysterectomy
at Changsha Central Hospital in 2023. Ethical approval for
this project was obtained from Medical Ethics Committee
of Changsha Central Hospital (2022-S0206). All participants
exhibited regular menstrual cycles ranging from 21 to 35 days.
They were not subjected to any hormonal treatment, were not
pregnant, not breastfeeding, and had not utilized an intrauterine
device in the preceding six months. Patients diagnosed with
pelvic inflammatory disease, adenomyosis, and dysfunctional
uterine bleeding were not included in the study. The clinical
samples included three groups: Normal, Eutopic, and Ectopic.
Sufficient samples of paired ectopic and eutopic endometrial
tissues in the Ectopic and Eutopic groups were obtained from
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six cases diagnosed with EMs. Control eutopic endometrial
samples in the Normal group were obtained from 11 patients
who did not have EMs, as confirmed by laparoscopic surgery.
Shortly after collection, the tissue samples were rapidly frozen
in liquid nitrogen and subsequently stored at —80°C to facilitate
the extraction of RNA and proteins.

Animals and study design. All animal experiments conducted
were granted approval by Medical Ethics Committee of Chan-
gsha Central Hospital (2022-S0206). Adult female specific-pa-
thogen-free Sprague Dawley rats, weighing between 200-250 g,
were obtained from Hunan SJA Laboratory Animal Co., LTD
(Changsha, Hunan, China). The rats were housed in a path-
ogen-free facility with controlled environmental conditions,
including a 12-h light/dark cycle, a temperature of 22 + 1°C,
and a humidity level of approximately 50%. They had access
to water and sterile food ad libitum. Prior to the surgical pro-
cedure, a comprehensive health assessment was conducted on
all rats over seven days. The rats were randomly assigned to
four groups of six rats per group. The groups were labeled as
Sham, EMs, EMs+IGF2BP1 silencing negative control (si-NC),
and EMs+IGF2BP1 silencing (si-IGF2BP1). Sham stands for
sham operated rats, EMs stands for EMs modeling of rats,
EMs+si-NC stands for injection of lentiviral vectors with
IGF2BP1 silencing negative control in rats following EMs
modeling, and EMs+si-IGF2BP1 stands for injection of len-
tiviral vectors with IGF2BP1 silencing in rats following EMs
modeling.

Induction of experimental EMs in rats. The rat model of
EMs was established following the previously described
methodology [11]. When the rats reached the age of three
months, they were subjected to anesthesia using isoflurane.
Following this, a midventral incision was made to expose the
uterus, and a distal segment measuring 1.0 cm in length was
surgically removed from the left uterine horn. The segment was
immersed in phosphate-buffered saline (PBS) at a temperature
of 37°C and subsequently divided longitudinally. From this,
a section measuring 5 X 5 mm was obtained. This uterine tissue
specimen was transplanted onto the inner surface of the right
abdominal wall while retaining the myometrium and positioning
the epithelial lining instead of the peritoneal surface. After 24 h
of modeling, lentiviral vectors with IGF2BP1 silencing or
the appropriate controls (dissolved in 0.9% NaCl, 100 uL,
1 x 108 TU/mL; Abiowell, Changsha, Hunan, China) were
injected into the transplant site of each mouse. In contrast,
the Sham and EMs groups received an equivalent volume
(100 uL) of PBS. All groups received lentiviral or saline injec-
tions repeated once daily for four weeks. Rats were euthanized
by administering an overdose of sodium pentobarbital (150 mg/
/kg; Nembutal, Diamondback Drugs, Scottsdale, AZ, USA)
24 h after the final lentiviral or 0.9% NaCl injection, and lesions
of EMs were collected for subsequent experiments.

Isolation and culture of eESCs. The eESCs were obtained by
mincing ectopic endometrial tissues into small fragments. The
fragments were then washed with DMEM (11965092, Gibco,
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Grand Island, NY, USA) and digested using 0.5% collagenase 11
(AWHO0565a, Abiowell) for 1 h at 37°C. The dispersed cells un-
derwent filtration using a 100-um filter in order to eliminate any
remaining undigested debris. The eESCs were obtained through
centrifugation at 1500 rpm for 10 min followed by two washings
with PBS. Subsequently, the eESCs were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS; 10099141,
Gibco) at 37°C. When the cells became 90% confluent, they
were used for experiments. Vimentin and cytokeratin 19 (CK19),
biomarkers of eESCs, were detected using flow cytometry
with vimentin antibody (11-9897-80, Thermo Fisher Scien-
tific, Waltham, MA, USA) and CK19 antibody (11-9897-80,
Thermo Fisher Scientific).

RNA isolation and quantitative reverse transcription-PCR
(qRT-PCR). Total RNA was extracted from the tissue and cell
samples utilizing Trizol reagent (15596026, Thermo Fisher
Scientific). Correspondingly, the process of reverse transcription
was employed to convert mRNA into cDNA, utilizing the
mRNA reverse transcription kit (CW2569, CWBIO, Beijing,
China). The qRT-PCR was conducted using the SYBR method
and the Ultra SYBR Mixture (CW2601, CWBIO). The time
course and temperature in cycles are shown in Table 1. The
experiments were conducted using a fluorescence quantitative
PCR instrument (PikoReal 96, TCR0096) manufactured by
Thermo Fisher Scientific. Primers were designed utilizing
Primer 5 software (PREMIER Biosoft, San Francisco, CA,
USA) (Table 2). B-actin was employed as a reference gene. Data
analysis was conducted using the 2-AACt method.

Western blotting. The tissue and cell samples were collected
and subsequently lysed using RIPA lysate (AWB0136, Abio-
well). Following centrifugation at a speed of 12000 rpm for
15 min at 4°C, the liquid portion (supernatant) was carefully
transferred into a 1.5 mL centrifuge tube. Proteins were separa-
ted using sodium dodecyl sulfate (SDS) gel electrophoresis and
subsequently transferred onto nitrocellulose membranes. The
membranes were enclosed within a blocking buffer solution
comprising 5% skim milk. The membranes were subsequently
incubated with primary antibodies overnight at a temperature
of 4°C. The primary antibodies utilized in this research were
directed against IGF2BP1 (1:20000, 22803-1-AP, Proteintech,
Rosemont, IL, USA), PTBP1 (1:10000, 67462-1-Ig, Prote-
intech), proliferating cell nuclear antigen (1:5000, PCNA,
10205-2-AP, Proteintech), vascular endothelial growth factor
(1:3000, VEGF, ab32152, Abcam, Cambridge, MA, USA), and

Table 2. Sequences of the primers
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epithelial cadherin (1:50000, E-cadherin, 20874-1-AP, Prote-
intech). Subsequently, the membranes underwent incubation
with the secondary antibodies HRP goat anti-mouse I1gG (1:
5000, AWS0001, Abiowell) and HRP goat anti-rabbit IgG (1:
6000, AWS0002, Abiowell) for 90 min at ambient temperatu-
re. Subsequently, the membranes underwent incubation with
ECL chemiluminescence solution (AWB0005, Abiowell) for
1 min, followed by observation using the chemiluminescence
imaging system (ChemiScope6100, CLiNX, Shanghai, China).
The internal reference protein used in this study was p-actin
(1:5000, 66009-1-Ig, Proteintech). ImagelJ software (version
1.8, US National Institutes of Health, Bethesda, MD, USA)
was employed to assess and compare the intensity of individual
bands in western blotting experiments.

RNA immunoprecipitation (RIP) assay. The interaction be-
tween IGF2BP1 and PTBP1 was investigated utilizing the RIP
kit (Sigma-Aldrich, St. Louis, MO, USA). The tissues underwent
lysis, and the resulting tissue lysis solutions were subjected to
incubation with an antibody specific to IGF2BP1 (22803-1-AP,
Proteintech). The immunoprecipitation of RNA-protein com-
plexes was performed using magnetic beads, followed by RNA
extraction using TRIzol. PTBP1 was quantified using qRT-PCR.
The negative control employed in this study involved the utiliza-
tion of anti-IgG (30000-0-AP, Proteintech), which could verify
if the discovered RNA-binding protein truly interacts with the
PTBP1, instead of non-specific binding caused by other factors

in the experimental conditions.

Evaluation of ectopic uterine tissue. The rats were placed on
a platform in a supine position immediately after anesthesia was
administered by intraperitoneal injection of 3% sodium pento-
barbital (50 mg/kg). The abdominal cavity was then opened,
and the dimensions of the ectopic uterine tissue were evaluated
in situ using a caliper, encompassing all three axes. The prolate
ellipsoid formula, V =0.52 x length x width x height [11], was
utilized to calculate the spherical volume of each ectopic uterine

Table 1. Quantitative PCR amplification procedure

Temperature Time Cycles
95°C 10 min 1
95°C 15s

40
60°C 30s

Gene name Species Forward (5°-3°) Reverse (5°-3°)

IGF2BP1 Human AAAATCACCATCTCCTCGTTGC ATTATTTCCTGCTCGGCCCTG
PTBP1 Human GCTCAGGATCATCGTGGAGAAC CTGTGCCGAACTTGGAGAAAA
B-actin Human ACCCTGAAGTACCCCATCGAG AGCACAGCCTGGATAGCAAC
IGF2BP1 Rat CGTGGAGGCTTTGGGTCT TGATGTTTCGGATGGTGGC
PTBPI Rat AAAGTTACCAACCTCCTTATGC GATGGGCTGTCCACGAAG
B-actin Rat ACATCCGTAAAGACCTCTATGCC TACTCCTGCTTGCTGATCCAC
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tissue. Tissues were captured in photographs using a digital
camera, followed by excision and subsequent weighing.

Histological examination. Hematoxylin-eosin (HE) staining
was used to assess morphological changes in ectopic endothe-
lial tissues. Briefly, paraffin-embedded tissue sections were
baked for 12 h at 60°C, followed by immersion in xylene for
20 min three times. Next, the sections were placed in 100%,
95%, 85%, and 75% ethanol, each concentration for 5 min,
and then rinsed with distilled water for 5 min. Sequentially, the
sections were successively stained with hematoxylin (AWI10020,
Abiowell) and eosin (AWI10020, Abiowell). The sections were
then dehydrated by gradient alcohol (95-100%) for 5 min per
stage and placed in xylene for 10 min, 2 times. The sections
were finally sealed using neutral gum and examined under an
optical microscope (BA210T, Motic, Xiamen, Fujian, China)
to identify the histological characteristics associated with EMs.
Evaluation of persisting epithelium in endometrial lesions.
The evaluation of epithelial cell persistence was conducted
using the method determined by Lebovic et al. [11]. The scoring
system employed in this study classified the preservation of the
epithelial layer into four categories. A score of 3 denoted a well-
-preserved epithelial layer, while a score of 2 indicated a mo-
derately preserved epithelium with leukocyte infiltrate. A score
of 1 indicated a poorly preserved epithelium with occasional
epithelial cells only, and a score of 0 indicated the complete
absence of epithelium. Three sections from each explant were
evaluated by an independent evaluator in a blinded manner.

Cell transfection. To inhibit the expression of IGF2BP1,
small interfering RNA, human IGF2BP1 silencing plasmid
(si-IGF2BP1; HG-Si160423, HonorGene, Changsha, Hunan,
China), was utilized. eESCs were cultured in serum-free
DMEM medium at 37°C for 6 h in the presence of 2.5% v/v
Lip2000 as well as 2.5% v/v si-NC or si-IGF2BP1. To obtain
the overexpression of PTBP1, PTBP1 overexpressing plasmid
(0e-PTBP1; pcDNA3.1-PTBP1, HG-HO411140, HonorGene)
was used. The si-IGF2BP1+oe-NC group was transfected with
the empty vector (PTBP1 overexpressing negative control pla-
smid, oe-NC). The eESCs were cultured in serum-free DMEM
medium containing 0e-NC or oe-PTBP1 at 37°C for 6 h. The
transfected cells were cultured in a medium with 0.5 ug/mL
puromycin for seven days to select stable cells.

Cell viability assay. To assess the viability of eESCs, a cell
counting kit-8 (CCK-8, NU679, Dojindo, Kumamoto, Japan)
assay was conducted. eESCs were seeded at 5 x 103/well in
96-well plates. After 24 h the initial culture medium was re-
moved, and the cells were subsequently resuspended in 100 L
of fresh culture medium supplemented with 10% CCK-8 so-
lution in each well. The plates were subsequently incubated at
37°C with a 5% concentration of CO, for 4 h. The absorbance
at 450 nm was quantified using a Microplate Reader (Heales,
Shenzhen, China).

5-Ethynyl-2-Deoxyuridine (EDU) assay. eESCs were seeded
at 5 x 103/well and subjected to incubation with a 50 L solution
©Polish Society for Histochemistry and Cytochemistry
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containing 50 uM EDU (C10310, RiboBio, Guangzhou, Guang-
dong, China) overnight. Following this, the cells were treated
with 50 4L of 4% paraformaldehyde and fixed for 30 min. Next,
the cells underwent treatment with a solution containing 2 mg/
/mL glycine and 0.5% Triton X-100 sequentially. Subsequently,
the cells were stained with 300 L of 1 x Apollo reaction cocktail
for 30 min. Finally, the cells were stained with DAPI (C1005,
Beyotime, Shanghai, China) and subsequently observed under
an inverted microscope (DSZ2000X, Cnmicro, Beijing, China).

Transwell assay. After subjecting the eESCs to 6-8 h of
starvation in serum-free DMEM, a total of 1 x 104 cells were
introduced into the upper chamber in the migration assay. The
upper chamber was filled with 200 uL of serum-free medium.
Furthermore, a total of 2 x 10* cells were introduced into the
upper Transwell chambers coated with Matrigel to conduct the
invasion assay. The lower chambers were filled with DMEM
containing 10% FBS. After being incubated at 37°C for 24 h,
the cells located on the lower surface of the membrane were
immobilized using 100% methanol and subsequently subjected
to staining with a 0.1% crystal violet dye for 20 min at ambient
temperature. After being washed with PBS, the cells were
observed in five randomly chosen fields using a microscope
(DSZ2000X, Cnmicro).

Cell apoptosis measurement. Flow cytometry was employed
to quantify the apoptosis of eESCs using an Annexin V-PI apo-
ptosis detection kit (KGA1030, KeyGEN BioTECH, Nanning,
China). Briefly, eESCs were subjected to two washes with PBS
and subsequently resuspended in the binding buffer. Subsequen-
tly, a mixture of 5 uL. Annexin V-APC and 5 uL PI was added to
the cells, followed by incubation for 10 min in a light-restricted
environment at ambient temperature. Each sample underwent
analysis using a flow cytometer (A00-1-1102, Beckman Coulter,
Miami, FL, USA).

Statistical analysis. All data were reported in terms of the mean
and standard deviation (SD) values. Statistical analyses were
conducted utilizing GraphPad Prism 8.0 (GraphPad Software
Inc., San Diego, CA, USA). The t-test was employed to com-
pare two groups, while the ANOVA was employed to compare
multiple groups. The Pearson correlation analysis was utilized to
evaluate the correlation between the mRNA levels of IGF2BP1
and PTBP1. A significance level of P < 0.05 was employed to
ascertain statistical significance.

Results

The expressions of IGF2BPI and PTBP1

in the endometrium of patients with EMs

Initially, we collected normal endometrium tissues
from healthy humans and eutopic/ectopic endome-
trium tissues from patients with EMs. According to
previous studies, IGF2BP1 and PTBP1 have been
investigated as they play crucial roles in the progres-
sion of EMs [10, 12]. Therefore, the quantification of
IGF2BP1 and PTBP1 expression levels in endometrial
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Figure 1. The expressions and relationship of IGF2BP1 and PTBP1 in the endometrium of patients with endometriosis (EMs).
A. The expression levels of IGF2BP1 and PTBP1 were assessed in the endometrial tissues of women with or without EMs. n= 11
for Normal group, n = 6 for Eutopic and Ectopic groups. *P < 0.05 vs. Normal group, “P < 0.05 vs. Eutopic group. B. The strength of
the correlation between IGF2BP1 and PTBP1 expression was quantified based on the Pearson correlation coefficient. C. The network
image shows the protein interaction network between IGF2BP1 and PTBP1. Data were predicted by the STRING database. D. RNA
immunoprecipitation was performed to analyze the binding of IGF2BP1 and PTBP1. *P < 0.05 vs. IgG group. n = 10 per group.

tissues was conducted using qRT-PCR and western
blotting. We observed a significant increase in the
expression levels of IGF2BP1 and PTBP1 in the EMs
groups compared to the Normal group. Additionally,
the expression levels of IGF2BP1 and PTBP1 were
found to be significantly elevated in the Ectopic gro-
up when compared to the Eutopic group (Fig. 1A).
Subsequently, a Pearson correlation analysis was con-
ducted to examine the relationship between the levels
of IGF2BP1 and PTBP1. The analysis revealed a sta-
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tistically significant positive correlation (r = 0.9452,
P < 0.05; Fig. 1B). In order to further explore the
potential interaction between IGF2BP1 and PTBPI,
a bioinformatics analysis was conducted utilizing the
STRING database. The protein network obtained from
the analysis is depicted in Fig. 1C. The network repre-
sentation consists of nodes and edges, with different
colors indicating diverse types of evidence supporting
the predicted interactions. Notably, IGF2BP1 exhibited
three edges connected to PTBP1, indicating evidence
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from three perspectives, thus suggesting a potential
interaction between IGF2BP1 and PTBP1. Additional-
ly, IGF2BP1 proteins were immunoprecipitated from
the tissue lysates, followed by quantification of the
bound PTBP1 using qRT-PCR. As depicted in Fig. 1D,
the immunoprecipitants of IGF2BP1 exhibited noti-
ceably elevated levels of PTBP1 compared to the IgG
control group, thereby confirming the interaction be-
tween PTBP1 and IGF2BP1. Collectively, these data
provided strong evidence that IGF2BP1 and PTBP1
had close interactions in the endometrial tissues of
women with EMs.

IGF2BPI silencing mitigated the progression

of EMs in rats

To further explore the effects of IGF2BP1 on EMs,
we established an EMs rat model referring to previous
studies [11, 13]. The EMs group exhibited significantly
elevated levels of IGF2BP1 and PTBP1 compared to
the Sham group. Nevertheless, IGF2BP1 silencing
remarkably reduced them, indicating that IGF2BP1
upregulated the expression of PTBP1 (Fig. 2A).
Moreover, a notable disparity was observed in the
volume and weight of ectopic endometrial tissues
after treatment between the EMs+si-NC and EMs+si-
-IGF2BP1 groups (Fig. 2B). Additionally, neither the
EMs group nor the EMs+si-NC group exhibited any
adverse effects or organ-specific alterations. Howe-
ver, the uterine autograft in the EMs+si-IGF2BP1
group exhibited significant epithelial alterations
and a general decline in the explant’s size (Fig. 2C).
The persistence of endometrial epithelial cells in the
uterine explant was semiquantitatively evaluated.
The EMs+si-IGF2BP1 group exhibited a significan-
tly lower score compared to the EMs+si-NC group
(Fig. 2D). Furthermore, we evaluated prognostic
markers linked to the development of EMs, including
PCNA[13], VEGF [8], and E-cadherin [14]. Notably,
the levels of PCNA and VEGF were significantly
elevated and the E-cadherin level was significantly
reduced in the EMs group, while IGF2BP1 silencing
reversed them remarkably (Fig. 2E). Thus, as descri-
bed above, IGF2BP1 downregulation significantly
alleviated the progression of EMs in rats.

IGF2BPI silencing inhibited the proliferation,
migration, and invasion of eESCs and promoted
apoptosis

To verify the in vivo data, we isolated eESCs from
ectopic endometrial tissues and then cultured them
in vitro. The eESCs, which were recently isolated,
initially exhibited a round morphology. Subsequently,
they transformed into spindle and polygonal-shaped
cells with elongated cytoplasmic processes. Typical-
©Polish Society for Histochemistry and Cytochemistry
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ly, these cells achieved confluence within 5 days of
being cultured, forming a monolayer characterized
by a single-cell growth pattern (Fig. 3A). A previous
study suggested that vimentin and CK19 were the
main biomarkers for eESCs [15]. As shown in Fig. 3B,
for ESCs in monolayer culture, the percentages of vi-
mentin- and CK19-positive cells were approximately
98.50% and 99.28%, respectively, confirming positive
vimentin and CK19 expressions in eESCs. Moreover,
to explore the effect of IGF2BP1 on eESCs, we trans-
fected eESCs with si-IGF2BP1 and then validated
the mRNA levels of IGF2BP1. As expected, the level
of IGF2BP1 was significantly downregulated in the
si-IGF2BP1 group (Fig. 3C). Next, the cell function
experiments were conducted. As shown in Figs. 3D
and 3E, cell proliferation in the eESCs was decreased
after IGF2BP1 silencing. Compared with the si-NC
group, IGF2BP1 silencing significantly inhibited mi-
gration and invasion in eESCs (Fig. 3F). In addition,
cell apoptosis of eESCs was significantly enhanced in
the si-IGF2BP1 group (Fig. 3G). Consistent with the
in vivo data, the expression levels of PCNA and VEGF
were significantly downregulated and the E-cadherin
level was significantly upregulated after IGF2BP1
silencing (Fig. 3H). Collectively, these data confirmed
that IGF2BP1 silencing had a significant inhibitory
effect on the proliferation, migration, and invasion of
eESCs, while also promoting apoptosis.

IGF2BPI regulated the proliferation, migration,

invasion, and apoptosis of eESCs through PTBP1
Next, to further investigate the regulatory role of
IGF2BP1/PTBP1 on eESCs, we overexpressed PTBP1
based on silencing IGF2BP1. The mRNA level of
PTBP1 was significantly upregulated after PTBP1
overexpression, while there is no significant variation
observed in the mRNA expression level of IGF2BP1
among the three groups (Fig. 4A). As shown in Fig.
4B-D, the proliferation, migration, and invasion of
eESCs were observed in significant elevations in
the si-IGF2BP1+o0e-PTBP1 group compared to the
si-IGF2BP1+o0e-NC group. Moreover, the apoptosis
of eESCs was found be significantly reduced after
PTBP1 overexpression (Fig. 4E). Furthermore, the
levels of PCNA and VEGF were significantly upregu-
lated and the level of E-cadherin was downregulated
(Fig. 4F). These comprehensive findings suggested
that IGF2BP1 regulated the proliferation, migration,
invasion, and apoptosis of eESCs through PTBP1.

Discussion

Recent studies have indicated that epigenetic modifi-
cations have a substantial impact on the regulation of
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Figure 2. The effect of IGF2BP1 silencing on the progression of EMs in rats. A. The levels of IGF2BP1 and PTBP1 were assessed
in the endometrial tissues of rats with EMs. B. The volume and weight of ectopic endometrium developed in rat groups. C. His-
topathological observations of endometrial tissues in rats. D. Semiquantitative assessment of persistent epithelium in endometrial
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Figure 3. The effects of IGF2BP1
silencing on eESCs. A. The obser-
vation of eESCs under an inverted
microscope. B. The expressions of
biomarkers of eESCs were detected
by flow cytometry (FCM). C. The
mRNA levels of IGF2BP1 in eESCs.
D. The cell viability of eESCs was
determined. E. The cell proliferation
of eESCs was detected. F. The eESC
migration and invasion were detected.
G. FCM was conducted to identify the
apoptotic eESC population. H. The
expressions of PCNA, VEGF, and
E-cadherin in eESCs were assessed.
n =3 per group. *P < 0.05 vs. si-NC
group.
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Figure 4. The effects of IGF2BP1/PTBP1 on
eESCs. A. The mRNA levels of IGF2BP1 and
PTBP1 in eESCs. B. The cell viability of eESCs
was evaluated. C. The proliferation was detected
using an EDU assay. D. eESC migration and
invasion were detected using Transwell assay.
E. Flow cytometry was conducted to identify the
apoptotic eESC population. F. The expression
levels of PCNA, VEGF, and E-cadherin
in eESCs were assessed as described in Methods.
n = 3 per group. *P < 0.05 vs. si-IGF2BP1+
+oe-NC group.
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diverse physiological processes and the development
of diseases [16, 17]. As a result, they have gained
considerable attention in the realm of bioscience
research. [18]. Recently, RNA modification has ga-
ined significant attention, with a particular focus on
N6-methyladenosine (m6A), which is the predominant
internal modification of RNA in the majority of euka-
ryotes [19]. In the present study, EMs patients have
been found to exhibit decreased levels of m6A in the
endometrium compared to individuals with normal
endometrium. Bioinformatics analysis further corro-
borates this discovery, as it reveals a decrease in the
expression levels of METTL3, YTHDF2, YTHDEF3,
HNRNPA2B1, HNRNPC, and FTO in ectopic endo-
metrium [20]. HNRNPA2B1 and HNRNPC have been
suggested to have a potential association with immune
responses and could serve as valuable biomarkers for
the diagnosis of EMs [20]. Additionally, Li et al. [21]
discovered that the m6A modification, facilitated by
METTL3 and METTL14, two key enzymes involved
in m6A methylation, plays a significant role in enhan-
cing cell proliferation and invasion in human eESCs.
Thus, a potentially effective therapeutic strategy would
involve targeting crucial components of the m6A mo-
dification that are linked to aberrant ectopic prolife-
ration of endometrial cells. Our data revealed that the
expression of IGF2BP1 was obviously augmented in
eutopic/ectopic endometrium tissues of patients with
EMs compared with healthy women. Consequently,
in the present study, we focused on IGF2BP1, which
is an m6A reader, and explored the target and effect
of IGF2BP1 in a rat model of EMs.

IGF2BP1, being an essential protein involved
in the recognition of m6A-modified transcripts,
assumes a pivotal function in the etiology of diverse
diseases [22—24]. Recent data has demonstrated that
the upregulation of IGF2BP1 results in the stabiliza-
tion of PEG10 mRNA through an m6A-dependent
mechanism, thereby facilitating the progression of
endometrial cancer [25]. Additionally, Mao et al. [23]
have found that the inhibition of IGF2BP1 has the
potential to mitigate renal injury and inflammation.
This effect is achieved by alleviating m6A modifica-
tions and the E2F1/MIF pathway [23]. In the present
investigation, it was observed that the inhibition of
IGF2BP1 had a substantial impact on the advance-
ment of EMs in rats. Proliferating cell nuclear antigen
(PCNA), a cell proliferation marker, is an important
factor in the development of EMs [26]. In addition,
it is widely recognized that angiogenesis plays a cru-
cial role in the formation and spread of EMs lesions
to abnormal sites [27], and the main regulator of the
angiogenic process is VEGF [28]. Meanwhile, EMs
is an aggressive condition and E-cadherin expression
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could reflect its considerable invasiveness [29]. The
high expression of PCNA and VEGF and the low
expression of E-cadherin in endometrial tissues repor-
ted in this study suggests that EMs was successfully
induced in rats. Nevertheless, silencing of IGF2BP1
expression significantly attenuated the progression
of EMs and the expression levels of these markers.
Moreover, IGF2BP1 silencing also had a significant
inhibitory effect on the proliferation, migration, and
invasion of eESCs, while also promoting apoptosis.
Furthermore, IGF2BP1 inhibition was reported to
repress inflammation and pyroptosis in human eESCs
[12, 30]. Thus, IGF2BP1 was confirmed to be a key
contributor to EMs, and its intrinsic mechanism has
become the focus of our attention.

PTBP1, a RNA-binding protein (RBP), is known to
have a significant impact on the regulation of various
posttranscriptional processes and is intricately associa-
ted with the pathogenesis of numerous malignancies
[31]. In this study, an unexpected finding was observed
in which the expression of PTBP1 was found to be
upregulated in the ectopic endothelium of patients with
EMs. Furthermore, a positive correlation was observed
between PTBP1 expression and IGF2BP1 expression.
Bioinformatics prediction in our study revealed that
IGF2BP1 had a potential binding site with PTBP1 and
that they had a reciprocal relationship. Therefore, we
hypothesized that IGF2BP1 inhibition mitigated the
progression of EMs through the downregulation of
PTBP1 and performed in vitro experiments to verify
this option, accordingly. As anticipated, we found that
PTBP1 overexpression restored the reduction of proli-
feration, migration, and invasion of eESCs induced by
IGF2BP1 silencing. To sum up, inhibition of IGF2BP1
expression attenuated EMs through decreasing PTBP1.
As far as we know, this study represents the initial
investigation of the participation of the IGF2BP1/
/PTBP1 axis in the EMs pathomechanisms. However,
it is crucial to recognize the constraints of this study.
The precise mechanism by which IGF2BP1 modulates
the expression of PTBP1, as well as its potential effects
on other tissues, remains unknown. Moreover, in ad-
dition to PTBP1, IGF2BP1 may have other regulatory
targets in rats with EMs. Further research is imperative
in order to acquire a more profound comprehension of
the fundamental mechanisms.

Conclusions

In conclusion, we have successfully demonstrated
the significant ability of IGF2BP1/PTBP1 to mitigate
EMs, which establishes a solid theoretical foundation
for the potential application of IGF2BP1 or its analogs
in the treatment of EMs.

www.journals.viamedica.pl/folia_histochemica_cytobiologica


https://doi.org/10.5603/fhc.98213

Inhibition of IGF2BP1 attenuates endometriosis

Article information and declarations

Data availability statement

Original contributions presented in the study are inc-
luded in the article and that further inquiries can be
directed to the corresponding author.

Ethics statement

This study was approved by Medical Ethics Committee
of Changsha Central Hospital (2022-S0206). Ethics
Committee and that patients/participants provided their
written informed consent to participate in this study.

Author contributions

Yanlin Su conducted data collection and analysis and
contributed to the writing and revision of the ma-
nuscript. Wencai Tian contributed to the study design,
data interpretation, and manuscript revision. Li Cheng
assisted in data collection and analysis and contributed
to the writing and revision of the manuscript. Ling Yin
contributed to the study design, data interpretation, and
manuscript revision. Xiaoxia He provided critical input
in the study design, data interpretation, and manuscript
revision. Xin Wei served as the corresponding author,
overseeing the entire project, providing guidance in all
facets of the study, and finalizing the manuscript. All
authors have reviewed and approved the final version
of the manuscript.

Funding

This work was supported by Natural Science Foun-
dation of Hunan Province (2023JJ40073), Science
and Technology Program Foundation of Changsha
(Kq2004160) and Scientific Research Project of Hu-
nan Provincial Health Commission (202205012844
& 20201952).

Conflict of interest

We declare that we have no conflict of interest related
to the submitted manuscript.

References

1. Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl
J Med. 2020; 382(13): 1244-1256, doi: 10.1056/NEJM-
ral810764, indexed in Pubmed: 32212520.

2. Horne AW, Missmer SA. Pathophysiology, diagnosis, and
management of endometriosis. BMJ. 2022; 379: 070750,
doi: 10.1136/bmj-2022-070750, indexed in Pubmed: 36375827.

3. Schindler AE. Dienogest in long-term treatment of endometrio-
sis. Int J Womens Health. 2011; 3: 175-184, doi: 10.2147/IJWH.
S5633, indexed in Pubmed: 21792339.

4. YuanP,Meng L, Wang N. SOX12 upregulation is associated with
metastasis of hepatocellular carcinoma and increases CDK4 and
IGF2BP1 expression. Eur Rev Med Pharmacol Sci. 2017;21(17):
3821-3826, indexed in Pubmed: 28975985.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2024

DOI: 10.5603/fhc.98213

ISSN 0239-8508, e-ISSN 1897-5631

35

Zhou J, Bi C, Ching YQ, et al. Inhibition of LIN28B impairs leu-
kemia cell growth and metabolism in acute myeloid leukemia.
J Hematol Oncol. 2017; 10(1): 138, doi: 10.1186/s13045-017-
0507-y, indexed in Pubmed: 28693523.

Huang X, Zhang H, Guo X, et al. Insulin-like growth factor 2
mRNA-binding protein 1 (IGF2BP1) in cancer. ] Hematol On-
col. 2018; 11(1): 88, doi: 10.1186/s13045-018-0628-y, indexed
in Pubmed: 29954406.

Li Q, Yang Li, Zhang F, et al. m6A methyltransferase MET-
TL3 inhibits endometriosis by regulating alternative splicing of
MIR17HG. Reproduction. 2023; 165(2): 197-208, doi: 10.1530/
REP-22-0102, indexed in Pubmed: 36445237.

Dorien FO, Fassbender A, Van Bree R, et al. Technical verifi-
cation and assessment of independent validation of biomarker
models for endometriosis. Biomed Res Int. 2019; 2019: 3673060,
doi: 10.1155/2019/3673060, indexed in Pubmed: 31428634.
Zhu W, Zhou BL, Rong LJ, et al. Roles of PTBP1 in alternative
splicing, glycolysis, and oncogensis. J Zhejiang Univ Sci B.
2020; 21(2): 122136, doi: 10.1631/jzus.B1900422, indexed in
Pubmed: 32115910.

Zhao H, Hu S, Qi J, et al. Increased expression of HOXA11-AS
attenuates endometrial decidualization in recurrent implantation
failure patients. Mol Ther. 2022; 30(4): 17061720, doi: 10.1016/j.
ymthe.2022.01.036, indexed in Pubmed: 35114391.

Lebovic DI, Kir M, Casey CL. Peroxisome proliferator-activat-
ed receptor-gamma induces regression of endometrial explants
in a rat model of endometriosis. Fertil Steril. 2004; 82 Suppl 3:
1008-1013, doi: 10.1016/j.fertnstert.2004.02.148, indexed in
Pubmed: 15474065.

Feng Y, Tan B, Dong H, et al. FoxA2 represses ERp-mediated
pyroptosis in endometriosis by transcriptionally inhibiting IGF-
2BP1. Exp Cell Res. 2023; 426(1): 113539, doi: 10.1016/j.yex-
¢r.2023.113539, indexed in Pubmed: 36889571.

Cheng J, Li C, Ying Y, et al. Metformin alleviates endometri-
osis and potentiates endometrial receptivity decreasing VEGF
and MMP9 and increasing leukemia inhibitor factor and
HOXAT10. Front Pharmacol. 2022; 13: 750208, doi: 10.3389/
fphar.2022.750208, indexed in Pubmed: 35273494.

Sancakli Usta C, Turan G, Bulbul CB, et al. Differential ex-
pression of Oct-4, CD44, and E-cadherin in eutopic and ectopic
endometrium in ovarian endometriomas and their correlations
with clinicopathological variables. Reprod Biol Endocrinol.
2020; 18(1): 116, doi: 10.1186/512958-020-00673-1, indexed in
Pubmed: 33218351.

Liu L, Bai Ru, Li D, et al. Promotes endometrial stromal cell pro-
liferation and invasion in endometriosis via the /TRIM59 axis. Int
J Genomics. 2022; 2022: 9083822, doi: 10.1155/2022/9083822,
indexed in Pubmed: 36262826.

Zhao LY, Song J, Liu Y, et al. Mapping the epigenetic mod-
ifications of DNA and RNA. Protein Cell. 2020; 11(11):
792-808, doi: 10.1007/s13238-020-00733-7, indexed in Pu-
bmed: 32440736.

Hogg SJ, Beavis PA, Dawson MA, et al. Targeting the epigenetic
regulation of antitumour immunity. Nat Rev Drug Discov. 2020;
19(11): 776-800, doi: 10.1038/s41573-020-0077-5, indexed in
Pubmed: 32929243.

Chen Y, Hong T, Wang S, et al. Epigenetic modification of nucleic
acids: from basic studies to medical applications. Chem Soc Rev.
2017; 46(10): 2844-2872, doi: 10.1039/c6¢s00599c¢, indexed in
Pubmed: 28352906.

Jiang X, Liu B, Nie Z, et al. The role of m6A modification in the
biological functions and diseases. Signal Transduct Target Ther.
2021; 6(1): 74, doi: 10.1038/s41392-020-00450-x, indexed in
Pubmed: 33611339.

www.journals.viamedica.pl/folia_histochemica_cytobiologica


https://doi.org/10.5603/fhc.98213
http://dx.doi.org/10.1056/NEJMra1810764
http://dx.doi.org/10.1056/NEJMra1810764
https://www.ncbi.nlm.nih.gov/pubmed/32212520
http://dx.doi.org/10.1136/bmj-2022-070750
https://www.ncbi.nlm.nih.gov/pubmed/36375827
http://dx.doi.org/10.2147/IJWH.S5633
http://dx.doi.org/10.2147/IJWH.S5633
https://www.ncbi.nlm.nih.gov/pubmed/21792339
https://www.ncbi.nlm.nih.gov/pubmed/28975985
http://dx.doi.org/10.1186/s13045-017-0507-y
http://dx.doi.org/10.1186/s13045-017-0507-y
https://www.ncbi.nlm.nih.gov/pubmed/28693523
http://dx.doi.org/10.1186/s13045-018-0628-y
https://www.ncbi.nlm.nih.gov/pubmed/29954406
http://dx.doi.org/10.1530/REP-22-0102
http://dx.doi.org/10.1530/REP-22-0102
https://www.ncbi.nlm.nih.gov/pubmed/36445237
http://dx.doi.org/10.1155/2019/3673060
https://www.ncbi.nlm.nih.gov/pubmed/31428634
http://dx.doi.org/10.1631/jzus.B1900422
https://www.ncbi.nlm.nih.gov/pubmed/32115910
http://dx.doi.org/10.1016/j.ymthe.2022.01.036
http://dx.doi.org/10.1016/j.ymthe.2022.01.036
https://www.ncbi.nlm.nih.gov/pubmed/35114391
http://dx.doi.org/10.1016/j.fertnstert.2004.02.148
https://www.ncbi.nlm.nih.gov/pubmed/15474065
http://dx.doi.org/10.1016/j.yexcr.2023.113539
http://dx.doi.org/10.1016/j.yexcr.2023.113539
https://www.ncbi.nlm.nih.gov/pubmed/36889571
http://dx.doi.org/10.3389/fphar.2022.750208
http://dx.doi.org/10.3389/fphar.2022.750208
https://www.ncbi.nlm.nih.gov/pubmed/35273494
http://dx.doi.org/10.1186/s12958-020-00673-1
https://www.ncbi.nlm.nih.gov/pubmed/33218351
http://dx.doi.org/10.1155/2022/9083822
https://www.ncbi.nlm.nih.gov/pubmed/36262826
http://dx.doi.org/10.1007/s13238-020-00733-7
https://www.ncbi.nlm.nih.gov/pubmed/32440736
http://dx.doi.org/10.1038/s41573-020-0077-5
https://www.ncbi.nlm.nih.gov/pubmed/32929243
http://dx.doi.org/10.1039/c6cs00599c
https://www.ncbi.nlm.nih.gov/pubmed/28352906
http://dx.doi.org/10.1038/s41392-020-00450-x
https://www.ncbi.nlm.nih.gov/pubmed/33611339

36

20.

21.

22.

23.

24.

25.

26.

Jiang Li, Zhang M, Wu J, et al. Exploring diagnostic m6A reg-
ulators in endometriosis. Aging (Albany NY). 2020; 12(24):
2591625938, doi: 10.18632/aging.202163, indexed in Pu-
bmed: 33232273.

Li X, Xiong W, Long X, et al. Inhibition of METTL3/m6A/
/miR126 promotes the migration and invasion of endometrial
stromal cells in endometriosist. Biol Reprod. 2021; 105(5):
1221-1233, doi: 10.1093/biolre/ioab152, indexed in Pu-
bmed: 34382070.

Liu Y, Guo Q, Yang H, et al. Allosteric regulation of IGF2BP1
as a novel strategy for the activation of tumor immune microen-
vironment. ACS Cent Sci. 2022; 8(8): 11021115, doi: 10.1021/
acscentsci.2c00107, indexed in Pubmed: 36032766.

Mao 'Y, Jiang F, Xu XJ, et al. Inhibition of IGF2BP1 attenuates
renal injury and inflammation by alleviating m6A modifications
and E2F1/MIF pathway. Int J Biol Sci. 2023; 19(2): 593-609,
doi: 10.7150/ijbs.78348, indexed in Pubmed: 36632449.
Huang H, Weng H, Sun W, et al. Recognition of RNA N-meth-
yladenosine by IGF2BP proteins enhances mRNA stability and
translation. Nat Cell Biol. 2018; 20(3): 285-295, doi: 10.1038/
s41556-018-0045-z, indexed in Pubmed: 29476152.

Zhang L, Wan 'Y, Zhang Z, et al. IGF2BP1 overexpression stabi-
lizes PEG10 mRNA in an m6A-dependent manner and promotes
endometrial cancer progression. Theranostics. 2021; 11(3): 1100—
—1114, doi: 10.7150/thno.49345, indexed in Pubmed: 33391523.
Delsouc MB, Conforti RA, Vitale DL, et al. Antiproliferative and
antiangiogenic effects of ammonium tetrathiomolybdate in a mod-

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2024

DOI: 10.5603/fhc.98213

ISSN 0239-8508, e-ISSN 1897-5631

27.

28.

29.

30.

31.

Yanlin Su et al.

el of endometriosis. Life Sci. 2021; 287: 120099, doi: 10.1016/].
1£5.2021.120099, indexed in Pubmed: 34715139.

Liu S, Xin X, Hua T, et al. Efficacy of anti-VEGF/VEGFR agents
on animal models of endometriosis: a systematic review and me-
ta-analysis. PLoS One. 2016; 11(11): e0166658, doi: 10.1371/
journal.pone.0166658, indexed in Pubmed: 27855197.

Wang Y, Wei Y, Chen L, et al. Research progress of siVEGF com-
plex and their application in antiangiogenic therapy. Int J Pharm.
2023;643: 123251, doi: 10.1016/j.ijpharm.2023.123251, indexed
in Pubmed: 37481098.

Ellis K, Wood R. The comparative invasiveness of endometri-
otic cell lines to breast and endometrial cancer cell lines. Bio-
molecules. 2023; 13(6), doi: 10.3390/biom13061003, indexed
in Pubmed: 37371583.

Feng Y, Dong H, Zheng L. Ligustrazine inhibits inflammatory
response of human endometrial stromal cells through the STAT3/
IGF2BP1/RELA axis. Pharm Biol. 2023; 61(1): 666—673, doi: 10
.1080/13880209.2023.2195883, indexed in Pubmed: 37095705.
Huang Q, Gu S, Fang J, et al. A pan-cancer analysis of the on-
cogenic role of polypyrimidine tract binding protein 1 (PTBP1)
in human tumors. Medicine (Baltimore). 2022; 101(52):
€32428, doi: 10.1097/MD.0000000000032428, indexed in Pub-
med: 36595978.

Submitted: 14 November, 2023
Accepted after reviews: 19 March, 2024
Available as AoP: 2 April, 2024

www.journals.viamedica.pl/folia_histochemica_cytobiologica


https://doi.org/10.5603/fhc.98213
http://dx.doi.org/10.18632/aging.202163
https://www.ncbi.nlm.nih.gov/pubmed/33232273
http://dx.doi.org/10.1093/biolre/ioab152
https://www.ncbi.nlm.nih.gov/pubmed/34382070
http://dx.doi.org/10.1021/acscentsci.2c00107
http://dx.doi.org/10.1021/acscentsci.2c00107
https://www.ncbi.nlm.nih.gov/pubmed/36032766
http://dx.doi.org/10.7150/ijbs.78348
https://www.ncbi.nlm.nih.gov/pubmed/36632449
http://dx.doi.org/10.1038/s41556-018-0045-z
http://dx.doi.org/10.1038/s41556-018-0045-z
https://www.ncbi.nlm.nih.gov/pubmed/29476152
http://dx.doi.org/10.7150/thno.49345
https://www.ncbi.nlm.nih.gov/pubmed/33391523
http://dx.doi.org/10.1016/j.lfs.2021.120099
http://dx.doi.org/10.1016/j.lfs.2021.120099
https://www.ncbi.nlm.nih.gov/pubmed/34715139
http://dx.doi.org/10.1371/journal.pone.0166658
http://dx.doi.org/10.1371/journal.pone.0166658
https://www.ncbi.nlm.nih.gov/pubmed/27855197
http://dx.doi.org/10.1016/j.ijpharm.2023.123251
https://www.ncbi.nlm.nih.gov/pubmed/37481098
http://dx.doi.org/10.3390/biom13061003
https://www.ncbi.nlm.nih.gov/pubmed/37371583
http://dx.doi.org/10.1080/13880209.2023.2195883
http://dx.doi.org/10.1080/13880209.2023.2195883
https://www.ncbi.nlm.nih.gov/pubmed/37095705
http://dx.doi.org/10.1097/MD.0000000000032428
https://www.ncbi.nlm.nih.gov/pubmed/36595978

	OLE_LINK85
	OLE_LINK84

