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Abstract

Endometriosis is a benign gynecologic disease, but it is similar in behavior to malignant tumors, so it is called “benign gynecologic

cancer”. At present, its pathogenesis is not fully understand. Autophagy has been the focus of recent research on various

diseases, which has also been shown to have regulatory abnormalities in endometriosis. TFEB is a key regulator of autophagy.

The upstream signal molecules and downstream effector proteins of TFEB have abnormal expression in endometriosis. So

TFEB may be an effective target for controlling the development of endometriosis. This review aims to discuss the relationship

between TFEB and endometriosis.
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. Endometriosis is a benign gynecologic disease, but it is similar in behavior to malignant tumors, so it is called
“benign gynecologic cancer”. At present, its pathogenesis is not fully understand. Autophagy has been the
focus of recent research on various diseases, which has also been shown to have regulatory abnormalities
in endometriosis. TFEB is a key regulator of autophagy. The upstream signal molecules and downstream
effector proteins of TFEB have abnormal expression in endometriosis. So TFEB may be an effective target
for controlling the development of endometriosis. This review aims to discuss the relationship between TFEB
and endometriosis.

Keywords :autophagy, endometriosis, TFEB, ROS.

Introduction :

Endometriosis, defined as the presence of endometrial tissue outside the uterine cavity, is a benign chronic
gynecological disorder. It is a common and estrogen-dependent gynecological disease that affects 10% of
reproductive-aged women, mainly cause chronic pelvic pain and infertility.(1) There are many theories about
the pathogenesis of endometriosis, such as coelomic epithelial metaplasia, immune defense deficiency and
menstrual reflux. However, the exact physiopathology of endometriosis is unclear until now.(2)

Recent studies revealed that autophagy also plays an indispensable role in the physiological and pathophys-
iological processes related to endometriosis.(3) Autophagy is a process that includes subcellular membranes
encapsulate cytoplasmic components, form autophagosomes and then fuse with lysosomes to form autolyso-
somes for degrading the contents.(4) It is a self-renewal pathway of cells that degrades damaged macro-
molecules and organelles to maintain cell metabolism and improve cell function. During autophagy, the
metabolic wastes are selectively identified and isolated in double-membrane vesicles called autophagosomes,
which are subsequently fused with acidic lysosomes containing hydrolases used for cargo degradation.(5)
Autophagy could be induced by the nutrient depletion, oxidative stress, or other harmful conditions. Many
pathological conditions such as cancer(6) and neurodegenerative diseases(7) are associated with the dys-
function of this process. Therefore, it is crucial for us to study the cellular autophagy-lysosomal on the
pathogenesis as well as therapeutics of disorders.

TFEB, the member of the basic helix-loop-helix leucine-zipper family of transcription factors, has been iden-
tified as a master regulator of autophagic flux via inducing lysosome biogenesis and promoting autophago-
some formation as well as its fusion with lysosome.(8-10) Several studies confirmed that the important role
of TFEB in neurodegenerative(11) and renal cell carcinoma.(12) However, the role of TFEB in endometriosis
hasn’t be studied. This paper reviews the regulation mechanism of TFEB, and discusses its impact on the
occurrence and development of endometriosis.

Mechanisms regulating TFEB activity

TFEB, together with MITF (melanogenesis associated transcription factor), TFE3 and TFEC constitute the
MiT/TFE subfamily of transcription factors; it participates in cell metabolism and intracellular clearance
by modulating the processes of lysosomal biogenesis, autophagy and lysosomal exocytosis. TFEB regulates
biological processes by regulating the expression of downstream genes. The activity of TFEB is strictly con-
trolled by post-translational modifications and protein-protein interactions.(13) Normally, TFEB is primarily
located in cytoplasmic. Under the conditions of starvation, it is transported to the nucleus, binds to its target
genes, promotes the transcription and expression of autophagy and lysosomal related proteins, which can
improve the functions of autophagy and lysosome.(10) Recent studies have shown that TFEB and TFE3
not only respond to changes in nutritional levels, but also a variety of internal and external stress factors,
including mitochondrial damage,(14) the accumulation of unfolded proteins in endoplasmic reticulum, (15)
pathogens(16, 17) and physical exercise.(18) TFEB is mainly regulated post-translation via phosphorylation.
Many factors involve in regulate TFEB through phosphorylation of specific amino acid residues. To date,
at least six kinases, including mTOR, MAPK1,GSK3b, AKT, MAP4K3, and PKCβ have been identified to
regulate TFEB function by phosphorylation. The activity of TFEB and TFE3 factors is negatively regulated
by nutrient and growth factor-sensitive kinases (such as mTORC1, AKT, ERK2, and GSK3B) and positively
regulated by the phosphatase calcineurin through the modulation of the phosphorylation status of multiple
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. serine residues .(19, 20) Activated TFEB binds to promoter sequence named CLEAR sequenced elements
to form CLEAR gene networks. This gene network enriches the genes encoding lysosomes endosomes and
autophagy proteins. Therefore, stress-induced TFEB activation can adapt and expand the activity of the
endosomal system by driving lysosomal biogenesis and autophagy flux.

The highly conserved sequence mTOR(mammalian target of rapamycin ) is an atypical serine/threonine
kinase, belong to PI3K related protein kinases family.it is a key upstream kinase regulating autophagy(21)
and also is a key upstream kinase that directly phosphorylates TFEB and inhibits its activity and ex-
pression.(22) It can phosphorylate two particular serine residues Ser142 and Ser211 in the TFEB protein,
inducing the TFEB retained in cytoplasm, block the generation of new lysosomes, and decreases autophagic
flux. Under conditions of amino acid satiety, Rag GTPases-Ragulator complex recruited TFEB to lysosomal
membranes, and mammalian target of rapamycin complex 1 (mTORC1) phosphorylates TFEB at serine
211. the Phosphorylated TFEB is sequestered by chaperones of the 14-3-3 family, which actively prevent
its translocation to the nucleus.(23) while Under starvation conditions, inactivation of mTORC1 allows nu-
clear translocation of TFEB to mediate cellular adaptation to stress. S142 is also dephosphorylated in the
presence of MTORC1 inhibition,But its exact function is unclear. A recent study reported that S122 is
the direct phosphorylation site of mTOR, which coordinates with S211 to regulate TFEB nuclear local-
ization.(24) Therefore, mTOR can regulate TFEB by acting on different sites. Another serine/threonine
phosphatase, calcineurin, is also involved in regulating TFEB activity, (25) In a state of nutritional defi-
ciency or stress, Ca2+ is released from lysosomal MCOLN1 (a member of the transient receptor potential
channel family), thereby exciting calcineurin, leading to TFEB dephosphorylation and nuclear transloca-
tion.(26) Serine/threonine kinase AMP-activated protein kinase (AMPK) complex is a sensor of energy in
cells to regulate a variety of metabolic processes, including autophagy. It can regulate TFEB in different
ways. AMPK can directly phosphorylate the upstream regulator TSC2 of mTOR and the mTORC1 subunit
raptor. These two phosphorylation events lead to a decrease in mTOR activity,(27) which promoted TFEB
nuclear translocation. This is a mTOR dependent way to activate TFEB. Recent studies have also shown that
AMPK activates SIRT1(silent information regulator 1). SIRT1 is a highly conserved member of the histone
deacetylase family, which can directly deacetylate TFEB (28) or indirectly activate TFEB via deacetylating
the downstream protein PGC-1α(peroxisome proliferator-activated receptor gamma, coactivator 1 alpha)
.(29, 30) It is a coactivator that interacts with a broad range of transcription factors involved in various
biological responses, including adaptive thermogenesis, mitochondrial biogenesis, oxidative metabolism and
steroidogenesis. PGC-1a has a parallel effect on TFEB, overexpression of PGC-1a increased the abundance
of TFEB protein, and knockout decreased the transcription and protein abundance of TFEB,(31, 32) such
as In Huntington’s disease, PGC-1α promotes the elimination of protein aggregates by activating the tran-
scription factor EB (TFEB).(33) These are mTOR independent pathways that activate TFEB. In addition,
P53 has been shown to be positively correlated with TFEB, But the exact mechanism is unclear.

TFEB and autophagy in endometriosis

Endometriosis is characterized by the implantation of endometrial glands and stroma deep into the outside
of the uterine cavity.(3) It mainly involves the ovaries and adjacent pelvic peritoneum. Endometriosis is
not malignant, but its ability to infiltrate and invade distant tissues follows the same pattern as metastases
from malignant tumors. As a chronic and estrogen-dependent disease, there are many theories about the
pathogenesis of endometriosis, but no one can fully explain it. Autophagy has been a hot topic in recent
years. It has also been reported to affect the production and invasion of ectopic endometrial tissues from
endometriosis patients.(34) TFEB is a key factor in the formation of autophagic lysosomes. Roland P. Kuiper
et al’s study showed that TFEB was expressed in the endometrium, although its highest expression was in
the placenta and lung.(35) Therefore, TFEB may play a role in the development of endometriosis. However,
there are no reports about TFEB and endometriosis at home and abroad.

1 ).autophagy in Endometriosis is down-regulated through the TFEB-mediated mTOR depen-
dent pathway

Many studies have shown that autophagy is down-regulated in endometriosis by detecting autophagy-
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. related molecules and proteins. It is well known that inhibition of mTOR can activate autophagy,
and the PI3K/AKT pathway is considered to be a positive regulator of mTOR activity.(36) Meanwhile,
PI3K/AKT/mTOR pathway is a classic signaling pathway regulating autophagy. The PI3K/AKT/mTOR
signaling pathway has been found to be closely related to endometriosis. Phosphorylation of various proteins
in the PI3K/AKT/mTOR pathway leads to molecular interactions and ultimately the formation of en-
dometriosis.(37) Guo J et al discovered that the phosphorylation level of mTOR in ectopic endometrium in
patients with endometriosis was higher than that in eutopic endometrium.(38) Besides, inhibition of mTOR
can alleviate the development of endometritis foci in rat/mouse models of endometriosis.(39) Moreover, in
the mouse model established by Yan Liu et al, the inhibition of the PI3K/AKT/mTOR signaling pathway
can alleviate endometriosis-associated sciatic nerve pain in a rat model of sciatic endometriosis,(40) Zhang L
et al’s study revealed that Beclin-1 mRNA and protein expression in eutopic and ectopic endometrium of pa-
tients with endometriosis was significantly reduced. Lei Zhan et al. studied autophagy marker proteins LC3
and P62 in the endometrium of endometriosis and leiomyoma. They found compared with the endometrium
of leiomyoma group in the ectopic and eutopic endometrium of endometriosis groups, the expression of P62
was significantly higher. In comparison, the expressions of LC3 were down-regulated.(41) LC3 is proved as
a credible marker of the autophagosome in mammalian cells. After the formation of autophagosome, LC3-I
was subsequently combined with phospholipid-ethanolamine (PE) to form LC3-II, which was bound to the
inner and outer membrane of autophagosome. Through binding directly to LC3, P62 /SQSTM1 selectively
binds to autophagosomes and is effectively degraded by autophagy, therefore, the expression level of P62
was negatively correlated with autophagy activity.(42) All of these studies have revealed inadequate levels
of autophagy in endometriosis. But the exact mechanism, however, is unclear. TFEB is a key factor in the
formation of autophagic lysosomes. mTOR is the upstream signal molecule of TFEB, LC3II and p62 are the
marker proteins after the autophagic lysosomes formation. Therefore, TFEB may play role in endometriosis
tissue. The activated mTOR may phosphorylate the serine residues of TFEB and locate TFEB in the cyto-
plasm, thus preventing the formation of autophagic lysosome and cannot clearing the ectopic endometrium.
In addition, Liang et al. found that there was a positive association between the expression of Beclin1 and
TFEB, whereas TFEB silencing suppressed Beclin1 amplification. So the Low beclin-1 mRNA and protein
expression in ectopic endometrium in patients with endometriosis may be caused by down-regulation of
TFEB.(43)

2).ROS leads to autophagy up-regulation of ovarian endometrioma through the TFEB-
mediated mTOR independent pathway (figure).

Ovarian endometriosis is widely accepted as the direct precursor of clear-cell and endometrioid ovarian car-
cinomas.(44, 45) However, when the researchers studied the level of autophagy in ovarian endometriosis, the
results were different from endometriosis. Giulia Allavena et al. compared LC3 and P62 expression levels
in normal endometrial tissues (NE), ovarian endometriotic cysts tissues(OMA) and eutopic endometrium
(EEOMA) groups, they found that the LC3-II and LC3-II/LC3-I ratios in OMA were significantly higher
than that in NE and EEOMA, while p62 was significantly lower in OMA than that in NE and EEOMA.(46)
Ying Ding et al’s study shows Beclin-1 expression of ovarian granule cells was increased and autophagy was
enhanced in patients with ovarian endometrioma.(47) researchers also found that LC3B significantly increased
expression in oviduct and ovarian endometrial epithelial lesions compared with secretory endometrial epithe-
lium of the control group.(48) Serum CA125, which for the diagnosis and staging of ovarian endometriosis,
was moderately positively correlated with LC3B protein expression.(49) All evidence is biased towards au-
tophagy is up-regulation in ovarian endometriosis. However, this does not conflict with the down-regulation
of autophagy observed in other areas of endometriosis. Because the increase of autophagy level may be
considered as an integral part of the progression of endometriosis, which may contribute to the survival
and damage maintenance of ectopic endometrial cells. Many studies indicate that oxidative stress positively
associated with the proliferation and migration of endometrial cells in the peritoneal cavity, promoting en-
dometriosis and infertility. Mitochondria is major source for ROS generation.(50) It is a class of molecules
formed by incomplete reduction of oxygen, including superoxide anion (O2*-), hydrogen peroxide (H2O2),
hydroxyl radical (*OH), etc.(51) In endometriotic cysts, bleeding can occur inside the cyst during every men-
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. struation cycle, so the cysts contain large amounts of free iron or non-protein-bound iron. Subsequently, the
hemoglobin from an oxyhemoglobin state to the methemoglobin state through autoxidation and the Fenton
reaction can produce excess ROS .(52) Oxidative stress caused by excess iron leads to uncontrolled cell growth
and aberrant intracellular signaling.(53) It has been found that TFEB is activated under oxidative stress
induced by tert-butyl peroxide or hydrogen peroxide in nematodes.(54, 55) On the contrary, ROS elimination
inhibits TFEB activity and lysosomal function. (56-58) So the relation between ROS and TFEB may be a
mechanism for ectopic endometriosis cell proliferation. ROS can regulate autophagy via TFEB in different
ways. ROS overproduction can lead to the activation of autophagy by suppressing the PI3K/AKT/mTOR
signaling pathway, which plays a critical role in regulating autophagy.(59) mTOR inactivation can dissociate
TFEB from 14-3-3 and promote TFEB nuclear transposition to improve autophagy level. However ovarian
endometriotic lesions have been shown to exhibit enhanced activation of mTOR compared with the normal
endometrium.(60) José A et al reveal the ROS inducer sodium arsenite can activate TFEB and TFE3 wi-
thout Inhibiting mTORC1 activity. This mechanism, they say, may enable some cell types that need both
TFEB/TFE3 and mTORC1 signalings, such as immune cells or cancer cells, to survive and achieve robust
cell growth in stressful conditions.(61) So there may be other mechanisms in ovarian endometriosis that do
not depend on mTOR to control TFEB to upregulate autophagy. It was shown that under oxidative stress
situations, AMPK is activated and regulated mitophagy to relieve intestinal ischemia/reperfusion-induced
intestine disorder.(62) Abnormal AMPK expression was observed in the endometrial microenvironment,(63)
phosphate-AMPK can activates SIRT1, SIRT1 deacetylation TFEB at K116, enhances the expression of
autophagy/lysosomal related genes, and regulates the formation of autophagic vacuoles,(28, 64) study has
found that SIRT1 was overexpressed in endometriosis patients and may be involved in the pathogenesis of
endometriosis.(65) Moreover, Jung-yoon Yoo et al. found that in the baboon endometriosis model, SIRT1
protein was not significantly expressed in the endometrium of pre-inoculation (control) baboon. However,
during the progression of endometriosis, SIRT1 protein levels increased significantly at 9 and 15 months
after inoculation.(66) Therefore, the ROS-AMPK-SIRT1-TFEB pathway may be a mechanism for the pro-
gression of endometriosis. Besides, Izumi Suganuma et al. discovered PGC-1a was more highly expressed in
ovarian endometrioma than in endometrium with endometriosis and normal endometrium, and PGC-1a can
promote the proliferation of ovarian endometrioma stromal cells , whereas PGC-1a knockdown reduced the
proliferation,(67) This may be due to SIRT1-mediated deacetylation of PGC-1a, which activates TFEB and
thus induces autophagy and promotes ectopic endometrial cell proliferation. Besides, Recent studies suggest
that the increasing level of ROS can directly activate lysosomal MCOLN1 to induce lysosomal Ca2+ release,
establish a Ca2+ microdomain near the lysosome. This leads to calcineurin activation and TFEB dephos-
phorylation, which is no longer bind 14-3-3 proteins and can be freely translocated into the nucleus, where
transcriptional activation of the lysosome/autophagy pathway occurs .(26, 68) what’s more,Hongfeng Wang
et al showed that ROS-dependent TFEB fast nuclear translocation could occur due to oxidation of TFEB
on C212 without inhibiting the activity MTORC1.(69) Vitamin C is an antioxidant, with different doses of
vitamin C (0.5 mg, 1.25 mg and 2.5 mg), treatment of endometrial cyst model, Durak et al Found a signifi-
cant reduction in weight and volume of cystic lesions in the 2.5 mg vitamin C group at the end of treatment,
suggesting that oxidative stress is involved in the progression of endometriosis(70). therefore, antioxidants
may be a mechanism for the treatment of endometriosis, TFEB can be regulated by ROS through different
mechanisms, so TFEB may also be a potential target for endometriosis treatment. What’s more, compared
with both NE and EEOMA, p53 is significantly down-regulated in OMA,(46) Study has shown that p53
deletion or the use of pifithrin-αchemical inhibition of p53 promotes the transfer of TFEB from cytoplasm to
nucleus, thereby increasing the biogenesis of TFEB-mediated lysosomes and autophagosomes. Moreover, p53
re-expression down-regulates the TFEB target gene involved in autophagy-lysosome pathway, while TFEB
silencing eliminates the regulatory effect of p53 on autophagy-lysosome pathway regulatory gene transcrip-
tion.(71) So TFEB inhibitors may be more effective than antioxidants in treating endometriosis. Summary,
there may be a variety of mechanisms in ovarian endometriosis cyst to regulate TFEB. TFEB activation
and translocate into the nucleus acts on target genes, which can promote the expression of lysosome-related
proteins, thus improving the level of autophagy of ectopic cells. High expression of TFEB and biogenesis
of lysosome are markers of poor prognosis in a quarter of early breast cancer.(72) The expression of TFEB
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. was positively correlated with the malignant progression of colorectal cancer. the tumor cells with high
expression of TFEB had deeper invasion and higher lymph node metastasis rate.(43) Whether the level of
TFEB associated with the severity of endometriosis? It requires further study.

3). Difference from endometriosis and ovarian endometrioma

Why do different researchers study the relationship between endometriosis and autophagy, but come to
the opposite conclusion? We speculate that in the occurrence and development of endometriosis, there are
mechanisms of oxidative stress and anti-oxidation. Reactive oxygen species (ROS) are produced continuously
in normal cell metabolism, which are considered as signal transduction functions. However, when excessive
ROS is induced by environmental factors or diseases, oxidative stress will occur, which leads to autophagy,
apoptosis, necrosis,,and other physiological and pathological processes.(73) the accumulated ROS activate
TFEB through mTOR independent mechanism and induce autophagy to maintain energy metabolism and
remove excessive ROS. Because ovarian endometriosis can form cysts easier and lead to blood accumulation,
which can produce more ROS. Ruiz, A et al. found that the expression of lc3b protein in endometriosis
mouse model was decreased (compared with the uterine horn isolated from the same disease treatment),
while the lc3b level in the epithelial cells and eutopic endometrium of patients with endometriosis was higher
than that in the control group. They speculate that this difference may be due to the fact that the lesions in
mice are equivalent to those in patients with early endometriosis. Because human diseases can’t be diagnosed
until a delay of 7-10 years.(48) This conjecture is similar to our hypothesis that autophagy is down-regulated
in the early stage of endometriosis. As the disease progresses, the accumulation of ROS leads to the up
regulation of autophagy, thus promoting the growth and infiltration of ectopic endometrial cells. Induction
of autophagy may be beneficial to tumor prevention, Alternatively, it may promote tumor progression by
enhancing autophagy-mediated intracellular circulation, which facilitates the removal of metabolic substrates
and the preservation of mitochondrial functional pools.(8) There may be the same mechanism in occurrence
and development of endometriosis that causes it to behave like a tumor.

TFEB mediated autophagy upregulate to inhibit apoptosis in endometriosis

Autophagy and apoptosis are the main factors determining cell fate. Apoptosis is a kind of cell death
characterized by cell atrophy, chromatin condensation and other morphological changes. Autophagy, which
means ”self-feeding” is an important degradation pathway to eliminate protein aggregation and damaged
organelles in cells.(74) More and more evidence show that apoptosis and autophagy have antagonistic effects.
Autophagy helps human cancer cells survive through apoptotic resistance, and inhibition of autophagy leads
to caspase-dependent apoptotic cell death.(75) In tumor microenvironment, inhibition of autophagy disrupts
cell metabolism, causes genomic instability, interferes with differentiation, and destroys anti-cancer immune
surveillance. During tumor development, cancer cells are exposed to different types of stress, including
nutritional deficiency, metabolic stress and hypoxia, especially in the central region of the tumor. Autophagy
can be reinstated which can increase the resistance of cancer cells to chemotherapy or radiotherapy.(76)
The cytoprotective effect of autophagy can maintain the survival ability of tumor cells and prevent the
apoptosis of cancer cells.(77) In nucleus pulposus cells, TFEB overexpression enhanced autophagy flux and
lysosome function, which further protected nucleus pulposus cells from apoptosis and senescence induced by
TBHP (ROS donor induced oxidative stress).(78) The same mechanism may exist in endometriosis. In early
stage of endometriosis, inhibition of autophagy disrupts cell metabolism, interferes with differentiation, and
evades immune surveillance. As the disease progresses, excessive ROS activates TFEB in different ways, and
overexpression of TFEB promotes the expression of autophagy-related proteins, increases the autophagy flux
and lysosome synthesis,thus maintaining cell growth and inhibiting apoptosis, leading to the worsening of
endometriosis. It was reported that the expression of Bcl-2 was increased in ectopic endometriosis in ovarian
endometriosis patients. Bcl-2 is an important anti-apoptotic regulator, and its increase is associated with
impaired spontaneous apoptosis, indicating that apoptosis is decreased in endometrioma.(79)

Conclusion and Perspectives

In conclusion, autophagy plays an indispensable role in the occurrence and development of endometriosis.
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. TFEB, as a key regulator of autophagy, its upstream and downstream signal molecules have abnormal
expression in endometriosis. Moreover, apoptosis can be inhibited by TFEB mediated autophagy induction.
Therefore, TFEB may be an important regulatory point of abnormal autophagy levels in endometriosis. At
present, the treatment of endometriosis is still limited to hormone and surgery. However, hormone therapy
is easy to relapse, and there are many side effects. Moreover, not all women with endometriosis have a
response to hormonal therapy, and surgery is an invasive treatment. Therefore, it is necessary to find a new
treatment for endometriosis, Autophagy is a good perspective for us to understand endometriosis, TFEB
may also become a potential target for the treatment of endometriosis.
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. Legends for figures:

Title :TFEB-mediated autophagy in ovarian endometriosis

AMPK:Serine/threonine kinase AMP-activated protein kinase

SIRT1: silent information regulator 1

PGC-1a:peroxisome proliferator-activated receptor gamma, coactivator 1 alpha

Description: In ovarian endometriosis, free iron stimulates ROS production and activates TFEB in ways
that independent of mTOR. Firstly, ROS can directly oxidize TFEB. Secondly, ROS can promote the release
of lysosomal Ca2+ through MCOLN1, Ca2+ activate calcineurin which can dephosphorylate TFEB. In
addition, ROS can regulate sirt-1 through AMPK, which can activate TFEB directly or through PGC-1. The
activated or dephosphorylated TFEB can enters the nucleu and promote the transcription and expression
of lysosome and autophagy related genes, form autophagic lysosome, phagocytize metabolic wastes and
abnormal organelles, release amino acids and recycled by cells, which can lead to cell proliferation and
endometriosis infiltration.
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