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Abstract:  
Endometriosis can be defined as a widespread mammalian disorder that occurs when cells like the endometrium 
are located outside the uterus cavity, and the abnormality is connected to unhealing inflammation, pain, and 
infertility. It affects an estimated 10-15% of the women worldwide of reproductive age and presents notable 
problems in diagnosis and treatment. The underlying mechanisms of the disorder remain unclear, though several 
have been suggested, such as coelomic metaplasia and retrograde menstruation. More recent studies emphasized 
the importance of stem cells in both the pathogenesis of endometriosis and its treatment options. It has been 
demonstrated that enSCs are adult stem cells with enhanced migratory and proliferative abilities in ectopic 
environments disturbing the disease’s progression. Treatments based on other stem cell types, such as isolated 
mesenchymal stem cells (MSCs) and reprogrammed iPSCs, were also practical as they provide tissue repair and 
regeneration. This article aims to collect the most comprehensive information about the current understanding of 
the role of stem cells in endometriosis pathophysiology and highlights the development of appropriate treatment 
methods. It also encourages more research to ensure practical application in a clinical setting. The novel role of 
stem cells in endometriosis could also catalyze future treatments designed to correct the disease mechanisms, 
aiming for actual cures. 
Keywords: Endometriosis, Etio-pathogenesis, Stem cells, Chronic Pelvic Pain, Inflammation, Infertility, 
Treatment. 
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Introduction 

Endometriosis is characterized by the presence of 
actively growing endometrial foci (stroma and 
glandular cells) or endometrial tissue outside of the 
uterus cavity, in the uterine wall's muscular layer, 
in the other reproductive organs, or in distant or 
nearby pelvic structures and peritoneum. The 
ectopic endometrial foci are accompanied by 
immune dysregulation. [1–4] Therefore, 
adenomyosis (presence of ectopic endometrium in 
myometrium surrounded by hypertrophic smooth 
muscle cells and fibrosis) can be considered a part 
of endometriosis but not stromatolites and 
ullerianosis despite their similarities. [5,6] 

Endometriosis is a common gynecologic disorder, 
but it is difficult to estimate its actual incidence as 
the disease is often asymptomatic, and it often 
remains undiagnosed due to the low sensitivity of 
imaging techniques. [7] However, endometriosis is 
estimated to affect approximately 247 million 

women globally and approximately 42 million 
women in India. [8] It affects approximately 10–
15% of women of reproductive age and 35–50% of 
women with pelvic pain and/or infertility. [1,2,8–
10]The peak incidence is seen in the 25–45 years 
age group. [10] The prevalence of adenomyosis 
varies from <10% to >60%, depending on 
diagnostic accuracy based on symptoms 
(predominantly dysmenorrhea and menorrhagia) 
and imaging findings. [6]  

Endometriosis has been reported in one out of three 
women with infertility, 30% of adolescent girls 
with dysmenorrhea, and 60% of women 
complaining of chronic pelvic pain. Of these, 30% 
were found to have adenomyosis. [11] 
Endometriosis runs in families and is six times 
more likely to occur in a woman with a family 
history of endometriosis than in those without. [11] 
The various subtypes of endometriosis include 
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superficial peritoneal endometriosis, ovarian 
endometrioma (OEM), and deep infiltrative 
endometriosis. (1) Of these, OEM occurs in 
approximately 50-55% of women diagnosed with 
endometriosis during their reproductive age. [9,10] 

Affected women usually present either for 
infertility-related problems or due to severe pain. 
Other symptoms could include dysmenorrhea, 
dyspareunia, menorrhagia, dyschezia, infertility, 
chronic pelvic pain, infertility, dysuria, chest pain, 
shoulder pain, hemoptysis, pneumothorax, 
abnormal uterine bleeding, low back pain, 
abdominal pain or bloating, fatigue, and bleeding 
from the gastrointestinal and urinary 
tract.[1,2,6,12] In its severe form, endometriosis 
can be quite a debilitating, painful condition 
affecting sexual function, mood, interpersonal and 
social relationships, and general quality of life 
(QoL).(6,13,14) Endometriosis reduces working 
capacity and increases the use of healthcare 
resources. [6,14] 

Endometriosis is an enigmatic, benign, estrogen-
dependent, chronic systemic inflammatory, and 
difficult-to-treat gynecological condition with 
multifactorial, poorly comprehended 
aetiopathogenesis.[4,5,12,13,15] 

Challenges in the management of endometriosis  

Endometriosis is difficult to diagnose and often 
takes approximately four to eleven years of a 
woman's life to reach a diagnosis. Further, six out 
of every ten cases of endometriosis remain 
undiagnosed. [16] Laparoscopic evaluation and 
histopathology confirmation are the only gold 
standard for definitive diagnosis. [16,17] Recent 
guidelines, however, recommend that diagnosis 
should be made based on clinical symptoms and 
nonsurgical methods such as transvaginal 
ultrasound (TVS) and magnetic resonance imaging 
(MRI). [16,17] Various treatment modalities are 
available for endometriosis, such as surgical, 
hormonal, pain management, surgery combined 
with medication, and assisted reproductive 
technology; no treatment is 100% effective. [18,19] 
Surgical treatment is invasive, costly, and has a 
chance of recurrence. Nonsurgical treatment needs 
to be taken for a long period; hormonal treatment 
has side effects, and new medicines are expensive. 
[18,19] 

Progestins, oral contraceptives (OCs), and non-
steroidal anti-inflammatory medicines (NSAIDs) 
are first-line medications for endometriosis. 
Gonadotropin-releasing antagonists (GnRH-a) and 
levonorgestrel intrauterine release system (LNG-
IUS) are examples of second-line medications. 
Medications like GnRH-a have serious negative 
effects, such as ovulation inhibition and estrogen 
deficiency. As a result, GnRH-a is not 
recommended for long-term usage, particularly in 

individuals who require reproductive assistance. 
Furthermore, endometriosis cannot be cured by 
these medications. Owing to these drawbacks, 
novel therapeutic options that can successfully treat 
endometriosis symptoms without compromising a 
patient's ability to conceive are the unmet need of 
the hour. [20]  

It is important to understand the pathophysiology 
of endometriosis for its prevention, early diagnosis, 
and effective management.  

Challenges in understanding the pathogenesis of 
endometriosis 

Several factors seem to contribute to the 
pathophysiology of endometriosis, including stem 
cell (SC) involvement; inflammatory factors and 
aberrant immune responses; hormonal and growth 
factors; anatomical, environmental, and lifestyle 
factors; menstrual cycle dynamics; altered serum 
metabolites; angiogenesis, and fibrosis; apoptosis 
evasion; and alteration of genetic and epigenetic 
pathways.[4,5,7,12,13,15,21] 

The exact molecular mechanism behind the 
pathogenesis of endometriosis is not well 
understood, and several hypotheses have been 
proposed, such as the embryonic rest theory, 
retrograde menstruation theory, 
coelomicmetaplastic transformation of peritoneal 
mesothelium theory, and lymphovascular 
metastasis theory. [22] The embryonic rest theory 
postulates that endometriotic lesions are formed 
through prenatal endometrial precursor cells that 
differentiate and establish in the pelvic region. [4]  

It has not been possible to create an animal model 
that is similar to the human endometrium, 
myometrium, and junctional zone (JZ). Hence, an 
attempt is made to understand the pathophysiology 
of endometriosis through the clinical course and 
histologic, biochemical, and research findings of 
the endometriotic tissues. [5,13] 

Of these, the retrograde menstruation theory is the 
most widely accepted. According to this theory, 
eutopic endometrial tissue is implanted outside the 
uterine cavity and generates endometriotic lesions. 
(22) The retrograde menstruation theory is 
supported by the presence of adult stem cells 
(PSCs) in both the endometrium and menstrual 
discharge. [20,23] Further, eutopic endometrium of 
women with endometriosis has increased 
Expression of antiapoptotic factors and decreased 
Expression of pro-apoptotic factors compared with 
endometrium from healthy women, leading to the 
survival of the endometrial cells regurgitated into 
the peritoneal cavity and development of 
endometriosis. [24] This fact is supported by the 
increased Expression of apoptotic proteins BCL-2 
and BCL-XL in the endometriosis lesions. [25,26] 
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However, the retrograde menstruation theory does 
not explain the rare presence of endometriosis in 
fetuses and in premenarcheal girls who have never 
experienced menstruation. [22] To explain this, 
endometriosis in premenarcheal girls is postulated 
to occur at the time of neonatal uterine bleeding 
due to the seeding of naive endometrial progenitor 
cells into the pelvic cavity. [22] Additionally, 
retrograde menstruation theory cannot be the sole 
explanation for the aetiopathogenesis of 
endometriosis because, though 90% of women 
have retrograde menstruation, only 10 % develop 
endometriosis. [4] Additionally, though rare, there 
have been cases of extra-peritoneal endometriosis 
in the heart or lung, which cannot be explained by 
the retrograde menstruation theory. [20] 

Of the extra-uterine locations, peritoneal 
endometriosis is highly prevalent. However, it is 
difficult to gather microscopic evidence of the 
initial steps in implantation and attachment of the 
endometrial tissue to the peritoneum and its 
proliferation and invasion. [22]  

In this context, the coelomicmetaplastic/embryonic 
rest theory suggests that endometriosis arises 
metaplastically from specialized extra-uterine cells 
present in the mesothelium of visceral and 
abdominal peritoneum or from the residual 
embryonic cells of the Wolffian or Mullerian ducts. 
[22] The coelomicmetaplastic theory is thought to 
best explain the origin of ovarian endometrioma, 
and embryo rest theory can probably explain deep 
infiltrating endometriosis. However, none of the 
theories can individually substantiate the 
pathogenetic path of endometriosis. [4] 

Role of stem cells in pathogenesis of endometrio-
sis 

An emerging body of research shows that the 
presence of acids in endometriotic lesions, 
menstrual blood, and bone marrow correlates 
strongly with the establishment and progression of 
endometriosis.[20,23,27] Recent research suggests 
that endometrial stem cells (MSC) play a crucial 
role in the development and sustenance of 
endometriosis as they have the ability to 
differentiate into endometrial-like cells outside the 
uterus (Figure 1). [28] This theory is supported by 
the finding that ectopic enSCs of patients with 
endometriosis exhibited significantly higher 
migration, proliferation, and angiogenesis 
capabilities than eutopic enSCs from the same 
patients or healthy controls. [20,29] The ectopic 
enSCs are lowly differentiated (epithelial cell 
cloning efficiency is higher in eutopic endometrium 
of women without endometriosis) and predisposed 

to develop endometriosis due to aberrant 
Expression of certain genes (Table 1). [20,29]  

Dual SC theory proposes that SC/progenitor cells 
of epithelial and stromal origin coordinate 
sequentially towards the development of 
endometriosis, but this theory needs to be 
elucidated. Since these cells originate from the 
eutopic endometrium, the SC/progenitor cells that 
express either N-cadherin or SSEA-1 or both are 
likely to become endometriotic epithelium-
initiating cells, while those expressing SUSD2 are 
likely to become endometrioticstroma-initiating 
cells. [22] 

Further, extra-uterine SCs, especially bone marrow 
SC lineages, are thought to be involved in the 
growth and maintenance of advanced endometriotic 
foci.[20,30,31] Preclinical data showed that LacZ-
expressing non-uterine SCs in wild-type 
endometrium implants in the abdominal cavity of 
hysterectomizedLacZ-transgenic mice had the 
capacity to capacity to differentiate into epidermal 
and stromal progenies. [30] 

Table 1: Differences in molecular pathways of 
ectopic versus eutopic endometrial stem cells 
(enSC) 
Genes Expression in ectopic versus 

eutopicenSC 
PTEN, AR-
ID1A, and 
TNFα[32]  

Significantly down-regulated in 
CD73+CD90+CD105+ eSCs 

CD9, CD10, 
and CD29[33] 

Higher expressions  

SC pluripo-
tency genes: 
SOX2, 
NANOG, and 
OCT4[34] 

Increased expression; upregulated 
at mRNA level 

Proto-
oncogene c-
Kit[35] 

Locally overexpressed 

NF-κB and 
VEGF 
mRNA[36] 

Overexpressed in peritoneal en-
dometriotic foci 

miRNAs[37] 
 

miRNA-199a-5p expression 
downregulated in endometriosis 
miRNA-199a-5p inhibits eSC 
proliferation and angiogenesis in 
the ectopic endometrium by tar-
geting the 3’ untranslated region 
of VEGFA 

Abbreviations: eSC, endometrial stem cell; mRNA, 
messenger ribonucleic acid; miRNA, micro ribonu-
cleic acid; NANOG, Nanoghomeobox; SOX2, Sex-
determining region Y-box 2; TNF, tumor necrosis 
factor 
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Figure 1: Development of endometriosis through retrograde menstruation and dissemination of 

endometrial stem cells within eutopic endometrial tissue.[23,28] 
 
 
Endometrial	Stem	Cells	(enSCs) 

The human endometrium (functional layer) 
undergoes dynamic changes during approximately 
300-400 monthly menstrual cycles under the 
precise control of ovarian steroid hormones, 
estrogen, and progesterone.[20,27,28,38] These 
changes include extensive growth, differentiation 
(decidualization), shedding, and regeneration that 
occur cyclically to create a receptive environment 
for implantation and further development of the 
embryo.  

The basal layer below the functional endometrium 
is not shed during the menstrual cycle and has 
strong regenerative capability (grows 
approximately 7 mm in 14 days), possibly due to 
tissue-resident SCs in this layer.[20,27,38,39] The 
various tissue-resident SCs in the endometrium are 
epithelial-like SC (including luminal epithelial 
cells), stromal-like SC, and perivascular 
endometrial SC (which reside in both the basalis 
and functionalis).[20,28,39,40] About 1.2% of 
stromal-like endometrial cells and 0.2% of 
epithelial-like endometrial cells exhibit high 
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proliferative potential and remarkable ability to 
differentiate into diverse cell lineages. [28] 
Perivascular endometrial mesenchymal 
stem/stromal cells (MCs) have a broad 
differentiation, self-renewal, and regeneration 
capacity that supports extra-uterine implantation 

and endometrial generation. [20] The self-renewal, 
proliferation and regeneration of these tissue-
resident EnSCs is thought to occur through the 
Expression of surface proteins/molecular markers 
as shown in Table2.

 
Table 2: Molecular pathways promoting endometriosis 

Surface proteins  
LGR5, SSEA1, SOX9, αvβ3 integrin, and MUC1[28] Expressed on luminal epithelial cells 
Ki67, CD146, LGR5, SSEA1, SOX9, and N-
cadherin[28] 

Expressed on basalis epithelial cells 

EpCAM, SSEA-1, CD44, Wnt/β-catenin, N-cadherin, 
KI67, and SOX9[28] 

Expressed on endometrial progenitor cells 

CK-18, TGF-β, VEGF, and TNF-α (gene and protein 
expression)[36] 

Overexpressed in peritoneal endometriotic foci 

CD146, PDGFRβ) cells and SUSD2+ (recognized by 
the W5C5 antibody) cells[20] 

Expressed by perivascular eMSC 

TGF alpha, EGF, PDGF-BB [39] Strongly support epithelial cell clonogenicity 
LIF, HGF, SCF, insulin-like growth factor-I (IGF- 
I)[39] 

Weakly support epithelial cell clonogenicity 

bFGF[39] No effect on epithelial cell clonogenicity 
TGF alpha, EGF, PDGF-BB, and bFGF[39] Support stromal cell clonogenicity 
HGF, SCF, LIF, and IGF- I[39] No effect on stromal cell clonogenicity 
Activated macrophages, prostaglandins, cytokines or 
chemokines as macrophage migration inhibitory fac-
tor, TNF-α, IL-1β, IL-6, IL-8 and MCP-1[19] 

Increased concentration in peritoneal fluid 

IL-6[19] Mediates cytokine cascade of endometriosis 
TNF-α[19] 
 
 

Helps in invasion of endometriosis and remodeling 
of extracellular matrix by stimulating matrix metal-
loproteinase and inhibiting their inhibitors 

TNF-α and IL-8 concentrations[19] Correlate with the size and number of active endo-
metriosis lesions 

Proinflammatory cytokines IL-1, IL-6, TNF-α, TGF-β, 
and VEGF levels[19] 

Correlates with severity of endometriosis and pres-
ence of adhesion 

TGF-β[19] Major driver of fibrosis in endometriosis 
IPO13[41] Co-located with MSC marker CD90 
Tie2 (vasculature-endothelium-cell specific tyrosine 
kinase receptor)[37] 
 

Expression is upregulated in the ectopic endometri-
um as mediates proliferation and migration of endo-
thelial cells 

SDF-1/CXCR4 axis, VEGFR2 and CD34[37] 
 

EPCs are modulated by SDF-1/CXCR4 axis, causing 
them to migrate to ectopic endometrium, where they 
express VEGFR2 and CD34 

OCT-4[42] Promotes endometrial cell migration when overex-
pressed; it’s a key transcription factor in embryonic 
stem cells, but also found in aSCs[43] 

Abbreviations: aSC, adult stem cells; bFGF, basic fibroblast growth factor; EGF, epidermal growth factor; 
eMSC, endometrial mesenchymal stem cells; EPC, endothelial progenitor cells; HGF, hepatocyte growth factor; 
IGF-I, insulin-like growth factor-I; LIF, leukemia-inhibitory factor; MCP-1, monocyte chemoattractant protein-
1; MSC, mesenchymal stem cell; PDGF-BB, platelet-derived growth factor-BB; PDGFRβ, platelet derived 
growth factor beta; SCF, stem-cell factor; TGF, transforming growth factor; VEGF, vascular endothelial growth 
factor 
 
Role of stem cells in the management of endome-
triosis 

SCs are rare undifferentiated cells with the capacity 
to self-renew and differentiate into daughter cells. 
As SCs are postulated to have a role in the devel-
opment of endometriosis, the diverse SC targets, as 

shown in Tables 1 and 2, could serve as potential 
therapeutic targets for treating endometriosis. [31 
there are three main types of SCs with therapeutic 
potential in endometriosis and female infertility. 
These are embryonic stem cells (ESCs), as well as 
induced pluripotent stem cells (iPSCs) and mesen-



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Mondal et al.                                                                                   International Journal of Pharmaceutical and Clinical Research 

1503 

chymal stem cells (MSCs) (Figure 2). [31] The 
embryonic SCs are derived from blastocysts, while 
adult SCs are derived from several tissues post-
embryonically. [44] Embryonic SCs can differenti-
ate into cells of all three germ layers (endoderm, 
mesoderm, and ectoderm). [23] On the other hand, 
aSCs can be unipotent (giving rise to only one cell 
type) or multipotent (giving rise to multiple cell 
types within the same tissue).  

The potency of aSCs (differentiation potential) 
occurs along a continuum, with the self-renewing 

ability decreasing with the increase in differentia-
tion function. An aSC that can differentiate into 
tissue-specific, lineage-committed cells is known as 
a 'progenitor' cell. These acts/progenitor cells main-
tain tissue homeostasis by replacing cells lost dur-
ing cellular turnover or tissue injury/damage. [23] 
Stem cell therapy in endometriosis involves stem 
cell delivery to sites affected by endometriosis to 
replace a compromised or irrelevant endometrial 
cell population with its normal or curative equiva-
lents. [21,27] 

  

 
Figure 2: types of stem cells with therapeutic potential in endometriosis and female infertility [31] ESC, 

Embryonic stem cell; iPSC, Induced pluripotent stem cell; MSCs, Mesenchymal stem cell 
 
Mesenchymal	Stem	Cells	(MSCs): Mesenchymal SCs (MSCs) are nonimmunogenicaSCs that exist in almost 
all tissues, are named according to the tissue they are present in (Box 1), and have great tissue regeneration 
potential.[19,45,46] 
 
Box 1: Tissue specific mesenchymal stem cells[45,46] 
Mesenchymal stem cell (MSC) Tissue 
BM-MSC bone marrow MSCs 
AD-MSC adipose-derived MSCs 
Men-MSC menstrual blood-derived MSCs 
eMSCs endometrial MSCs 
UC-MSC umbilical cord MSCs  
AF-MSC amniotic fluid MSCs  
An-MSC amnion-derived MSCs 
P-MSC placental MSCs 
 
The MSCs help in improving endometrial function through immunomodulatory mechanisms, release of 
angiogenic, and antiapoptotic factors, cell differentiation, endometrial cell proliferation and down‐regulation of 
fibrosis genes.[19,31,46] This improves chances of implantation and pregnancy.[46] The MSCs with potential to 
treat endometriosis, their properties and ease of procurement are captured in Table 1. 
 

 
 
 
 



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Mondal et al.                                                                                   International Journal of Pharmaceutical and Clinical Research 

1504 

Table 3: Mesenchymal stem cells (MSCs) potential to treat endometriosis 
Type of MSC Source Ease of procurement Properties 
Endometrial Stem 
Cells (EnSCs)[28,38] 

Locally from the deep-
er endometrium basal-
is 
Circulating bone mar-
row-derived stem cells 

Easy accessibility 
Stromal cells easy to 
isolate and culture 
Epithelial cells diffi-
cult to isolate and cul-
ture 
 

Inherent ability to regenerate en-
dometrial tissue 
Ability to differentiate into di-
verse cell lineages 
High differentiation capacity (plu-
ripotency)  
High yield 
Epithelial stem cells: >>various 
types of epithelial cell types in-
cluding luminal epithelial cells 
that line the endometrial cavity 
Stromal stem cells can differenti-
ate into smooth muscle cells, fi-
broblasts, and endothelial cells 
Perivascular endometrial stem 
cells: tissue repair, regeneration, 
and angiogenesis; exhibit positive 
immunomodulatory effect for 
continued pregnancy 

Adipose-Derived 
Stem Cells (ADSCs) 
[19,47] 

Adipose tissue Can be easily obtained 
in large quantity under 
local anesthesia with 
minimal patient dis-
comfort 

Can differentiate into various cell 
types 
Anti-inflammatory 
Antiproliferative Immune regula-
tion, Tissue regeneration 
500 times more regenerative than 
bone marrow derives MSc[45] 

Adipose-Derived 
Stem Cells (ADSCs)-
conditioned medium 
(ADSC-CM)[47] 

Adipose tissue (MSC-
CM contains adi-
pokines, cytokines, 
growth factors, and 
extracellular vesicles) 

Can be easily obtained 
in large quantity under 
local anesthesia with 
minimal patient dis-
comfort 

Anti-oxidative 
Anti-proliferative Immunoregula-
tory Wound-healing effects 

Menstrual Blood-
Derived Stem Cells 
(MenSCs): 

Menstrual blood Easily accessible and 
can be collected non-
invasively 

High proliferative capacity Can 
differentiate into multiple cell 
types 

 
Endometrial mesenchymal stem cells (eMSCs) 

The eMCs can be of great therapeutic potential in 
treating endometriosis as they reside within the 
endometrium. [31] It is postulated that 
endometriotic lesions produce proinflammatory 
molecules or other substances that at-tract eMCs. 
Hence, eMSCs can potentially serve as drug 
delivery systems for targeting endometriosis in 
human cell therapy. [48] 

Further, epithelial SC and eMSCs have been 
identified in endometriotic tissue and can, 
therefore, act as potential targets for SC therapy. 
[37] Cervelló et al. speculated that endometrial side 
population (ESP) cells corresponded to endometrial 
somatic stem cells (SSC) with the potential to 
regenerate endometrium. They isolated ESPs 
corresponding to the stromal and epithelial 
compartments using ESP gene signature, 
immunophenotyping, and characteristic telomerase 
pattern. [49] They injected ESP subcutaneously 
into NOD-SCID mice and demonstrat-ed the 
functional capacity of ESP to generate 

endometrium with genotypic, phenotypic, and 
functional features of SSC. [49] This finding is 
supported by the fact that PSCs are located near 
blood vessels in the functional and basalis and thus 
support the possibility of ESP metastasis via blood 
vessels. [50] Preclinical studies have shown that 
angiogenesis in the endometriotic lesions can be 
inhibited by targeting the homing of EPCs to the 
lesions. [20] Antagonizing the upregulation of 
chemokine stromal-derived factor 1 (SDF-
1)/CXCR4 receptor binding to EPCs is one such 
strategy. AMD3100, an antagonist of SDF-
1/CXCR4, reduced the homing of EPCs to mouse 
models of endometriotic lesions and angiogenesis 
by decreasing the capillary den-sity of the lesions. 
[20] Preclinical studies demonstrated the potential 
role of sorafenib, a multikinase inhibitor, in treating 
endometriosis by targeting angiogenesis and by 
reducing cell proliferation and migration by 
targeting primary eMSC cell lines. [20] 

Adipose-Derived Stem Cells (ADSCs) 
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Preclinical studies have demonstrated that the use 
of ADSCs caused significant reduction in size and 
proliferative activity of endometriotic lesions and 
improved pregnancy outcomes (Box 2).[19,47] The 
inhibition of endometriosis by ADSC-CM is 
thought be mediated via PTX3, as it exerts anti-
angiogenic, anti-inflammatory, and anti-scarring 

effects by binding with heavy chain-hyaluronan 
(HC-HA; HC-HA PTX3).[47] However, al-
logeneic ADSCs should not be used as a 
therapeutic strategy for endometriosis, as it could 
support the development of endometriosis by 
inducing growth of ectopic endometrial tissue.[51] 

 
Box 2: Therapeutic potential of mesenchymal adipose-derived stem cells (AD-MSCs) in endometriosis 
Evidence type Results Conclusion 
Preclinical study 
in mice (ADSCs 
and ADSC con-
ditioned medium 
(ADSC-CM)[47] 

ADSC-CM reduced the area of endometriotic cysts 
ADSCs with or without ADSC-CM increased the peri-
toneal adhesion. 
ADSC-CM inhibited ICAM-1 and VEGF mRNA and 
protein expression 
ADSC did not inhibit ICAM-1 and VEGF mRNA and 
protein expression; blocked inhibition by ADSC-CM 
ADSCs alone did not increase endometriotic tissue 
growth  

ADSC-CM inhibited endometrio-
sis development by reducing le-
sion size and inhibiting newly 
formed endometriotic lesions 
 
Improved pregnancy outcomes  

Preclinical study 
in rats[19] 

Endometriosis associated chronic inflammatory reac-
tions mitigated successfully through reduction of 
CD68 positive macrophages and proinflammatory 
cytokines expression 
IFNγ and TNF-α decreased in the activated peritoneal 
macrophages and endometrium tissue.  
IL-10 expression enhanced in endometrial tissue 
TGF-β suppression in peritoneal activated macro-
phages  

Significant reduction in size and 
proliferative activity of endome-
triosis lesions  
 
 

 
Menstrual Blood-Derived Stem Cells (MenSCs): 
MenSC scan be easily procured noninvasively, and 
therefore their therapeutic potential can be investi-
gated with ease as compared to other MSCs. 
MenSC in patients with endometriosis (E-MenSC) 

have different prop-erties as compared to MenSC 
in patients without endometriosis (NE-MenSC) 
(Table 4). Hence MenSC can be used as biomarker 
for the early diagnosis and a target for SC thera-
pies. [33,52–54] 

 
Table 4: Role of menstrual stem cells in endometriosis and their therapeutic potential [33,52–54] 

Potential molecular path-
ways 

Expression in -MenSC vs. NE-
MenSC 

Role in endometriosis 

CD29 expression Higher in E-MenSC vs. NE-MenSC Support peritoneal adhesions of E-
MenSC 

mRNA expression levels of 
the MMP-2 and MMP-9 
genes 

Higher in E-MenSC vs. NE-MenSC Supports higher migratory capacity of E-
MenSC 

Bax/Bcl-2 ratio Significantly lower in E-MenSC 
than in NE-MenSC 

Decreased apoptosis and improved sur-
vival in endometriosis stromal cells that 
reach peritoneum 

VEGF expression High level of expression in E-
MenSC stimulated by growth fac-
tors, hormones, cytokines, and hy-
poxia 

Promoted angiogenesis that supports es-
tablishment and growth of endometriotic 
lesions 

IDO1 and COX-2 enzyme 
expression 

Increased expression in E-MenSC Immunomodulatory functions 

FOXP3—transcription fac-
tor 

Increased expression in NE-MenSC Involved in the development and function 
of regulatory T-cells 

Proinflammatory cytokines 
and chemokines such as IL-
1b, IL-6, and IL-8 

Increased expression in E-MenSC Contributes to proinflammatory peritone-
al microenvironment 

TNF-α Decreased expression in E-MenSC Contributes to proinflammatory peritone-
al microenvironment 

Transcription factor NF-κβ Increased expression in E-MenSC Promotes inflammation, invasion, angio-
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genesis, and cell proliferation in endome-
triotic lesions and peritoneal macrophages 
of patients with endometriosis 

Estrogen gene Significantly high level of expres-
sion in E-MenSC 

Positive feedback loop, increasing aroma-
tase and COX-2 expression and local es-
trogen production 

mRNA expression of 
NANOG, OCT-4, and 
SOX-2 genes 

Increased expression in E-MenSC Support proliferation 

miR-200b-3p Upregulated in E-MenSC 
Genes ATF3, ID1, ID3, 
FOSB, SNAI1, NR4A1, 
EGR1, LAMC3, and 
ZFP36  

Overexpressed in E-MenSC vs. NE-
MenSC 

Increased cell proliferation, stemness, and 
accentuated mesenchymal–epithelial tran-
sition process observed in endometriosis 

Proteins COL1A1, 
COL6A2, and NID2 
MT2A and TYMP proteins Downregulated in E-MenSC vs. NE-

MenSC 
CD44, CD166, CD16, 
CD15, BMSC, CD56, 
CD13 and HLA-ABC sur-
face markers 

Overexpressed in E-MenSC vs. NE-
MenSC 

Support proliferation 

PRL, ESR, IGFBP and 
FOXO1 

Overexpressed in E-MenSC vs. NE-
MenSC 

Support decidualization 

HIF1, VEGFR2 and 
VEGFR3 

Overexpressed in E-MenSC vs. NE-
MenSC 

Support angiogenesis 

p53, p21, H3K27me3 and 
HyperAcH4 proteins 

Expression increased during 
MenSCs decidualization 

Secrete proteins involved in regulation of 
the actin cytoskeleton, estrogen and relax-
insignaling pathways and management of 
inflammatory processes 

E-MenSC, menstrual stem cells in endometriosis; NE-MenSC, menstrual stem cells in patients without endome-
triosis; VEGF, vascular endothelial growth factor 
 
MenSCs have also been used in preclinical studies 
to improve endometrial growth and proliferation in 
the injured endometrium, reduce inflammation and 
fibrosis through Hippo signaling pathway and 
through growth factors such as Wnt family member 
5a (Wnt5a) and growth differentiation factor 5 
(Gdf5).[55] 

Induced	Pluripotent	Stem	Cells	(iPSCs) 

In endometriois, cell replacement has been 
considered for endometrial stromal fibroblasts 
(EMSFs) of the ectopic lesions, which are regarded 
as progesterone resistant.[56] 

iPSCs can be patient-specific treatment for 
endometriosis as they can be derived from skin or 
bone marrow biopsies to replace abnormal or 
defective EMSFs.[56]The research is still in 
preclinical stage and involved molecularly defined 
system, specific hormonal treatments, and WNT/ 
CTNNB1 activation(for progesterone receptor 
expression) as the final step for EMSFs 
differentiation before implantation. This makes the 
EMSFs progesterone responsive and thus provide a 
normal therapeutic approach to endometriosis. 

Human iPSCs (hiPSCs) have been developed using 
synthetic mRNA or non-integrating episomal 

factors, thereby producing safer iPSCs than those 
derived via viral means, yet having the same 
efficacy and pluripotency. Though, hiPSCs are 
more difficult to differentiate than human 
embryonic SCs, it is possible to produce 
histocompatible tissues for autologous 
transplantation with hiPSCs; and there are fewer 
ethical issues than using human embryonic SCs. 
Thus, hiPSC could possibly lead SC therapy for 
endometriosis.[56] 

Conclusion 

This review of the literature shows that SCs can be 
an effective and safe treatment for endometriosis 
with a possibility of cure by targeting the molecular 
pathways in the etiopathogenesis of endometriosis. 
However, the therapeutic potential of SCs in endo-
metriosis has only been demonstrated in preclinical 
studies. Since vitro results cannot be easily extrapo-
lated to in vivo systems, the pathway from preclini-
cal to clinical development of SC therapy for en-
dometriosis may take some time. However, since 
endometriosis is an enigmatic disease with no cure, 
SC therapy opens an exciting possibility of a cure. 
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