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Abstract

Endometriosis is a chronic, estrogen-dependentasiseand characterized by the
implantation of endometrial glands and stroma dm®gh haphazardly into the outside
the uterine cavity. It affects an estimated 10% thé female population of

reproductive age and results in obvious reductiorhealth-related quality of life.

Unfortunately, there is no a consistent theory tloe etiology of endometriosis.

Furthermore, the endometriosis is hard to diagmossarly stage and the treatment
methods are limited. Importantly, emerging evidehas investigated that there is a
close relationship between endometriosis and aatmpphHowever, autophagy is a
friend or foe in endometriosis is puzzling, the gise mechanism underlying

autophagy in endometriosis has not been fully dateid yet. Here, we provide an
integrated view on the acquired findings of the ramtions between endometriosis
and autophagy. We also discuss which may contrilbatéhe abnormal level of

autophagy in endometriosis.
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Endometriosis is defined as the presence of funatiaterine glands and stroma
outside the uterine cavity including ovaries andvipeperitoneum, rectovaginal
septum. Endometriosis is an estrogen-dependentdeisof the women reproductive
tract and the third leading cause of gynecologspitalization in the USA [1,2]. It is
indicated that endometriosis is one of the mostrmomcauses of chronic pelvic pain,
infertility, dysmenorrhea, dyspareunia, dysuria adgschezia, and affects an
estimated 10% of the female population of repragtacage and 20-50% of infertile
women [3,4,5]. There are several theories have h@®posed underlying the
pathogenesis of endometriosis. Among the variowwsj Sampson’s theory of
retrograde menstruation is the most widely accepechuse it was observed that
retrograde menstruation occurs in up to 90% ofalinen [6,7]. Sampson’s theory
described that the menstrual debris travels not anterogradely to the vagina, but
also through the fallopian tube into the peritoneality in a retrograde manner and
implants in the dependent areas of peritoneum durmanstruation [6,7]. Actually, as
studies continued, it was acceptable that the patinesis of endometriosis is
polyfactorial which involved in reflux menstruationhormonally mediated
proliferation and apoptosis [8,9,10], hematologresd, inflammation, immune
response and genetic factors [2].

Autophagy is a pathway by which cytoplasmic compasieincluding intracellular
soluble macromolecules, organelles and microorgasyiss delivered to lysosomes
for degradation [11]. Studies supported that awagytexists at basal level in all cell
types. However, defects in autophagy underlie #tbqgenesis of many diseases. It is
worth mentioning in advance that autophagy is pildeeact as a double-edged sword
in multiple diseases which depend on different ernt[12]. In these years,

accumulating researches present potential evidethe# the progression of



endometriosis was crucially implicated in autophagyd seemingly opposing
concepts concerning the role of autophagy in entlimses have been proposed, with
evidence that autophagy was up or down-regulate@ndometriosis [5,13]. So
autophagy in endometriosis: friend or foe? In thisi review, we aim to explore and
summarize the latent mechanism of autophagy in raetitosis from the recent
studies and discuss which may contribute to theombal level of autophagy in

endometriosis.

Autophagy asfriend in endometriosis

The relevance of autophagy to endometriosis wa®rebd as early as 1986 by
Cornillie et al. [14], they found the lysosomal @pihagy was accelerated in 11
patients after treatment with antiprogesterone @ ifertile patients who with
endometriotic implants [14]. Several years befoesearches revealed an apparent
connection of endometriosis with Beclin-1 [15,16]was indicated that the level of
Beclin-1 mRNA and protein were prominently lower ¢altured stromal cells of
eutopic endometrial and endometrial tissues of emdoosis compared to
endometriosis-free patients. Beclin-1 protein egpi@n was negatively correlated
with serum CA-125 level and pelvic pain, suggestioy level of Beclin-1 might
contribute to the development of endometriosis J&p, But there are no distinct
statistical differences of Beclin-1 expression edw eutopic and ectopic
endometriotic in endometriosis [16]. Choi et alggested that the attenuation of
autophagy in the secretory phase of endometrissaés was caused by the increased
MTOR activity. Treatment with the mTOR inhibitorpeamycin induced LC3-II
expression, while the effect of rapamycin was reséerby the addition of autophagy
inhibitor 3-methyladenine (3-MA) [17]. They also fohed that dienogest could
enhance autophagy induction and inhibit AKT, extlatar signal-regulated kinase
(ERK), mammalian target of rapamycin (mTOR) sigmgliin estrogen-treated
endometriotic stromal cells. Incubation of estroggeated endometriotic stromal cells

with AKT and ERK1/2 inhibitors increased LC3-Il antkaved caspase-3 expression.



In addition, endometriotic stromal cells treatedhwilienogest and estrogen shown
significantly increased expression of LC3-1l an@asled caspase-3 compared with
endometriotic stromal cells cultured in estrogeonal and this dienogest-mediated
increase in LC3-Il and cleaved caspase-3 expres&arstatistically decreased by the
addition of the autophagy inhibitor 3-MA. Thesedimgs indicated that dienogest
treatment in estrogen-treated endometriotic celtaldc induce autophagy by
suppressing AKT/mTOR and ERK/mTOR activity, furtheromote apoptosis in
endometriosis [17]. Notably, both of the two stedrecognized that treatment with
estrogen and progesterone failed to change LC&dtession in endometriotic cell
[5,17]. Another possible mechanism of autophagyrdoggulated in the pathogenesis
of endometriosis was delineated by Mei et al. [R&$tly, they validated the ERand
p62 were significantly up-regulated, and LC3-ll, cBe-l and PR were
down-regulated in eutopic and ectopic secretorysphandometrial stromal cells
compared with normal secretory phase endometniainstl cells. In consistent with
Choi et al. results [5], Mei and colleagues fouhd tevel of autophagy was not
changed during menstrual cycle in ectopic endommatifirom endometriosis patients
[18]. But inconsistent with Ren et al. results [18lei et al. investigated the level of
Beclin-1 was lower in ectopic secretory phase eretaal stromal cells than in
eutopic secretory phase endometrial stromal c&fg. [They also implied that the
suppression of autophagy caused by estrogen isndepe on CXCL12-CXCR4
interaction, and CXCL12 inhibited the autophagy sefretory phase endometrial
stromal cells wasia activating the nuclear factor-k-gene binding (K&} signaling
pathway [18]. Later on, these authors further sstgge that down-regulation of
autophagy in endometriosis may promote the reagtfiendometrial stromal cells to
the IL-15, which could promote growth and invasafrendometrial stromal cells [19].
In an experimentin vitro by Borahay et al. suggested that Mullerian inimibit
substance (MIS) promoting autophagy as well as@sapin ectopic endometrial cell

lines [20].

Autophagy asfoein endometriosis



Paradoxically, in another study lately, Giulia aswworkersdefined autophagy was
up-regulated (increase of lipidated LC3-1l protdavels and LC3-II/LC3-I ratio,
decrease of p62 expression, induction of LC3B, A4(declin-1, ATG7 genes) in
ovarian endometriosis compared with eutopic endoaedf affected or healthy
women [13]. They delineated two mechanisms whicim ¢t& responsible for
autophagy stimulation in ovarian endometriosis, isnde decreased susceptibility to
p53 protein, which in turn is controlled by autoghathe other one is the increased
expression of oxygenase-1 (OH-1) protein, whichilatéd persistent oxidative stress
and could favor autophagy stimulation in endomatricells [13]. It has been clearly
identified that hypoxia acted as a promoter in tlevelopment in endometriosis
[21,22]. A in vitro study showed a novel mechanism underlying up-egigul of
autophagy in endometriosis, they suggested thatoxigpresponsive miR-210
over-expression contributed to high level of autaphin warian endometriotic cell line
CRL-7566by inhibiting Bcl-2 expression [23]. In line theritly a recent study by Liu
et al. suggested that HIlFtIlpromoted human endometrial stromal cells (HESCs)
invasion and metastasis by upregulating autophabihiting autophagy with specific
inhibitors with 3-MA and CQ and Beclinl siRNA atteated hypoxia triggered
migration and invasion of HESCs [24]. Most impottadanjundan et al. noted that
the autophagic flux inhibitor hydroxychloroquine @®) could reduce then vitro
survival capacity of human endometriotic, decrdas®n numbers, and disrupt lesion
histopathology in a mouse model of endometriosiglicating that inhibition of

autophapy could be potential therapeutic strat@gyaach for endometriosis [25].

Which contributesto the abnormal level of autophagy in endometriosis?

Now we know that the abnormal level of autophaggmdometriosis is controversial,
the down-regulation of autophagy in endometrioss estrogen-dependent [26].
Inflammation also causes autophagy down-regulatecendometriosis [18],[19].

Persistent oxidative stress experienced, decressswkptibility to p53 and hypoxia



contribute to autophagy increasing in endometrips8y. Even though, there are a
multitude of potential factors which may lead toabmal regulation of autophagy in
endometriosis. For example, angiogenesis weretaidei course in the development
of endometriosis [27,28]. Angiogenesis is knownnagortant regulator to autophagy
in a plethora of diseases [29,30]. But whether &o& angiogenesis cause the
changes of autophagy in endometriosis remain uncleaaddition, ions channel is

recognized to exert crucial roles in endometrioBist example, transient receptor
potential vanilloid type 1 (TRPV1)-mediated Cainflux is investigated to be

association with chronic pelvic pain in the pergahendometriosis foci of women
[31,32]. Interestingly, it is clearly that &asignals play a major role in regulating
autophagy [33,34,35]. Also, our study indicated tfRPV4, which is well known as

a highly C&*-permeable non-selective cation channel, is esdefui autophagy

induction [36]. It was well accepted that iron deed was found in endometriosis
and played a key function in endometriosis pathegen[37,38]. A recent study
prompts that iron was rich expressed in the cysdfbf endometriosis-associated
ovarian cancers, and iron modulate cell death iRas- and MAPK-dependent
mitochondrial damage in ovarian cancer cells wiitreases in LC3-1l levels [39,40].
But whether iron plays a function in autophagy indemetriosis need further

determined.

Conclusion and per spectives

From all these studies, it is clear that there nsiimate relationship between
autophagy and endomtriogisigure 1). But autophagy in endometriosis: friemdoe?
One the one hand, researches observe a down-iegulaf autophagy in
endometriosis. The related mechanism is implicatethe inhibition of mMTOR by
PI3K/AKT signaling pathway. Furthermore, the supgien of autophagy by
CXCL12-dependent NkB pathway also contributes to endometriosis. Initaug
the drugs use for endometriosis treatment is iraewlv the enhancing of autophagy.

One the other hand, up-regulation of autophagynolometriosis also is observed by



studies. Hypoxia, decreased susceptibility to p58 &igh expression of OH-1
contribute to the autophagy up-regulation. Besidegjiogenesis, ions channel, and
iron may exert functions in autophagy in endomstsiolt is worthy mentioned that
autophagy seems unchanged during menstrual cya@dometriosis. Nevertheless,
autophagy is a friend or foe in endometriosis igzting. In view of the results of
these studies included only a handful of sampleghér studies are required to
investigate the exact role of autophagy in endosty, especially then vivo studies
and more autophagy-related protein should be dmtedfloreover, using autophagy

inhibitor will be contributed to confirm the exacie of autophagy in endometriosis.
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Figurelegends

Fig. 1 Mechanism underlying autophagy in endometrioss. Autophagy is
up-regulated in endometriosis (increase of lipidate€C3-1l , LC3-II/LC3-I ratio,
ATG14, Beclin-1, ATG7 genes expression, decreasep@i). p53 deletion in
endometriosis contributes to autophagy up-regulati@xidative stress-mediated
OH-1 over-expression and hypoxia responsive miR-@&d-expression contribute to
high level of autophagyb: Down-regulation of autophagy in endometriosis is
estrogen-dependent (down-regulation of LC3-Il aneclB-1). Activation of
PISBK/AKT/mTOR and ERK/MTOR caused autophagy dowgutation.
CXCL12/CXCR4mediated NFReB over-expression contributes to low level of
autophagy in endometriosis. Whether and how angiogenesis?Csignals, and iron

cause the abnormal levels of autophagy in endooseriemain unclear.
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