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ABSTRACT

Objective: Deep endometriosis is now referred to as adenomyosis externa, whereas adenomyosis is once
known as endometriosis interna. Lysine-specific histone demethylase 1A (KDMI1A, commonly LSD1)
is a lysine demethylase that targets histone and non-histone proteins. This study aimed to assess how
KDMI1A affects the migration, invasion, and proliferation of adenomyosis-derived endometrial stromal
cells (ESCs).

Material and Methods: Immunocytochemistry staining was used to identify primary ectopic endometrial
stromal cells (EESCs) and eutopic endometrial stromal cells (EuESCs) were isolated and purified from patients
with complete hysterectomy for adenomyosis. Cell counting kit-8 assay, colony formation, wound scratch, and
transwell assays were used to investigate the effect of silencing KDMIA on the inhibition cell viability, colony,
migration, and invasion, respectively. Mechanistic investigations were carried out by Western blot and quantitative
real-time polymerase chain reaction (QRT-PCR).

Results: Vimentin staining was highly positive and cytokeratin staining was nearly negative in EESCs and
EuESCs. KDM1A silencing reduced the ability of EESCs and EuESCs to proliferate (P < 0.001). The proliferation,
motility, and invasiveness of EESCs and EuESCs were markedly reduced when KDM1A was silenced (P < 0.001).
KDMIA silencing substantially downregulated invasion- and migration-related proteins or genes according to
Western blot and qRT-PCR analysis (P < 0.05). EESCs and EuESCs with KDM1A silencing showed a higher
reduction in these proteins than the control group (P < 0.05).

Conclusion: In adenomyosis, silencing KDMIA can limit the motility, invasiveness, and proliferation of
EuESCs and EESCs. These outcomes could potentially correlate with the decreased expression levels of matrix
metalloproteinases (MMP)-2, MMP-9, Fascin, and Erzin proteins.

Keywords: adenomyosis, lysine-specific histone demethylase 1A, endometrial stromal cells, proliferation,
metastasis migration

INTRODUCTION

The epidemiology and pathophysiology of adenomyosis (endometriosis interna), a benign
uterine condition that is common in women worldwide, are not well known.!* The condition
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manifests as subfertility, pelvic discomfort, and a soft,
diffusely enlarged uterus with abnormal uterine bleeding.™*!
About 20% of adenomyosis occurrences are documented
in women under 40 years of age, with the remaining 80%
occurring in women who are past the reproductive age
(40-50 vyears).*! Adenomyosis is defined as essentially
having ectopic endometrium within the myometrium,
and this definition is comparable to endometriosis, which
is defined as having ectopic endometrium outside of the
uterine cavity. Although their sites vary, the main causes of
the two diseases — ectopic endometrium — remain the same.
As a result, endometriosis interna is the term once used to
describe adenomyosis,”®! presumably due to such a similarity.
Unfortunately, few medications target adenomyopathy
directly at present, making treatment difficult. Even though
surgery is thought to be the best course of treatment for
adenomyosis, it can be quite stressful for women who
experience symptoms but are very desirous of becoming
pregnant. Consequently, obtaining novel, eflicient genes
is critical to treat adenomyopathy. The histone lysine
demethylase lysine-specific histone demethylase 1A
(KDM1A), sometimes referred to as LSD1, was originally
identified as demethylase H3K4mel/2 and H3K9mel/2 at
target loci in a context-dependent manner.¥) KDM1A
acts as a coactivator or corepressor in terms of substrate
specificity.""¥ However, the impact of KDM1A expression
on the genesis of adenomyosis remains unknown.
Numerous biological processes linked to the advancement
of cancer have previously been demonstrated to require
KDM1A4, including proliferation,™ epithelial-mesenchymal
transformation,!'>'®! senescence,!”” stem-cell pluripotency
maintenance,'"” and multidrug resistance.”” Literature
reports on several KDM1A inhibitors, some of which are
undergoing trials for small-cell lung cancer.*"* However,
its role in advanced adenomyosis (endometriosis interna)
is unknown. This study explored how KDMIA affects
endometrial stromal cell (ESC) invasion, migration, and
proliferation. The findings suggest a potential molecular
pathway that controls KDM1ASs effects on cell invasion and
migration. This research offers a potential course of treatment
for advanced adenomyosis.

MATERIAL AND METHODS
Tissue collection

Human endometrial tissues were collected from 20 patients
undergoing total hysterectomy for adenomyosis at Qingzhou
People’s Hospital between November 2020 and October
2022. The median age of the patients was 44 years (range:
34-56 years). Histologic investigation verified the diagnosis,
ruling out malignant cases. Each subject provided informed
consent, and the Qingzhou People’s Hospital, approved the
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use of human tissues. This study was approved by the Ethics
Committee of Qingzhou People’s Hospital, with approval
No. 2023020. This study strictly adhered to the Helsinki
Declaration.

Primary cell isolation and culture

Eutopic and ectopic endometrial tissues were extracted
from the uterus of each patient and transferred to a cold
mixture containing 1% penicillin-streptomycin antibiotics
(15140148, Gibco, Rockville, MD, USA) and Dulbecco’s
modified Eagle’s medium (DMEM; 11965092, Gibco,
Rockville, MD, USA) in equal proportions. The tissues were
initially rinsed with phosphate-buffered saline (PBS), minced
into small pieces (1 mm?*), and incubated at 37°C in a shaking
water bath with 0.5% collagenase II for 1 h. The dispersed
cells were filtered through a 100 pm mesh to remove any
remaining tissue fragments. Centrifugation was conducted at
1000 rpm for 5 min to collect the eutopic and ectopic ESCs
(eutopic endometrial stromal cells [EuESCs] and ectopic
endometrial stromal cells [EESCs], respectively), followed by
two to three washes with PBS. The EuESCs and EESCs were
cultured in DMEM (12491015, Gibco, Rockville, MD, USA)
supplemented with 10% fetal bovine serum (FBS; A5670701,
Gibco, Rockville, MD, USA) and 1% penicillin-streptomycin
antibiotic solution (15140148, Gibco, Rockville, MD, USA).
The cells were maintained in culture dishes at 37°C in a
humidified atmosphere containing 5% carbon dioxide (CO,)
and 95% air. Cells from passages three to six were utilized for
the subsequent experiments.

Cell characterization

A study has shown that cytokeratin and vimentin can be
used to identify the characteristics of EuESCs and EESCs. !
In summary, after cells were seeded onto chamber slides,
they were fixed for 30 min at 4°C with 4% paraformaldehyde.
Next, endogenous peroxidase activity was blocked
for 10 min at room temperature using 3.0% hydrogen
peroxide. Afterward, the cells were immunostained for
1 h using primary antibody vimentin (1:500, ab92547,
Abcam, Cambridge, MA, USA) and cytokeratin (1:500,
ab53280, Abcam, Cambridge, MA, USA) antibodies. The
second antibody goat Anti-Rabbit IgG H&L (HRP, ab6721,
Abcam, Cambridge, MA, USA) was incubated for 1h under
light protection. Subsequently, 3,3’-diaminobenzidine
(DAB, ab64238, Abcam, Cambridge, MA, USA) was used
to visualize immunoreactivity. An immune response to
vimentin and cytokeratin was detected in the cytoplasm,
and cells with yellowish-brown staining were identified as
positive. The cell lines used in this study underwent short
tandem repeat authentication, and the mycoplasma test
results were negative.
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Cell transfection

GenePharma (Shanghai, China) created the small
interfering RNAs (short hairpin RNAs [shRNAs]) specific
to KDMI1A (sh-KDMI1A), the negative control (sh-
NC), and the plasmids for KDM1A overexpression. The
shRNA sequences 5’GGAAAGAATCAAGGAGG-3’ and
5-GCTTGGAATGATCATCAAACA-3’ were used to target
KDMI1A and a non-targeting shRNA control (sh-NC),
respectively. Lipofectamine 3000 (L3000150, Invitrogen,
Carlsbad, CA, USA) was transfected into the EESCs and
EuESCs. The transfection efficacy was assessed after 24 h
using Western blot and quantitative real-time polymerase
chain reaction (QRT-PCR).

Cell viability assay

Cell counting kit-8 (CCK-8) test (C0037, Beyotime,
Shanghai, China) was utilized to assess the viability of
EuESCs and EESCs. In a 96-well plate, 5 x 10° EuESCs or
EESCs were planted. Following the prescribed intervention,
10 uL of CCK-8 reagent was added to each well to facilitate
additional culture. Two hour later, the absorbance at 450 nm
was measured using a microplate reader (iD5, SpectraMax,
Molecular Devices, San Jose, California, USA).

Colony formation assay

First, EuESCs and EESCs were seeded at a low density of
500 cells per well into six well plates containing DMEM
supplemented with 10% fetal bovine serum (FBS). The cells
were incubated at 37°C in a humidified atmosphere with 5%
CO:; until visible colonies formed, typically taking 1-2 weeks.
Subsequently, the cells were fixed with 4% polyformaldehyde,
followed by staining with 0.5% crystal violet solution for 15—
30 min. Images of the stained culture dishes were captured
using an inverted light microscope (IX83, Olympus, Tokyo,
Japan), and the number of colonies formed in each dish was
counted.

Wound healing assay

The use of wound healing assay allowed for the detection of
the migration potential of EuESCs and EESCs. In brief, six
well plates were seeded with cells during the logarithmic
phase, and the cells were then cultured until 95% cell fusion
was reached. Next, the cell monolayer was gently scraped in
a straight line using a disposable pipette tip. Following three
rounds of washing in PBS, serum-free dulbecco’s modified
eagle medium (DMEM) was used to culture EuESCs and
EESCs at 37°C. Images of the wound site were taken using an
optical microscope (IX83, Olympus, Tokyo, Japan) at 0-24 h.
The width of the open area was then assessed right away
using Image] (1.8.0, National Institutes of Health, Bethesda,
MD, USA) to estimate motility.

Transwell assay

Matrigel invasion experiment was utilized to assess EuESC
and EESC invasion. A Matrigel-coated upper chamber with
8 wm pore size was injected with resuspended EuESCs and
EESCs in 200 puL serum-free media. DMEM with 10% FBS
600 UL, S9020, Solarbio, Beijing, China, was introduced
to the lower chamber to serve as the chemoattractant.
Following a 24-h incubation period, the cells in the invasion
chamber’s bottom were fixed in 4% paraformaldehyde, dyed
with crystal violet for 20 min, and captured on camera using
a light microscope (IX83, Olympus, Tokyo, Japan).

qRT-PCR analysis

EuESCs and EESCs were treated with TRIzol reagent
(15596026CN, Thermo Scientific, Wilmington, Massachusetts,
USA) to extract the total RNA. Using the Reverse
Transcription System Kit (4366597, Thermo Scientific,
Wilmington, Massachusetts, USA), 1 pug of total RNA was
used to create the first strand of cDNA. The QuantStudioTM5
RT-PCR System (Thermo Scientific) was used to detect the
messenger RNA (mRNA) levels, and KAPA SYBR FAST UNI
qPCR Kits (#KK4601, Kapa Biosystems, Boston, MA, USA)
were used to quantify them. Every experiment was carried
out in triplicate, with actin expression serving as the internal
control. Calculated using the 2724°T method. The primer
sequences are shown in Table 1.

Western blot analysis

The total protein was extracted from the cells using
radioimmunoprecipitation assay lysis buffer (P0013B, Beyotime,
Shanghai, China). The Bicinchoninic Acid Assay (BCA) kit
(P0009, Beyotime, Shanghai, China) was used to measure
the protein concentration, and 40 pg of protein per lane
was separated using sodium dodecyl sulfate polyacrylamide
gel electrophoresis. Afterward, the proteins were placed on
polyvinylidene fluoride membranes. The membranes were

Table 1: Primer sequences in the study.

Name Primer sequences

KDM1A F:5-GCTTGGCCAACCTCTCAGAA-3
R:5-GACAGTGTCAGCTTGTCCGTTG-3

Fascin F:5-CACAGGCAAATACTGGACGGT-3’
R:5’-CCACCTTGTTATAGTCGCAGAAC-3

Ezrin F:5-GCUCAAAGAUAAUGCUAUGTT-3
R:5’-CAU AGCAUUAUCUUUGAGCTT-3’

GAPDH F:5-GGAGCGAGATCCCTCCAAAAT-3
R:5-GGCTGTTGTCATACTTCTCATGG-3

KDM1A: Lysine-specific histone demethylase 1A, GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase, A: Adenosine, C: Cytosine,
G: Guanin, T: Thymine
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blocked for 2 h with 5% skim milk, and then, they were
incubated for the entire night at 4°C with primary antibodies
KDMI1A (ab253727), Fascin (ab126772), Ezrin (ab40839),
metalloproteinases (MMP)-2 (ab254516), MMP-9 (ab76003),
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(ab8245). They were obtained from Abcam (Cambridge, MA,
USA). The membranes were subjected to an incubation period
using goat anti-rabbit secondary antibody (7074, CST, Ma, BSN,
USA). Then, an enhanced chemiluminescence kit (BL520b,
Biosharp Life Science, Hefei, Anhui, China) and BeyoImager™
600 Chemiluminescent Imaging System (EI600, Beyotime
Biotechnology, Shanghai, China) were used to observe the
bands, and Image] software (version 3.0, NIH, Bethesda, MD,
USA) was used for analysis.

Statistical analysis

Data analysis was performed using SPSS (version 16.0,
IBM Corporation, New York City, NY, USA) statistical
software. One-way analysis of variance with Tukey’s multiple
comparison test was used for multiple comparisons. P < 0.05
indicated statistical significance.

RESULTS
EuESCs and EESCs’ phenotypic traits were determined

Vimentin and cytokeratin immunocytochemical staining was
performed to determine if the separated cells were ESCs. The
cytokeratin positive signal of EuESCs and EESCs was weak,
while the mesenchymal cell marker vimentin positive signal was
strong, indicating that these cells were ESCs [Figure 1a and b].

KDM1A expression was significantly increased in ectopic
endometrial tissues

Quantitative real-time polymerase chain reaction (qQRT-PCR)
was used to identify important histone methylation modifiers
that regulate ectopic endometrium. The results showed that
ectopic endometrial tissues had significantly greater levels
of KDM1A mRNA expression than the adherent tissues
[Figure 2a]. Therefore, KDM1A may be involved in the upkeep
of ectopic endometrial illness. Next, Western blot was applied
to detect KDM1A protein expression in ectopic endometrial
tissues (12 cases) and normal tissues (11 cases). The ectopic
endometrial disease tissues had higher levels of KDMIA
protein expression than the normal tissues, as shown in
Figure 2b and c. These findings showed that KDMIA is crucial
to the development of ectopic endometrial disease (P < 0.01).

KDM1A promoted the proliferation of EuESCs and EESCs

The overexpression of KDMI1A in EuESCs and EESCs
was determined. The Western blot and qRT-PCR results
showed significantly higher expression of KDMIA in
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the OE-KDMI1A group than in the vector (P < 0.001)
[Figure 3a-f]. The enhanced cellular viability due to KDM1A
overexpression in EuESCs and EESCs was validated.
Figure 3g demonstrated that the KDMI1A overexpression
group had markedly increased cell viability as compared
with the vector in EUESCs (P < 0.001). The effects of KDM1A
on the proliferation of EuESCs were evaluated using
colony formation assay. Compared with vector, KDM1A
overexpression significantly enhanced colony formation
(P < 0.001) [Figure 3h-i]. In EESCs, cell viability and colony
formation showed the same trend as in EuESCs (P < 0.001)
[Figure 3j-1].

KDM1A promoted the migration and invasion of EuESCs
and EESCs

The effects of KDM1A on the proliferation of EuESCs and
EESCs were determined by scratch and transwell assays.
Figure 4a-h shows that the overexpression of KDMIA
significantly increased the migration and invasion abilities of
EuESCs and EESCs (P < 0.01, P < 0.001).

Silenced KDM1A inhibited the proliferation of EuESCs
and EESCs in vitro

KDMI1A expression was suppressed in EuESC and EESC
lines using shRNAs to corroborate the control of KDM1A.
The KDMI1A knockdown group showed a decrease in
KDMI1A expression in EuESCs and EESCs according
to qRT-PCR and Western blot (P < 0.05) [Figure 5a-f].
Figure 5g-l illustrates how the KDMIA silence group’s
EuESC and EESC activity and proliferation were much
lower than those of the sh-NC group (P < 0.001). The
findings implied that silencing KDMIA can inhibit the
proliferation of EESC and EuESC.

KDM1A silencing suppressed the migration of EuESCs
and EESCs

The EuESCs and EESCs were transfected with sh-KDMI1A,
control, and sh-NC for 24 h before the cell experiment. The
results of wound healing assay demonstrated that compared
with the sh-NC, the migration of EuESCs and EESCs was
significantly reduced in the sh-KDM1A group (P < 0.001)
[Figure 6a-d]. As shown in Figure 6e-j, qRT-PCR and
Western blot analysis suggested that KDMIA silencing
reduced the expression levels of Fascin and Ezrin proteins in
EuESCs and EESCs (P < 0.05). Research indicated that the
expression levels of Fascin and Ezrin proteins are positively
correlated with the metastasis of non-small cell lung
cancer.? These findings showed that KDM1A silencing had
a greater suppressive effect on the migration of EuESCs and
EESCs than sh-NC treatment.
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Figure 1: EuESCs and EESCs’ phenotypic traits were determined. (a) EuESCs’ phenotypic traits
of vimentin and cytokeratin. (b). EESCs’ phenotypic traits of vimentin and cytokeratin. n = 6.
(EESCs: Ectopic endometrial stromal cells, EuESCs: Eutopic endometrial stromal cells.)
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Figure 2: KDM1A expression was significantly increased in ectopic endometrial tissues. (a) KDM1A
expression in endometrium tissues. (b and ¢) KDM1A protein expression tested by Western blot. n
= 20. **P < 0.01. (KDMI1A: Lysine-specific histone demethylase 1A, GAPDH: Glyceraldehyde-3-

phosphate dehydrogenase, NT: Normal tissues, EET: Ectopic endometrial tissues)

KDM1A silencing inhibited the invasion in EuESCs and
EESCs

The findings demonstrated that KDMIA silencing exerted
a higher inhibition of invasion on EuESCs and EESCs than
control treatment (P < 0.001, [Figure 7a-d]). This suggests that
after KDMIA silencing treatment, the number of invaded cells
in both EuESCs and EESCs was greatly reduced (P < 0.001).
After EuESCs and EESCs were transfected with sh-KDMIA,
the expression levels of MMP-2 and MMP-9 proteins were
significantly decreased (P < 0.05, [Figure 7e-h]. Xu et als™!

study suggested that the upregulation of MMP-2 and MMP-
9 protein expression levels is positively correlated with the
migration and invasion of EESCs. These findings suggest that
KDMIA silencing inhibited the invasion of EuESCs and EESCs.

DISCUSSION

This work showed that patients with ectopic endometrial
disease had overexpressed KDMI1A. The proliferation,
migration, and invasion of EuESCs and EESCs were
facilitated by KDM1A upregulation. KDMI1A also showed a
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Figure 3: KDM1A promoted proliferation of EuESCs and EESCs. (a-c) Western blot and qRT-PCR
determination of the mRNA and protein expression levels of KDM1A in EuESCs. (d-f) Western
blot and qRT-PCR determination of the mRNA and protein expression levels of KDM1A in EESCs.
(g) Cell viability of EuESCs determined by CCK-8 assay. Control group 100% cell viability as control.
(h-i) Colony formation capacity of EuESCs. (j) Cell viability of EuESCs determined by CCK-8 assay.
Control group 100% cell viability as control. (k-1) Cell viability of EESCs determined by CCK-8 assay.
n=6.***P <0.001. (KDM1A: Lysine-specific histone demethylase 1A, GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase, EESCs: Ectopic endometrial stromal cells, EuESCs: Eutopic endometrial
stromal cells.)

favorable correlation with the expression levels of invasion
and migratory proteins. However, the invasion, migration,
and proliferation of EuESCs and EESCs were inhibited by
KDM1A silencing.

Among the gynecological disorders that frequently coexist
are adenomyosis and endometriosis.*! Some studies
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estimated that 80-90% of patients with endometriosis have
adenomyosis.””’ Less than half of the participants with
endometriosis in other investigations had adenomyosis.* The
authors presented evidence of a variation in the occurrence
of endometriosis based on the myometrial location of the
adenomyosis lesion.* In vivo, adenomyotic Eutopic
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endometrium stromal fibroblasts (eSFs) exhibited reduced  and invasion.”! The enlargement of the nearby ectopic
caveolin (CAV1) expression, and eSF and eEC depletion of =~ myometrium indicated that cell proliferation in adenomyosis
CAV1 exhibited markedly increased proliferation, migration,  tissues is a frequent phenomenon.” EuESCs and EESCs
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Figure 5: Silencing KDM1A inhibited the proliferation of EuESCs and EESCs in vitro. (a-c). Western
blot and qRT-PCR determination of the mRNA and protein expression levels of KDM1A in EuESCs.
(d-f). Western blot and qRT-PCR determination of the mRNA and protein expression levels of KDMI1A
in EESCs. (g). Cell viability of EuESCs determined by CCK-8 assay. Control group 100% cell viability

as control. (h-i). Cell migration assay of EuESCs. (j).

Cell viability of EuESCs determined by CCK-8

assay. Control group 100% cell viability as control. (k-1) Cell viability of EESCs determined by CCK-
8 assay. n = 6. *P < 0.05, ¥***P < 0.001. (KDM1A: Lysine-specific histone demethylase 1A, GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase, EESCs: Ectopic endometrial stromal cells, EuESCs:
Eutopic endometrial stromal cells, qRT-PCR: quantitative real-time polymerase chain reaction)

isolated from each patient’s ectopic and ectopic endometrial
tissues were chosen in the present study.

KDMIA is essential for multiple oncogenic processes,
including epithelial-mesenchymal transition;
chemoresistance; and invasion, migration, proliferation,
and survival of cells.”” KDM1A is significantly expressed in
many tumor types and closely linked to the development of
malignancies.® The present work investigated the critical
role that KDM1A plays in the development of adenomyosis.
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The results showed that ectopic endometrial tissues had
a high expression of KDMIA. Additional mechanism
exploration studies revealed that KDMI1A overexpression
may enhance the malignant biological characteristics of
EuESCs and EESCs by promoting proliferation, migration,
and invasion. Research demonstrated that KDMI1A
silencing enhanced the effectiveness of anti-CD47/PD-
L1 immunotherapy in the treatment of cervical cancer.**
The present study showed that KDM1A silencing inhibited
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cell proliferation, migration, and invasion, consistent with
previous reports.

The histone demethylase activity of KDMIA can
activate or repress genes involved in adipocyte
differentiation.*” By demethylating H3K4mel/2, KDM1A
can inhibit the transcription of genes that suppress
adipogenesis. KDM1A may interact with key adipogenic
transcription factors, such as peroxisome proliferator-
activated receptor gamma and CCAAT/enhancer-binding
protein alpha, by modulating their activity and promoting
the expression of adipogenic genes.*® Besides histones,
KDMIA can demethylate non-histone proteins, affecting
various signaling pathways and protein-protein interactions
that are crucial for adipocyte differentiation and lipid
metabolism.’””  KDM1A-mediated histone demethylation
can lead to epigenetic reprogramming of adipocyte precursor
cells, thereby enhancing their differentiation into mature
adipocytes and impacting cell identity and function.®!

This study has several limitations. First, the primary EESCs
and EuESCs were isolated from patients undergoing complete
hysterectomy for adenomyosis, which may limit the
generalizability of the findings to all patients with
adenomyosis. Second, while in vitro assays provide valuable
insights, they may not fully replicate the complex in vivo
environment. Therefore, the observed effects of KDM1A
silencing on cell proliferation, migration, and invasion need
to be validated in animal models or clinical settings. Third,
the study primarily focused on KDM1A’ role in regulating
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specific proteins, such as MMP-2, MMP-9, Fascin, and Erzin,
potentially overlooking other pathways and mechanisms that
may contribute to the observed cellular behavior. Finally,
the sample size for primary cell cultures may be limited,
which could impact the statistical power and reproducibility
of the results. Future research should aim to address
these limitations by expanding the scope and depth of
investigation. Larger and more diverse patient cohorts should
be included to enhance the generalizability of the findings.
In vivo studies using animal models of adenomyosis could
provide a more comprehensive understanding of KDM1A’s
role in disease progression and its potential as a therapeutic
target. Further mechanistic studies should explore additional
pathways and molecular interactions affected by KDMI1A
to uncover a broader spectrum of its biological functions.
Investigating the long-term effects of KDMI1A inhibition in
vivo could be crucial to determine its potential therapeutic
eficacy and safety. Finally, exploring combinatorial
therapeutic approaches that target KDM1A, along with other
key molecules involved in adenomyosis, could yield more
effective treatment strategies for this condition.

SUMMARY

KDMI1A expression was upregulated in EuESCs and EESCs,
promoting invasion, migration, and proliferation. However,
more in vivo research is needed to assess KDM1A’s possible
therapeutic impact and potential signaling pathways in
adenomyosis.
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