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Abstract 

Endometriosis is defined by the presence of endometrial ectopia. Multiple hypotheses have 

been postulated to explain the aetiology of endometriosis to understand various clinical 

evidences. The aetiology of endometriosis is still unclear. 

The primary question to understanding the aetiology of endometrial ectopia (endometriosis) is 

determining the origin of eutopic (normally cited) endometrium.  

According to the new theory, primordial germ cells migrate from hypoblast (yolk sac close to the 

allantois) to the gonadal ridges. The gonadal ridges which composed of primordial germ cells 

derive to the: eutopic endometrium, ovary, ovarian ligament and ligamentum teres uteri. 

There are two principal processes in uterine organogenesis: the intersection of gonadal ridges 

with mesonephral ducts to form the uterine folds with an endometrial cavity and the fusion of the 

both uterine folds together to form the unicavital (normal) uterus. In the uterine folds there are 

closer cell-to-cell communications, polypotential germ cells differentiate and grow into 

myometrium and endometrial layers.  

Some of the polypotential germ cells fail to reach the ridges and stay in the peritoneal cavity, 

where they may be transforming into external endometrial heterotopies. 

The main insight in the aetiology of endometriosis is polypotential germ cells origin, which may 

explain its potency, pathogenesis and expansion. 
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Introduction 

Endometriosis is defined as the presence of ectopic endometrial glands and stroma outside of 

the uterine cavity. 0,0   

External endometrial lesions are frequently found in the pelvic peritoneum (extra-genital 

endometriosis) and ovaries (ovarian cyst or superficial heterotopies). Most often, external 

endometriosis is located on the peritoneal surface of the recto-vaginal space: at the 

retrocervical area, on the uterosacral ligaments and in the recto-sigmoid region of the colon. 

Endometrial lesions can also be found at scars of the abdominal wall; on the bladder and 

ureters, and on the bowels and appendix. Rarely, endometriosis is recognized in other extra 

abdominal organs, such as the brain and oculus. 0,0 

Internal endometriosis (adenomyosis) is characterized by the presence of heterotopic 

endometrial glands and stroma in the uterine intramural muscular layer (deep in the 

myometrium) and is surrounded by reactive fibrosis of the myocytes. For a review see refs. 1-3 

Endometriosis is a proliferative oestrogen dependent disorder; symptoms may begin in 

adolescence. The prevalence of endometriosis in the female population is estimated to be 6 to 

10%, and the frequency increases to 24-35% in females with pain and up to 50-60% in women 

with infertility. For a review see refs. 1-3 

The most often symptoms are refers to endometriosis: chronic pelvic pain, algodysmenorrhea, 

dyspareunia and primary infertility. Congenital uterovaginal anomalies defined as rare 

conditions that represent in 4–7% females [1-3, 15], however the concomitant endometriosis 

revealed in 46% of those cases. 26 

Signorile et al. investigated the autopsies of (101) human female foetuses at different 

gestational ages and found ectopic endometrium in 9% of cases.0,0 The authors suggested that 

endometriosis developed during organogenesis by dislocation (ectopia) of primitive endometrial 

tissue outside of the uterine cavity. 0 

Jean Bouquet de Jolinière et al. researched the reproductive organs from seven female 

foetuses at autopsy between 18 and 36 weeks of gestation. Serial sections revealed numerous 

ectopic endometrial glands and embryonic duct remnants inside the myometrium, uterine broad 

and ovarian ligaments and under the fallopian tube serosa in two foetuses with low levels of 

expression of oestrogen receptor-alpha (ER-a) and progesterone receptors (PR). Authors have 

supported the theory that some subtypes of endometrioid lesions may be related to anomalies 

occurring during embryogenesis.0 

Male endometriosis of the prostate [0] and male “uterus-like mass” are two unusual 

manifestations of endometriosis. González RS et al. [0] reported a case of male uterus-like 
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mass (endomyometriosis) in the right inguinal area at the site of a prior hernia repair. The lesion 

was tubular in shape, with a thick muscular wall and a central blood-filled lumen. 

Microscopically, the tissue showed layers of concentric smooth muscle, with endometrial glands 

and stroma lining the lumen. 0,0 

How explain the presence of endometriosis: in female foetuses, in females with complete utero-

vaginal aplasia without functional endometrial cavity and even in males or DSD (disorders of 

sex development) patients with 46,XY karyotype? 

The goal of this article is to understanding the aetiology of endometriosis and presence of 

endometrioid lesions in unusual cases.  

Endometriosis theories 

Multiple hypotheses have been postulated to explain the aetiology of endometriosis to 

understand various clinical evidences (tab. 1) in females.  

The Implantation theory of endometriosis is the most widely accepted. Sampson proposes that 

reflux or retrograde menstruation allowing outflow of endometrial tissue through the Fallopian 

tubes into the abdominal cavity is followed by implantation of endometrial glands and stroma at 

extra-uterine sites.0 

The coelomic metaplasia theory suggests metaplastic processes of the peritoneal mesothelium 

in endometriosis. 0 

The metaplasia theory supports the transformation of the germinal epithelium into ovarian 

endometriosis. 0 

Circulating stem cells are proposed to be involved in the transformation of pluripotent 

haematopoietic stem cells in endometrial cells in the peritoneal cavity. 0,0 

Knapp postulated that endometriosis is caused by small defects of embryogenesis. Mullerian 

duct maldevelopment during embryogenesis could cause the spread of endometriotic cells 

across the posterior pelvic floor and the persistence of embryonic cell rests. 0 

Lymphatic and vascular dissemination theories have been proposed to explain the presence of 

endometrial lesions in lymphatic vessels and the spread to lymph nodes and rare sites. 0 

Immune dysfunction and deficiency impair the survival of endometrial cells and lesion 

establishment, and high reoccurrence rates occur following treatment. Additionally, lymph-

angiogenesis in endometriotic lesions may contribute to lesion growth and persistence of 

endometrial cells in the draining lymph nodes. 0,0 

Adenomyosis may originate from the invagination of the basalis of the endometrium into the 

myometrium. As a second theory, this basalis invagination proceeds along the intra-myometrial 
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lymphatic system. A third theory suggests that a metaplastic process initiating from ectopic 

intramyometrial endometrial tissue is produced de novo. For a review see refs. 3, 18-20 

Many theories have been proposed regarding the aetiology of both endomyometriosis and 

endometriosis in males, including remnant areas of Müllerian tissue and metaplasia. 0,0,0,0,0 

Various theories have also been combined to understand the unusual types of endometriosis. 

Although its underlying cause is uncertain, it is likely to be multifactorial and include genetic 

factors with possible epigenetic influences, hormonal induction and apoptosis suppression. For 

a review see refs. 18-20 

Germ cells in embryo 

Zygote is totipotent, because a single cell has ability to generate all differentiated cells in the 

entirely embryo. During first weeks of gestation the zygote undergoes to a series of 

asynchronous holoblastic divisions, increasing the numbers of cells - blastomeres, which form 

animal pole and vegetative pole. For a review see refs. 21-25 

Due to asynchronous division the initial population of blastomeres in the vegetative pole 

preserves their potency.  

The blastomeres are pluripotent, refers to differentiate into three germ layers: endoderm, 

mesoderm and ectoderm. Gastrulation begins with formation of the trilaminar germ disc, the 

extraembryonic epyblast and hypoblast. For a review see refs. 21-25 

In human embryos, the germline epithelium of the indifferent gonads originates from primordial 

germ cells at the time of gastrulation (at 3 weeks of gestation, equal to Carnegie stages 7 to 9). 

Initially, the population of primordial germ cells is located in the posterior endoderm that forms 

the hindgut and yolk sac close to the allantois. At 4–5 weeks of development (Carnegie stages 

8-15) the primordial germ cells migrate by amoeboid movement via the hindgut to the 

dorsolateral gonadal ridges, arriving at the indifferent genital ridges during the 6th week.  The 

indifferent gonad is differentiating into an ovary at 6-8 weeks (Carnegie stages 16-19), and the 

embryo becomes female. Primordial germ cells subsequently develop into oogonia, but they 

can enter meiosis or become granulosa cells in primordial follicles. The pathway of primordial 

germ cell migration has been defined: from the caudal wall of the yolk sac close to the allantois, 

along the wall of the hindgut and the dorsal mesentery followed by bilateral migration into the 

genital ridges. For a review see refs. 21-25 

There is no evidence of sex-specific differences during primordial germ cells migration in male 

or female embryos. The maintenance of germ cell potency may be suppressed while they 

migrate to the somatic gonadal ridges and generate mature sex-specific gametes. For a review 

see refs. 21-25 
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New theory of endometriosis origination from primordial germ cells 

The primary question to understanding the aetiology of endometrial ectopia (endometriosis) is 

determining the origin of eutopic (normally cited) endometrium.  

According to the “New theory of uterovaginal anomalies”, published in Organogenesis 2016 [0], 

the eutopic endometrium develops inside of the uterine folds from gonadal ridges, which 

composed of primordial germ cells. The uterus develops in the area of intersection between the 

mesonephral ducts and the gonadal ridges by the fusion of the two. The gonadal ridges 

composed of primordial germ cells derive to the: eutopic endometrium, ovary, ovarian ligament 

and ligamentum teres uteri. 0,0 

Germ cells at the gastrulation stage appear among endoderm cells in the wall of the yolk sac 

close to the allantois. They migrate by amoeboid movement from the hypoblast back to the 

dorsolateral gonadal ridges along the mesentery of the hindgut (Fig. 1).  

The hypothetic possibility that the ovary and endometrium derive from the gonadal ridges could 

be the key point to understanding the aetiologies of external (extragenital) and ovarian 

endometriosis. For a review see refs. 0-28 

Primordial germ cells derivation in female reproductive organs (tab. 2): 

o Germ cells in the ovary differentiate into germline derivatives - oocytes and granulosa 

cells. 

o Eutopic endometrium derives from germ cells in crossing area between gonadal ridges 

with mesonephral ducts. 

o Ovarian ligamentum proprium and ligamentum teres uteri are remnants of gonadal 

ridges. 

Speculations about the aetiology of endometriosis with clinical evidence supporting the 

new theory 

Ovarian endometriosis (tab. 3) derives by metaplasia of germline epithelium occurring during 

luteinization.   

Fig. 2. Interesting evidence we found during laparoscopy in patients with primary infertility. In 

the left ovary, there is a corpus luteum with endometriotic lesions on the upper pole without 

ovulatory stigma. This is luteinization of the unovulated (or unruptered) follicle (LUF syndrome). 

Apparently, LUF may be the early stage of aetio-pathological development of the endometriotic 

cyst.  

The cases of LUF may be key to understanding infertility in patients with ovarian endometriosis. 

External endometriosis derives from primordial germ cells during the migration pathway from 

the yolk sac to the gonadal ridges (Fig. 1). The germ cells pathway passes through the recto-
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vaginal and vesico-uterine surface, which explains the most common localization of ectopic 

endometrial lesions. Some of the polypotential germ cells fail to reach the ridges and stay in the 

peritoneal cavity, where they may be transformed into external endometrial heterotopy. 

The new theory may explain the presence of endometriosis under the peritoneum in foetuses 

and females with complete utero-vaginal aplasia. 

Fig. 3. Patient with uterovaginal aplasia (Mayer-Rokitansky-Kuster-Hauser syndrome). The 

uterine rudiments are non-functional and located at the intersection of the Fallopian tubes with 

broad and ovarian ligaments. The endometriotic lesions are located superficially on the 

peritoneum, to the right of the utero-sacral ligament. The presence of lesions in this area seems 

to show similarity to the migration pathway (Fig. 1).  

External endometriosis originates from the primordial germ cells before organogenesis of the 

reproductive system, and disturbances in germ cell migration to the gonadal ridges can occur. 

There are two principal processes in uterine organogenesis: intersection of gonadal ridges with 

mesonephral ducts to form uterine folds with endometrial cavity (eutopic endometrium) and 

fusion of the both uterine folds together. There are closer cell-to-cell communications in the 

uterine folds. Polypotential germ cells differentiate and grow into myometrium and endometrial 

layers.  

Endometrial glands may persist at the ovarian ligamentum proprium and ligamentum teres 

uteri, as they are remnants of the gonadal ridges after complete uterine embryogenesis. 

Disorders of these intersections may result in internal endometriosis (adenomyosis). 

Disorders of uterine fold fusion may result in congenital uterine anomalies. These related 

processes may explain the high rate of congenital uterine anomalies with concomitant 

endometriosis. 

According to our research published in the Organogenesis 2016(12), volume 1 (“New theory of 

uterovaginal anomalies”) [0], extra-genital endometriosis was the major concomitant pathology 

in 46% of patients with various uterovaginal anomalies.   

We analysed the correlation of endometriosis with anomaly type and menstrual outflow 

obstruction. There were no significant differences between obstructive anomalies (such as 

partial or complete vaginal aplasia, functional uterine horn) and in non-obstructive symmetric 

malformations (with uterus duplex, septate uterus).  

Histological investigation revealed internal endometriosis in 37% of cases of removed functional 

uterine rudiments and uterine horns.0 
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Oestrogens influence the eutopic and ectopic endometrium survival and proliferation. This effect 

explains the initiation of manifestation symptoms in females in puberty and progression in 

reproductive age, especially in females with hyperoestrogenia.  

Patients with luteinization of unovulated follicle may also have hyperoestrogenia, which may 

stimulate progression of extragenital lesions.  

Oestrogen levels are lower in the male embryo than in the female embryo but are sufficient for 

the survival of some germ cell populations. Endometriosis in males and 46,XY DSD patients 

may persist as they migrate at an early stage before sexual differentiation.  

Conclusion 

Primordial germ cells initially do not have sex-specific features and have polypotential 

characteristics during migration. 0 

In female embryo germ cells, those arriving the gonadal ridges give rise to germinal epithelium 

of the gonads (oocytes, granulosa cells in ovary) and eutopic endometrium.  

The ectopic endometrium (endometriosis) originates from primordial germ cells and preserves 

polypotency (stem cell properties) such as: proliferation, germination, invasion, spread or 

metastasis by lymphatic and haematogenous pathways.  

Germ cell properties of endometrioid lesions should be considered to better understanding the 

pathogenesis, as they may evolve into a novel target treatment. 0    

The main insight in the aetiology of endometriosis is polypotential germ cells origin, which may 

explain its potency, pathogenesis and expansion. 
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Table 1. Various theories of endometriosis aetiology. 

Theory Mechanism 

Implantation theory 
Retrograde menstruation allowing implantation of 

endometrial glands in pelvic peritoneum 

Coelomic metaplasia 
Transformation of peritoneal mesothelium or other cell 

types into endometrial tissue  

Hormonal induction 
Oestrogen-driven proliferation of endometrial lesions or 

metaplasia by hormonal stimulation  

Inflammation and oxidative stress  
Recruitment of immune cells and their production of 

cytokines which promotes endometrial growth 

Immune dysfunction or deficiency 
Prevention of eliminating menstrual debris and promotion of 

implantation and growth of endometrial lesions 

Apoptosis suppression 
Survival of endometrial cells by suppression of apoptotic 

pathways 

Genetic Alteration of cell types to endometriosis lesions 

Stem cells 
Transformation of haematopoietic, bone marrow or 

mesenchymal stem cells to endometriosis  

Lymphatic, haematogenous 

metastasis 

Spread of endometrial cells by lymphatic or 

haematogenous vessels  

Embryonic cell remnants  

 
Mullerian duct rests, Wolffian duct rests 

Multiple factors 
Combination of in situ development and endometrial 

transplantation and implantation 

New theory of endometriosis 

aetiology from primordial germ 

cells 

The eutopic and ectopic endometrium originating from 

primordial germ cells 
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Table 2. Primordial germ cell derivation in female reproductive organs  

Organs  Cell lines  

Ovary  Germinal epithelium: oocytes, granulosa cells 

Ovarian ligamentum proprium Remnants of gonadal ridges 

Uterus  Endometrium  

Ligamentum teres uteri  Remnants of gonadal ridges 
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Table 3. New theory of endometriosis aetiology 

Endometriosis localization Derivation 

Ovarian cysts  Luteinization of unovulated (unruptured) follicle 

Superficial ovarian 

endometriosis in the cortical 

layer 

On the stigma after ovulation 

Extra-genital endometriosis on 

the peritoneum 

Persistence of primordial germ cells on the embryonal 

pathway   

Endometriosis on the utero-

sacral ligaments 

Most common area of embryonal pathway migration from 

hindgut 

Retrocervical endometriosis The early pathway area of migration from hindgut 

Adenomyosis  Endometrium derives from the intersection of gonadal 

ridges, containing primordial germ cells, with mesonephral 

ducts. In the uterine folds there are closer cell-to-cell 

communications. 

Endometriosis in the other 

area 

Primordial germ cells may migrate in the other somatic 

area from the hypoblast, through the endodermal gut to 

derivative organs 

Endometriosis in urinary 

bladder 

Bladder is derived from the hindgut, especially part of the 

allantois 

Endometriosis in males  Male prostatic glands are analogues of female 

endometrium. The gubernaculum testis is similar to the 

uterine broad ligament 
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Figure 1. Primordial germ cells migration pathway. Zygote is totipotent.  The blastomeres are 

pluripotent. Due to asynchronous division the initial population of blastomeres in the vegetative 

pole preserves their potency.  Primordial germ cells are located firstly at the vegetative pole of 

blastocyst, then in the hypoblast (yolk sac) to avoid of differentiation signals and maintain the 

polypotency.  After gastrulation the primordial germ cells migrate by amoeboid movement back 

to the embryo through the peritoneum to the dorsolateral gonadal ridges.  
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Figure 2. The luteinization of unovulated follicle (LUF syndrome) in the left ovary: a corpus 

luteum with endometriotic lesions on the upper pole without ovulatory stigma.  



 

15 

 

 

Figure 3. Patient with uterovaginal aplasia (Mayer-Rokitansky-Kuster-Hauser syndrome) and 

non-functioning uterine rudiments had extra-genital endometriosis on the peritoneal surface. 


