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Molecular profile of eutopic 
and ectopic endometrium  

in endometriosis

Endometriosis represents a chronic inflammatory disease 
defined by the appearance of endometrial tissue outside 
the uterine cavity, affecting mostly reproductiveaged wo
men. Although some patients may be asymptomatic, the 
clinical features of endometriosis are frequently do mi na
ted by pelvic pain associated with infertility. Non spe cific 
symptomatology and the lack of biological scre ening 
markers with increased sensitivity and specificity lead to 
a slow diagnostic process. The hormonal profile of the 
eutopic and ectopic endometrium, molecular ab nor
ma li ties and enzymatic mechanisms play a key role in 
the etiopathogenesis of endometriosis. Endometriotic 
im plants are characterized by elevated levels of aromatase 
and 17βHSD1 associated with low levels of 17βHSD2 
in response to low progesterone receptors, causing an 
in  creased level of estradiol. It is characteristic a status of 
pro ges te rone resistance, described by the inability of en
do me trial tissue to respond adequately to progesterone, 
the activation failure of progesterone receptors and the 
use of available progesterone. Endometriosis is defined by 
abnormal cell proliferation of ectopic endometrial tis sue 
associated with apoptosis mechanisms disorders. The 
level of apoptotic cells is reduced in the epithelium and 
stroma of the eutopic endometrium and does not in
crease at the end of the secretory phase, compared to the 
nor mal endometrium. Peritoneal endometriosis le sions 
as so ciate elevated Bcl2 levels, while ovarian en do me
trio sis shows discordant results. The correlation between 
Ki67 proliferation antigen level and the disease’s stage of 
evo lu tion and aggressiveness was confirmed by nu me rous 
stu dies. The analysis of stem cells in the eu to pic en do me
trium of patients with endometriosis showed morphological 
chan ges, altered expression of im mu no mo du la to ry 
mo le cules and an increased potential for invasion and 
pro li fe ra tion. We believe that the characterization of the 
bio che mi cal profile of the eutopic and ectopic endometrium 
is a current topic of interest in the understanding of en do
me trio sis, its etiopathogeny and therapeutic approach. The 
main molecular features of ectopic endometrium pre sent 
in endometriosis lesions are characterized by hy per es tro
ge ne mia, progesterone resistance, a reduced apoptosis 
ca pa city, an increased proliferation index, and the presence 
of abnormal multipotent stem cells.
Keywords: endometriosis, molecular profile, eutopic 
endometrium, ectopic endometrium, Bcl2, Ki67, stem cells

Endometrioza reprezintă o boală inflamatorie cronică 
de fi nită prin apariția țesutului endometrial în afara ca
vi tă ții uterine, care afectează mai ales femeile de vârstă 
re pro duc ti vă. Deși unele paciente pot fi asimptomatice, 
ca rac te ris ti cile clinice ale endometriozei sunt frecvent 
do mi nate de durere pelviană asociată cu infertilitatea. 
Simp to ma to logia nespecifică și absența biomarkerilor de 
screening cu sensibilitate și specificitate crescută con
duc la un proces de diagnostic lent. Profilul hor mo nal 
al endometrului eutopic și ectopic, anomaliile mo le
cu la re și mecanismele enzimatice joacă un rolcheie în 
etiopatogeneza endometriozei. Implanturile en do me trio
zi ce sunt caracterizate de niveluri ridicate de aromatază 
și 17βHSD1, asociate cu niveluri scăzute de 17βHSD2, 
ca răspuns la nivelul scăzut de receptori de progesteron, 
provocând creșterea estradiolului. Este ca rac te ris ti că o stare 
de rezistență la progesteron, descrisă prin incapacitatea 
țesutului endometrial de a răspunde adec vat la progesteron, 
eșecul de activare al receptorilor pro ges te ro nici și utilizarea 
progesteronului disponibil. En do me trio za este definită prin 
proliferarea anormală a ce lu le lor endometriale ectopice 
asociată cu tulburarea me ca nis me lor de apoptoză. Ni
ve  lul de celule apoptotice este re dus în epiteliu și stro ma 
en do me trului eutopic și nu crește la sfârșitul fazei se cre
to rii, în comparație cu endometrul nor mal. Leziunile de 
endometrioză peritoneală asociază ni ve luri ridicate de 
Bcl2, în timp ce în endometrioza ova ria nă nivelul Bcl2 
prezintă rezultate discordante. Co re la ția dintre nivelul 
an ti genului de proliferare Ki67 și stadiul de evoluție și 
agre sivitate al bolii a fost con fir ma tă de nu me roa se studii. 
Analiza celulelor stem din en do me trul eu to pic la pacientele 
cu endometrioză a arătat mo di fi cări mor fo lo gice, expresie 
modificată a moleculelor imu no mo  du la toa re și un potențial 
crescut de invazie și pro li fe ra re. Considerăm că descrierea 
profilului biochimic al endometrului eutopic și ectopic este 
un subiect actual de interes în înțelegerea endometriozei, a 
etiopatogeniei sale și a abordării terapeutice. Principalele 
caracteristici mo le cu lare ale endometrului ectopic pre zent 
în leziunile en do me trio zei sunt caracterizate de hiper estro
ge nemie, re zis ten ță la progesteron, o capacitate redusă 
de apoptoză, un indice de proliferare crescut și prezența 
celulelor stem mul ti po ten te anormale.
Cuvinte-cheie: endometrioză, profil molecular, 
endometru eutopic, endometru ectopic, Bcl2, Ki67, celule 
stem
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Endometriosis represents a chronic inflammatory 
disease defined by the appearance of endometrial 
tissue (endometrial glands and stroma) outside the 
uterine cavity(1). The ectopic endometrial tissue is 
estrogen-dependent(2), generally affecting reproduc-
tive-aged women, but is also found to have a lower 
incidence in adolescents or postmenopausal women(3). 
The symptomatology generated by endometriosis is 
often nonspecific. Although some patients may be 
asymptomatic, especially in the early stages, the clini-
cal features of endometriosis are frequently domi-
nated by pelvic pain (chronic pelvic pain, dysmen-
orrhea, dyspareunia, dysuria, dyschezia) associated 
with infertility(4,5). Despite numerous attempts of the 
scientific community, materialized in extensive stud-
ies, the etiology and pathophysiological mechanisms 
of endometriosis are still incompletely elucidated to 
date, being called the “disease of theories”(6).

Nonspecific symptomatology and the lack of biolog-
ical screening markers with increased sensitivity and 
specificity lead to a burdened diagnostic process, caus-
ing an average delay in the diagnosis of endometriosis 
between 4 and 11 years(7). Consequently, endometrio-
sis markedly affects the long-term quality of life of 
patients, causing psychological and socioeconomic 
damages(8). The medical and surgical treatment of en-
dometriosis is insufficiently standardized(1). Thus, 
the overall recurrence rate varies within wide limits 
(between 6% and 67%), depending on the parameters 
taken into account by various authors(9). The recur-
rence rate of endometriosis after surgery is estimated 
at 21.5% after 2 years, and at 40-50% after 5 years(10). 

The multifactorial origin, the complexity of patho-
physiological mechanisms and the lack of a consen-
sus on the diagnosis and treatment of endometriosis 
transform this disease into an important public health 
issue(7). The economic resources attributed to endo-
metriosis are similar to those for diabetes, Crohn’s 
disease and rheumatoid arthritis(11). Recent research 
stress the importance of the biochemical and molecu-
lar profile of the endometrium in the etiology and 
evolution of the disease(12). The goal is identifying 
biological markers that can be used both as screening 
tools and disease-progression factors(13).

This paper is a literature review and aims to charac-
terize the molecular profile of the eutopic and ectopic 
endometrium in endometriosis, from the perspective 
of hormonal profile, apoptosis capacity, cell prolifera-
tion potential and the role of stem cells.

Hormonal profile –  
estrogen and progesterone

All data suggest that endometriosis is an estro-
gen-dependent disease, estrogen playing a key role 
in its pathophysiological mechanisms(1). Alterations 
in the hormonal profile have the ability to influence 
endometrial tissue, acquiring increased properties of 
adhesion, proliferation and evasion of the immune 
system(14). Endometriosis-specific ectopic endometrial 

tissue reacts to ovarian hormones differently, com-
pared to the normal eutopic endometrium(15). Under 
physiological conditions, the eutopic endometrium 
undergoes a cyclic transformation under the influence 
of hormones, causing the superficial layer to undergo 
successively the proliferative phase, the differentia-
tion phase and, finally, the elimination through men-
struation if implantation does not occur(15). Estrogen 
stimulates epithelial proliferation, causing thickening 
of the endometrium during the proliferative phase 
of the menstrual cycle. During the secretory phase, 
progesterone inhibits estrogen-induced proliferation 
and promotes decidualization of stromal cells(16).

Estradiol plays a key role in the reconstruction 
phase of the endometrium after menstruation, 
through the estrogen receptors alpha (RE-α/ESR1) 
and beta (RE-β/ESR2)(15,16). Although the main source 
of estrogen are the ovaries, it can also be synthesized 
by other tissues, such as adipose tissue and adrenal 
glands(15). RE-α/ESR1 stimulates epithelial cell pro-
liferation(16). RE-β/ESR2 ablation by genetic engineer-
ing in female mice caused infertility due to ovulatory 
failure without uterine defects(16). RE-α/ESR1 abla-
tion in female mice resulted in hypoplastic uterus, 
ovarian and uterine infertility, lack of response to 
estrogen treatment, and decreased progesterone re-
ceptor (PR) expression(16). Studies analyzing embryo 
insemination with optimal hormonal stimulation 
showed that the uterus with ESR1 depletion cannot 
support implantation(16). However, epithelial ESR1 
ablation determines estrogen-induced epithelial pro-
liferation, thus stromal ESR1 stimulates estrogen-in-
duced epithelial proliferation by regulating reactions 
between the stromal and epithelial components(16). 
The decidualization in response to hormonal stimula-
tion requires the presence of ESR1 at both the epithe-
lial and stromal levels(16). Aromatase stimulates the 
conversion of ovarian androstenedione to estrone, 
and 17β-hydroxysteroid dehydrogenase 1 (17β-HSD1) 
stimulates the conversion of estrone to estradiol(15). 
17β-hydroxysteroid dehydrogenase 2 (17β-HSD2), 
stimulated by progesterone, converts estradiol into 
estrone in the luteal phase(15). 

Progesterone is secreted mainly during the se-
cretory phase of the menstrual cycle and binds to 
progesterone A and B receptors (RP-A and RP-B), 
showing duality: it inhibits the estrogen’s action and 
prepares the endometrium for implantation(15). Pro-
gesterone exerts an antiestrogenic effect on the endo-
metrium(17). PR expression is stimulated by estrogen 
through ESR1, and consequently progesterone recep-
tors inhibit ESR1 expression, thus creating a feedback 
mechanism, maintaining hormonal homeostasis(16). 
In the eutopic endometrium of healthy women, the 
level of progesterone receptors rises in the prolifera-
tive phase, reaches its maximum before ovulation 
and decreases thereafter, a variation regulated by 
the value of estradiol(18). The ablation of both forms 
of receptors in female mice leads to sterility, through 



Year VIII • No. 28 (2/2020)
31

ginecologia

several mechanisms: reduction/absence of ovulation, 
uterine hyperplasia, absence of decidualization, lim-
ited development of the mammary gland and inability 
to express sexual behavior(16). RP-A ablation showed 
that it is the main promoter of uterine progesterone 
receptor function and that it plays a key role in fer-
tility(16). RP-B deletion highlighted its importance in 
the development of the mammary gland during preg-
nancy(16). RP-B stimulates uterine epithelial prolifera-
tion when not suppressed by RP-A, and increased RP-A 
levels lead to endometrial hyperplasia and infertility, 
emphasizing the importance of the RP-A/RP-B ratio 
for optimal physiological response of progesterone(16). 
Both the epithelial and stromal components of proges-
terone receptors are involved in inhibiting epithelial 
proliferation(16). 

Normal endometrium in healthy women has unde-
tectable aromatase activity and elevated 17β-HSD2 
levels, consequently estrogenic effects are counter-
acted by progesterone during the luteal phase of the 
menstrual cycle(15,19). The hormonal profile of the eu-
topic and ectopic endometrium, molecular abnormali-
ties and enzymatic mechanisms play a key role in the 
etiopathogenesis of endometriosis. The disorders in 
the mechanism of action of progesterone and estro-
gen and implicitly the relationship between epithelial 
cells and endometrial stroma cause the appearance of 
progesterone resistance and increased estrogenic ef-
fects, leading to endometriosis(16). The impairment of 
ovarian hormone function, regulation and signaling 
mechanisms, generating hyperestrogenemia-induced 
inflammatory process and progesterone resistance, 
decisively influences both the development of endo-
metriotic lesions and the functioning of the eutopic 
endometrium(16). High concentrations of estrogen 
stimulate cell proliferation and inflammation, thus 
causing an increase in endometriotic lesions and al-
teration of the receptivity of the endometrium(16). In 
patients with endometriosis, the level of aromatase 
is increased both in the eutopic endometrium and in 
the ectopic endometrium(15,16). 

In patients with endometriosis, the level of ESR1 
in the secretory phase of eutopic endometrium is in-
creased 9 times compared to the eutopic endometrium 
of healthy women, which may increase estrogenic and 
proliferative activity by altering normal uterine func-
tion(16,17). The ESR2 level in the eutopic endometrium 
of patients with endometriosis remains unchanged, 
although some researchers indicate an increase(16). 
The ectopic endometrium in endometriotic lesions is 
characterized by an increase in ESR2 (approximately 
140-fold compared to the eutopic endometrium of 
healthy patients) and a decrease in ESR1 levels. ESR2 
in endometriotic stromal cells saturates the implanta-
tion sites of ESR1 precursors and causes the suppres-
sion of ESR1, with consequent increase of the ESR2/
ESR1 ratio(16,17). Given that estrogen increases the 
expression of progesterone receptors through ESR1, 
the low level of ESR1 in endometriotic lesions might 

explain the low level of progesterone receptors in the 
ectopic endometrium(16).

Endometriotic implants are characterized by el-
evated levels of aromatase and 17β-HSD1 associated 
with low levels of 17β-HSD2 (in response to low pro-
gesterone receptors), therefore an increased level of 
estradiol is observed in patients with endometrio-
sis, both in the eutopic as well as ectopic endome-
trium(14,15,17). Cyclooxygenase-2 (COX-2) stimulates 
the synthesis of prostaglandin E2 (PGE2) from ara-
chidonic acid, inducing aromatase production in stro-
mal cells in ectopic endometrium(15). In patients with 
endometriosis, estrogen, through ESR2, stimulates 
COX-2, generating increased synthesis of PGE2 and 
thus the production of aromatase (with consequent 
increase in estrogen production)(15,16,20). This causes a 
positive feedback mechanism with decisive action in 
creating a hyperestrogenic status, promoting inflam-
mation and supporting the proliferation of endome-
triotic lesions(15,16,20). 

Endometriosis is defined by a status of progester-
one resistance(1,15). Progesterone resistance is char-
acterized by the inability of endometrial tissue to 
respond adequately to progesterone, manifested in 
endometriosis by activation failure of progesterone 
receptors and the use of available progesterone(16). 
Progesterone resistance in endometriosis patients is 
specific to both the ectopic endometrium in endome-
triotic lesions and the eutopic endometrium(16). The 
status of progesterone resistance is linked both to the 
proliferation of endometriotic lesions (by absence of 
estrogen’s antagonist effect) and to the reduction of 
endometrial receptivity(16). The eutopic endometrium 
of patients with endometriosis associates a low level of 
progesterone receptors(16). The ectopic endometrium 
in endometriotic implants manifests low progesterone 
receptors due to the absence of RP-B and a very low 
level of RP-A compared to the normal endometrium(18). 
Moreover, the alteration of mediators and PR regu-
latory molecules adds to progesterone resistance in 
endometriosis(16). Resistance to progesterone in en-
dometriosis was also confirmed by a significantly low 
level of prolactin (whose expression is stimulated by 
progesterone) after treating endometriotic tissue with 
synthetic progesterone, compared to normal endome-
trium(21). Low levels of PR decrease the concentration 
of 17β-HSD2 and thus reduce the inhibitory action of 
estrogen (by decreasing the ability of 17β-HSD2 to 
convert estradiol to estrone, a less potent form), the 
result being a high level of estradiol in patients with 
endometriosis(15).

Apoptosis – B-cell lymphoma 2 protein
The apoptosis or programmed cell death represents 

a process with a fundamental role in the body’s physi-
ology, tissue homeostasis and the elimination of com-
promised or infected cells(22). The alteration of its nor-
mal process is one of the determining causes, leading 
to a range of pathologies(22). Many neoplasms associate 



Year VIII • No. 28 (2/2020)
32

gynecology

an imbalance between proapoptotic and antiapoptotic 
proteins, causing abnormal cell proliferation and the 
organism’s inability to respond to apoptotic stimuli, 
thus having a low response to cellular apotosis induc-
ing therapies(22). Inappropriate apoptosis can cause 
persistence of infections through the inability to 
eradicate infected cells(22). Unbalanced apoptosis is 
also involved in neurodegenerative diseases, such as 
Huntington’s, Parkinson’s or Alzheimer’s diseases, 
defined by a premature destruction of neurons(22). Ex-
cessive apoptotic mechanism causing tissue damage 
is found, on the other hand, in myocardial infarc-
tion, stroke or inflammatory processes(22). Apoptosis 
is controlled by regulatory proteins with the role of 
maintaining homeostasis by adjusting the proapop-
totic and antiapoptotic effects at tissue level(22). 

B-cell lymphoma 2 protein family (Bcl-2), contain-
ing more than 25 members, has a major role in the 
process of programmed cell death(22). The Bcl-2 pro-
tein family is divided into two categories, depend-
ing on their action: proapoptotic proteins (Bax, Bak, 
Bok, Bad, Bid), and antiapoptotic proteins (Bcl-2, 
Bcl-XL, Bcl-w, Ced-9, Mcl-1, BHRF1, KSHV)(22-24). 
The members of the Bcl-2 protein family have the 
ability to form homodimers and heterodimers with 
each other(25). 

The dimerization process occurring between mole-
cules leads to the predominance of one type of pro-
tein and implicitly to the prevalence of proapoptotic 
or antiapoptotic action in the tissues(25). In addition 
to the heterodimerization process, apoptosis is also 
regulated independently by the intrinsic action of 
each protein in the Bcl-2 family(25). 

The Bcl-2 protein is an important element of the 
Bcl-2 protein family, ensuring cell survival through 
its antiapoptotic role(24,25,26). Bcl-2 controls the perme-
ability of the mitochondrial membrane and prevents 
cell death without promoting cell proliferation(24). The 
Bcl-2 protein inhibits the release of cytochrome C and 
other apoptosis inducing factors from the mitochon-
drial intermembrane space to the cytoplasm(25). Its 
action depends on both concentration and interaction 
with proapoptotic proteins (Bax)(24). Bax protein is 
part of the Bcl-2 family of proteins, characterized 
by the ability to heterodimerize with Bcl-2 and to 
homodimerize with itself(24). When Bcl-2 levels are 
increased, Bcl-2 heterodimerizes with Bax and sup-
presses cell death – thus, the balance between Bcl-2 
and Bax is important for regulating the apoptosis 
process(24). 

Apoptosis is involved in the homeostasis of eutopic 
endometrium in healthy women by removing tissues 
from the functional layer of the endometrium at the 
end of the secretory phase and the menstrual phase(24). 
The level of Bcl-2 protein in the eutopic endometrium 
varies during the menstrual cycle and appears to be 
influenced by steroid hormones(27). In the normal en-
dometrium, Bcl-2 protein in the glandular epithelium 
has the maximum value at the end of the proliferative 

phase and is absent in the secretory phase, while Bcl-2 
in the stroma registers the maximum value at the end 
of the secretory phase(27). Endometriosis is defined 
by abnormal cell proliferation of ectopic endometrial 
tissue associated with apoptosis mechanisms disor-
ders(24). In patients with endometriosis, the level of 
apoptotic cells is reduced in the epithelium and stroma 
of the eutopic endometrium and does not increase at 
the end of the secretory phase, compared to the nor-
mal endometrium(24). This fact has been confirmed 
in ectopic endometrium in peritoneal endometriotic 
lesions, as well as in ovarian endometriomas(24,27).

Also, the proteins involved in apoptosis regulation 
have an altered expression in the eutopic and ectopic 
endometrium of patients with endometriosis(24). A 
number of researches identified Bcl-2 expression in 
the glandular epithelium and ectopic endometrial 
stroma of endometriotic implants, as well as in the 
eutopic endometrium of women with or without en-
dometriosis, with the peak concentration in the pro-
liferative phase(24). In case of the eutopic endometrium 
of patients with endometriosis, Bcl-2 expression was 
maximal at the end of the proliferative phase and 
almost absent at the end of the secretory phase(28). 
Peritoneal endometriosis lesions associate ele vated 
Bcl-2 levels(24). In ovarian endometriosis, the level of 
Bcl-2 protein shows discordant results, while in older 
studies Bcl-2 was low or absent; in recent ones, Bcl-2 
is increased in the stroma of ovarian endometriotic 
lesions compared to the eutopic endometrial stroma 
of patients with or without endometriosis(24). Some 
researchers showed that Bcl-2 expression is lower in 
cystic endometriotic compared to non-cystic lesions 
and suggested a variation in Bcl-2 levels depending 
on the location of endometriotic implants(24). Peri-
toneal macrophages in patients with endometriosis 
show an increased level of Bcl-2 protein(24). The high 
concentration of estrogen receptors in endometriosis 
might inhibit apoptosis by stimulating the expression 
of Bcl-2 protein(24). 

Cell proliferation – Ki-67 antigen 
Ki-67 antigen represents a nuclear protein strictly 

associated with cell proliferation(29). Ki-67 antigen 
is formed from two molecules(30), being detected at 
the interface of the nucleus and on the chromosome 
surface during mitosis(31). Ki-67 antigen is present in 
all active phases of the cell cycle, both in the inter-
phase, being closely correlated with cell proliferation 
and active phases of the cell cycle (G1, S, G2), and in 
the period of cell division associated with mitosis, 
being absent in the inactive G0 phase(29). This pattern 
of expression during the cell cycle phases (in both 
normal and tumor cells) underlies the use of Ki-67 
as a proliferation marker of a specific cell population 
and is frequently used to calculate the cell and tumor 
proliferation index(29,30). The identification of Ki-67 
antigen by immunohistochemistry techniques can 
be performed on various cellular or histopathological 
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preparations, both in case of benign and malignant 
tumors(29,32). The percentage of positive Ki-67 cells 
represents the proliferation index, which is high in ag-
gressive tumors(30), being used to estimate prognosis, 
survival and recurrence. An increased Ki-67 prolifera-
tion index is associated with a high aggressiveness 
tumor and metastasis(33). 

Although endometriosis is a benign disease, its pro-
liferative character associated with molecular, histo-
logical and genetic similarities to malignant tumors 
leads to the recommendation to evaluate it similarly to 
a neoplastic process, especially regarding proliferation 
and aggression(30). The proliferation of endometriosis 
is directly linked to the ability to progress, involving 
the appearance of complex lesions and the property 
of endometriotic lesions to invade adjacent tissues(31). 
Given these aspects, multiple researchers evaluated 
the disease by using the relationship between Ki-67 
antigen and the endometriotic lesions(30).

Different studies, including patients diagnosed 
with stage III or IV endometriosis, showed a signifi-
cant correlation between Ki-67 antigen levels and the 
size of endometriotic ovarian cyst and the stage of 
endometriosis, Ki-67 protein expression increasing 
proportionally to the two parameters analyzed(31,33). A 
comparative analysis between the Ki-67 proliferation 
index in the eutopic and ectopic endometrium showed 
an increase in the Ki-67 proliferation index propor-
tionally to the increase in endometriosis stage, prolif-
erative activity and the degree of disease severity(32). 
It also demonstrated that cells with high proliferative 
potential develop autonomy (similar to malignancy), 
leading to lesion progression to invade adjacent tis-
sues, form adhesions and alter the normal anatomy(32). 
Another study searched the expression of the Ki-67 
proliferation index in patients who underwent surgery 
for ovarian endometrioma, half of which had recur-
rent disease(30). The results of the study showed that 
Ki-67 proliferation index was significantly increased 
in patients with recurrence, the increase in Ki-67 be-
ing associated with advanced stages of endometrio-
sis(30). The research concluded that Ki-67 proliferation 
index is a useful tool for estimating the prognosis and 
the risk of recurrence(30). 

Stem cells
Stem cells represent undifferentiated cells charac-

terized by high proliferation, self-regeneration and 
differentiation into different specialized cells prop-
erties(34). Stem cells can be embryonic, identified in 
the inner cell mass of the blastocyst and adult stem 
cells, derived from post-embryonic cells, found in a 
multitude of human tissues, but extensively studied 
in the hematopoietic system, expressing two com-
mon features: the ability to multidifferentiate and 
regenerate(34). Cell differentiation represents the phe-
notypic change due to gene expression associated 
with a particular cell function, while potency is the 
ability to differentiate(35). Trans-differentiation or 

plasticity characteristic of stem cells is the ability of 
a particular cell line to lose its specific markers and 
function and differentiate into a new cell line with 
new specificity and function(36). Depending on their 
ability to differentiate, stem cells are classified into 
totipotent, pluripotent, multipotent and unipotent 
cells(34). Totipotent stem cells (e.g., zygote) are com-
pletely undifferentiated cells that have the ability to 
generate all embryonic tissues (ectoderm, mesoderm, 
and endoderm), as well as extraembryonic cell struc-
tures (extraembryonic membranes, placenta, and 
trophoblast)(34). Pluripotent stem cells, represented 
by embryonic stem cells, can differentiate into all 
embryonic tissues, except extraembryonic tissues(34). 
As the cell differentiation cycle progresses, stem cells 
lose their potency and become multipotent cells (with 
ability to differentiate into multiple cell types belong-
ing to a single germ line) or unipotent cells (with 
ability to differentiate into a single cell line)(37).

Embryonic stem cells are characterized by an in-
creased potential for long-term proliferation and self-
regeneration and have the ability to transform (in vivo 
or in vitro) into any cell(36). The use of adult stem cells 
in current medical practice is considered safer com-
pared to embryonic stem cells, which associate a num-
ber of limitations: complicated culture techniques, 
more difficult to control differentiation pattern that 
can lead to the development of teratomas and ethi-
cal considerations(36,38). Adult stem cells are found in 
many specific tissues and organs: skin, adipose tissue, 
muscle, bone marrow, synovial membrane, nervous 
system, thymus, lung, liver, intestine, heart, blood, 
dental pulp, amniotic fluid, umbilical cord blood and 
endometrium(36,38). Under normal conditions, adult 
stem cells are found in a dormant state, their prolif-
eration and differentiation being triggered by various 
pathologies and external stimuli(36,39).

Given the therapeutic capacity of stem cells, multiple 
researches attempted to identify alternative sources, 
and the endometrium is an excellent source(36). The 
endometrium is a generable tissue with a growth rate 
of about 7 mm at each menstrual cycle(37). Some hypo-
theses claim that endometrial stem cells are involved 
in the cyclic regeneration of the endometrial func-
tional layer(34). Stem cells were first isolated from the 
endometrium in 2004, while in 2007 they were iso-
lated from menstrual blood(36,40,41). Menstrual blood 
is an easily accessible, cheap and renewable resource, 
with the advantage of noninvasive collection and the 
possibility of in vitro processing(36). There were ob-
tained cultures from endometrial stem cells which put 
on induction medium for 4 weeks generated different 
cell lines (adipocytes, osteocytes, chondrocytes, myo-
cytes)(42). Another research collected tissue samples 
from endometrium, myometrium, fallopian tubes and 
utero-sacral ligaments, cultured them for 21 days on 
chondrogenic induction medium, and observed that 
only the endometrial cells transformed into chon-
drocytes, highlighting the multipotent character of 
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endometrial stem cells(43). The origin of endometrial 
stem cells seems to be fetal stem cells and bone mar-
row(34,44). Fetal stem cells persist in the adult uterus 
and contribute to endometrial tissue replacement at 
each menstruation(44). Some hypotheses consider that 
stem cells migrate to damaged tissues, where they 
act by angiogenesis and plasticity to form a new tis-
sue(34). A study demonstrated the differentiation of 
bone marrow stem cells of a male donor into endo-
metrial glands at the female receptor(45). 

Considering the theory of retrograde menstrua-
tion, endometrial stem cells can have an additional 
role in the etiopathogenesis of endometriosis, by ino-
culation into the peritoneal cavity where they can 
cause the appearance of endometriotic implants(44). 
Neonatal retrograde uterine bleeding is a rare event 
transporting stem cells from the neonatal endome-
trium and may be responsible for early-onset endo-
metriosis(46). Endometrial fragments develop success-
fully in ectopic locations in numerous experimental 
models – human endometrial tissue transplanted 
in mice generated the appearance of endometriotic 
lesions(46). Similarly, traumatic dislocation of endo-
metrial stem cells into the myometrium associated 
with alterations of the regulatory mechanism of adja-
cent endometrium may explain the etiopathogenesis 
of adenomyosis(46). In addition to endometrial stem 
cells, extrauterine stem cells transported through 
the vasculo-lymphatic system can cause endometrio-
tic lesions by transdifferentiation to endometrial 
cells(46,47). Abnormal cell migration during organo-
genesis associated with certain genetic changes (ab-
errant expression of Wnt and Hox genes) is a form of 
primordial stem cell migration which may be involved 
in the etiopathogenesis of reproductive endometrio-
tic lesions(46,47). An experimental study documented 
the ability of stem cells harvested from bone marrow 
to develop endometrial lesions after transplantation 
in mice, the results showing a low level of stem cells 
in the eutopic endometrium(47).

The genetic and phenotypic profile of stem cells 
present in endometriosis is different compared to 
physiological stem cells, differences observed both 
between ectopic endometriotic cells compared to eu-
topic endometrial cells in patients with endometriosis 
and in the eutopic endometrial profile of patients with 
endometriosis compared to healthy women(46). The 
regulatory mechanism controlling the function and 
rate of stem cell regeneration is altered in endome-
triosis(46). A study confirmed the increased level of 
stem cell-associated genes (SALL4, TCL1A, ZFP42, 
UTF1) in endometriotic lesions and increased ex-
pression of the GDF3 differentiation marker in the 
eutopic endometrium(48). The aberrant functional-
ity of stem cells expressed by phenotype alteration 
caused by certain chromosomal aberrations (micro-
RNA expression imbalance, altered DNA methylation, 
histone modification) facilitates the appearance of 
endometriosis(46,49). Micro-RNA expression alteration 

causes endometriosis progression by stimulating the 
invasiveness and increasing the angiogenic capacity 
of stem cells(46). Altering the endometriotic stem cell 
phenotype contributes to major functional aberra-
tions: imbalance of immunological modulators, un-
controlled cell proliferation, overexpression of proan-
giogenetic factors, increased migration capacity and 
cell adhesion(46,49).

Mesenchymal stem cells in the ectopic endome-
trium have an increased angiogenic, proliferative and 
migratory potential compared to mesenchymal stem 
cells in the eutopic endometrium of patients with en-
dometriosis or in healthy women, supported by the 
presence of elevated levels of IL-1β and COX-2 in ec-
topic mesenchymal stem cells(46,50,51). COX-2 inhibitor 
therapy stimulates apoptosis, reducing the ability of 
stem cells to migrate and invade from adenomyosis 
lesions, while eutopic endometrial stem cells do not 
express the same effects(52). The phenotype evaluation 
of mesenchymal stem cells in the eutopic and ectopic 
endometrium shows an increase in proinflammatory 
cytokines (IFN-γ, IL-6), VEGF angiogenetic factor and 
migration factors (MMP-2, MMP-3, MMP-9) associ-
ated with reduced expression of antiinflammatory 
cytokines TGF-β (transforming growth β-factor) in 
the ectopic endometrium compared to the eutopic 
one(53). The analysis of stromal stem cells in the eu-
topic endometrium of patients with endometriosis, 
collected from menstrual blood, showed morphologi-
cal changes, altered expression of immunomodulatory 
molecules and an increased potential for invasion and 
proliferation compared to stromal stem cells in the 
eutopic endometrium(54). Some researchers affirm that 
the severity of endometriosis increases proportionally 
to the angiogenic potential, altered immune response 
and cell invasion, features which are apparently dif-
ferent depending on the type of stem cells involved 
in the occurence of endometriosis(46). They advocate 
that endometrial stem cells underlie the development 
of severe endometriotic lesions, while self-limiting 
lesions originate in mature cells(55).

Conclusions
Given these facts, we believe that the characteri-

zation of the biochemical profile of the eutopic and 
ectopic endometrium is a topic of interest in the un-
derstanding of endometriosis, its etiopathogeny and 
therapeutic approach. The main molecular features 
of the ectopic endometrium present in endometrio-
sis lesions are characterized by hyperestrogenemia, 
progesterone resistance, a reduced apoptosis capacity, 
an increased proliferation index and the presence of 
abnormal multipotent stem cells. This paper could 
represent a starting point in the perspective of em-
bracing new directions in the diagnosis and personal-
ized management of patients with endometriosis.   n
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