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Endometriosis is a common gynecological condition characterized by the growth of

endometrial-like tissue outside of the uterus which may cause symptoms such as chronic

pelvic pain or subfertility. Several surgical and medical therapies are available to manage

symptoms, but a cure has yet to be determined which can be attributed to the incomplete

understanding of disease pathogenesis. Sampson’s theory of retrograde menstruation is

a widely accepted theory describing how shed endometrial tissue can enter the peritoneal

cavity, but other factors are likely at play to facilitate the establishment of endometriosis

lesions. This review summarizes literature that has explored how dysregulation of

menstruation can contribute to the pathogenesis of endometriosis such as dysregulation

of inflammatory mediators, aberrant endometrial matrix metalloproteinase expression,

hypoxic stress, and reduced apoptosis. Overall, many of these factors have overlapping

pathways which can prolong the survival of shed endometrial debris, increase tissue

migration, and facilitate implantation of endometrial tissue at ectopic sites. Moreover,

some of these changes are also implicated in abnormal uterine bleeding and endometrial

diseases. More research is needed to better understand the underlying mechanisms

driving dysregulation of menstruation in endometriosis specifically and identifying specific

pathways could introduce new treatment targets. Analyzing menstrual fluid from women

with endometriosis for inflammatory markers and other biomarkers may also be beneficial

for earlier diagnosis and disease staging.

Keywords: endometriosis, menstruation, pathogenesis, inflammation, matrix metalloproteinase (MMP),

angiogenesis, apoptosis, abnormal uterine bleeding (AUB)

INTRODUCTION

Endometriosis is a chronic inflammatory condition characterized by the growth of endometrial-like
tissue outside the uterus. Around 10% of reproductive-aged women are affected and symptomsmay
include chronic pelvic pain, dyspareunia, and subfertility which can impair the patient’s quality
of life and work productivity (1). Paradoxically, the severity of symptoms does not necessarily
correlate with disease presentation and the lack of reliable diagnostic biomarkers contributes to
the average diagnostic delay of 7 years from the onset of symptoms (2, 3). Depending on location
and depth of tissue invasion, endometriosis can be classified as superficial (peritoneal), ovarian, or
deep (infiltrating) endometriosis. If endometriosis is suspected, laparoscopic visualization remains
the gold standard for diagnosis and lesions found may be excised or ablated for symptom control.
Apart from surgery, medical treatments, such as analgesics, hormonal modulation/suppression
with progestins, combined oral contraceptive pills, or Gonadotrophin-releasing hormone (GnRH)
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modulators, can be used for pain management. While symptoms
may be reduced temporarily, a cure has sadly not been identified.

One of the main challenges for researchers is the uncertainty
regarding the exact underlying mechanisms explaining the
etiology and natural history of endometriosis. Sampson’s
theory of retrograde menstruation is the most widely accepted
hypothesis describing how disruption to normal menstrual
flow may result in endometriosis. Normally, the superficial
(functional) endometrial layer is sloughed during menstruation
(menses) to prepare the endometrium for the next menstrual
cycle resulting in vaginal bleeding for an average of 5 days (4). In
retrograde menstruation, shed tissue flows through the fallopian
tubes, enters the pelvic cavity and adheres to tissue in the pelvic
cavity leading to formation of ectopic endometriosis lesions.

This review focuses on the “theory of retrograde
menstruation” as part of the Frontiers “Menstruation: Myths,
Mechanisms, Models, and Malfunction” Special Issue. However,
we acknowledge that retrograde menstruation is unable to
explain all cases of endometriosis and other theories [e.g.,
stem cells, epithelial-mesenchymal transition (EMT), coelomic
metaplasia, etc.] have also been proposed (5–7).

SEARCH STRATEGY

We applied a broad search strategy to the PubMed database using
the terms “(endometriosis) AND [menstruation OR (menstrual
cycle) OR menses]” for studies published from inception until
July 2021 yielding 3,020 manuscripts. Studies not specific to the
menstruation dysregulation themes or other narrative review
articles were excluded. Reference lists of studies used in this
review were searched for additional studies we judged as relevant.
Ultimately, 62 studies were included in the review.

REGULATION OF MENSTRUATION

Dysregulation of Inflammatory Mediators
Following ovulation, the corpus luteum produces progesterone
which has anti-inflammatory effects to create a suitable
environment for embryo implantation. In the absence of
pregnancy, the corpus luteum regresses causing a rapid decline
in progesterone levels increasing the activation of the NF-kB
inflammatory pathway to prepare for menstruation (8, 9). Local
endometrial secretion of inflammatory mediators from epithelial
and stromal cells are normally upregulated during the secretory
and menstrual phase in the presence of tissue necrosis to aid
endometrial repair as part of physiologic menstruation (8).

Many studies have investigated the role of inflammatory
regulators in the pathogenesis of endometriosis especially the
production of interleukin-1, interleukin-8, tumor necrosis
factor-a (TNF-a), monocyte chemotactic protein-1 (MCP-1),
and macrophage migration inhibitory factor, and it is generally
agreed that women with endometriosis display significantly
higher cytokine mRNA expression and immunohistochemistry
staining in eutopic/ectopic endometria and peritoneal tissue
(10–12). Increased cytokine secretion from endometrial
tissue and peritoneal fluid may act in an autocrine manner
to promote angiogenesis and cellular proliferation in the

endometrium prolonging the viability of shed endometrial cells
for implantation, but the exact relationship remains unclear (10).

Apart from aberrant cytokine expression, their receptors are
also dysregulated in endometriosis. For example, soluble IL-
1 receptor II (ILR-II) is normally concomitantly upregulated
as a “decoy receptor” inhibiting excess activation of IL-1. In
endometriosis, researchers observed a downregulation of ILR-II
immunostaining in eutopic endometrial tissue (13) and greater
IL-1-induced MCP-1 secretion from endometrial epithelial cells
in vitro (14). Interestingly, Akoum et al. observed increased ILR-
II staining within epithelial cells suggesting that the release of
ILR-II to the cell surface may be inhibited (13). TNF-a also
has two primary receptors, TNF-RI and TNF-RII, with pro-
inflammatory and anti-inflammatory actions, respectively. In
endometriosis, decreased expression of anti-inflammatory TNF-
RII within endometrial glandular cells favors pro-inflammatory
activity and reduced apoptosis, the importance of which will be
discussed later (15). The underlying causes for the downregulated
receptors are uncertain and improved knowledge of these control
pathways could introduce new treatment methods to reduce the
exaggerated immune response.

Dysregulation of innate and adaptive immune mediators
could also promote the development of endometriotic lesions.
Studies found that antigen-presenting cells like dendritic cells
(DC) and Foxp3+ regulatory T-cells were downregulated in
endometriosis during the secretory and menstrual phases (16,
17). Although their exact role in menstruation is unclear,
researchers suggest that they may activate a targeted immune
response toward menstrual debris for clearance (16, 17). The
function of endometrial macrophages also appears altered in
endometriosis which can cause implications toward disease
progression (18). Normally, macrophages phagocytose foreign
substances but this activity can be suppressed by certain
regulators. For example, mRNA expression of the scavenger
receptor CD36 is decreased in peritoneal macrophages and may
explain decreased phagocytosis in women with endometriosis
contributing to the persistence of peritoneal cavity lesions
(19). If endometriotic lesions bleed, this can cause peritoneal
heme accumulation and increased heme oxygenase-1 (HO-1)
expression in ectopic endometrial stromal cells and peritoneal
macrophages, both suppressors of phagocytosis (20). Although
evidence suggests that heme and HO-1 overload reduces
phagocytosis of ectopic stromal cells, whether these factors
could affect endometrial macrophage activity in a paracrine
manner should be explored (20). Macrophage phenotype can
also exhibit pro- and anti-inflammatory properties. A recent
study sequenced RNA from eutopic endometrial macrophages
from women with endometriosis which exhibited a significantly
greater (z-score≥ 2.00) pro-inflammatory phenotype (activation
of NF-kB pathways and increased upstream TNF regulators) not
observed in controls (21). Altogether, an inefficient clearance
of shed menstrual fragments could prolong the survival of
cells increasing the chance for implantation. Furthermore,
the presence of uncleared debris and altered macrophage
phenotype may further contribute to an inflammatory peritoneal
environment promoting the establishment and persistence of
endometriosis lesions (19–21).
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Limited research has been done analyzing menstrual blood
for inflammatory markers in endometriosis. One study found
significantly higher myeloperoxidase (MPO) and N-acetyl-B-D-
glucosaminidase (NAG) enzymes (P = 0.0117 and P = 0.039,
respectively), both markers of leukocyte accumulation, in the
menstrual blood of women with endometriosis compared to
peripheral blood which was not observed in controls. However,
when menstrual effluent NAG and MPO activity was compared
between controls and endometriosis samples, there was no
significant difference (22). Nonetheless, the significant difference
in inflammatory markers found in the menstrual blood of
endometriosis samples should not be undermined because
they corroborate with earlier studies that suggest increased
inflammatory activity in endometriosis (15). Recent evidence
also found a distinct cytokine profile in menstrual blood vs.
blood plasma in healthy donors demonstrating the importance of
menstrual blood as a non-invasive source for profiling expression
of mediators found in endometrial tissue (23). Therefore, future
studies should consider utilizing menstrual blood for analyzing
other inflammatory markers raised in endometriosis since it
would best represent the inflammatory content of menstrual
effluents during retrograde menstruation.

MATRIX METALLOPROTEINASES

Matrix metalloproteinases (MMP) are a family of enzymes
mainly localized in the functional layer of the endometrium
and secreted from stromal fibroblasts and immune cells
mediating endometrial breakdown and extracellular matrix
remodeling during menstruation. Ovarian steroid hormones
regulate MMP activity and endogenous antagonists known as
tissue inhibitors of matrix metalloproteinases (TIMP) prevent
overexpression (24). Due to their impact on endometrial
structure, abnormal expression of some MMPs such as MMP-
2 and MMP-9 are implicated in uterine pathologies such as
heavymenstrual bleeding (HMB), fibroids and adenomyosis (25–
27). In endometriosis, aberrant MMP/TIMP expression may
cause excess endometrial tissue migration, endometrial invasion,
and recruitment of angiogenic factors in ectopic lesions (28,
29). Furthermore, enhanced proteolytic activity may dislocate
the basal layer of the endometrium increasing the amount of
basalis cells in menstrual blood with stem cell characteristics
that can differentiate into epithelial and stromal endometrial
tissue supporting the stem cell theory (5, 30). However, not all
subtypes are dysregulated in endometriosis, and several factors
could influence MMP expression.

As mentioned earlier, inflammatory mediators have a
multifaceted role and regulating MMP activity is no exception.
In a study that treated uterine tissue containing both epithelial
and stromal cells with cytokines upregulated in endometriosis,
tissue derived from patients with endometriosis secreted
more MMP-3 following IL-1 treatment (P < 0.01) in a dose-
dependent manner which was not observed in controls. This
showed that endometrial cells from women with endometriosis
respond differently to cytokine-induced MMP secretion.
However, treatment with TNF-a did not change MMP-3

secretion. Furthermore, MMP-1/2 and TIMP-1/2 levels were
not significantly different to controls after cytokine stimulation
suggesting that cytokine-specific pathways are present (31).
Therefore, future in vitro analyses of MMP secretion against
an array of cytokine treatments may be useful in identifying
specific immune pathways. MMP-27 has also been found to
localize near CD163+/CD206+ macrophages especially during
the time of menstruation. This inflammatory and degenerative
microenvironment can favor endometriosis progression by
increasing tissue migration and promoting implantation (32).

Local MMP expression can vary greatly depending on the
location of endometriotic lesions and growth patterns. One study
analyzed MMP expression in colorectal endometriosis (one of
the most aggressive forms of deep infiltrative endometriosis) and
reported significantly greater MMP-2,−3, and−11, and lower
TIMP-2 expression than endometrial cysts and peritoneal lesions
(33). Ovarian endometriomas also had a different MMP profile
with increased production of MMP-1,−2,−7, and−9 during
the menstrual period (29, 33). Since ovarian steroid hormone
secretion lacks the normal cyclic variation in the presence of
endometriomas (34), this may explain the different MMP-2
expression compared to other types of endometriosis (29). In
vitro studies suggest that increased MMP activity is related
to disease invasiveness which may explain the different MMP
profile in colorectal endometriosis (35, 36). Certain MMP levels
in peritoneal fluid are positively correlated to advanced stages
of disease according to revised AFS staging, making MMP a
promising diagnostic biomarker and is being explored (37). The
exact cause for the overall increased MMP-2 expression remains
unknown, but it may be due to reducedMMP-2 genemethylation
(38). For clarity, Table 1 summarizes the MMPs upregulated
depending on endometriosis location and main study findings.

While many of the studies recognize that MMP is upregulated
during menstruation, most of the evidence available is from
tissue samples collected during the proliferative or secretory
(31, 33, 35, 38) phases. This limits the interpretation that MMP
dysregulation during menstruation can cause endometriosis and
future research should compare endometrial tissue obtained
during the menstrual phase to fully understand the impact
on disease pathogenesis. Since the location can also affect
MMP expression, endometriotic samples should be compared
according to lesion location to minimize potential confounders.

HYPOXIA AND ANGIOGENESIS

During menstruation, the rapid decline in progesterone also
causes vasoconstriction of the spiral arterioles which supplies
oxygenated blood to the endometrium during the luteal phase.
Reduced oxygen supply induces hypoxic stress stabilizing
hypoxia inducible factor 1 (HIF-1). Although the exact roles
of hypoxia and HIF-1 in the endometrium remains unclear, it
is hypothesized to help restore endometrial blood supply and
assist in endometrial repair following menstruation (42, 43).
However, perturbation of hypoxia in the endometrium may
also potentiate gynecological conditions like heavy menstrual
bleeding and endometriosis (42).
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TABLE 1 | Summary of literature analyzing MMP expression in endometriosis.

References Important

MMP/TIMP

subtype(s) identified

Location of endometriosis Main finding(s)/conclusion(s)

Sillem et al. (39) TIMP-2 Unspecified Increased TIMP-2 transcription may increase endometrial cell

invasiveness

Mizumoto et al. (29) MMP-1,−2,−7, -9

TIMP-1

Endometrioma MMP primarily produced from stromal cells which may cause

ECM destruction

Sillem et al. (31) MMP-1,−2, -3

TIMP-1,−2

Unspecified IL-1 induces significantly greater MMP-3 secretion from

eutopic EM tissue not observed in controls

Chung et al. (35) MMP-2 TIMP-2 Unspecified Increased eutopic endometrial MMP-2 expression in EM and

significantly lower TIMP-2

Uzan et al. (33) MMP-2,−3, -11

TIMP-1,−2

Colorectal, endometrioma,

peritoneal

MMP profile depends on EM location; Highest MMP-2,−3,

and−11 expression in colorectal EM; TIMP-2 expression

higher in peritoneal EM

Hudelist et al. (40) MMP-1 Endometrioma, peritoneal Significantly increased MMP-immunohistochemistry staining

in ectopic lesions; non-significant differences in eutopic

MMP-1 compared to controls

Kyama et al. (11) MMP-3 Unspecified Significantly higher eutopic MMP-3 mRNA expression in EM

Matsuzaki et al. (41) MMP-9 Unspecified Higher eutopic MMP-9 in EM; PFK 115-584 inhibited activity

and reduced invasive cells

Cominelli et al. (32) MMP-27 Endometrioma, peritoneal,

rectovaginal

Increased macrophage MMP-27 in endometrioma and

peritoneal EM, but not in rectovaginal lesions

Tang et al. (38) MMP-2, -9

TIMP-1,−2, -3

Unspecified Decreased MMP-2 DNA methylation in EM cells; Significantly

higher MMP-2,−9 and TIMP-1,−2 transcription abundance in

EM; Significantly lower TIMP-3 transcription abundance in EM

One of the ways hypoxia may promote endometriosis is
by increasing EMT. The EMT theory describes the changes
of stationary epithelial cells to migratory mesenchymal cells
during tissue repair. Our understanding of EMT in endometrial
physiology is mostly derived from murine mice models, but
the few studies utilizing human endometrial tissue suggest that
factors driving EMT may be increased in endometriosis (44,
45). Rytkonen et al. found that hypoxia upregulated several
stromal cell-specific genes that drive EMT (e.g., collagens,
fibronectin, and proteases) and increased the expression
of transcription factors JunD Proto-Oncogene and CCAAT
Enhancer Binding Protein Delta by 18- and 5-fold, respectively,
in deep endometriotic lesions (45). These transcription factors
could be potential treatment targets, and inhibitors of the
Jun pathway like the c-Jun NH2-terminal kinase inhibitor
significantly reduced the amount of active endometriotic
lesions in baboon models (46). Other studies also found
increased mesenchymal transition markers like N-cadherin and
vimentin in endometrial epithelial cells under hypoxic and
inflammatory conditions (47, 48). Meanwhile, invasive activity
andmesenchymal changes of Ishikawa cells decreased whenHIF-
1a levels were down-regulated (48). Therefore, hypoxic stress
during menstruation may promote EMT and gene expression
favoring endometrial cell migration.

Vascular endothelial growth factor alpha (VEGF-a) is an
important angiogenic mediator, that is upregulated during
menstruation and further activated by hypoxia and inflammation
(49). However, excess VEGF-a in menstrual fragments may
increase the vascularization potential of shed cells during

retrograde menstruation facilitating attachment and growth at
extra-uterine sites (9, 50). An interesting point of discussion
is the comparison of VEGF expression in red (more active
and vascular) lesions vs. black (less active and later-staged)
lesions. Khan et al. found significantly higher VEGF expression
in red lesions correlating with higher vascular activity (51).
Meanwhile, a later study by Takehara et al. found no significant
difference in gene expression and it remains unclear whether
VEGF differs depending on the type of lesion (52). However, both
agreed that women with endometriosis had significantly higher
VEGF immunoreactivity in eutopic/ectopic endometrial tissue
compared to controls which is well-supported by the existing
literature (52–55). The endometrial lesions also exhibited similar
proliferative and angiogenic activity as eutopic tissue supporting
Sampson’s theory of retrograde menstruation (51).

The Notch-induced four jointed box 1 (FJX1) protein
has also been considered a possible pro-angiogenic factor
in endometriosis. In the primate endometrium, Notch
regulates decidualization, cell proliferation, and cell fate
(56). Although FJX1 function is poorly understood in
humans, its regulatory actions on HIF-1 may influence
angiogenic activity. In eutopic tissue from human and baboon
models with endometriosis, FJX1 was significantly increased
during the secretory phase. During menstruation, FJX1’s
downstream effects like increased angiogenic activity and HIF-1
expression was observed (57). However, other upstream factors
must be dysregulated in endometriosis since FJX1 was not
significantly raised in the normal endometrium. Increased
activation of the Notch signaling pathway in endometriosis
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FIGURE 1 | Summary of dysregulated menstrual pathways that can contribute to the pathogenesis of endometriosis. In women with endometriosis, dysregulation of

several menstrual processes (angiogenesis, EMT, apoptotic regulators, inflammation, debris clearance, MMP) may promote endometrial cell detachment, prolong

endometrial cell survival, and increase the likelihood for implantation following retrograde menstruation. Understanding these pathways may introduce new therapeutic

targets and can be achieved by further exploring the underlying mechanisms of menstrual dysregulation in endometriosis. Created with BioRender.com.

could be a reasonable assumption since it induces FJX1
expression (58). In murine models with endometriosis,
administration of Notch1 antagonists reduced cell migration
and size of lesions and could be a promising therapeutic
target (58).

While VEGF activity may be similar between eutopic and
ectopic endometrial tissue, other menstrual characteristics
may not necessarily be shared. In a recent retrospective study,
matched superficial peritoneal endometriotic lesions and
eutopic endometrial tissue from 42 patients were compared for
histological/morphological analysis throughout the menstrual
cycle and only 4% of the endometriotic lesions displayed
stromal decidualization during the secretory phase (59).
Endometriotic gland profiles (i.e., presence of hemosiderin-
laden macrophages outside the menstrual phase) were
independent of the menstrual cycle phases also reported by
previous studies which may explain intermenstrual pelvic
pain symptoms reiterating the complexity of endometriotic
tissue (59–61).

CONTROL OF APOPTOSIS REGULATORS
AND CELL PROLIFERATION

Apoptosis is a form of programmed cell death and is
important during menstruation to eliminate shed cells within
the uterine environment. In women with endometriosis, reduced
spontaneous eutopic endometrial apoptosis was observed using
TdT-mediated dUTP biotin nick end-labeling assay throughout
the menstrual cycle which could prolong cell survival for
implantation at ectopic sites (62, 63). Interestingly, when Bax,
a pro-apoptotic gene, was analyzed using immunohistochemical
techniques during the secretory phase, the levels were raised
in endometriosis which seems counterintuitive (63, 64). When
another study further separated the secretory phase into early
and late stages, Bax mRNA expression was significantly higher
during the early phase in endometriosis, but decreased by 63%
during the late secretory phase accompanied by reduced stromal
and epithelial apoptotic activity compared to controls (64). It is
unclear why pro-apoptotic factors are upregulated earlier in the
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menstrual cycle, but the later downregulation supports the theory
of reduced apoptosis during menstruation in endometriosis.

Increased expression of anti-apoptotic factors may also
explain the reduced apoptotic activity in endometriosis. For
example, the phosphorylated ERK1/2 pathway usually prolongs
cell survival and can influence the c-Jun transcription factor
described earlier but is abnormally high in endometriosis
regardless of the menstrual cycle phase resulting in persistent
proliferative changes (65–68). Recently, a study suggested that
the ERK pathways may also induce plasminogen activator
inhibitor-1 expression, another anti-apoptotic protein that
inhibits fibrinolysis, and is hypothesized to assist in the shedding
of endometrial cells for attachment elsewhere (69).

The B-cell lymphoma 2 family proteins have also been
commonly studied since they comprise of both pro-apoptotic
(Bcl-xS) and anti-apoptotic (Bcl-xL and Bcl-2) regulators in
the endometrium. In every sample analyzed, Bcl-xL expression
significantly exceeded Bcl-xS throughout the menstrual cycle.
Furthermore, the anti-apoptotic Bcl-2 form was increased in
endometriosis improving endometrial cell survival (70). Overall,
the literature suggests that the decreased apoptotic activity during
the late-secretory and menstrual phases prolong the viability
of shed endometrial cells allowing for implantation. However,
the proliferative and early-secretory phases may have increased
apoptotic activity and should be further investigated.

CONCLUSIONS

Menstruation is a complex physiological process, and
dysregulation of control mechanisms are implicated in abnormal
uterine bleeding and endometrial diseases. In endometriosis,
increased endometrial invasion, inflammation, angiogenic
activity, and MMP have many overlapping pathways facilitating
basalis invasion, EMT, stem cells release, prolonged viability of

shed endometrial cells and implantation of ectopic lesions (see
Figure 1), although the exact underlying mechanisms remain
unclear. In the future, more studies should assess endometrial
biopsies collected during the menstrual phase. The menstrual
cycle phase of biopsy collection and the location of endometriosis
lesions may introduce confounders when analyzing regulatory
factors and should be considered. Evaluating menstrual blood
from women with endometriosis could also be a useful non-
invasive sample for understanding disease mechanisms and
exploring potential biomarkers. It is evident that menstruation
is a complex physiological process with many unanswered
questions. However, understanding how dysregulation of certain
factors contribute to the pathogenesis of endometriosis can
help identify new diagnostic markers and therapeutic targets,
ultimately improving the patient’s quality of life.

AUTHOR CONTRIBUTIONS

KK wrote the manuscript, created the tables/figures, and
designed the review with AH. DG, LW, and AH were involved
in critically reviewing and editing the manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

AH and LW were supported by a grant from the Medical
Research Council (MR/N022556/1). DG was supported by a Sir
Henry Dale Fellowship jointly funded by theWellcome Trust and
the Royal Society (Grant No. 220656/Z/20/Z to DG). LW was
supported by an NES/CSO Clinical Lectureship (PCL/19/01).

ACKNOWLEDGMENTS

Figures Generated using BioRender.com.

REFERENCES

1. Nnoaham KE, Hummelshoj L, Webster P, d’Hooghe T, de Cicco Nardone F,

de Cicco Nardone C, et al. Impact of endometriosis on quality of life and work

productivity: a multicenter study across ten countries. Fertil Steril. (2011)

96:366–73.e8. doi: 10.1016/j.fertnstert.2011.05.090

2. Johnson NP, Hummelshoj L, Adamson GD, Keckstein J, Taylor HS, Abrao

MS, et al. World Endometriosis Society consensus on the classification

of endometriosis. Hum Reprod. (2017) 32:315–24. doi: 10.1093/humrep/d

ew293

3. Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN,

Viganò P. Endometriosis. Nat Rev Dis Primers. (2018) 4:9.

doi: 10.1038/s41572-018-0008-5

4. Bull JR, Rowland SP, Scherwitzl EB, Scherwitzl R, Danielsson KG, Harper J.

Real-world menstrual cycle characteristics of more than 600,000 menstrual

cycles. NPG Digit Med. (2019) 2:83. doi: 10.1038/s41746-019-0152-7

5. Sourial S, Tempest N, Hapangama DK. Theories on the pathogenesis

of endometriosis. Int J Reprod Med. (2014) 2014:179515.

doi: 10.1155/2014/179515

6. Gruenwald P. Origin of endometriosis from the mesenchyme

of the celomic walls. Am J Obstet Gynecol. (1942) 44:470–4.

doi: 10.1016/S0002-9378(42)90484-8

7. Masuda H, Matsuzaki Y, Hiratsu E, Ono M, Nagashima T, Kajitani

T, et al. Stem cell-like properties of the endometrial side population:

implication in endometrial regeneration. PLoS ONE. (2010) 5:e10387.

doi: 10.1371/journal.pone.0010387

8. Evans J, Salamonsen LA. Inflammation, leukocytes and menstruation. Rev

Endocr Metab Disord. (2012) 13:277–88. doi: 10.1007/s11154-012-9223-7

9. Brenner RM, Nayak NR, Slayden OD, Critchley HO, Kelly RW. Premenstrual

and menstrual changes in the macaque and human endometrium: relevance

to endometriosis. Ann N Y Acad Sci. (2002) 955:60–74; discussion: 86–8:396–

406. doi: 10.1111/j.1749-6632.2002.tb02766.x

10. Ulukus M, Ulukus EC, Tavmergen Goker EN, Tavmergen E, Zheng

W, Arici A. Expression of interleukin-8 and monocyte chemotactic

protein 1 in women with endometriosis. Fertil Steril. (2009) 91:687–93.

doi: 10.1016/j.fertnstert.2007.12.067

11. Kyama CM, Overbergh L, Debrock S, Valckx D, Vander Perre S,

Meuleman C, et al. Increased peritoneal and endometrial gene expression

of biologically relevant cytokines and growth factors during the menstrual

phase in women with endometriosis. Fertil Steril. (2006) 85:1667–75.

doi: 10.1016/j.fertnstert.2005.11.060

12. Lin W, Chen S, Li M, Wang B, Qu X, Zhang Y. Expression of macrophage

migration inhibitory factor in human endometriosis: relation to disease stage,

menstrual cycle and infertility. J Obstet Gynaecol Res. (2010) 36:344–51.

doi: 10.1111/j.1447-0756.2009.01123.x

13. Akoum A, Jolicoeur C, Kharfi A, Aubé M. Decreased expression of the decoy

interleukin-1 receptor type II in human endometriosis. Am J Pathol. (2001)

158:481–9. doi: 10.1016/S0002-9440(10)63990-9

Frontiers in Reproductive Health | www.frontiersin.org 6 October 2021 | Volume 3 | Article 756704

www.BioRender.com
https://doi.org/10.1016/j.fertnstert.2011.05.090
https://doi.org/10.1093/humrep/dew293
https://doi.org/10.1038/s41572-018-0008-5
https://doi.org/10.1038/s41746-019-0152-7
https://doi.org/10.1155/2014/179515
https://doi.org/10.1016/S0002-9378(42)90484-8
https://doi.org/10.1371/journal.pone.0010387
https://doi.org/10.1007/s11154-012-9223-7
https://doi.org/10.1111/j.1749-6632.2002.tb02766.x
https://doi.org/10.1016/j.fertnstert.2007.12.067
https://doi.org/10.1016/j.fertnstert.2005.11.060
https://doi.org/10.1111/j.1447-0756.2009.01123.x
https://doi.org/10.1016/S0002-9440(10)63990-9
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/reproductive-health#articles


Kuan et al. Menstruation Dysregulation and Endometriosis Development

14. Jolicoeur C, Boutouil M, Drouin R, Paradis I, Lemay A, Akoum A. Increased

expression of monocyte chemotactic protein-1 in the endometrium of women

with endometriosis. Am J Pathol. (1998) 152:125–33.

15. Kharfi A, Labelle Y, Mailloux J, Akoum A. Deficient expression

of tumor necrosis factor receptor type 2 in the endometrium of

women with endometriosis. Am J Reprod Immunol. (2003) 50:33–40.

doi: 10.1034/j.1600-0897.2003.00058.x

16. Berbic M, Hey-Cunningham AJ, Ng C, Tokushige N, Ganewatta S, Markham

R, et al. The role of Foxp3+ regulatory T-cells in endometriosis: a potential

controlling mechanism for a complex, chronic immunological condition.

Hum Reprod. (2010) 25:900–7. doi: 10.1093/humrep/deq020

17. Maridas DE, Hey-Cunningham AJ, Ng CHM, Markham R, Fraser IS, Berbic

M. Peripheral and endometrial dendritic cell populations during the normal

cycle and in the presence of endometriosis. J Endometr Pelvic Pain Disord.

(2014) 6:67–119. doi: 10.5301/je.5000180

18. Hogg C, Horne AW, Greaves E. Endometriosis-associated macrophages:

origin, phenotype, and function. Front Endocrinol. (2020) 11:7.

doi: 10.3389/fendo.2020.00007

19. Chuang PC, Wu MH, Shoji Y, Tsai SJ. Downregulation of CD36 results

in reduced phagocytic ability of peritoneal macrophages of women with

endometriosis. J Pathol. (2009) 219:232–41. doi: 10.1002/path.2588

20. Liu YY, Liu YK, Hu WT, Tang LL, Sheng YR, Wei CY, et al. Elevated heme

impairs macrophage phagocytosis in endometriosis. Reproduction. (2019)

158:257–66. doi: 10.1530/REP-19-0028

21. Vallvé-Juanico J, Santamaria X, Vo KC, Houshdaran S, Giudice LC.

Macrophages display proinflammatory phenotypes in the eutopic

endometrium of women with endometriosis with relevance to an

infectious etiology of the disease. Fertil Steril. (2019) 112:1118–28.

doi: 10.1016/j.fertnstert.2019.08.060

22. da Silva CM, Vilaça Belo A, Passos Andrade S, Peixoto Campos P,

Cristina França Ferreira M, Lopes da Silva-Filho A, et al. Identification

of local angiogenic and inflammatory markers in the menstrual blood

of women with endometriosis. Biomed Pharmacother. (2014) 68:899–904.

doi: 10.1016/j.biopha.2014.08.005

23. Crona Guterstam Y, Strunz B, Ivarsson MA, Zimmer C, Melin AS, Jonasson

AF, et al. The cytokine profile of menstrual blood. Acta Obstet Gynecol Scand.

(2021) 100:339–46. doi: 10.1111/aogs.13990

24. Salamonsen LA, Woolley DE. Matrix metalloproteinases in

normal menstruation. Hum Reprod. (1996) 11(Suppl. 2):124–33.

doi: 10.1093/humrep/11.suppl_2.124

25. Nothnick WB. Regulation of uterine matrix metalloproteinase-9

and the role of microRNAs. Semin Reprod Med. (2008) 26:494–9.

doi: 10.1055/s-0028-1096129

26. Malik S, Day K, Perrault I, Charnock-Jones DS, Smith SK. Reduced levels of

VEGF-A and MMP-2 and MMP-9 activity and increased TNF-α in menstrual

endometrium and effluent in women with menorrhagia. Hum Reprod. (2006)

21:2158–66. doi: 10.1093/humrep/del089

27. Inagaki N, Ung L, Otani T, Wilkinson D, Lopata A. Uterine cavity matrix

metalloproteinases and cytokines in patients with leiomyoma, adenomyosis

or endometrial polyp. Eur J Obstet Gynecol Reprod Biol. (2003) 111:197–203.

doi: 10.1016/S0301-2115(03)00244-6

28. Wolber EM, Kressin P, Meyhöfer-Malik A, Diedrich K, Malik E. Differential

induction of matrix metalloproteinase 1 and 2 in ectopic endometrium.

Reprod Biomed Online. (2003) 6:238–43. doi: 10.1016/S1472-6483(10)61716-6

29. Mizumoto H, Saito T, Ashihara K, Nishimura M, Takehara M, Tanaka R,

et al. Expression of matrix metalloproteinases in ovarian endometriomas:

immunohistochemical study and enzyme immunoassay. Life Sci. (2002)

71:259–73. doi: 10.1016/S0024-3205(02)01641-7

30. Leyendecker G, Herbertz M, Kunz G, Mall G. Endometriosis results from

the dislocation of basal endometrium. Hum Reprod. (2002) 17:2725–36.

doi: 10.1093/humrep/17.10.2725

31. Sillem M, Prifti S, Koch A, Neher M, Jauckus J, Runnebaum B. Regulation of

matrix metalloproteinases and their inhibitors in uterine endometrial cells of

patients with and without endometriosis. Eur J Obstet Gynecol Reprod Biol.

(2001) 95:167–74. doi: 10.1016/S0301-2115(00)00415-2

32. Cominelli A, Gaide Chevronnay HP, Lemoine P, Courtoy PJ, Marbaix E,

Henriet P. Matrix metalloproteinase-27 is expressed in CD163+/CD206+

M2 macrophages in the cycling human endometrium and in

superficial endometriotic lesions. Mol Hum Reprod. (2014) 20:767–75.

doi: 10.1093/molehr/gau034

33. Uzan C, Cortez A, Dufournet C, Fauvet R, Siffroi JP, Daraï E. Eutopic

endometrium and peritoneal, ovarian and bowel endometriotic tissues express

a different profile of matrix metalloproteinases-2,−3 and−11, and of tissue

inhibitor metalloproteinases-1 and−2. Virchows Arch. (2004) 445:603–9.

doi: 10.1007/s00428-004-1117-y

34. Tang ZR, Zhang R, Lian ZX, Deng SL, Yu K. Estrogen-receptor

expression and function in female reproductive disease. Cells. (2019) 8:1123.

doi: 10.3390/cells8101123

35. Chung HW, Lee JY, Moon HS, Hur SE, Park MH, Wen Y,

et al. Matrix metalloproteinase-2, membranous type 1 matrix

metalloproteinase, and tissue inhibitor of metalloproteinase-2 expression

in ectopic and eutopic endometrium. Fertil Steril. (2002) 78:787–95.

doi: 10.1016/S0015-0282(02)03322-8

36. Kokorine I, Nisolle M, Donnez J, Eeckhout Y, Courtoy PJ, Marbaix E.

Expression of interstitial collagenase (matrix metalloproteinase-1) is related

to the activity of human endometriotic lesions. Fertil Steril. (1997) 68:246–51.

doi: 10.1016/S0015-0282(97)81510-5

37. Liu H, Wang J, Wang H, Tang N, Li Y, Zhang Y, et al. The plasma and

peritoneal fluid concentrations of matrix metalloproteinase-9 are elevated

in patients with endometriosis. Ann Clin Biochem. (2016) 53(Pt 5):599–605.

doi: 10.1177/0004563215626458

38. Tang L, Xiang Y, Zhou Y, Mu J, Zai M, Xing Q, et al. The DNA methylation

status of genes encoding Matrix metalloproteinases and tissue inhibitors of

Matrix metalloproteinases in endometriosis. Mol Reprod Dev. (2018) 85:17–

25. doi: 10.1002/mrd.22931

39. Sillem M, Prifti S, Neher M, Runnebaum B. Extracellular matrix

remodelling in the endometrium and its possible relevance to the

pathogenesis of endometriosis. Hum Reprod Update. (1998) 4:730–5.

doi: 10.1093/humupd/4.5.730

40. Hudelist G, Lass H, Keckstein J, Walter I, Wieser F, Wenzl R, et al. Interleukin

1alpha and tissue-lytic matrix metalloproteinase-1 are elevated in ectopic

endometrium of patients with endometriosis. Hum Reprod. (2005) 20:1695–

701. doi: 10.1093/humrep/deh794

41. Matsuzaki S, Darcha C. In vitro effects of a small-molecule antagonist

of the Tcf/ß-catenin complex on endometrial and endometriotic

cells of patients with endometriosis. PLoS ONE. (2013) 8:e61690.

doi: 10.1371/journal.pone.0061690

42. Maybin JA, Murray AA, Saunders PTK, Hirani N, Carmeliet P, Critchley

HOD. Hypoxia and hypoxia inducible factor-1α are required for normal

endometrial repair during menstruation. Nat Commun. (2018) 9:295.

doi: 10.1038/s41467-017-02375-6

43. Taylor CT, Doherty G, Fallon PG, Cummins EP. Hypoxia-dependent

regulation of inflammatory pathways in immune cells. J Clin Invest. (2016)

126:3716–24. doi: 10.1172/JCI84433

44. Owusu-Akyaw A, Krishnamoorthy K, Goldsmith LT, Morelli SS. The role

of mesenchymal-epithelial transition in endometrial function. Hum Reprod

Update. (2019) 25:114–33. doi: 10.1093/humupd/dmy035

45. Rytkönen KT, Heinosalo T, Mahmoudian M, Ma X, Perheentupa A, Elo LL,

et al. Transcriptomic responses to hypoxia in endometrial and decidual

stromal cells. Reproduction. (2020) 160:39–51. doi: 10.1530/REP-19-0615

46. Hussein M, Chai DC, Kyama CM, Mwenda JM, Palmer SS, Gotteland JP,

et al. c-Jun NH2-terminal kinase inhibitor bentamapimod reduces induced

endometriosis in baboons: an assessor-blind placebo-controlled randomized

study. Fertil Steril. (2016) 105:815–24.e5. doi: 10.1016/j.fertnstert.2015.11.022

47. Kusama K, Fukushima Y, Yoshida K, Sakakibara H, Tsubata N, Yoshie M, et

al. Endometrial epithelial-mesenchymal transition (EMT) by menstruation-

related inflammatory factors during hypoxia. Mol Hum Reprod. (2021)

27:gaab036. doi: 10.1093/molehr/gaab036

48. Xiong Y, Liu Y, XiongW, Zhang L, Liu H, Du Y, et al. Hypoxia-inducible factor

1α-induced epithelial-mesenchymal transition of endometrial epithelial cells

may contribute to the development of endometriosis. Hum Reprod. (2016)

31:1327–38. doi: 10.1093/humrep/dew081

49. Graubert MD, Ortega MA, Kessel B, Mortola JF, Iruela-Arispe ML. Vascular

repair after menstruation involves regulation of vascular endothelial growth

factor-receptor phosphorylation by sFLT-1.Am J Pathol. (2001) 158:1399–410.

doi: 10.1016/S0002-9440(10)64091-6

Frontiers in Reproductive Health | www.frontiersin.org 7 October 2021 | Volume 3 | Article 756704

https://doi.org/10.1034/j.1600-0897.2003.00058.x
https://doi.org/10.1093/humrep/deq020
https://doi.org/10.5301/je.5000180
https://doi.org/10.3389/fendo.2020.00007
https://doi.org/10.1002/path.2588
https://doi.org/10.1530/REP-19-0028
https://doi.org/10.1016/j.fertnstert.2019.08.060
https://doi.org/10.1016/j.biopha.2014.08.005
https://doi.org/10.1111/aogs.13990
https://doi.org/10.1093/humrep/11.suppl_2.124
https://doi.org/10.1055/s-0028-1096129
https://doi.org/10.1093/humrep/del089
https://doi.org/10.1016/S0301-2115(03)00244-6
https://doi.org/10.1016/S1472-6483(10)61716-6
https://doi.org/10.1016/S0024-3205(02)01641-7
https://doi.org/10.1093/humrep/17.10.2725
https://doi.org/10.1016/S0301-2115(00)00415-2
https://doi.org/10.1093/molehr/gau034
https://doi.org/10.1007/s00428-004-1117-y
https://doi.org/10.3390/cells8101123
https://doi.org/10.1016/S0015-0282(02)03322-8
https://doi.org/10.1016/S0015-0282(97)81510-5
https://doi.org/10.1177/0004563215626458
https://doi.org/10.1002/mrd.22931
https://doi.org/10.1093/humupd/4.5.730
https://doi.org/10.1093/humrep/deh794
https://doi.org/10.1371/journal.pone.0061690
https://doi.org/10.1038/s41467-017-02375-6
https://doi.org/10.1172/JCI84433
https://doi.org/10.1093/humupd/dmy035
https://doi.org/10.1530/REP-19-0615
https://doi.org/10.1016/j.fertnstert.2015.11.022
https://doi.org/10.1093/molehr/gaab036
https://doi.org/10.1093/humrep/dew081
https://doi.org/10.1016/S0002-9440(10)64091-6
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/reproductive-health#articles


Kuan et al. Menstruation Dysregulation and Endometriosis Development

50. Sharkey AM, Day K, McPherson A, Malik S, Licence D, Smith SK, et

al. Vascular endothelial growth factor expression in human endometrium

is regulated by hypoxia. J Clin Endocrinol Metab. (2000) 85:402–9.

doi: 10.1210/jcem.85.1.6229

51. Khan KN, Masuzaki H, Fujishita A, Kitajima M, Sekine I, Ishimaru T.

Immunoexpression of hepatocyte growth factor and c-Met receptor in the

eutopic endometrium predicts the activity of ectopic endometrium. Fertil

Steril. (2003) 79:173–81. doi: 10.1016/S0015-0282(02)04535-1

52. Takehara M, Ueda M, Yamashita Y, Terai Y, Hung YC, Ueki M. Vascular

endothelial growth factor A and C gene expression in endometriosis. Hum

Pathol. (2004) 35:1369–75. doi: 10.1016/j.humpath.2004.07.020

53. Danastas K, Miller EJ, Hey-Cunningham AJ, Murphy CR, Lindsay LA.

Expression of vascular endothelial growth factor A isoforms is dysregulated

in women with endometriosis. Reprod Fertil Dev. (2018) 30:651–7.

doi: 10.1071/RD17184

54. Filippi I, Carrarelli P, Luisi S, Batteux F, Chapron C, Naldini A, et al. Different

expression of hypoxic and angiogenic factors in human endometriotic lesions.

Reprod Sci. (2016) 23:492–7. doi: 10.1177/1933719115607978

55. Burlev VA, Il’yasova NA, Dubinskaya ED. Proliferative activity of

microvessels and angiogenesis in eutopic endometrium in patients

with peritoneal endometriosis. Bull Exp Biol Med. (2005) 139:727–31.

doi: 10.1007/s10517-005-0391-2

56. Afshar Y, Miele L, Fazleabas AT. Notch1 is regulated by chorionic

gonadotropin and progesterone in endometrial stromal cells and

modulates decidualization in primates. Endocrinology. (2012) 153:2884–96.

doi: 10.1210/en.2011-2122

57. Chang HJ, Yoo JY, Kim TH, Fazleabas AT, Young SL, Lessey BA,

et al. Overexpression of four joint box-1 protein (FJX1) in eutopic

endometrium fromwomen with endometriosis. Reprod Sci. (2018) 25:207–13.

doi: 10.1177/1933719117716780

58. He H, Liu R, Xiong W, Pu D, Wang S, Li T. Lentiviral vector-mediated

down-regulation of Notch1 in endometrial stem cells results in proliferation

and migration in endometriosis. Mol Cell Endocrinol. (2016) 434:210–8.

doi: 10.1016/j.mce.2016.07.004

59. Colgrave EM, Bittinger S, Healey M, Dior UP, Rogers PAW, Keast JR,

et al. Superficial peritoneal endometriotic lesions are histologically

diverse and rarely demonstrate menstrual cycle synchronicity with

matched eutopic endometrium. Hum Reprod. (2020) 35:2701–14.

doi: 10.1093/humrep/deaa249

60. Metzger DA, Olive DL, Haney AF. Limited hormonal responsiveness of

ectopic endometrium: histologic correlation with intrauterine endometrium.

Hum Pathol. (1988) 19:1417–24. doi: 10.1016/S0046-8177(88)80234-X

61. Bergqvist A, Ljungberg O, Myhre E. Human endometrium and endometriotic

tissue obtained simultaneously: a comparative histological study. Int J Gynecol

Pathol. (1984) 3:135–45. doi: 10.1097/00004347-198402000-00003

62. Dmowski WP, Ding J, Shen J, Rana N, Fernandez BB, Braun DP.

Apoptosis in endometrial glandular and stromal cells in women

with and without endometriosis. Hum Reprod. (2001) 16:1802–8.

doi: 10.1093/humrep/16.9.1802

63. Meresman GF, Vighi S, Buquet RA, Contreras-Ortiz O, Tesone M,

Rumi LS. Apoptosis and expression of Bcl-2 and Bax in eutopic

endometrium from women with endometriosis. Fertil Steril. (2000) 74:760–6.

doi: 10.1016/S0015-0282(00)01522-3

64. Johnson MC, Torres M, Alves A, Bacallao K, Fuentes A, Vega M, et

al. Augmented cell survival in eutopic endometrium from women with

endometriosis: expression of c-myc, TGF-beta1 and bax genes. Reprod Biol

Endocrinol. (2005) 3:45. doi: 10.1186/1477-7827-3-45

65. Murk W, Atabekoglu CS, Cakmak H, Heper A, Ensari A, Kayisli UA, et al.

Extracellularly signal-regulated kinase activity in the human endometrium:

possible roles in the pathogenesis of endometriosis. J Clin Endocrinol Metab.

(2008) 93:3532–40. doi: 10.1210/jc.2007-2051

66. Velarde MC, Aghajanova L, Nezhat CR, Giudice LC. Increased mitogen-

activated protein kinase kinase/extracellularly regulated kinase activity in

human endometrial stromal fibroblasts of women with endometriosis

reduces 3’,5’-cyclic adenosine 5’-monophosphate inhibition of cyclin D1.

Endocrinology. (2009) 150:4701–12. doi: 10.1210/en.2009-0389

67. Lu Z, Xu S. ERK1/2 MAP kinases in cell survival and apoptosis. IUBMB Life.

(2006) 58:621–31. doi: 10.1080/15216540600957438

68. Luo X, Ding L, Chegini N. Gonadotropin-releasing hormone and

TGF-beta activate MAP kinase and differentially regulate fibronectin

expression in endometrial epithelial and stromal cells. Am J Physiol

Endocrinol Metab. (2004) 287:e991–1001. doi: 10.1152/ajpendo.0020

0.2004

69. Sui C,Mecha E, Omwandho CO, Starzinski-Powitz A, Stammler A, Tinneberg

HR, et al. PAI-1 secretion of endometrial and endometriotic cells is Smad2/3-

and ERK1/2-dependent and influences cell adhesion. Am J Transl Res.

(2016) 8:2394–402.

70. Braun DP, Ding J, Shaheen F, Willey JC, Rana N, Dmowski WP.

Quantitative expression of apoptosis-regulating genes in endometrium from

women with and without endometriosis. Fertil Steril. (2007) 87:263–8.

doi: 10.1016/j.fertnstert.2006.06.026

Conflict of Interest: LW receives grant funding from the National Institute for

Health Research NIHR and the Chief Scientist’s Office. AH receives grant funding

from the NIHR, the Medical Research Council MRC, the Chief Scientist’s Office,

and Roche. He has received honoraria for consultancy for Ferring, Roche, Nordic

Pharma, and Abbvie.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Kuan, Gibson, Whitaker and Horne. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Reproductive Health | www.frontiersin.org 8 October 2021 | Volume 3 | Article 756704

https://doi.org/10.1210/jcem.85.1.6229
https://doi.org/10.1016/S0015-0282(02)04535-1
https://doi.org/10.1016/j.humpath.2004.07.020
https://doi.org/10.1071/RD17184
https://doi.org/10.1177/1933719115607978
https://doi.org/10.1007/s10517-005-0391-2
https://doi.org/10.1210/en.2011-2122
https://doi.org/10.1177/1933719117716780
https://doi.org/10.1016/j.mce.2016.07.004
https://doi.org/10.1093/humrep/deaa249
https://doi.org/10.1016/S0046-8177(88)80234-X
https://doi.org/10.1097/00004347-198402000-00003
https://doi.org/10.1093/humrep/16.9.1802
https://doi.org/10.1016/S0015-0282(00)01522-3
https://doi.org/10.1186/1477-7827-3-45
https://doi.org/10.1210/jc.2007-2051
https://doi.org/10.1210/en.2009-0389
https://doi.org/10.1080/15216540600957438
https://doi.org/10.1152/ajpendo.00200.2004
https://doi.org/10.1016/j.fertnstert.2006.06.026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/reproductive-health#articles

	Menstruation Dysregulation and Endometriosis Development
	Introduction
	Search Strategy
	Regulation of Menstruation
	Dysregulation of Inflammatory Mediators

	Matrix Metalloproteinases
	Hypoxia and Angiogenesis
	Control of Apoptosis Regulators and Cell Proliferation
	Conclusions
	Author Contributions
	Funding
	Acknowledgments
	References


