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Abstract

Endometrium is the mucosal lining of the uterus which expressed a cyclic process of proliferation,
secretion and scaling under the control of hormones secreted by the ovary, and it also plays an
indispensable role in the embryo implantation, the constitution of fetal-maternal interface, and the
maintaining of pregnancy. In pathophysiological conditions, the abnormality or disorder of endometrium
may lead to endometrium-related diseases, such as endometriosis, endometrium hyperplasia and even
endometrial carcinoma. In recent years, more and more evidence revealed that autophagy exists in both
the endometrium stroma cells and epithelial cells, and the activity of autophagy is changed in the different
phases of menstruation, as well as in the endometrium-related diseases. Here, we aim to review the
activity level, the regulatory factors and the function of autophagy in physiological and pathophysiological
endometria, and to discuss the potential value of autophagy as a target for therapies of

endometrium-related diseases.
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Introduction

Autophagy is a highly conserved biological
behavior in eukaryotic cells to disassemble unnecess-
ary or dysfunctional components of the cell under
exquisite regulation mechanism which can be
initiated under the conditions of hypoxia, starvation,
lack of nutrition, or extreme pH values [1-3]. In
macroautophagy (commonly referred to autophagy),
substances such as proteins, organelles or cytoplasm
are encapsulated in a double-membraned vesicle
named as autophagosome, and degraded into small
molecules for reuse by the fusion of autophagosome
with lysosome [4]. Autophagy can also dispose the
misfolded proteins, aging organelles, and other
damaged cell components to maintain the homeo-
stasis of the cells. Basic level of autophagy is essential
for almost all of the eukaryotic cells and many cellular
activities, and the absence or aberration of autophagy
may lead to a series of pathological states.

Recent studies revealed that autophagy also
plays an indispensable role in the physiological and
pathophysiological ~ processes related to the
endometria, including the cyclic menstruation, the
decidualization or reconstitution during normal
pregnancy, and the endometrium-related diseases
such as endometriosis, endometrial carcinoma and
infertility. As a basic biological activity, autophagy is
closely related to the cell proliferation and apoptosis,
which ubiquitously occur in the dynamic refreshment
of endometrium. What's more, the autophagy level in
endometrium cells reflects the condition of the disease
or physiological process, and can influence the
function of cells in some way. Therefore, autophagy in
endometrium needs to be further studied and may be
beneficial for the future treatment of endometrium-
related diseases. And this article is to review the
present studies about this topic.
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The level of autophagy in endometrium

Endometrium is the mucosal lining of the uterus
which can be derived into two functional layers: the
transient superficial stratum functionalis and the
permanent deeper stratum basalis [5]. The superficial
stratum functionalis, which is completely shed and
regenerated in menstrual cycle, mainly contains
glandular epithelium and stromal cells, while the
stratum basalis is postulated to be the place in which
the stem cells reside [6, 7]. In addition, in both layers
there exist the blood vessels and immune cells, whose
number varies in different phase of a menace cycle in
normal endometrium, including NK cells, macro-
phages, DC cells and so on[8, 9]. Autophagy is
regarded as a ubiquitous physiological process that
occurs in all eukaryotic cells. There is no doubt that
autophagy also exists in all of the endometrial cells
and plays diverse function in different process and
diseases, but it was only reported to be detected in
endometrial stroma cells and epithelial cells; study is
deficient in illustrating the autophagy level in
endometrial immune cells and vascular endothelial
cells. This may be related to the difficulty in methods
to monitoring the autophagy level and the acquiring
enough cells for the experiment.

As a marker of autophagy, LC3 was found to be
predominantly expressed in epithelial relative to
stromal cells in normal endometrium [10] and eutopic
or ectopic endometria form endometriosis patients
[11]. Autophagy in glandular cells was very weakly
positive in the early and late proliferative phases; In
contrast, intense immunoreactivity for LC3 was
detected during the secretory phase and peaked
during the late secretory phase of the menstrual cycle
in glandular cells [10, 12]. A withdraw of
progesterone or estrogen can significantly increase the
expression level of LC3 in endometrial Ishikawa cells,
which may imitate the changes in menstrual phase
[10]. In a murine ovariectomized rat model,
autophagosomes was observed to be significantly
increased in the cytoplasm of the uterine epithelial
cells 4 weeks postoperation compared with the sham-
operated rats; similarly, the level of autophagy was
higher in postmenopausal uterine epithelial cells
compared to premenopausal uterine epithelial cells
[13]. Autophagy was also reported to exhibit a
dynamic pattern during pregnancy. In the mouse
model, LC3 was observed to reach the highest level
during days 1 and 2 of pregnancy, and gradually fall
from day 4 to day 8. The LC3 level on day 1 of
pregnancy can be effectively inhibited by dexametha-
sone, which is a widely used anti-inflammatory
compound, indicating that inflammatory response
may be associated with the increased autophagy in
the day 1 pregnant uterus [14].

Similar to endometrial epithelium, the level of
autophagy in normal endometrial stroma cells (ESCs)
significantly increased in secretory phase compared
with proliferative phase; while in ectopic ESCs from
endometriosis patients, autophagy maintained a
constant level throughout the menstrual cycle [12, 15].
And during the pregnancy, the autophagy of ESCs
was also in a dynamic change, but there was no
consecutive observation in human decidua [14, 16].
Autophagy in ESCs is relatively low compared to
glandular cells; LC3 expression in normal ESCs is
quite weak even in the secretory phase [10]. What
draw our interest is that autophagy level differs in
normal ESCs, eutopic ESCs and ectopic ESCs.
Actually, there exist contrary opinions on whether
autophagy is stronger in normal tissue or endometri-
otic tissues. Some researchers proved that autophagy
level were significantly reduced in eutopic ESCs,
ectopic ESCs, serum and peritoneal fluid from women
with endometriosis compared with normal women
[12, 15, 17-20], while others held the opposite views,
revealing that autophagy showed a significant
up-regulation in ectopic endometrium compared with
normal endometrium [21-24]. Similarly, the compari-
son of autophagy in ectopic ESCs and eutopic ESCs
was also not completely clear and consensus [11, 15,
21-24]. The differences in researches may due to the
different detective method, the individual character-
istic of specimen, and the immune microenvironment
of patients. Thus, further studied are still needed to
find out the truth.

Human endometrium undergoes repetitive
cyclic regeneration after the shedding off in menstru-
ation. In the dynamic change, endometrium-derived
human mesenchymal stem cells (hMESCs) resided in
the basal layer have contributed a lot to enable the
rapid regeneration of endometrium after the shedding
off in last cycle. The basic level of autophagy seems to
be low in hMESCs, while under oxidative stress, the
suppression of the p53 transcriptional activity or the
calcium chelation caused a significantly increase of
autophagy and lead to cell death under oxidative
stress [25, 26]. Autophagy was discovered to induce
GO0/G1 arrest and apoptosis of menstrual
blood-derived  endometrial stem cells via
GSK3p/ B-catenin pathway [27]. On the other hand, in
endometrial cancer stem cells (ECSCs), autophagy
level seems to be relatively strong. CD133 and CD44
are reported to be important markers of ECSCs. The
results from Ran et al. showed that Beclinl, Atgb,
Atg7 mRNA levels were significantly enhanced but
the P62 was obviously reduced in CD133*/CD44*
cells compared to normal JEC cells (a cell line of
endometrial cancer), demonstrated that the CD133+/
CD44* cells which exhibit CSC properties possess
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higher autophagy [28] (Table 1).

Table 1. The autophagy level in endometrium

Non pregnant Pregnant

Proliferative phase  Secretory phase Menstrual phase First trimester Second trimester Term
Stromal cells +(-)[10, 15] ++[10, 15] / +++[14] +[14] ++[16]
Epithelial cells +[10] +++[10] ++[13] +[14] / /

endometrium-derived human mesenchymal stem cells

Induced by calcium chelation or p53 suppression under oxidative stress[25, 26]

+++: The autophagy level in normal endometrial epithelial cells in the secretory phase; -: Negative expression of autophagy; /: Not mentioned

Regulatory mechanism of autophagy in
endometrium

Autophagy takes part in variety of biological
activities, and the level of autophagy can influence the
cellular metabolism, the proliferation and program
cell death, and the drug resistance or sensibility of
cancer cells. Thus, autophagy is precisely regulated in
different condition. Factors such as hormones,
cytokines, metabolic products and non-coding RNAs
can regulate the autophagy level independently or
interdependently.

Hormones

Hormones are the main factors that regulate the
cyclic proliferation, secretion and shedding of
endometrium. Considering that autophagy also
changes during the menstrual cycle, it’s not difficult
to imagine that hormones play important roles in
adjusting the level of autophagy in endometrium.

Estrogen is the predominant hormone during the
proliferative phase, and many researches have proved
that it can inhibit the autophagy activity in endome-
trium [13, 15, 17, 29, 30]. Mei et al. found that estradiol
(E2) treatment induced a marked increase in CXCL12
secretion and CXCR4 expression together with
decreases in autophagy grade, punctuate LC3B
immunofluorescent  staining and autophagy-
associated protein levels, while the suppression of
autophagy induced by E2 and recombinant human
CXCL12 protein could be abrogated by an
anti-CXCR4 neutralizing antibody, suggesting that
estrogen could suppress the autophagy of ESCs by
upregulating CXCL12 and CXCR4 expression [29].
Estrogen was also reported to induce the autophagy
level in normal endometrial cancer cells and
endometrial carcinoma stem cells by promoting the
expression of estrogen induced gene 121(EIG121),
which can induce cytoplasmic vacuolization, induce
the formation of autophagosomes and enhance
lysosomal degradation of long-lived proteins [31].
Knockdown of EIG121 compromises starvation-
induced autophagy and sensitizes cells to cell death
induced by nutrient deprivation and exposure to
cytotoxic agents [28, 31]. In a ovariectomized rats
menopausal model, autophagy was observed to be
increased in uterine endometrium when estrogen was

deprived, and the estrogen depletion induced auto-
phagy was possibly via endoplasmic reticulum (ER)
stress-dependent arachidonic acid /prostaglandin E2
axis inhibition and Akt-mTOR signaling pathway
suppressing in uterine epithelial cells [13].

Relationship between estrogen and progestogen
can be both synergistic and antagonistic depending on
the tissues or cells receiving the signals. As is the case,
their role in regulating the activity of autophagy may
be complicated. In the study of Mei et al., the estrogen
induced autophagy in ESCs could be reversed by
progestogen [15], suggesting that progestogen plays
an antagonistic role in controlling the autophagy in
ESCs. Consistent with this, Choi et al. [32] found that
dienogest, but not progestogen, can enhance auto-
phagy induction in endometriotic cells by impairing
activation of AKT, ERK1/2, and mTOR signal
pathways. On the contrary, Choi et al. [14] found that
progesterone and estrogen both reduced the
autophagic response in the uteri in ovariectomized
mice model. The differences may occur from the
tested samples, actually, the mice uteri contain
different kinds of cells, and the total mRNA or protein
may not reflect the separate change of autophagy in
ESCs, EECs, or other cells precisely.

Other hormones are also involved in regulating
the autophagy condition in endometrium. After
menopause, the level of estrogen and progestogen
goes down while follicle-stimulating hormone (FSH)
commonly rises with the decline of ovary function. It
was reported that high circulating levels of FSH in
postmenopausal women activated the phosphoryla-
tion of Smad2/ Smad3 through transforming growth
factor beta receptor II (TbRII). The complexes of
phosphorylated Smad2/Smad3 subsequently trans-
ported into the nucleus and launched the expression
and activation of several autophagy-related molecules
such as ATG5, ATG12, ATG3, and ATG7. Persistent
activation of cell autophagy may directly or indirectly
induce cell apoptosis. Thus, FSH can promote the
autophagy of endometrial adenocytes [33]. Auto-
phagy may also be related with increased androgen
availability in PCOS. It was found that autophagy
related genes were significantly reduced in anovula-
tory PCOS compared to healthy endometrium, and
was negatively correlated with free androgen index.
Treatment of PCOS patients with metformin
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significantly increased the endometrial mRNA levels
of autophagy-associated genes, suggesting that the
increased androgen level in PCOS is associated with
metformin-sensitive transcriptional downregulation
of endometrial autophagy [34]. And dexamethasone,
a widely used anti-inflammatory compound, was also
observed to inhibit the autophagy of mice uteri at the
first day of pregnancy, when the autophagy level
should have been the highest [14]. This effect suggests
that inflammatory response may be associated with
increased autophagy in the day 1 pregnant uterus.
Other hormones, such as luteinizing hormone (LH),
anti mullerian hormone (AMH), prolactin (PRL), and
Human Chorionic Gonadotropin (HCG), which also
take vital part in the menstruation cycle or gestation
of fertile women, still need to be investigated on their
role of regulating the autophagy of endometrium.

Metabolism and metabolites

Autophagy can be influenced by many
metabolites, and it can affect the metabolic condition
of cells simultaneously. Rhee et al. found that a high
level of palmitic acid, which is commonly observed in
obese people as a result of imbalance of energy
metabolism, can impaired the autophagy of human
endometrial cells during decidualization [16]. This
may be one of the mechanisms that lead to the poor
reproductive outcome and early pregnancy loss in
obese women. Folate acid, a widely applied supple-
ment by women during pregnancy, was reported to
induce the autophagy of endometrium, thus benefits
the decidualization process [35]. In another experi-
ment, researchers found that compared to the control
group, caloric restriction can significantly increase the
autophagy activity and inhibit the p-Akt and mTOR
levels in endometriotic lesions of endometriosis mice
model [36].

Apart from this, the amino acid metabolism can
also regulate the autophagy condition in endometri-
um. It was detected that the level of phenylalanine,
indoleacrylic acid (IAA), phosphocholine and lyso-
platelet-activating factor-16 (lyso-PAF) in serum were
higher in endometrial carcinoma patients than normal
controls, and all of them played a role in regulating
the autophagy tumor cells. PAF can induce tumor cell
apoptosis and autophagy, while IAA triggered
apoptosis and had a biphasic effect on autophagy:
inhibiting autophagy with doses <1 mmol/L but
inducing at 1 mmol/L. Interestingly, the alterations in
apoptosis and autophagy caused by 1 mmol/L [IAA
coule be reversed by the concomitant treatment of
tryptophan (100 mumol/L). Phosphocholine inhibited
tumor cell invasion and migration, and promoted cell
proliferation and autophagy, all in a dose-dependent
manner [37]. Other substance, such as retinoic acid,

was also reported to enhance the autophagy in ESCs
[38]. According to this, we can learn that autophagy is
widely regulated by many kinds of metabolic
products, and closely related to various biological
activities.

What's more, the supply of oxygen plays a
critical role in the process of cell growth. The lack of
oxygen, namely hypoxia, can induce the autophagy of
cultured human endometrial stromal cells (HESCs) in
a time-dependent manner through hypoxia-inducible
factor-lalpha (HIF-1a) [23]. LC3-II expression and the
number of autophagosomes were gradually increased
by hypoxia treatment [22]. This autophagy inducing
effect of hypoxia was also reported in other cells and
diseases, such as preeclampsia, non-alcoholic steato-
hepatitis, neurodegenerative diseases, and so on [39,
40]. Oxidative stress is another good candidate
responsible for autophagy induction in endometriotic
cells. The persistent oxidative stress, by itself and/or a
positive feedback with heme oxygenase-1(HO-1),
reactive oxygen species (ROS), and other down-
stream response, can stimulate the autophagic process
[41-43].

Oxidative stress induces a rapid calcium release
from intracellular stores, which play an important role
in apoptosis and necrosis, senescence, as well as
autophagy. With a sublethal H»O: treatment, an
artificial environment of oxidative stress was formed.
It was found that in HOr-treated human
endometrium-derived stem cells, intracellular calcium
([Ca2+]i) chelation by BAPTA-AM can effectively
initiate an early onset of autophagy, as observed by
both the phosphorylation status of AMPK/mTORC1
pathway and the dynamics of the LC3 lipidization. In
other word, the calcium release under oxidative stress
could inhibit the activation of autophagy, which may
be related to the prevention of the premature
senescence and DNA damage [26]. Different from the
free state of calcium, iron is presented in cells as ferric
ammonium citrate (FAC). Treatment with FAC can
significantly increase the protein level of LC3-II and
the number of autophagosomes in a dose dependent
manner in immortalized endometriotic Cells, by the
activation of AKT and MAPK pathway [41].

Enzymes, inhibitor and drugs

Serum and glucocorticoid-regulated kinase 1
(SGK1) is a serine/threonine protein kinase that
shares structural and functional similarities with the
AKT family of kinases [44]. It plays an important role
in cellular stress response by activating certain
potassium, sodium, and chloride channels, suggesting
an involvement in the regulation of processes such as
cell survival, neuronal excitability, and renal sodium
excretion [45-47]. In endometrial carcinoma, the
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expression of SGK1 was upregulated in tumor tissues
than normal control, and inhibiting SGK1 with SI113
can induce a reduction of endometrial cancer cells
viability as well as a significant increase of autophagy,
as revealed by the increase of the markers LC3B-II and
beclin I, detected by both immunofluorescence and
western blot analysis [48]. This effect may be
associated to the induction of endoplasmic reticulum
stress markers GRP78 and CHOP evaluated by both
real-time PCR and western blot analysis.

Inhibitors of the key enzymes can also influence
the process of autophagy in endometrium. Liraglu-
tide, which is an agonist of glucagon-like peptide-1
receptor (GLP-1R), can significantly induced
autophagy of endometrial carcinoma cells and
inhibited Ishikawa cell growth, as well as the elevated
AMPK expression [49]. Bortezomib is an inhibitor of
26S proteasome, which has been reported to inhibit
protein degradation in lysosomesmay by inducing
ERK phosphorylation and suppress cathepsin B in
endometrial carcinoma cells and enhance chemo-
therapy efficacy by abolishing chemotherapy-related
autophagy [50]. A new synthetic histone deacetylase
inhibitor, MHY2256, was found to induce apoptosis
and autophagy cell death in endometrial cancer cells
via p53 acetylation [51]. Similarly, as an inhibitor of
mTOR, RADO001 significantly decreased phosphoryla-
tion of mTOR and inhibited proliferation of progestin-
resistant cancer cells and induced a higher sensitivity
to paclitaxel-induced apoptosis by promoting auto-
phagy [52, 53]. Rapamycin is another inhibitor of
mTOR, which is the most commonly used as an
inducer of autophagy, but we should notice that it can
affect both mTORC1 and mTORC2. What's more,
mTOR is a major regulatory protein that is part of
several signaling pathways, including for example
those that respond to INS/insulin, EGF/epidermal
growth factor and amino acids, and it thus controls
process other than autophagy [54-57]. Therefore,
rapamycin will ultimately affect many metabolic
pathways and the pleiotropic effects need to be
considered [58].

Many drugs, especially those used in the
anti-tumor treatment, were discovered with the effect
of adjusting the autophagy activation. Metformin, a
commonly used medicine for treating type II diabetes,
which has recently been reported to possess
anti-proliferative properties in a variety of cancers,
was reported to regulate the autophagy of tumor cells
[59, 60].It was found that metformin could increase
the apoptosis, inhibited the growth, and promote the
autophagy of endometrial carcinoma cells with differ-
ent concentrations in a dose- and time-dependent
manner [59-62]. And the autophagy inducing effect
was proved to be related with CEBPD or AMPKa [63,

64] in several tumor cells. Sorafenib is another
anti-tumor drug, or more precisely, a multi-target
tyrosine and serine/threonine kinase inhibitor
approved by FDA for the treatment of hepatocellular
carcinoma, advanced renal carcinoma and radioactive
iodine-resistant thyroid carcinoma [65, 66]. Sorafenib
could induce an unfolded protein response (UPR) in
EC cells that connects with an autophagic output
through a MAPK/JNK-dependent mechanism and
this MAPK/JNK-dependent early protective auto-
phagic response in endometrial carcinoma cells may
count for the limited effect of sorafenib in a
multi-institutional phase II trial in advanced uterine
carcinoma patients [67]. Programmed cell death 4
(PDCD4), a newly identified tumor suppressor, was
uncovered to effectively inhibit the proliferation and
suppress the migration and invasion of endometrial
cells by inhibiting cell autophagy, probably through
NF-xB/MMP2/MMP9 signal pathway [68]. Cisplatin
was also reported to upregulate cell autophagy in
endometrial cancer cells via the PI3K/AKT/mTOR
signaling pathway [69]. And interestingly, the
combination of cisplatin and rapamycin showed a
synergetic anti-endometrial cancer effect [58]. Also,
other drugs [70], including traditional Chinese
medicine such as Isoliquiritigenin (ISL), Protopanaxa-
diol (PPD) showed a potential to regulate the
autophagy in endometrium [30, 71, 72]. The role of
autophagy in endometrial cancer is worthy
investigating and is discussed in the next part.

Others

With the constant-depth study, non-coding RNA
has been unveiled to participate in more and more
biological activities. It was now clear that many micro
RNA and long non-coding RNA (IncRNA) have a
regulatory effect on the activation of autophagy in
endometrium. For example, miR-101-3p was reported
to upregulate the expression of autophagy-related
proteins LC3-1I and beclin-1 in EC cells in a time- and
dose-dependent manner, by downregulating the
expression of enhancer of zeste homolog 2 (EZH2)
[73]. EZH2 is a critical component of the polycomb
repressive complex 2 with intrinsic histone methyl
transferase activity that mediates gene silencing by
catalyzing trimethylation on lysine 27 of histone
H3[74]. And it can epigenetically repress tuberous
sclerosis 2 (TSC2), a negative regulator of the mTOR
pathway. Downregulation of TSC2 by EZH2 elicited
mTOR activation, which in turn induced the
inhibition of autophagy [75]. MiR-210, a micro RNA
which was significantly induced by hypoxic
treatment, was found to promote autophagy partly by
inhibiting the Bcl-2 expression [76]. MiR-218 can also
inhibit the autophagy of endometrial cancer cells by
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directly bind to the 3'-UTR of HMGB1 gene, which is
one of the most important regulators of cellular
autophagy [77]. IncRNAs, specifically HOTAIR, can
regulate the level of autophagy in human endometrial
cancer cells by influencing Beclin-1, MDR, and P-gp
expression. Interference of HOTAIR enhanced the
autophagy activity of cisplatin-resistant Ishikawa cells
and further reduced the proliferation of cisplatin-
resistant Ishikawa cells [78]. IncRNA-MALAT1 also
promoted hypoxia-induced autophagy in endometrial
stromal cells and reduced their apoptosis, which
facilitated the survival of ectopic endometrium[79].
DNA mismatch repair (MMR) can induce auto-
phagy in human endometrial tumor cells via signal
transferred by p53 after exposure to 6-thioguanine
(6-TG), a chemotherapy drug which can be
recognized by MMR. Autophagy induced by DNA
mismatch repair inhibits apoptosis of endometrial
carcinoma cells. An inhibition of autophagy by Atg5

Table 2. Regulatory factors of autophagy in endometrium

knockdown will significantly promotes the apoptosis
of cancer cells after DNA mismatch repair processing
of 6-TG, suggesting that autophagy mediated the
survival of cancer cells with MMR in the treatment of
6-TG [80]. A brief summary of regulators of auto-
phagy in endometrium is shown in Table 2.

The role of autophagy in physiological
conditions

As is mentioned above, the level of autophagy is
in a dynamic state during the menstrual cycle. The
role of autophagy in menstruation is still not quite
clear. Based on the limited research, we can learn that
autophagy may be related to the apoptosis induction
of endometrial cells by increasing the BAX: BCL2 ratio
and activating the subsequent caspases, and is
directly involved in the cyclic remodeling of the
human endometrium [10].

Effect on Note References
autophagy
Hormones Estrogen downregulate by upregulating CXCL12 and CXCR4 expression [13-15,17, 29, 30]
upregulate by promoting the expression of EIG121 [28,31]
Progestogen upregulate impairing activation of AKT, ERK1/2, and mTOR [28,31]
downregulate PR dependent [14]
FSH upregulate partly through activating the phosphorylation of Smad2/ Smad3 via transforming [33]
growth factor beta (TGFp)
Androgen negatively increased androgen availability in PCOS is associated with downregulation of [34]
correlated endometrial autophagy
Dexamethasone downregulate significantly reduced autophagy in the day 1 pregnant mice uterus which may be [14]
related to inflammatory response
Metabolism  Palmitic acid downregulate defects in autophagy caused by palmitic acid may contribute to impaired [16]
and decidualization
Metabolites Indoleacrylic acid (IAA) biphasic effect inhibiting autophagy with doses <1 mmol/L but inducing at 1 mmol/L; [37]
autophagy caused by 1 mmol/L IAA coule be reversed by the concomitant
treatment of tryptophan (100 mumol/L)
Phosphocholine upregulate in a dose-dependent manner [37]
lyso-platelet-activating upregulate in a dose-dependent manner [37]
factor-16(lyso-PAF)
retinoic acid upregulate / [38]
Folate acid / [35]
calcium downregulate calcium chelator induce an early onset of autophagy through AMPK/mTORC1 [26]
pathway under oxidative stress
iron upregulate by the activation of AKT and MAPK pathway [41]
hypoxia upregulate through HIF-1a [22, 23]
Oxidative stress upregulate by itself and/or a positive feedback with heme oxygenase-1(HO-1), ROS, and other [21, 41-43]
down-stream responses
Enzymes, SGK1 upregulate associated to the induction of endoplasmic reticulum stress [48]
inhibitor and [ jraglutide upregulate may be related to the AMPK phosphorylation [49]
drugs Bortezomib downregulate inducing ERK phosphorylation and inhibiting protein degradation in lysosomes  [50]
MHY2256 upregulate P53 acetylation [51]
RADO001 upregulate downregulation of AKT/mTOR phosphorylation [52, 53]
Rapamycin upregulate binds to FKBP1A /FKBP12 and inhibits mTORC1 [30, 58]
Metformin upregulate inducing autophagy through CEBPD upregulation or AMPKa [63, 64]
Sorafenib upregulate through a MAPK/JNK-dependent mechanism [67]
Isoliquiritigenin (ISL) upregulate By activating the extracellular signal regulated kinase signaling pathway [71]
Itraconazole upregulate inhibit the expression of mTOR signaling components [70]
Protopanaxadiol upregulate via AMPK/JNK phosphorylation [30, 72]
PDCD4 downregulate may be related to NF-kappaB/MMP2/MMP9 signal pathway [68]
Cisplatin upregulate via the PI3K/ AKT/mTOR signalling pathway [69]
Others miR-101-3p upregulate by downregulating the expression of Enhancer of zeste homolog 2 (EZH2) [73]
miR-210 upregulate partly by inhibiting the Bcl-2 expression [76]
MiR-218 downregulate by directly bind to the 3'-UTR of HMGB1 gene [77]
Lnc-RNA HOTAIR downregulate by influencing Beclin-1, MDR, and P-gp expression [78]
IncRNA-MALAT1 upregulate / [79]
DNA mismatch repair (MMR)  upregulate via signal transferred by p53 [80]
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In the mechanism research of keratinocyte
growth factor in treating intrauterine adhesion,
autophagy was confirmed to show a close relatively
relationship with the proliferation of endometrial
epithelial cells and the angiogenesis in endometrial
[81]. This may also occur in the menstrual period after
the shedding of endometrium. Accordingly,
autophagy in endometrial cells may be related to the
remodeling of the endometrium, as well as the
angiogenesis during the menstruation cycle.

After menopause, endometrium undergoes a
physiological atrophy with the withdrawal of
estrogen and progestogen. Autophagy is detected to
play a prominent role in uterine epithelial cell death
and is a critical regulator of the uterine epithelium
that accounts for endometrial atrophy [13]. Similarly,
persistent activation of cell autophagy induced by the
high level of FSH may directly or indirectly induce
cell apoptosis, and finally contribute to the atrophy of
endometrial [33]. What's more, 3-MA injections
significantly increases uterine glycogen content in
ovariectomized uteri, suggesting that heightened
autophagy under hormone deprivation is associated
with glycogen breakdown as an energy provider [14].

Another role of autophagy is the regulatory
effect during decidualization. Autophagy pathway
plays a vital role in cell proliferation, endometrial
function, prostaglandin secretion and cell attachment
[82]. A high level of autophagy was detected at the
first day of pregnancy in mice uteri when the uterus
shows an inflammatory response to mating, revealing
that uterine autophagy may have undetermined
functions as a responsive mechanism to acute
inflammation [14]. During the decidualization period,
the autophagy in endometrium significantly
increased, and an impaired autophagy in obese
women may be related to a poor outcome of
pregnancy, suggesting that autophagy contribute to
the endometrial receptivity and embryo implantation
[16]. Being related to endoplasmic reticulum stress,
autophagy was also reported to contribute to early
pregnancy success and regulate endometrial function
[83]. In conclusion, the increasing autophagy is
indispensable during the decidualization of endome-
trium and defects in autophagy may relate to poor
reproductive outcomes and early pregnancy loss.

The role of autophagy in
endometrium-related diseases

As a fundamental activity of cells, autophagy is
essential in biological process of endometrium in both
physiology and pathology. In endometrium-related
diseases, autophagy plays a multifunctional and
complicated role as revealed by more and more
evidence, which increased the difficulties for us to

understand the effect of it in a certain situation. As a
matter of fact, the function of autophagy in different
endometrium-related diseased may be totally
different. Here, we make a brief discussion of auto-
phagy in endometrium-related diseases separately
based on the researches till now, and more thorough
studies are needed to help us understand the role of
autophagy in endometrium.

Endometrial carcinoma

Endometrial carcinoma is one of the most
common malignant diseases in women all over the
world. It was reported that autophagy has played
important roles in the tumorigenesis, the prolifera-
tion, the drug resistance, and the immune regulation
of endometrial carcinoma. To investigate the auto-
phagy targeted treatment for endometrial carcinoma
may be a potential way instead of the traditional
method.

Three autophagy related genes, RB1CC1, ULK4,
and WDR45 were found to be significantly mutated in
endometrial carcinoma patients compared with
normal women, suggesting that aberrant activation or
disruption of autophagy plays a role in the
tumorigenesis of endometrial carcinoma [84]. LC3A
reactivity was recognized in three basic patterns:
diffuse cytoplasmic, cytoplasmic/juxta-nuclear, and
the so-called “stone-like” structures (SLS). The latter
has emerged as the hallmark of autophagic activity,
being detected exclusively in endometrial carcinomas
and mildly in the atypical hyperplasias, while other
forms of hyperplasia without cytological atypia and
normal endometrial tissues expressed only cytoplas-
mic staining patterns, suggesting that autophagy is
more activated in endometrial carcinoma cells than
normal or hyperplastic endometrial [85]. The highly
activated autophagy may be related the proliferation,
apoptosis and other biological activity of tumor cells,
which contribute to the oncogenesis of endometrial
carcinoma.

Actually, it was reported that autophagy may
promote cell survival under nutrient deprivation and
other cellular stresses [31]. But in other cases,
autophagy is more likely to associate with the cell
apoptosis and cell death, which is negatively related
to proliferation. Several anti-cancer drugs was found
to induce the autophagy of cancer cells and inhibit the
cell viability, suppress the cell proliferation and
downregulate the cell growth [48, 49, 86]. Similarly,
the lower level of autophagy in progestogen-resistant
endometrial cancer cells was related to the increased
proliferation [52], and estrogen was also found to
promote the cell proliferation and simultaneously
inhibit the autophagy in endometrial cancer cells [30].
In conclusion, autophagy may play a beneficial role in
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the initiation of endometrial carcinoma and the
survival of tumor cells under stress, but excessive
autophagy may lead to the apoptosis and cell death,
which is bad for the proliferation of endometrial
carcinoma.

Autophagy is also related to the drug resistance
of endometrial carcinoma cells for some traditional
anti-tumor medicines. For example, cisplatin was
reported to upregulate cell autophagy in endometrial
cancer cells via the PI3K/AKT/mTOR signalling
pathway [69]. And by inhibiting the level of auto-
phagy, chloroquine can effectively suppress the
proliferation in endometrial cancer cell lines in a
dose-dependent manner, the sensitivity of endo-
metrial carcinoma cells to cisplatin was also improved
by knocking down ATG5 or ATG?7 [87]. Autophagy
has also been shown to be involved in cell resistance
to paclitaxel. Paclitaxel-mediated cell death was
further potentiated by pretreatment with autophagy
inhibitor chloroquine or shRNA against the auto-
phagic gene beclin 1, suggesting that paclitaxel-
elicited autophagic response plays a protective role
that impedes the eventual death of endometrial
carcinoma cell, and autophagy-inhibitor therapy
could be an effective and potent strategy to improve
paclitaxel treatment outcomes in the treatment of
endometrial carcinoma [88]. This kind of protective
auphagic response was also observed in some new
drugs, such as sorafenib. Sorafenib is currently used
to treat hepatocellular carcinoma, advanced renal
carcinoma and radioactive iodine-resistant thyroid
carcinoma, but it has not showed much effect in a
multi-institutional phase II trial in advanced uterine
carcinoma patients. A recent study shows that
targeting autophagy enhances sorafenib cytotoxicity
and suppresses tumor growth and pulmonary
metastasis progression, which can provide insights
into the wunopposed resistance of advanced
endometrial carcinoma to sorafenib and highlight a
new strategy for therapeutic intervention in recurrent
endometrial carcinoma [67]. For those patients who
are insensitive to chemotherapy, inhibiting the
autophagy of tumor cells may be one of the new
strategies for effective treatment.

On the other hand, autophagy is necessary for
the anti-tumor effect in some of the drugs, meaning
that they can induce the cancer cell death at least
partly by promoting the autophagy. More and more
evidence showed that metformin has effects on
suppressing the growth of different kinds of tumor
cells. It was revealed that metformin can induce the
autophagy of endometrial cancer cells, and inhibition
of autophagy either by beclinl knockdown or by
3-methyladenine-mediated inhibition of caspase-3/7
can significantly suppress the anti-proliferative effects

of metformin on endometrial cancer cells, indicating
that the anti-proliferative effects and apoptosis-
inducing effect caused by metformin were partially or
completely dependent on autophagy [62]. Autophagy
was also involved in the cell death inducing effect of
suberoylanilide hydroxamic acid (SAHA), a histone
deacetylase inhibitor, which was a promising thera-
peutic agent for endometrial stromal sarcoma [89].
These results told us that autophagy may be a
double-edged sword in the treatment of endometrial
carcinoma. Just like the relationship of autophagy and
proliferation, in a certain condition, autophagy may
promote the drug resistance or the drug effect
according to specific circumstances.

Apart from this, autophagy is related to the
immune regulation of the local tumor environment.
Exposure with rapamycin results in a significantly
increased autophagy in endometrial cancer cells, and
it can further enhanced the cytotoxicity of NK cells by
upregulating the expression of IL-27 in endometrial
cancer cells and IL-27 receptors on NK cells, which
can restricted the growth of tumor in Ishikawa-
xenografted nude mice [58]. In contrast, high
expression of Beclin-1 is related to high tumor grade,
high myometrial invasion, and a poor 5-year survival
in endometrioid adenocarcinoma [90, 91].

Endometriosis

Endometriosis is a chronic, estrogen-dependent
disease and characterized by the implantation of
endometrial glands and stroma deep and
haphazardly into the outside the uterine cavity [92].
Autophagy in endometriosis-derived tissues is
reduced compared with normal endometriosis
tissues, especially in ectopic endometrium and during
the secretory phase [93]. The impaired autophagy
plays critical roles in the process of cell apoptosis and
proliferation, invasion and migration, cell immunity,
and is associated to the stage and prognosis of
endometriosis [93, 94].

As a benign disease characterized by the
presence, transfer, invasion, and cultivation of
growing endometrial tissue, endometriosis is now
found to be more and more closely related to the
immune microenvironment at local peritoneal cavity.
The impaired autophagy in ectopic ESCs results in the
downregulation of hematopoietic cellular kinase
(HCK) by inactivating signal transducer and activator
of transcription 3 (STAT3), as well as the increased
secretion of the downstream molecules CXCL8/IL-8
and IL23-A by ESCs, and this increase induced the
upregulation of CD16- NK cells and decline of
cytotoxic activity in ectopic lesion microenvironment
[17]. Similarly, we also found that rapamycin decrease
the level of IL-15 receptors in ESCs, which may

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

3467

downregulate the effect of IL-15 on stimulating the
growth and invasion of ESCs and helping the immune
escape of ESCs by suppressing the cytotoxic activity
of NK cells in the ectopic milieu [95]. What's more, we
proved that autophagy in ectopic ESCs enhances the
cytotoxic activity of NK cells and suppresses the
growth of ectopic lesions in a mouse EMS model. By
increasing the autophagy of ectopic ESCs, protopan-
axadiol significantly increased the expression of
activating natural cytotoxicity receptors (NKp30 and
NKp46) and cytokine IFN-y, and decreased IL-10
expression in NK cells, and protopanaxadiol can also
decreased the number and weight of mouse ectopic
lesions [29]. Autophagy in ESCs can also influence the
function of macrophage around the ectopic lesion.
Ruiz et al. noted that autophagic flux inhibitor
hydroxychloroquine (HCQ) increase the levels of
peritoneal macrophages and the IP-10 (10 kDa
interferon-y-induced protein) chemokine in a mouse
model of endometriosis [11], whereas the role of
macrophage in the development of endometriosis
needs to be deep investigated.

Autophagy is also reported to be related to the
proliferation and apoptosis of eutopic or ectopic
endometrial tissues from endometriosis patients. By
inhibiting the activity of autophagy in endometriotic
stromal cells, MK2206 (an AKT inhibitor) and
chloroquine markedly reduced cell growth and
regrowth after discontinuation of treatment, and
reduced the size of endometriotic implants, indicating
that autophagy played a cytoprotective role in
endometriosis [96]. Autophagy was also reported to
inhibit the proliferation and colony formation, and the
growth of filopodia of the endometriotic cell line
CRL-7566 through fascin-1[20]. A newly identified
tumor suppressor, PDCD4, can effectively inhibit the
proliferation and colony-forming ability and suppress
the migration and invasion ability of endometrial cells
probably by inhibiting cell autophagy [68]. Xu et al.
also showed that autophagy in ovarian endometriotic
cell line CRL-7566 may contribute to pathological
development of endometriosis through enhancing cell
survival [76]. However, some researcher deemed that
autophagy may promote the apoptosis of endo-
metriotic cells. Dienogest treatment of endometriotic
cells was found to suppress AKT and ERK1/2
activity, thereby in turn inhibiting mTOR, inducing
autophagy and promoting apoptosis [32]. Choi et al.
also identified that rapamycin treatment induced
autophagy and led to apoptosis promotion, which
was reversed by the addition of 3-MA, suggesting that
mTOR inhibition promotes endometriotic cell apop-
tosis via autophagy induction [12]. And rapamycin
was observed to inhibit the proliferation and colony
formation and inhibit the growth of filopodia of the

endometriotic cell line CRL-7566, which can be
reversed by 3-MA [20]. Collectively, autophagy may
be essential for the proliferation and cell growth of
endometriotic cells, but wunder some certain
circumstances, the increased activity of autophagy
could lead to their apoptosis.

Migration and invasion are two typical
characteristics of endometriotic cells contributing to
the development of endometriosis, which are also
uncovered to be regulated by the level of autophagy.
Human endometrial epithelial cells treated by
hypoxia displayed a higher level of autophagy and
higher ability of migration and invasion compared to
the control cells; however, when co-treated with
autophagy inhibitors 3-MA and CQ, the migratory
and invasive potential were dramatically decreased.
These observations indicated that autophagy
facilitates the hypoxia triggered migration and
invasion [22]. Similar effects were also observed by
inhibiting autophagy with specific inhibitors and
Beclinl siRNA in human endometrial stromal cells,
the decreased autophagy activity attenuated their
hypoxia triggered migration and invasion [23].
PDCD4 effectively suppressed the migration and
invasion ability of endometrial cells, and the
mechanism was also found out to be related to its
function of inhibiting the autophagy of endometrial
cells [68]. Based on the researches, we may conclude
that autophagy play an important role in the
migration and invasion of endometrial cells.

CA125 is a critical index which can reflect the
active inflammatory responses and the development
or stage, as well as predict the recurrence of
endometriosis [97]. As is shown in the study of Ren et
al. [98], Beclin 1 protein expression in eutopic
endometrial tissues was negatively correlated with
serum CA125 (r = -0.307, P = 0.015), and pelvic pain (r
= -0.542, P = 0.000). Lu et al. [38] also found that
Beclinl expression showed a negative correlation with
the clinical stage of endometriosis, demonstrated that
autophagy is lower in the advanced stage of
endometriosis. However, our previous work showed
that there was no significant difference in autophagy
grade between stage I-II and stage III-IV
endometriosis-derived ectopic ESCs [15]. Zheng et al.
[24] clarified that there was a significant positive
correlation between serum CA125 level and LC3-II
protein level and/or LC3-II/LC3-I ratio in
endometrial tissues, whereas the correlation index
was separately 0.307 and 0.405, and the CA125 level
was negatively related to the mRNA expression of
LC3B and Beclin and protein level of Beclin, while the
correlation index was quite small and with no
significance [24]. Since the relationship between
autophagy and stage of endometriosis as well as the
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serum CA125 level remains to be controversial, more
samples should be included in the research to figure
out the fact, which may help to comprehend the role
of autophagy and direct the future treatment of
endometriosis with autophagy-related drugs.

Hyperplasia

Autophagy may be related to the endometrial
hyperplasia induced by tamoxifen [99]. As a first
generation of selective estrogen receptor modulators,
tamoxifen is usually recommended for the hormone
receptor positive breast cancer patients, but one of the
side effects of tamoxifen is endometrial hyperplasia
even endometrial cancer. Feng et al. found that
tamoxifen could significantly induce the mRNA and
protein expression of autophagy adaptor P62 in
endometrial cells but not breast cancer cells, and
inhibiting the expression of P62 retarded tamoxifen-
promoted growth of endometrial cancer cells [99],
indicating that the selectively promotion of
autophagy in endometrial and breast cancer cells may
be the reason for tamoxifen-induced hyperplasia.
Actually, we may hypothesize that autophagy was
associated with hyperplasia of endometrium, not only
in the tamoxifen-induced cases. Studies are needed to
prove whether this was true in the spontaneous
hyperplasia or hormone-related hyperplasia since the
evidence was rare.

Endometrium-related infertility

Although many factors contribute to infertility
and early pregnancy loss, decidualization defects was
regarded as an important factor contributing to
compromised endometrial receptivity and poor
implantation. As is discussed above, autophagy is
beneficial to the process of decidualization, and
impaired autophagy in endometrial cells may be
related to infertility. In obese women, the increased
level of palmitic acid may decrease the autophagy in
endometrial cells as well as the process of
decidualization, and further cause the implantation
failure [16]. And autophagy in polycystic ovary
syndrome patients was reported to be negative
associated to the androgen level, indicating that the
inspired autophagy may be related to the increased
level of androgen, which inhibits the growth of follicle
and is detrimental to the endometrial receptivity [34].
Much remains unknown in the field of infertility.
Apart from the quality of zygote, the endometrium
related process, including the decidualization, the
implantation, the remodeling of uterus spiral artery
and the endometrial receptivity, are all closely linked
to a successful pregnancy. There’s no doubt that the
condition and function of endometrial or decidual
stromal cells play a vital role, and autophagy activity

of endometrial or decidual cells deserves more
attention and may draw a new light on the way
exploring the mechanisms of infertility.

Conclusion and perspectives

Autophagy is a conserved pathway in eukaryotic
cells with the function to degrade misfolded proteins,
aging organelles, and other damaged cell compo-
nents, as well as participate in the regulation of
biological activities such as proliferation, apoptosis,
and immunoreaction. Endometrial cells undergo a
dynamic autophagy in the periodic growth and
shedding off during the menstrual cycle, and the
autophagy level also changed in endometrium-related
diseases, as well as the physiological processes
including decidualization and atrophy. Although a lot
has been done during the past years, much remains
unknown related to the autophagy in endometrium.
The researches about autophagy limit to the
endometrium stromal cells and epithelial, while we
believe that autophagy in endometrial immune cells
was the same pivotal and even more important.
What's more, autophagy influences different biologi-
cal activities in the same disease or the same kind of
cells, these effects may be mutually contradictory. The
balance and relationship between these effects, or the
synthetic role of autophagy at some certain conditions
are still vague to our understanding. On the one side,
autophagy could promote the drug resistance of
tumor cells and the migration and invasion of ectopic
endometrium; on the other side, autophagy may also
induce the immune activation and cell apoptosis in
the lesions area (Figure 1). There is no constant role of
autophagy in different situation; at least the evidences
were controversial related the function of autophagy
even in the same diseases. For all this, there’s no
doubt that to determinate the law of autophagy is of
great significance in improving the treatment and
enhancing the medicine development in
endometrium-related diseases.
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the autophagy activity is relatively low in endometrium cells. When entering into the secretive phase, it significantly increases to the peak in late secretive phase under the control
of estrogen and progestogen. And during the menstrual phase, it remains a middle level with the withdrawal of estrogen and progestogen. (b) Autophagy is decreased in
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to several drugs, including sorafenib, cisplatin, paclitaxel and so on. Meanwhile, autophagy may also lead to apoptosis of tumor cells and is essential for some other treatment
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