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ABSTRACT

Uterine leiomyomas (LM), commonly referred to as uterine fibroids (UFs), pelvic tumor in women of  reproductive age globally 
and are main indicators of  hysterectomies if  become symptomatic. The progression of  uterine LM involves a complex interplay 
of  hormones, stem cells, growth factors, and genetic/epigenetic irregularities. Both endometrial and myometrial stem/progenitor 
cells play pivotal roles in the uterus’ response to hormonal stimuli and return to its basal state. LM, arising from a single stem cell 
of  smooth muscle cells with acquired mutations, exhibit diverse cellular transcriptomic patterns influenced by genotype. Affect-
ing over 70% of  women at some point in their lives, with significant clinical symptoms, such as pelvic pain, infertility, and heavy 
uterine bleeding. Recent literature underscores the potential importance of  LM stem cells and their paracrine interactions with 
specialized cells, connecting the gap between medications targeting leiomyoma expansion and potential eradication strategies. 
Keeping these points in view, this review discusses the current understanding of  the involvement of  myometrial stem/progenitor 
cells and the genetic and epigenetic changes occurring in these cells during the pathogenesis of  uterine LM.
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INTRODUCTION

The most prevalent tumor among women is uterine leiomyoma 
(LM, or fibroid), which affects around 70-80% of  women 

globally. It disproportionately negatively impacts African American 
women, commencing at a younger age and with a higher incidence 
overall.1,2 Even though it does not have a malignant source, LM can 
result in severe morbidities, such as excessive uterine hemorrhage, 
repeated miscarriages, and pelvic pain. These manifestations might 
potentially be used to misdiagnose or cover up malignant tumors.3 
Women who no longer wish to bear children are most commonly 
treated with hysterectomy. This procedure is linked to morbidity, as 
well as a significant financial burden on the healthcare delivery sys-
tem.4 The abundant accumulation of  extracellular matrix (ECM), 
which plays a crucial role in the size and stiffness of  benign smooth 
muscle tumors, has been linked to these tumors. This deposition 

of  ECM is connected with these tumors.5 Notwithstanding their 
widespread occurrence, little is understood about the tumors’ spe-
cific pathophysiology. Normal tissue and pathological develop-
ment cannot occur without stem cells. The involvement of  stem 
cells in LM has been established by a number of  investigations, and 
these cells are necessary for multiplication, regeneration, and the 
development of  tumors.6

	 The endometrium, myometrium, and perimetrium are the 
three layers of  tissue that make up the human uterus.7 The layer of  
smooth muscle of  uterus known as the myometrium is frequently 
distinguished by its capacity to regenerate and remodel both during 
and following pregnancy.8 Myometrial stem cells, based on these re-
markable characteristics, may exist and strictly control myometrial 
development.9 Likewise, tumor-initiating cells are a group of  cells 
inside a cancerous cell community that maintain their capacity to 
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sustain malignancies through asymmetric proliferation. Single so-
matic stem cell (SSCs) in the myometrium may have been changed 
and transformed, leading to the formation of  myometrial fibroids, 
monoclonal tumors of  the myometrium, which then spread and 
grow in a steroid-regulated manner.10 Uterine LM are thought to be 
the result of  a myometrial stem cell turning into a mutant stem cell 
(through acquired cytogenetic abnormalities), which then multiples 
to produce a LM.11 It is believed that numerous factors including 
hypoxic niche, changed epigenome, and aberrant estrogen signal-
ing, contribute to the transition of  a normal stem cell into a LM-
forming stem cell.8 

	 Numerous genetic and epigenetic variables associated 
with an elevated risk of  LM have been discovered through ge-
nome-wide association investigations and analysis of  LM tumors.12 
An epigenetic change in phenotype does not occur because of  an 
altered deoxyribonucleic acid (DNA) sequence; rather, it is a con-
sequence of  alterations in gene expression. There are many fac-
tors that influence stem cell regulation and disease advancement 
through epigenetic modifications, including DNA methylation.13 
DNA methylation, which occurs within cancer stem cells, has the 
effect of  silencing the genes necessary for differentiation, which in 
turn leads to aberrant clonal growth.14 Cancer stem-like cells can 
be “reset” to a differentiated phenotype by DNA-hypomethylating 
drugs in numerous tumor forms, which makes them more sensitive 
to chemotherapeutic approaches.15,16 

	 Therefore, gaining knowledge of  these processes may 
present significant prospects for the enhancement of  diagnostic 
and prognostic techniques and the development of  innovative 
clinical strategies. Genetic and epigenetic modifications in myome-
trial stem cells resulting in LM stem cell type are discussed in this 
review. 

CELLULAR ORIGIN OF LEIOMYOMA

Considering that LM (leiomyoma) is a monoclonal tumor, the ab-
errant conversion of  myometrial stem cells into a tumor-initiating 
cell type is responsible for the development of  the tumor (Fig-
ure 1). Myometrial and leiomyoma tissues can be used to extract 
cells exhibiting stem or progenitor properties.17 It is fascinating to 
note that these cells appear to possess modest concentrations of  
sex steroid hormone receptors; however, they need these steroids 
for tumor progression. This leads one to speculate that an extra 
paracrine process, mediated by mature adjacent cells expressing 
these receptors, is indispensable for these cells’ transformation.18 
Progenitor cells can become cancerous when exposed to early-life 
endocrine-disrupting chemicals like xenoestrogens.19

	 Some environmental and epigenetic/genetic factors may 
cause the conversion of  myometrial stem cells into tumor initiat-
ing cells with uncontrolled proliferation and decreased apoptosis 
rate, may eventually lead to a leiomyoma tumor.

	 Furthermore, mediator complex subunit 12 (MED12) 
mutations are found in progenitor cells from the LM but not the 
myometrium, implying that one genetic hit leads to myometrial 
stem cell conversion into a tumor-initiating cell and develop these 
tumors.10,20 There have also been reports of  mutations in myome-
trial cells which alter the transcription of  the high mobility group A2 
(HMGA2) gene. These mutated myometrial cells led to develop 
LM-like tissue after xenotransplantation into immunocompro-
mised mice.21 It is unknown whether mutations in MED12 and 
HMGA2 cause myometrial stem cells to develop into LM stem-
progenitor cells or whether they simply sustain LM stem-progen-
itor cells that are already present, despite the fact that abnormali-
ties in both genes appear to be mutually unique.7 From the cellular 

Figure 1. Cellular Origin of Uterine Leiomyoma
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perspective, LM establishment and development may be affected 
by environmental and epigenetic factors, including hypoxia in the 
uterus or abnormal methylation.22-24 In conclusion, these myo-
metrial stem/progenitor cells provide fresh and robust prospec-
tive targets for treatment or prophylactic measures, although an 
additional definition of  the cellular origin of  LM is required. It 
is likely that forthcoming therapies focus on the growth accelera-
tion phase of  fibroid advancement since it appears that the con-
version of  myometrial stem cells into pre-fibroids is a common, 
if  not universal process. 

MYOMETRIAL STEM CELLS

The ability of  the female reproductive tract to regenerate and 
modify is indicative of  the presence of  endometrial and myo-
metrial stem cell networks. The previous study demonstrated the 
isolation of  side population (SP) cells from non-gravid human 
myometrium to validate the existence of  stem cells and their po-
tential role. Transcription of  the ATP-binding cassette, subfamily 
G, member 2 (ABCG2) protein is necessary to remove intracel-
lular DNA-binding dyes in human SP cells.25 Human myoSP cells 
did not multiply in vitro in a medium with a normoxic oxygen 
concentration (20% O2), but they proliferated effectively in vitro 
when the oxygen tension was set at 2%.25 In vitro, tissue-specific 
stem cells can survive and thrive in low-oxygen circumstances.26 
Based on these findings, it appears that such stem cells are well 
adapted for proliferation and survival in a hypoxic condition 
(in vivo). For multiplication and spontaneous conversion into 
smooth muscle cells, myoSP cells demand a hypoxic condition. 
Human myoSP cells may also have a role in the growth of  the 
uterus.17 Shynlova et al demonstrated that mechanical stretching 
of  the uterine wall during pregnancy might lead to hypoxia in 
the myometrium in the rat by employing a biochemical probe 
detecting hypoxia. They also found hypoxia-activated caspases in 
the rat myometrium. Hypoxia is well-known to control tropho-
blast and placenta growth, differentiation, and function.27 It has 
been shown that hypoxia encourages the multiplication of  hy-
pothesized endometrial stem/progenitor cells such as myoSP.28 
Hence, because of  the impact that oxygen tension has on the 
trophoblast, uterus, and placenta, it may be one of  the most im-
portant factors in determining whether or not a pregnancy will 
be successful. As a result, it is possible that mechanical stretching 
during pregnancy causes hypoxia and promotes the growth of  
human myoSP. Consequently, human myoSP may play a role in 
the expansion and remodeling of  the uterus that occurs during 
pregnancy.

LEIOMYOMA STEM CELLS

More than 80% of  African-American women and 70% of  Cauca-
sian women suffer from uterine leiomyomas by the age of  50.29 In 
around 15-30% of  cases, LM result in excessive uterine hemor-
rhage, anemia, recurrent miscarriages, pelvic discomfort, preterm 
labor, and urinary incontinence.30 Hysterectomy is performed 
most frequently because of  these symptoms.31 One percent of  
tumor cells are leiomyoma SP (LMSP) types, which have features 
of  tumor-initiating stem cells.32 Tumor development is stimulated 
by the proliferation of  LMSP cells in vivo. This development 

is hormone-dependent, despite the fact that these cells express 
significantly lower numbers of  estrogen/progesterone receptors 
(ER, PR) than matured myometrial or leiomyoma cells.33 It is gen-
erally accepted that LM are forms of  monoclonal tumors.34 In an 
ovarian steroid-dependent way, it has been postulated that each 
LM arises from a single converted myometrium-specific stem 
cell.35 Nevertheless, this theory has yet to be verified conclusively. 
Multipotent tissue-specific stem cells are essential for the in vivo 
proliferation of  human LM tissue reliant on estrogen and proges-
terone.15,32 Matured myometrial or LM cells with increased num-
bers of  steroid receptors and interactions are necessary for their 
proliferation. A paracrine mechanism proposed to explain how 
steroid hormones affect LM stem cells through matured myome-
trial cells (tumor commencement) or matured LM cells (growth 
maintenance) has been used to support this hypothesis. It is be-
lieved that the self-renewal of  the LM stem cells is supported 
by a paracrine contact with the ER-1-and/or PR-positive niche 
cells that are located in the surrounding area. Downregulation of  
genes necessary for progesterone-induced LM stem cell develop-
ment is the outcome of  PR gene hypermethylation. By modulat-
ing the ten-eleven translocation (TET) enzymes, PR knockdown 
was linked to an enhancement in global DNA methylation.36

	 Uterine LM are quite common, yet little is known about 
their cellular or molecular origins. Epigenetic processes, includ-
ing DNA methylation, micro ribonucleic acid (miRNA) regulated 
modifications, and histone modification, according to recent re-
search findings may be involved in LM.37,38 LM development has 
been linked to genetic mutations, including those causing a defi-
ciency in the fumarate hydratase (FH).39

GENETIC ALTERNATION

Sequencing of  exosome in uterine LM from 18 Finnish patients 
found MED12 recurrent somatic mutations.40 Additional investi-
gation of  a total of  225 tumors originating from 80 individuals 
indicated that an astounding 70% of  uterine LM exhibit MED12 
mutations, rendering it the most commonly mutated gene. Exon 
2 and the intron 1-exon 2 junctions, where all mutations were 
found, are evolutionarily conserved regions of  the gene. Numer-
ous investigations encompassing numerous ethnic groups have 
confirmed this outcome.41-43 Tumorigenesis may be facilitated by 
the encoded region’s abnormal functioning. It was shown that 
LM size was inversely associated with MED12 mutations in the 
MED12 mutation studies.44,45 Particular genetic alterations, such 
as MED12, are present in most LM, which demonstrates that the 
transition of  healthy myocytes into aberrant myocytes is essen-
tial at some time during the origin of  the LM development. The 
MED12 gene connects regulatory factors in the promoters of  
gene to the RNA polymerase II initiation complex and encodes 
a mediator complex, that comprises 26 subunits and modulates 
transcription and also elongation.40 

	 Other genes, particularly those participating in the cell 
cycle and tumor suppression, including cell cycle associated pro-
tein 1 (CAPRIN1), Decorin (DCN), and aryl hydrocarbon recep-
tor (AHR)12 as well as particular mitochondrial genes, are said 
to contain specific point mutations in LM.46 Owing to translo-
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cations, duplications, and deletions of  the chromosomes 6, 7, 
12, and 14, chromosomal defects have been documented in LM. 
Whole-genome sequencing supported these findings, indicating a 
single origin for the rearrangements found in LM.47 To categorize 
patients experiencing LM according to their molecular and clini-
cal characteristics, several types of  cytogenetic mutations are be-
ing considered benchmarks. In cytogenetically aberrant fibroids, 
the tumor size tends to increase,14 whereas deletions in several 
areas, like chromosome 1p, may be related to prognosis and his-
tological variations of  LM.48

	 Despite the fact that chromosomal abnormalities can oc-
cur anywhere in the genome in LM, certain genes are commonly 
compromised by these sorts of  incidents, resulting in interrupted 
biological mechanisms responsible for the development of  tu-
mors. It has been shown that upregulation of  the HMGA2 gene 
results from rearrangements in the region 12q14-15 that are pres-
ent in fibroids.49 The DNA-repairing gene RAD51B is one of  the 
preferential translocation partners of  HMGA2, so, changes in the 
transcription of  this protein, that is participated in transcription 
regulation, have been linked to the advancement of  LM through 
various processes, such as neovascularization,17 ER-mediated cell 
multiplication,10 and homologous recombination DNA repair.50 
Rearrangements that target region 6p21 can also affect another 
family member known as HMGA1, which is disrupted in LM. 
Both HMGA1 and HMGA2 may accomplish a physiological func-
tion that is analogous to one another, which would describe why 
the effects of  disrupting either gene are comparable.51 In contrast, 
despite the fact that deletions in the 7q22 area have been related to 
LM, the impacted target gene has not been found definitively. De-
spite the fact that these deletions change the expression of  several 
genes, including lipoma HMGIC fusion partner (LHFPL3), Laminin 
Subunit Beta 1 (LAMB1), or human polybromo-1 (HPB1),10,20 however, 
cut like homeobox 1 (CUX1) is the most widely regarded target gene. 
Both up- and downregulation of  CUX1 can be the consequence 
of  7q deletions, demonstrating that this gene may play either a 
tumor suppressor or an oncogenic role, which may lead to the 
progression of  LM in a manner analogous to that of  RAD51B.52 
There has also been a link found between Alport syndrome and 
the establishment of  smooth muscle tumors known as diffuse leio-
myomatosis, which includes uterine LM, and loss of  collagen IV 
genes including COL4A5 and COL4A6, due to X chromosomal 
deletions.53 Some of  the key mutated genes in LM development 
have been summarized in Table 1.

EPIGENETIC ALTERNATIONS

In humans, the development of  LM is significantly influenced by 

epigenetic processes, which are characterized by the fact that they 
alter the expression of  genes.3,54 Regulation via DNA methylation, 
miRNAs, histone modifications, and long-noncoding RNAs (ln-
cRNAs) are some of  the primary epigenetic processes. Foxo1, TERT 
and WNT4 are examples of  genes affected by abnormalities in the 
DNA methylation process, which is necessary for healthy develop-
ment.25 They are linked to an increased level of  methylation in tu-
mor suppressor genes and/or a decreased level of  methylation in 
oncogenes, suggesting that they may have a role in the development 
of  tumors.55 Particularly, LM, in comparison to normal myometri-
um, is linked to modifications of  DNA methylation, upregulation 
of  ER1 messenger RNA (mRNA), and DNA methyltransferases in 
cancerous specimens.56,57 Upregulation of  HMGA2 has been shown 
to be attributed to hypomethylation in the HMGA2 gene recently; 
however, this association does not necessarily seem to be dependent 
on metastasis.58 Receptor activator of  nuclear factor kappa-Β ligand 
(RANKL) gene expression is affected by progesterone/PR-mediat-
ed DNA methylation and MED12 mutation, which together form 
a complex regulatory network. This network is critical for activating 
stem cell multiplication and the emergence of  LM.59,60 These data 
indicate that by changing the normal myometrial mRNA expression 
profile, DNA methylation may have a role in uterine LM pathogen-
esis. Additional research utilizing epigenetic modulators including 
50-Aza-Cytidine may contribute to the development of  innovative 
medicines that inhibit the formation of  tumors by reducing the 
number of  stem cells in the affected area via various demethylation 
processes.61 Aside from histone tail methylation and acetylation, 
other epigenetic changes have been related to uterine LM, includ-
ing enhancer of  zeste homolog 2 (EZH2) and histone deacetylases 
(HDACs).3 Histone acetylation is exclusively involved in the regula-
tion of  gene activation, in contrast to histone methylation, which 
can either activate or suppress gene expression.62 EZH2 methyla-
tion, in particular, is responsible for the silencing of  gene function 
in LM33; even though HDACs are essential in the control of  the 
tumor suppressor gene krüppel like factor-11 (KLF11), its expression 
is reduced throughout these benign tumors.63 In conclusion, it is es-
sential to highlight the considerable part played by miRNAs belong-
ing to families let-7, miR-93, miR-21, miR-200, and miR-106b in the 
epigenetic processes that contribute to proliferation, inflammatory 
processes, neovascularization, and the production of  extracellular 
matrix constituents. As a result, by targeting of  important signaling 
pathways, including Wnt/β-catenin and Wnt/MAPK, they contrib-
ute to the formation of  the LM.64,65 Recently, it was discovered that, 
compared to the myometrium, the transcription of  long noncoding 
RNAs (RNA transcripts with more than 200 nucleotides) like X-
inactive specific transcript (XIST) was changed in LM.66 Innovative 
therapeutic approaches which target uterine LM can be identified by 
better understanding the role of  epigenetic controls in the develop-
ment of  LM and their involvement in tumorigenesis (possibly re-
lated to a hypoestrogenism phenotype in myometrial advancement.67

Stem Cells Regulation by Epigenetic Changes in Leiomyoma

SSCs are undifferentiated cells involving many processes in the 
body. To replace dying cells, heal injured organs, and then develop 
into tissue-specific cell types, these cells can divide and prolifer-
ate. The SSCs are responsible for creating the dynamic environ-
ment necessary for cellular and tissue homeostasis. Therefore, 
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Table 1. Key Mutated Genes Identified in Leiomyoma Progression

Genes Type of tissue Reference

Mediator Complex 
Subunit 12 (MED12) Uterine leiomyoma, Leiomyosarcoma 44,79,80

High Mobility Group 
(HMGA1/HMGA2) Uterine myometrium, Leiomyosarcoma 47,79

Collagen Alpha-5/Collagen 
Alpha-6/COL4A5/COL4A6

Uterine leiomyoma, Oesophagus 
leiomyoma

47,81

Fumarate Hydratase (FH) Uterine leiomyoma, Skin leiomyoma 47,82
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tumor stem cells have the ability to maintain and further develop 
the tumor, in addition to their potential for self-renewal. The de-
velopment process, stem cells maintenance, and the differentia-
tion of  cells all require a large number of  chromatin regulators. 
By regulating the transcriptional availability of  various sections 
of  genome packing or opening various portions of  chromatin, 
epigenetic processes enable genetically identical cells to acquire 
distinct phenotypes in a stable manner. There is a possibility that 
distinct components of  stem cell phenotype require a specific 
combination of  transcriptional elements and chromatin remod-
eling factors.68 Increasing evidences show that the function of  
stem cells and the pathogenesis of  cancer are significantly stimu-
lated by polycomb repressive complex (PRC1) and PRC2 as well 
as HDAC1- and HDAC2-containing complexes (NuRD, Sin3, 
and CoREST).69,70 Furthermore, a growing amount of  evidence 
indicates that during multipotent stem cell differentiation, par-
ticular CpG methylation sites are modified.71 In hematopoietic 
stem cells, 5-mC and 5-hmC and active/repressive histone cod-
ing marks related to DNA Methyltransferase 3 Alpha (DNMT3α) 
transcription have been mapped genome-wide recently, revealing 
a new epigenetic environment.

	 Leiomyomas of  the uterine lining are monoclonal can-
cers originating from the smooth muscle cells of  uterine.72 It has 
been determined that familial uterine LM syndromes are connect-
ed with a small number of  genetic abnormalities that are passed 
down through germ cells. For instance, although hereditary leio-
myomatosis is related to germline mutations in FH, there is no 
documented evidence indicating the role of  epigenetic modifica-
tions in these patients yet.73 Multiple lines of  evidence imply that 
each LM arises from the transformation of  a single SSC despite 
the fact that the cellular origin of  uterine LM is mainly unidenti-
fied.11,74 MED12 mutations have been found to be present in stem 
cells originating from LM, further indicating that at least one ge-
netic hit is needed to convert myometrial stem cells. 

	 Employing 5-bromo-2’-deoxyuridine, which makes 
it possible to identify label-retaining cells, and the side popula-
tion approach, respectively, researchers in 2007 were able to de-
termine for the first time that presumed SSCs occur in mouse 
and nonpregnant human myometrium.75 There is a population of  
myometrial cells that may be extracted from human myometrium 
called the side population. These cells have properties that are 
comparable to stem cells. In contrast to the primary community 
of  myometrial cells, After transplantation of  side population of  
myometrial cells to the uteri of  severely immunodeficient mice, 
they effectively develop functional human myometrial organs.76 

Afterward, the side population formed from LM possessing stem 
cell properties was identified and shown to be pivotal for cell mul-
tiplication and tumor development.15 WNT/β-catenin pathway is 
stimulated in a paracrine manner in LM stem cells, which leads 
to the stimulation of  tumor growth, despite the fact that LM 
have a reduced side population cells percentage in comparison 
to healthy myometrium. Numerous dimensions of  tumorigenesis, 
tissue homeostasis, and embryonic development, are regulated by 
WNT/β-catenin signaling.76 To shed new light on how aberrantly 
controlled epigenetic components contribute to the pathogenesis 
of  LM and to offer a prospective clinical strategy for targeting 

LM stem cells, optimized methods in the identification and sepa-
ration of  myometrium- and LM-derived SSCs are needed. 

POSSIBLE THERAPEUTIC STRATEGIES

Epigenetic mechanisms, as opposed to irreversible genetic altera-
tions, have the possibility of  being reversed, and as a result, they 
are prospective therapeutic options for the treatment of  cancer. 
It is possible that epigenetic medicines could target CpG-rich 
areas, which are present in around 70% of  identified gene pro-
moters. The particular TET inhibitors and activators, as well as 
their modes of  action, ought to be identified and characterized 
in upcoming investigations. It is possible to prevent epigenetic 
alterations in other organs of  the organism by administering the 
drug directly to the modified tissue and the area surrounding it. 
The therapy induces hypermethylation at particular loci and hy-
pomethylation at other loci; therefore, one of  the problems is 
targeting specific genes. In addition, it is still completely unclear 
what the biological importance of  TET proteins is, as well as the 
precise involvement of  their enzymatic and non-enzymatic func-
tions. Therefore, there is a requirement for additional in-depth 
study on chemicals that can affect the function of  the TET en-
zyme to identify alternative epigenetic modulators having curative 
properties on LM that decrease the growth of  tumors.77,78

CONCLUSIONS AND PERSPECTIVES

DNA methylation, histone modifications, and miRNAs dysregu-
lation are a consequence of  aberrant genetic and epigenetic al-
terations, marking pivotal points in the journey of  tumorigenesis. 
While significant strides have been made in unraveling the epi-
genetic intricacies associated with tumor development, the under-
standing of  the processes and implications of  epigenetics in LM 
remains in its infancy.

	 Recent advancements in epigenomic exploration, in-
cluding methodologies such as mapping the distribution of  
5-methylcytosine (5 mC) and its oxidized derivatives throughout 
the entire genome, have provided a deeper comprehension of  the 
epigenome’s role within the realm of  tumor biology and somatic 
cell reprogramming. Noteworthy revelations have emerged, in-
dicating the presence of  stem cell-like side populations in both 
myometrium and LM. This discovery holds promise for elucidat-
ing the formation of  these stem cells and unraveling the intricate 
interplay of  genetic and epigenetic events governing these pro-
cesses.

	 Innovative techniques, such as single-cell sequencing 
and genome editing, particularly employing CRISPR-Cas technol-
ogies, have become instrumental in advancing our understanding 
of  LM. These cutting-ed ge methodologies open avenues to dis-
sect the intricate mechanisms underpinning tumor development. 
Utilizing such methodologies in LM investigations holds the po-
tential to unravel the complexities of  how tumors evolve, provid-
ing valuable insights for effective therapeutic interventions.

	 The identification of  stem cell-like populations within 
LM, coupled with a refined understanding of  aberrant signaling 
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and genetic and epigenetic regulations, paves the way for the de-
velopment of  targeted curative strategies. A holistic approach, 
leveraging advanced methodologies and a comprehensive un-
derstanding of  LM stem cells, is crucial for the formulation of  
therapeutic interventions that not only mitigate the severity and 
extent of  uterine LM but also minimize associated complications. 
In the ongoing pursuit of  unraveling the mysteries of  LM, the 
integration of  these diverse approaches promises to shape a more 
nuanced and effective landscape for addressing this benign yet 
clinically significant condition.
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