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Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
ductive age worldwide and is characterized by 
ectopic endometrial and stromal cell growth.  Symp-
toms experienced by women with endometriosis 
extend from pelvic pain, dysmenorrhoeal, dyspareu-
nia, irregular bladder and bowel functioning to 
infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 
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that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 
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genetic/epigenetic modi�cations were included in 
the study of endometriosis.18 The PGR variation 
rs10895068 and Alu insertion in the 306th position 
do not contribute to the risk of endometriosis and 
also the fertility issues related to endometriosis.15 
The PGRB (Progesterone Receptor beta) and PGRA 
(Progesterone Receptor alpha) genes were 
observed to be methylated in 39% and 19% of the 
endometriosis cases, respectively.  Therefore, the 
epigenetic changes in the PGR promoter regions in 
the intestinal endometriosis were observed to be 
signi�cant.20

VEGF
VEGF gene located in chromosome 6 and encodes 
for VEGF, an activator of angiogenesis. A 
case-control study involved 480 cases and 600 
controls, genotyped VEGF polymorphisms -460 
(T>C) and +405 (G>C) by PCR-RFLP (polymerase 
chain reaction-restricted fragment polymorphism) 
in northern Iran. The study observed that the risk of 
endometriosis is high in +405 (G>C) CC individuals 
than the carriers of CC or CG (p<0.0001) and 
therefore endometriosis risk was associated with 
the C allele (p=0.002). But, the genotypes of -460 
(T>C) do not signi�cantly di�er (p=0.63) between 
the two groups (cases and controls).22  An Iranian 
population study observed no signi�cant genotypic 
and allelic phenotypic di�erences were observed for 
the +450 (G>C) VEGF polymorphism and therefore 
according to the mentioned study the +450 (G>C) 
polymorphism of the VEGF gene was not related 
with the endometriosis risk25 (Table. 1). 

Epigenetic aspects of endometriosis
Several epigenetic modi�cations were observed to 
be involved in predisposing an individual to 
endometriosis. Methylation in the HOX-A10, 
although appears to be an important mechanism in 
endometriosis, doesn’t correlate with the gene 
expression pro�les. Borghese et al., in 2012, proved 
that the DNMT3L hypermethylation has a critical 
function. The methylation aspect of DNMT3L 
a�ected by the DNMT3L (rs8129776) is associated 
with cancer, where they a�ect the genes involved in 
endometriosis.27 The levels of acetylation of H4 in 
endometriosis patients were observed to be lower 
when compared with those in the controls. Whereas 
the H3 acetylation levels do not di�er signi�cantly 
between the two groups and in eutopic 
endometriosis, the HDAC1 mRNA levels were 
decreased (p=0.006), the HDAC2 mRNA levels were 
higher (p<0.001), decreased levels of SIRT1 mRNA in 
the eutopic group were observed.28 Li et al., in 2016 
observed that the methylation pro�le of the 
cadherin gene (CDH1) promoter does has a 
relationship with the development of ovarian 
endometriosis and whereby the aberrant 
methylation thus increases the risk of the 

condition.29 The methylation pro�le of the promoter 
region of matrix metalloproteinase-2 (MMP2) was 
related to the di�erential expression of MMP2 in the 
ectopic endometrium of the endometriosis 
patients.30 A Chinese study also found two and �ve 
CpGs in the COMT and HOXA10 genes, respectively, 
that were di�erentially expressed between the 
eutopic and ectopic endometrium and therefore 
their linkage in endometriosis was thus con�rmed.31  

 

A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
involved in the defense, immunological responses, 
regulation of MAP kinase and its activity, 
in�ammatory responses, hormonal responses, 

cytokine regulation and other important responses 
involved in the pathology of endometriosis.32 The 
hyper/hypomethylation of ESR2, CYPI9A1, PRB, 
NR5A1, GATA2, STAR, RUNX3, H3K4, ID2, RBBP7, 
TNFRSFIB, and IGF21 was already investigated for 
their e�ects in the development of endometriosis.33 

Conclusion
Endometriosis is the growth of endometrial tissues 
in the ectopic sites. Genetics and epigenetic theory 
explain every aspect of endometriosis. Genomic 
studies were carried out to explore the genetic basis 
of this disease and to understand the biology of the 
disease. This review provides an update on the 
epigenetic and genetics of endometriosis which will 
improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.
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Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
ductive age worldwide and is characterized by 
ectopic endometrial and stromal cell growth.  Symp-
toms experienced by women with endometriosis 
extend from pelvic pain, dysmenorrhoeal, dyspareu-
nia, irregular bladder and bowel functioning to 
infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 

Review Article A Novel Perception on the Genetic and Epigenetic Aspects of Endometriosis Volume 9, Number 4

that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 

Figure 1: The pathogenesis of endometriosis. 
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signi�cant.20

VEGF
VEGF gene located in chromosome 6 and encodes 
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case-control study involved 480 cases and 600 
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according to the mentioned study the +450 (G>C) 
polymorphism of the VEGF gene was not related 
with the endometriosis risk25 (Table. 1). 
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be involved in predisposing an individual to 
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although appears to be an important mechanism in 
endometriosis, doesn’t correlate with the gene 
expression pro�les. Borghese et al., in 2012, proved 
that the DNMT3L hypermethylation has a critical 
function. The methylation aspect of DNMT3L 
a�ected by the DNMT3L (rs8129776) is associated 
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the eutopic group were observed.28 Li et al., in 2016 
observed that the methylation pro�le of the 
cadherin gene (CDH1) promoter does has a 
relationship with the development of ovarian 
endometriosis and whereby the aberrant 
methylation thus increases the risk of the 

condition.29 The methylation pro�le of the promoter 
region of matrix metalloproteinase-2 (MMP2) was 
related to the di�erential expression of MMP2 in the 
ectopic endometrium of the endometriosis 
patients.30 A Chinese study also found two and �ve 
CpGs in the COMT and HOXA10 genes, respectively, 
that were di�erentially expressed between the 
eutopic and ectopic endometrium and therefore 
their linkage in endometriosis was thus con�rmed.31  

 

A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
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of this disease and to understand the biology of the 
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improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.

Con�icts of interest
All the authors declare that they have no con�ict of 
interest

Acknowledgement
Authors thank Prof. N. Srinivasan for his valuable 
discussion. This work was supported by Chettinad 
Academy of Research and Education, Kelambakkam, 
Chennai, Tamilnadu.

237



Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
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infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 

that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 

genetic/epigenetic modi�cations were included in 
the study of endometriosis.18 The PGR variation 
rs10895068 and Alu insertion in the 306th position 
do not contribute to the risk of endometriosis and 
also the fertility issues related to endometriosis.15 
The PGRB (Progesterone Receptor beta) and PGRA 
(Progesterone Receptor alpha) genes were 
observed to be methylated in 39% and 19% of the 
endometriosis cases, respectively.  Therefore, the 
epigenetic changes in the PGR promoter regions in 
the intestinal endometriosis were observed to be 
signi�cant.20

VEGF
VEGF gene located in chromosome 6 and encodes 
for VEGF, an activator of angiogenesis. A 
case-control study involved 480 cases and 600 
controls, genotyped VEGF polymorphisms -460 
(T>C) and +405 (G>C) by PCR-RFLP (polymerase 
chain reaction-restricted fragment polymorphism) 
in northern Iran. The study observed that the risk of 
endometriosis is high in +405 (G>C) CC individuals 
than the carriers of CC or CG (p<0.0001) and 
therefore endometriosis risk was associated with 
the C allele (p=0.002). But, the genotypes of -460 
(T>C) do not signi�cantly di�er (p=0.63) between 
the two groups (cases and controls).22  An Iranian 
population study observed no signi�cant genotypic 
and allelic phenotypic di�erences were observed for 
the +450 (G>C) VEGF polymorphism and therefore 
according to the mentioned study the +450 (G>C) 
polymorphism of the VEGF gene was not related 
with the endometriosis risk25 (Table. 1). 

Epigenetic aspects of endometriosis
Several epigenetic modi�cations were observed to 
be involved in predisposing an individual to 
endometriosis. Methylation in the HOX-A10, 
although appears to be an important mechanism in 
endometriosis, doesn’t correlate with the gene 
expression pro�les. Borghese et al., in 2012, proved 
that the DNMT3L hypermethylation has a critical 
function. The methylation aspect of DNMT3L 
a�ected by the DNMT3L (rs8129776) is associated 
with cancer, where they a�ect the genes involved in 
endometriosis.27 The levels of acetylation of H4 in 
endometriosis patients were observed to be lower 
when compared with those in the controls. Whereas 
the H3 acetylation levels do not di�er signi�cantly 
between the two groups and in eutopic 
endometriosis, the HDAC1 mRNA levels were 
decreased (p=0.006), the HDAC2 mRNA levels were 
higher (p<0.001), decreased levels of SIRT1 mRNA in 
the eutopic group were observed.28 Li et al., in 2016 
observed that the methylation pro�le of the 
cadherin gene (CDH1) promoter does has a 
relationship with the development of ovarian 
endometriosis and whereby the aberrant 
methylation thus increases the risk of the 

condition.29 The methylation pro�le of the promoter 
region of matrix metalloproteinase-2 (MMP2) was 
related to the di�erential expression of MMP2 in the 
ectopic endometrium of the endometriosis 
patients.30 A Chinese study also found two and �ve 
CpGs in the COMT and HOXA10 genes, respectively, 
that were di�erentially expressed between the 
eutopic and ectopic endometrium and therefore 
their linkage in endometriosis was thus con�rmed.31  

 

A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
involved in the defense, immunological responses, 
regulation of MAP kinase and its activity, 
in�ammatory responses, hormonal responses, 

cytokine regulation and other important responses 
involved in the pathology of endometriosis.32 The 
hyper/hypomethylation of ESR2, CYPI9A1, PRB, 
NR5A1, GATA2, STAR, RUNX3, H3K4, ID2, RBBP7, 
TNFRSFIB, and IGF21 was already investigated for 
their e�ects in the development of endometriosis.33 

Conclusion
Endometriosis is the growth of endometrial tissues 
in the ectopic sites. Genetics and epigenetic theory 
explain every aspect of endometriosis. Genomic 
studies were carried out to explore the genetic basis 
of this disease and to understand the biology of the 
disease. This review provides an update on the 
epigenetic and genetics of endometriosis which will 
improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.
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Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
ductive age worldwide and is characterized by 
ectopic endometrial and stromal cell growth.  Symp-
toms experienced by women with endometriosis 
extend from pelvic pain, dysmenorrhoeal, dyspareu-
nia, irregular bladder and bowel functioning to 
infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 

that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 

genetic/epigenetic modi�cations were included in 
the study of endometriosis.18 The PGR variation 
rs10895068 and Alu insertion in the 306th position 
do not contribute to the risk of endometriosis and 
also the fertility issues related to endometriosis.15 
The PGRB (Progesterone Receptor beta) and PGRA 
(Progesterone Receptor alpha) genes were 
observed to be methylated in 39% and 19% of the 
endometriosis cases, respectively.  Therefore, the 
epigenetic changes in the PGR promoter regions in 
the intestinal endometriosis were observed to be 
signi�cant.20

VEGF
VEGF gene located in chromosome 6 and encodes 
for VEGF, an activator of angiogenesis. A 
case-control study involved 480 cases and 600 
controls, genotyped VEGF polymorphisms -460 
(T>C) and +405 (G>C) by PCR-RFLP (polymerase 
chain reaction-restricted fragment polymorphism) 
in northern Iran. The study observed that the risk of 
endometriosis is high in +405 (G>C) CC individuals 
than the carriers of CC or CG (p<0.0001) and 
therefore endometriosis risk was associated with 
the C allele (p=0.002). But, the genotypes of -460 
(T>C) do not signi�cantly di�er (p=0.63) between 
the two groups (cases and controls).22  An Iranian 
population study observed no signi�cant genotypic 
and allelic phenotypic di�erences were observed for 
the +450 (G>C) VEGF polymorphism and therefore 
according to the mentioned study the +450 (G>C) 
polymorphism of the VEGF gene was not related 
with the endometriosis risk25 (Table. 1). 

Epigenetic aspects of endometriosis
Several epigenetic modi�cations were observed to 
be involved in predisposing an individual to 
endometriosis. Methylation in the HOX-A10, 
although appears to be an important mechanism in 
endometriosis, doesn’t correlate with the gene 
expression pro�les. Borghese et al., in 2012, proved 
that the DNMT3L hypermethylation has a critical 
function. The methylation aspect of DNMT3L 
a�ected by the DNMT3L (rs8129776) is associated 
with cancer, where they a�ect the genes involved in 
endometriosis.27 The levels of acetylation of H4 in 
endometriosis patients were observed to be lower 
when compared with those in the controls. Whereas 
the H3 acetylation levels do not di�er signi�cantly 
between the two groups and in eutopic 
endometriosis, the HDAC1 mRNA levels were 
decreased (p=0.006), the HDAC2 mRNA levels were 
higher (p<0.001), decreased levels of SIRT1 mRNA in 
the eutopic group were observed.28 Li et al., in 2016 
observed that the methylation pro�le of the 
cadherin gene (CDH1) promoter does has a 
relationship with the development of ovarian 
endometriosis and whereby the aberrant 
methylation thus increases the risk of the 

Gene Location Description 
Mutation 
/Polymor 

phism 

Risk of 
endomet 

riosis 

Study 
cohorts References 

ESR1 
Chromoso
me 6 
(6q25.1) 

ESR1 corresponds to the 
estrogen receptor alpha 
that controls the 
estrogen expression 
levels in all reproductive 
cells. 

rs2234693 Not 
associated European Lamp                

et al., 2011 

rs3853250; 
rs3853251 

Not 
associated American Trabert             

et al., 2011 

rs3798573 Associated Han-Chinese Wang             
et al., 2013 

rs1159327, 
rs3020348 

Not 
associated Han-Chinese Wang              

et al., 2013 

ESR2 
Chromoso
me 14 
(14q23.2) 

ESR2 encodes for 
estrogen receptor beta 
which posses anti-
proliferative e�ects. 

rs17179740 Not 
associated Han-Chinese Wang            

et al., 2013 

shorter CA 
repeats Associated European Lamp                

et al., 2011 

PR 
Chromoso
me 11 
(11q22.1) 

It is a steroid hormome 
receptor that a�ects the 
cell proliferation and 
di�erentiation.  The 
aberrant expression of 
PRA and PRB in 
endometriosis 

rs10895068 Associated Australian, 
European 

Near                
et al., 2011 

rs10895068 Not 
associated European Lamp               

et al., 2011 

rs1042838 Not 
associated American Trabert            

et al., 2011 

VEGF 
 

Chromoso
me 6 
(6q21.1) 

The growth factor is 
important for the cell 
proliferation, migration 
of endothelial cells and 
angiogenesis.  Their 
potent role in the 
formation of ectopic 
lesions was also 
postulated in several 
studies. 

+405 (G>C) Associated 
Iran 

 
Emamifar et 
al., 2011 -460 (T>C) Not 

associated 

-936 T>C Associated Meta-
analysis; no 
speci�c 
population 
reported 

Liang                
et al., 2012 

-2578A>C, -
460C>T, 
+405C>G, 
and -1154G>A 

Not 
associated 
 

CDH1 
Chromoso
me 16 
(16q22.1) 

The CDH1 gene encodes  
glycoprotein important 
for the epithelial 
development, cell 
integrity. The expression 
of CDH1 in endometrium 
lesions was inconsistent 
whereas that of the 
normal endometrium is 
consistent throughout 
the menstrual cycle. 

+54C/T Associated 

India Govatati et 
al., 2011 -

347GA/2160
A/+54C 

Associated 

rs4783689 Associated Japan Yoshida et 
al., 2012 

3'-UTR C --> 
T; -160 A/-
347 GA 

Associated 
 China Shan et al., 

2007 
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Table 1: List of genes associated with endometriosis risk

condition.29 The methylation pro�le of the promoter 
region of matrix metalloproteinase-2 (MMP2) was 
related to the di�erential expression of MMP2 in the 
ectopic endometrium of the endometriosis 
patients.30 A Chinese study also found two and �ve 
CpGs in the COMT and HOXA10 genes, respectively, 
that were di�erentially expressed between the 
eutopic and ectopic endometrium and therefore 
their linkage in endometriosis was thus con�rmed.31  

 

A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
involved in the defense, immunological responses, 
regulation of MAP kinase and its activity, 
in�ammatory responses, hormonal responses, 

cytokine regulation and other important responses 
involved in the pathology of endometriosis.32 The 
hyper/hypomethylation of ESR2, CYPI9A1, PRB, 
NR5A1, GATA2, STAR, RUNX3, H3K4, ID2, RBBP7, 
TNFRSFIB, and IGF21 was already investigated for 
their e�ects in the development of endometriosis.33 

Conclusion
Endometriosis is the growth of endometrial tissues 
in the ectopic sites. Genetics and epigenetic theory 
explain every aspect of endometriosis. Genomic 
studies were carried out to explore the genetic basis 
of this disease and to understand the biology of the 
disease. This review provides an update on the 
epigenetic and genetics of endometriosis which will 
improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.

Con�icts of interest
All the authors declare that they have no con�ict of 
interest

Acknowledgement
Authors thank Prof. N. Srinivasan for his valuable 
discussion. This work was supported by Chettinad 
Academy of Research and Education, Kelambakkam, 
Chennai, Tamilnadu.

Review Article A Novel Perception on the Genetic and Epigenetic Aspects of Endometriosis

239



Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
ductive age worldwide and is characterized by 
ectopic endometrial and stromal cell growth.  Symp-
toms experienced by women with endometriosis 
extend from pelvic pain, dysmenorrhoeal, dyspareu-
nia, irregular bladder and bowel functioning to 
infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 

that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 
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A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
involved in the defense, immunological responses, 
regulation of MAP kinase and its activity, 
in�ammatory responses, hormonal responses, 

cytokine regulation and other important responses 
involved in the pathology of endometriosis.32 The 
hyper/hypomethylation of ESR2, CYPI9A1, PRB, 
NR5A1, GATA2, STAR, RUNX3, H3K4, ID2, RBBP7, 
TNFRSFIB, and IGF21 was already investigated for 
their e�ects in the development of endometriosis.33 

Conclusion
Endometriosis is the growth of endometrial tissues 
in the ectopic sites. Genetics and epigenetic theory 
explain every aspect of endometriosis. Genomic 
studies were carried out to explore the genetic basis 
of this disease and to understand the biology of the 
disease. This review provides an update on the 
epigenetic and genetics of endometriosis which will 
improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.

Con�icts of interest
All the authors declare that they have no con�ict of 
interest

Acknowledgement
Authors thank Prof. N. Srinivasan for his valuable 
discussion. This work was supported by Chettinad 
Academy of Research and Education, Kelambakkam, 
Chennai, Tamilnadu.

8. Simpson JL, Elias S, Malinak LR, et al. Heritable 
aspects of endometriosis. I. Genetic studies. Am J 
Obstet Gynecol. 1980;137:327–331.

9. Treloar SA, Wicks J, Nyholt DR, et al. Genom-
ewide linkage study in 1,176 a�ected sister pair 
families identi�es a signi�cant susceptibility locus 
for endometriosis on chromosome 10q26. Am J 
Hum Genet. 2005;77(3):365–376. 

10. Sinaii N, Plumb K, Cotton L, et al. Di�erences in 
characteristics among 1,000 women with endo-
metriosis based on extent of disease. Fertil Steril. 
2008;89(3):538–545.

11. Borghese B, Santulli P et al., Genetic polymor-
phisms of DNMT3L involved in hypermethylation 
of chromosomal ends are associated with greater 
risk of developing ovarian endometriosis. Am J 
Pathol 2012 May;180(5):1781-6.

12. Krishnamoorthy K, Decherney AH. Genetics of 
Endometriosis. Clin Obstet Gynecol. 
2017;60(3):531–538.

13. Fung JN, Rogers PA, Montgomery GW. Identifying 
the biological basis of GWAS hits for endometrio-
sis. Biol Reprod. 2015;92(4):87.

14. Hamilton KJ, Hewitt SC, Arao Y, Korach KS. Estro-
gen Hormone Biology. Curr Top Dev Biol. 
2017;125:109–146.

15. Merit Lamp, Maire Peters et al., Polymorphisms in 
ESR1, ESR2 and HSD17B1 genes are associated 
with fertility status in endometriosis. Gynaeco-
logical Endocrinology. 2011 jun; 27:425-433.

16. Patel BG, Rudnicki M, Yu J, Shu Y, Taylor RN. 
Progesterone resistance in endometriosis: 
origins, consequences and interventions. Acta 
Obstet Gynecol Scand. 2017;96(6):623–632.

17. Near AM, Wu AH, Templeman C, et al. Progester-
one receptor gene polymorphisms and risk of 
endometriosis: results from an international 
collaborative e�ort. Fertil Steril. 2011;95(1):40-
45.

18. Meyer, J.L., Zimbardi, D., Podgaec, S., Amorim, 
R.L., Abrão, M.S., & Rainho, C.A. (2014). DNA 
methylation patterns of steroid receptor genes 
ESR1, ESR2 and PGR in deep endometriosis 
compromising the rectum. International Journal 
of Molecular Medicine, 33, 897-904.

19. Ememifar B, Salehi Z, Mehrafza M, Mashayehkhi F. 
The vascular endothelial growth factor (VEGF) 
polymorphisms and the risk of endometriosis in 
northern Iran. Gynecol Endocrinol 2012 
Jun;28(6):447-50. 

20. Lian S, Huang Y, Fan Y.Vascular endothelial growth 
factor gene polymorphismsand endometriosis 
risk: a meta-analysis. Arch Gynecol Obstet 2012 
Jul;286(1):139-46. 

21. Kioomars Saliminejad, Toktam Memariani et al., 
Association study of the TNF-_ _1031T/C and 
VEGFþ450G/C polymorphisms with susceptibil-
ity to endometriosis. Gynecol Endocrinol 2013 
Aug;29(16):974-977.

Volume 9, Number 4Review Article A Novel Perception on the Genetic and Epigenetic Aspects of Endometriosis

240



Introduction
Endometriosis is a complex gynaecological disease 
that a�ects more than 10% of the women of repro-
ductive age worldwide and is characterized by 
ectopic endometrial and stromal cell growth.  Symp-
toms experienced by women with endometriosis 
extend from pelvic pain, dysmenorrhoeal, dyspareu-
nia, irregular bladder and bowel functioning to 
infertility.1 Endometriosis can be classi�ed based on 
the site of the tissue growth: peritoneal (in the 
peritoneum), ovarian (on the ovary) and deep 
in�ltrating endometriosis (in the recto-vaginal 
region).  The precise pathogenic cause of endome-
triosis is yet to be discovered, but several theories 
summarize the possibilities of the pathogenicity.   
One among the theories, the retrograde menstrua-
tion is widely accepted, and it states that the endo-
metrial tissue fragments �ow to the ectopic parts 
where they continue to settle and proliferate by 
establishing its blood supply. Altered immune 
actions, coelomic metaplasia and metastatic spread, 
stem cells, genetics and epigenetics were also 
included in explaining the pathogenesis of 
endometriosis.2  

Genetic studies estimate that 50% of the 
endometriosis is accounted for by the hereditary 
factors, and the �rst-degree relatives are at a 6%-9% 

higher risk of developing endometriosis.  The 
occurrence of endometriosis is occasional in men 
and women with the absence of endometrium. The 
comorbidity of this condition with several other 
conditions makes the etiology estimation harder and 
studies estimate that 21%-41% of the women with 
subfertility encounter endometriosis.3 Although its 
relationship with adenomyosis is not explained, 
women encountering adenomyosis were observed 
with the existence of endometriosis2. The 
co-existence of autoimmune diseases, allergies, 
asthma, �bromyalgia, and allergies were also 
con�rmed.4  

Endometriosis might increase the risk of preterm 
pregnancies, abnormal placentation, and changes in 
the contradictory patterns of the endometrium, 
higher risk of vaginal and ovarian infections, 
increased chances of getting cancers. Several 
biochemical changes were observed in 
endometriosis a�ected women, which includes the 
immunological compounds, altered levels of 
prostaglandins, ILGF-1, NK cells, and growth factors.  
The severity of the condition, age, medical 
comorbidity and history, and several other factors 
are considered while availing the treatment options. 
Treatment options in the case of the diagnosed 
endometriosis are oral hormonal pills, hormonal 
agonists, and hormonal replacement therapy. The 

genetic and epigenetic causes of this condition are 
continuously being searched for, and as of now, 
several studies have reported variations in 
methylation pro�les, in the RNA expressions and 
histone modi�cations.  Researchers believe that 
genetic and epigenetic modi�cations can be causal 
to the pathogenesis of this disease condition and 
they form the targets for a better treatment option.

Pathogenesis 
Several theories have explained the pathogenesis of 
this condition including Sampson’s retrograde 
menstruation theory, coelomic metaplasia, mulleri-
anosis, the genetic and epigenetic theory, and also 
some studies have recommended the role of oxida-
tive stress in the pathogenesis of endometriosis 
(Fig.1). Retrograde menstruation theory is the most 
accepted theory among all the proposed theories, 
and this explains that the endometrial tissue is 
transported to other ectopic parts (especially the 
cavity of the peritoneum and the fallopian tube) by 
the Re�ex throughout the menstrual cycle blood 
and they establish a blood supply and start 
proliferating1. The proposed theory can be 
concluded to be true through several observations: 
First, the menstrual �uid contains living cells with 
growth and implantation potential and thus can 
implant and grow in the ectopic parts. Second, the 
most observed endometriotic growth part is the left 
side of the pelvis which also proves the reliability of 
this thesis.2 Third, all women experience some 
degree of retrograde menstruation. Fourthly, experi-
mentally endometrium can be grown in the 
peritoneum.5  Yet, this theory cannot explain the 
endometriosis in men and in women without a 
uterus, the survival of the endometrial tissues 
outside the uterus. Endometrial stem cell implanta-
tion is the extended theory of retrograde menstrua-
tion which explains that the endometrium and cells 
like mesenchymal stem cells are shed into the 
peritoneum by the retrograde menstruation and 
establishing ectopic implants.6

The metaplasia theory states that the peritoneum 
contains a considerable amount of undi�erentiated 
cells, and those undi�erentiated cells develop into 
endometrial cells and the formation of ectopic 
endometrial-like tissue.1   Although the metaplasia 
theory cannot explain the factors that result in the 
transformation of peritoneal cells into endometrial 
cells, the inductive theory which extends the 
coelomic metaplasia theory states that several 
factors including hormonal, immunological factors 
are behind the scenes of the transformation 
process. The Mullerianosis theory suggests that 
estrogen-responsive migration of embryological 
Mullerian duct remnants and their development into 
endometrial lesions in the ovary. This theory is 
supported by epidemiological studies that report 

that exposure to diethylstilbestrol will increase the 
risk of endometriosis.7  Although this is proven by 
studies, this theory only explains the development 
of ovarian endometriosis.5

Immunological aspects of 
endometriosis
The immunological aspects were also found to play a 
role in the etiology of endometriosis. Woman with 
endometriosis is observed with poor Cell-mediated 
immunity pro�le especially the natural killer (NK) 
cell activity is poor and thus the endometrial tissues 
are not assumed as super�uous tissues.  Endome-
triosis a�ected women are observed with decreased 
cytotoxicity, increased leukocytes, macrophages and 
their secretions such as cytokines, growth factors 
speci�cally, vascular endothelial growth factor 
(VEGF). Thus make the endometrial tissue prolifer-
ate with greater vascular supply1. The eutopic endo-
metrial cells of those with endometriosis were 
proven to be resistant to the action of NK cells and 
this is accounted to the ICAM-1 (intercellular adhe-
sion molecule-1) secreted by the eutopic cells.  In 
support of this immunological aspect, the 
co-existence of several autoimmune diseases such 
as rheumatoid arthritis, lupus erythematosus are 
observed. The overproduction of the cytokines, 
chemokines and the increased iron concentrations 
(due to local bleeding at the sites of endometrial 
tissue growth) result in in�ammations. The in�am-
matory responses are also accounted by the 
increased reactive oxidative species (ROS) because 
of tissue injury in the ectopic site with endometrial 
tissue growth.  The genetic and epigenetic factors of 

endometriosis are discussed in the following part 
here in this review.  

Genetic basis for endometriosis 
Over the past few years, several genetic studies 
were carried out and estimated the hereditary of 
endometriosis. The estimated prevalence of endo-
metriosis in the �rst-degree relatives of women with 
endometriosis is 6.9% whereas that of the controls 
was less than 1%. Twin studies also estimate higher 
concordance rates of endometriosis, and also a 50% 
inheritability of the same.8 Signi�cant linkage was 
observed in two chromosome locations, 10q25 and 
7q13-15 however the linkage scores were above the 
value of 3, and therefore the genes in those 
locations (CYP2C19, INHBA, SFRP4, HOXA10) were 
not con�rmed to be the major genes in 
endometriosis.9,10  Several other genes such as 
WNT4, VEZT, FN1, IL1A, CDKN2B, SERP4, NR2F2, 
NR5A, HDAC3, COL1A1, COL1A2, CDH1, ICAM1, HLA 
alleles were also investigated by several studies for 
their functional involvement in the pathology of 
endometriosis.8-11.12,13 

Endometriosis and single nucleotide 
polymorphisms
ESR1 and ESR2
Estrogen is proven to have an essential role in the 
development of endometriosis. Estrogen usually 
works through ERα (estrogen receptor alpha) and 
ERβ (estrogen receptor beta), and in mouse models 
prove their role in infertility.14  Meyer et al. (2014) 
tested the DNA methylation pro�les of various types 
of endometrial tissues and the eutopic 
endometrium by MS-PCR (Methylation Speci�c 
Polymerase Chain Reaction). This study observed no 
di�erence in the methylation pro�les of the ESR1 
and ESR2 genes. A Chines-Han population study 
aimed at discovering the gene variants correlating 
with the risk of endometriosis and related infertility. 
The polymorphism rs3798573 (ESR1) is found to be 
signi�cantly associated with endometriosis and 
related infertility in the Han Chinese women. 
Whereas, no relation between the rs1159327 (ESR1), 
rs3020348 (ESR1), and rs17179740 (ESR2) and 
endometriosis-related infertility or endometriosis 
was observed in the study.17

PR
Progesterone plays a vital role in the endometrium 
where it regulates the expression of progesterone 
receptor genes, alters miRNA levels and several 
other epigenetic modi�cations.  The in�ammation 
preceding the lesion formation leads to severe 
endometriosis and provokes progesterone 
resistance in the endometrial tissue and therefore 
studying the progesterone receptors, their 

genetic/epigenetic modi�cations were included in 
the study of endometriosis.18 The PGR variation 
rs10895068 and Alu insertion in the 306th position 
do not contribute to the risk of endometriosis and 
also the fertility issues related to endometriosis.15 
The PGRB (Progesterone Receptor beta) and PGRA 
(Progesterone Receptor alpha) genes were 
observed to be methylated in 39% and 19% of the 
endometriosis cases, respectively.  Therefore, the 
epigenetic changes in the PGR promoter regions in 
the intestinal endometriosis were observed to be 
signi�cant.20

VEGF
VEGF gene located in chromosome 6 and encodes 
for VEGF, an activator of angiogenesis. A 
case-control study involved 480 cases and 600 
controls, genotyped VEGF polymorphisms -460 
(T>C) and +405 (G>C) by PCR-RFLP (polymerase 
chain reaction-restricted fragment polymorphism) 
in northern Iran. The study observed that the risk of 
endometriosis is high in +405 (G>C) CC individuals 
than the carriers of CC or CG (p<0.0001) and 
therefore endometriosis risk was associated with 
the C allele (p=0.002). But, the genotypes of -460 
(T>C) do not signi�cantly di�er (p=0.63) between 
the two groups (cases and controls).22  An Iranian 
population study observed no signi�cant genotypic 
and allelic phenotypic di�erences were observed for 
the +450 (G>C) VEGF polymorphism and therefore 
according to the mentioned study the +450 (G>C) 
polymorphism of the VEGF gene was not related 
with the endometriosis risk25 (Table. 1). 

Epigenetic aspects of endometriosis
Several epigenetic modi�cations were observed to 
be involved in predisposing an individual to 
endometriosis. Methylation in the HOX-A10, 
although appears to be an important mechanism in 
endometriosis, doesn’t correlate with the gene 
expression pro�les. Borghese et al., in 2012, proved 
that the DNMT3L hypermethylation has a critical 
function. The methylation aspect of DNMT3L 
a�ected by the DNMT3L (rs8129776) is associated 
with cancer, where they a�ect the genes involved in 
endometriosis.27 The levels of acetylation of H4 in 
endometriosis patients were observed to be lower 
when compared with those in the controls. Whereas 
the H3 acetylation levels do not di�er signi�cantly 
between the two groups and in eutopic 
endometriosis, the HDAC1 mRNA levels were 
decreased (p=0.006), the HDAC2 mRNA levels were 
higher (p<0.001), decreased levels of SIRT1 mRNA in 
the eutopic group were observed.28 Li et al., in 2016 
observed that the methylation pro�le of the 
cadherin gene (CDH1) promoter does has a 
relationship with the development of ovarian 
endometriosis and whereby the aberrant 
methylation thus increases the risk of the 

condition.29 The methylation pro�le of the promoter 
region of matrix metalloproteinase-2 (MMP2) was 
related to the di�erential expression of MMP2 in the 
ectopic endometrium of the endometriosis 
patients.30 A Chinese study also found two and �ve 
CpGs in the COMT and HOXA10 genes, respectively, 
that were di�erentially expressed between the 
eutopic and ectopic endometrium and therefore 
their linkage in endometriosis was thus con�rmed.31  

 

A GWAS study of DNA methylation patterns in 
endometriosis by Wang and his/her colleagues in 
2019 observed signi�cant di�erences in the 
expression of DNMT1, DNMT3A, DNMT3B, and 
MBD2 in eutopic and endometriotic lesions vs. 
control endometrium. They reported that these 
genes with di�erential methylation pro�les between 
the controls and the patients with endometriosis are 
involved in the defense, immunological responses, 
regulation of MAP kinase and its activity, 
in�ammatory responses, hormonal responses, 

cytokine regulation and other important responses 
involved in the pathology of endometriosis.32 The 
hyper/hypomethylation of ESR2, CYPI9A1, PRB, 
NR5A1, GATA2, STAR, RUNX3, H3K4, ID2, RBBP7, 
TNFRSFIB, and IGF21 was already investigated for 
their e�ects in the development of endometriosis.33 

Conclusion
Endometriosis is the growth of endometrial tissues 
in the ectopic sites. Genetics and epigenetic theory 
explain every aspect of endometriosis. Genomic 
studies were carried out to explore the genetic basis 
of this disease and to understand the biology of the 
disease. This review provides an update on the 
epigenetic and genetics of endometriosis which will 
improvise the non-invasive diagnostic methods, 
understanding the comorbid conditions and the 
possibility for the development of better-
personalized treatment options for endometriosis.
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