
Pathogenesis of Adenomyosis and Endometriosis | Encyclopedia.pub

https://encyclopedia.pub/entry/45686 1/8

Pathogenesis of Adenomyosis and
Endometriosis
Subjects: Obstetrics & Gynaecology

Contributor: Marwan Habiba , Giuseppe Benagiano , Sun-Wei Guo

Both endometriosis and adenomyosis are often referred to as “enigmatic diseases” since understanding their

pathogenesis remains elusive. Both endometriosis and adenomyosis are relatively common among women of

reproductive age and are leading causes of pelvic pain, infertility, and menstrual disorders. They impact negatively

on patients’ quality of life, productivity, and well-being. Endometriosis, and perhaps adenomyosis as well, entails a

heavy economic burden to society as a whole. 
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tissue injury and repair

1. Structural Aspects

There is evidence that the myometrium is not uniform. The orientation of the muscle fibers in the uterus has been

reported to vary from the innermost layers, where the muscle direction is mostly circular, to the interconnected

crisscross middle and main layer of the uterus. Leyendecker and co-workers referred to the main component (the

middle layer) layer as the stratum vasculare . This separates the subserosa (the outermost layer) or the stratum

supravasculare from the innermost layer, which they referred to as the stratum subvasculare. However, the

boundaries between these layers are not defined histologically . Structural studies have shown that the transition

in the myometrial layers is gradual, with no discernable histological demarcation between the inner and outer

zones . As an example, the concept of the junctional zone that designates the endometrium–myometrium

interface (EMI) is based on MR imaging , not on histologically identifiable features. The classic studies of uterine

vasculature, such as those reported by Sampson, show that the rich vascular network of anastomosis that contains

the arcuate arteries lies between the outer and middle third of the myometrium . Blood vessels run medially

from that network to supply the myometrium and terminate by supplying the endometrium. Based on its

vasculature, Sampson divided the myometrium into three zones: the peripheral or outer third, which is supplied by

the peripheral arteries; the arcuate zone, which is the narrow area containing the main vessels; the radial zone,

which corresponds to the inner two-thirds of the myometrium, supplied by the radial vessels. This vascular

distribution is at variance with the description of the stratum vasculare as forming the main bulk of the myometrium.

Leyendecker et al.  proposed to designate as “archimetra” the endometrial–subendometrial region together with

the main bulk of the muscle layer (the stratum subvasculare) and the term “neometra” to be applied to the outer

layers of the myometrium. They argued that only the archimetra is of paramesonephric origin and that the
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neometra is of non-Müllerian origin. However, a different embryonic origin is difficult to substantiate. It is commonly

accepted that the mesonephric (Wolffian) duct first develops from the intermediate mesoderm and is critical to the

development of the paramesonephric (Müllerian) duct . Epithelial cells of the Müllerian duct develop adjacent to

the rostral mesonephric epithelium as invaginations of the coelomic epithelium . The mesenchyme that

surrounds the Müllerian duct epithelium is derived from mesonephric (Wolffian) mesenchyme and coelomic

epithelial cells localized along the length of the mesonephros . Thus, the myometrial layers in the context of

“archimetra” and “neometra”, as depicted by Leyendecker et al. , are at direct odds with that depicted by

Sampson .

There is also evidence that the inner myometrium can develop from endometrial stroma and of the potential

existence of smooth muscle metaplasia, i.e., endometrial stromal cells can be coaxed to transdifferentiate to

smooth muscle cells . These findings suggest that the whole myometrium shares a common embryonic

origin. It is also well-recognized that adenomyosis is not confined to the inner or to the mid-myometrial layers. Both

observations challenge the view that endometriosis and adenomyosis are diseases of “archimetra”.

The archimetra theory is partly based on the work of Werth and Grusdew , who reported on the features of

uterine development from the fetal stage to maturity. This research included five samples from the end of the third

month to the fifth month of gestation. This publication, however, does not contain any claims as to the

mesonephric/paramesonephric origin of the myometrium. Interestingly, the authors observed that comparative

studies with other species (which they referred to as “genetic studies”, employing the terminology used at the time)

add little, if any, to our understanding of the mature human uterus .

Two additional publications adopted the notion that adenomyosis and endometriosis are “diseases of archimetra”

. However, neither of these studies added any original information to support the archimetra hypothesis

beyond the TIAR theory.

It has been recently suggested that the stratum vasculare in humans constitutes the main musculature of the

uterus and that its (hyper)-contraction manifests as primary dysmenorrhea and leads to uterine injury and also the

expulsion of the basal endometrium and the development of endometriosis . In support of this hypothesis, it was

proposed that the human uterine structure is unique . However, there are considerable similarities between the

structure of the myometrium in the mouse and the human . While it is plausible that the mesh-like structure of

the middle layer of the human myometrium evolved secondarily to the fusion between the Müllerian ducts, recent

research using three-dimensional reconstruction of the mouse uterus identified a middle myometrial layer that

connects the inner circular and the outer longitudinal muscle layers in the bicornuate uterus . This finding is

critical as it demonstrates that the three-layer myometrium is not unique to Haplorrhines (one of the two suborders

of primates, which includes monkeys, apes, and humans) but that it is also shared with some Euarchontoglires (a

superorder of mammals, also called “supraprimates”, that includes rodents. See Figure 1). This raises doubt about

the proposed notion that the human myometrial structure played a unique role in primate evolution .
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Figure 1. Orders of different species based on our current knowledge of evolution of species. Three-layer

myometrium is not unique to Haplorrhines (one of the two suborders of primates, which includes monkeys, apes,

and humans), but it is also shared with other Euarchontoglires (a superorder of mammals, also called

“supraprimates”, that includes rodents. Adapted from Wikipedia (https://en.wikipedia.org/wiki/Euarchontoglires,

accessed on 10 January 2023).

On the other hand, it is not clear whether there is a causal link between myometrial structure and menstruation,

and there is no direct information available to compare the myometrium in the majority of mice species, which do

not menstruate and the Egyptian spiny mouse (Acomys cahirinus), the only mouse species known to menstruate

spontaneously. Thus, the claim that the human uterine structure is unique needs to be substantiated, particularly

given that adenomyosis does occur spontaneously in the animal kingdom . Furthermore, endometriosis also

occurs spontaneously in primates, such as baboons  and cynomolgus monkeys , as well as in mice with

oncogenic mutations . In other words, the putative uniqueness cannot be used as a justification for the

hypothesis.

2. The Archimetra Theory
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An important facet of the “archimetra theory” is that adenomyosis and endometriosis are two phenotypes of the

same disease. The idea is certainly not new, and, at one time, it was proposed by researcher's group  based

on the observation that the two diseases are characterized by dysfunction in both the eutopic and heterotopic

endometrium. A recent review  collated the similarities, as well as differences, between the endometrium in

adenomyosis and endometriosis. It is also recognized that the two conditions often coexist.

In this regard, it should be borne in mind that, even if proven, a common origin does not equate with endometriosis

and adenomyosis, representing the same disease. The commonality of structure also calls into question the value

of the term archimetrosis. Adenomyosis and endometriosis differ in their gross, histological, clinical manifestations,

and risk factors, including patient age, parity, and the history of iatrogenic uterine procedures in adenomyosis 

. This suggests that, at the very least, the triggering events for the two diseases are likely to be

different.

3. The Tissue Injury and Repair Theory

An essential component of the unifying theory of adenomyosis and endometriosis  involves differences in

local production of estrogens in the eutopic and ectopic endometrium in affected women.

The theory seems to be based largely on the premise that endometriosis and adenomyosis are caused by trauma

due to chronic uterine peristaltic activity (or to phases of hyperperistalsis) and that this induces micro-

traumatization at the EMI activating TIAR, resulting in an increased local production of estrogen, which propagates

the cycle causing disease. The theory also attempts to account for the absence of endometriosis against the

universal phenomenon of retrograde menstruation. One proposition is that endometriosis occurs in women with

hyperperistalsis, which leads to the dislocation of basal endometrium and propagation of a cycle of TIAR .

The ability to heal after the injury is fundamental to the survival of all organisms and involves an evolutionarily

conserved mechanism of tissue regeneration and repair. Regeneration entails the replacement of damaged tissue

through the proliferation of surrounding undamaged tissue. Repair entails the formation of granulation tissue and its

maturation in the form of scarring. The endometrium has a unique ability to regenerate after menstrual

desquamation without progressive scarring, but this does not seem to be shared by the myometrium, which heals

by fibrosis .

Over the years, the mechanism of TIAR has been gradually advanced (see ) to account for both

endometriosis and adenomyosis. The theory is built on the occurrence of “auto traumatization” secondary to

uterine hyperperistalsis and that this is self-perpetuating secondary to the release of local estrogen and relevant

cytokines. The trigger of hyperperistalsis is said to reside in an increased or prolonged estradiol stimulation leading

to prolonged supraphysiological mechanical strain on the cells near the fundo-cornual raphe. The theory postulates

that such increased estrogen production is caused by prolonged follicular phase, anovulatory cycles, follicular

persistency, or the presence of large antral follicles. While there is a plausible relation between endometriosis and

adenomyosis and systemic or local estrogen production, surprisingly, there is no documented evidence for the
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occurrence of uterine (endometrial or myometrial) trauma or for the complete detachment of the endometrium. An

important missing link is the demonstration of the time sequence of TIAR; in other words, it has not been shown

that the presence of different stages of TIAR, including hemostasis, inflammation, proliferation, and remodeling,

can precede the implantation of ectopic endometrium, or exist in its absence. The extent of endometrial shedding

at menstruation may vary, and there is no convincing evidence that this varies in women with or without

endometriosis .

At the core of the TIAR theory is a local, injury-induced overproduction of estrogen . Unfortunately, most of

the arguments presented to support the theory  are based on the feed-forward loop model that is true for

ectopic endometrium , not myometrium or normal endometrium, as elaborated previously . Of course, injury

involving the vasculature may lead to estrogen production due to platelet activation , but whether

hyperperistalsis can lead to such injury is unclear. Overall, there is no supportive experimental evidence.
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