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Introduction

Endometriosis is a common but challenging gynecologi-
cal disease with unclear pathogenesis and limited treatment 
options, affecting 6-10% of women of childbearing age and 
20 − 50% of infertile women [1]. It is characterized by the 
abnormal implantation of the endometrial glands and stroma 
outside the uterine cavity, especially the ovaries and pelvic 
peritoneum. Endometriosis is a benign gynecological dis-
ease that shares similar characteristics with cancer, such as 
migration and invasion [2]. At present, the pathogenesis of 
endometriosis has been extensively studied clinically. Many 
theories have been put forward, among which the in situ 
theory includes the Müllerian remnants hypothesis and Coe-
lomic metaplasia or the stem cell differentiation hypothesis. 
Other researchers put forward the transplantation theory, 
which includes retrograde menstruation theory and venous 
dissemination or metaplasia theories. These theories explain 
the origin of endometriosis [3]. However, the mechanism 
of how endometrial cells evade intraperitoneal immune 
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Abstract
Autophagy has emerged as an important process of cell metabolism. With continuous in-depth research on autophagy, 
TFEB has been a key transcription factor regulating autophagy levels in recent years. Studies have established that TFEB 
regulates autophagy and apoptosis in various diseases. However, the relationship between TFEB and the pathogenesis of 
endometriosis remains unclear. This study aimed to investigate the effect of TFEB on the mechanism of endometriosis 
progression. The results showed that TFEB and autophagy-related protein LC3 are highly expressed in ectopic endome-
trium of patients with endometriosis, overexpression of TFEB in cultured human endometrial stromal cells (HESCs) by 
lentivirus not only promoted autophagy but also inhibited apoptosis. In addition, the migration and invasion ability of 
HESCs were enhanced by TFEB overexpression. Furthermore, inhibiting autophagy with specific inhibitors can attenuate 
migration and invasion of HESCs induced by TFEB. The rat models of endometriosis show that TFEB knockdown can 
suppress lesion growth in vivo. Our results suggest that autophagy may be involved in the progression mechanism of 
endometriosis, and the mechanism of autophagy disorder in endometriosis is probably related to TFEB. TFEB may be a 
key molecule in promoting endometriosis.
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surveillance to adhere, implant, proliferate, and differentiate 
remains unclear.

Autophagy is a conserved process of cell evolution that 
nutrient depletion, oxidative stress, or other harmful condi-
tions can induce. It begins with the formation of biomem-
brane bodies which can wrap cytoplasmic macromolecules, 
aggregated proteins, damaged organelles, or pathogens and 
then combine with lysosomes to form autophagolysosome, 
in which the hydrolases can digest the contents and gener-
ate nucleotides, amino acids, fatty acids, sugars, and ATP, 
all of these are eventually recycled into the cytoplasm [4]. 
LC3 has been widely studied as an autophagosome marker, 
which is thought to be involved in the final link of autopha-
gosome membrane formation, and SQSTM1(P62), a multi-
functional connexin, is a selective substrate for autophagy 
with a short LC3-interacting region (LIR) that facilitates 
direct interaction with LC3 and ultimately p62 is specifically 
degraded by autophagy [5]. Hengwei Liu et al. found that 
the ectopic endometrium of patients with endometriosis was 
highly expressed with autophagy-associated protein LC3 
[6]. Giulia Allavena confirmed that autophagy was upregu-
lated in ovarian endometrioma by analyzing the expression 
of LC3 and P62, which may be related to the interaction 
between p53 and heme oxygenase 1 [7]. Altogether, autoph-
agy may involve in the progression of endometriosis.

The transcription factor EB (TFEB) is the main regulator 
of lysosomal function and autophagy, belongs to the basic 
helic-loop-helic-Leucine-zipper (BHLH-ZIP) transcrip-
tion factor family (MiT family) [8], as a major transcrip-
tion regulator of the autophagy-lysosomal pathway, TFEB 
positively regulates the expression of autophagy and lyso-
somal biogenesis-related genes, thus promoting autopha-
gosome formation, autophagosome-lysosome fusion, and 
the degradation of autophagy substrates [9, 10]. The asso-
ciation between TFEB and autophagy has been extensively 
studied in neurodegeneration [11] and renal cell carcinoma 
[12]. Kuiper et al. have shown that TFEB is expressed in the 
endometrium [13]. However, the correlation between TFEB 
and autophagy in endometriosis has yet to be studied. In this 
research, we found that upregulation of autophagy in ecto-
pic endometrium was positively associated with TFEB, and 
TFEB overexpression in human endometrial stromal cells 
could inhibit apoptosis and promote autophagy, which fur-
ther affects the migration and invasion of endometrial cells.

Materials and methods

Ethics statement

The endometriosis and normal endometrium tissue collected 
from humans was approved by the Ethical Committee of 

the Second Affiliated Hospital of Wenzhou Medical Uni-
versity and Yuying Children’s Hospital. The animal studies 
were approved by the Animal Use and Care Committee of 
Wenzhou Medical University and conducted following the 
guidelines for the Care and Use of Laboratory Animals of 
the National Institutes of Health.

Human tissue collection

Abdominal ectopic endometrial tissue and corresponding 
eutopic endometrial tissue were obtained from premeno-
pausal women who underwent laparoscopic ovarian endo-
metriosis cyst resection and hysteroscopy in the Second 
Affiliated Hospital of Wenzhou Medical University. Normal 
endometrial tissue was obtained from women who under-
went laparoscopy and hysteroscopy for tubal infertility. All 
participants were between 35 and 45 years old and had not 
used hormone drugs 3 months before surgery. All specimens 
were collected in the late stage of secretion and confirmed 
by histopathology.

Culture of human endometrial stromal cells(HESCs)

The collected endometrial tissues were washed three times 
by PBS, minced into pieces with sterile scissors, and then 
treated with 2 mg/ml (0.1%) collagenase II for 4 h at 37 °C. 
Stromal cells were isolated from epithelial cells and frag-
ments using 150 and 37.4 μm screens, respectively. After 
incubation overnight, stromal cells stuck to the wall, the 
debris was removed from the medium, and the stromal cells 
were washed with PBS. HESCs were cultured with DMEM/
F12 containing 10% fetal bovine serum and 1% penicillin/
streptomycin antibiotics and incubated in a 37 °C incuba-
tor with 5% CO2, then replaced with the complete medium 
every other day.

Lentivirus transfection

Lenti-TFEB, Lenti-shTFEB, and Lenti-NC from GeneChem 
(Shanghai, China) were used for lentivirus transfection. The 
cell was transfected at 30–50% confluence. About > 95% of 
the cells survived 24 h later and then changed the culture 
medium, and the cells continued incubating for a further 3 
days for follow-up experiments.

Protein extraction and western blot analysis

The endometrial tissue we collected and the cultured cells 
were washed with PBS and lysed with a radioimmuno-
precipitation analysis (RIPA) buffer (Beyotime, Shanghai, 
China) that contained protease inhibitors. The tissue was cut 
up and mixed with the lysate for grinding, or the cells were 
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scraped into the lysate, then sat on ice for 30 min, centri-
fuged for 15  min with 12000rmp at 4  °C, and the super-
natant was taken. Protein concentration was determined by 
a BCA protein detection kit (Beyotime, Shanghai, China). 
The same amount of protein was mixed with 5 × sample 
buffer and boiled at 100℃ for 10 min. The same volume 
of the sample was loaded into 12.5% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis gels (PAGE, gel 
thickness 1 mm) for electrophoresis and then transferred to 
polyvinylidene fluoride (PVDF 0.45 μm) membrane (Bio-
Rad, California, USA). Next, the membrane was blocked 
with 5% skim milk for 2 h, rinsed 3 times with TBST, then 
incubated with the required primary antibody at 4 °C over-
night. On the second day, the membranes were washed with 
TBST 3 times and incubated with secondary antibodies at 
room temperature for 2 h. Chemiluminescence and reagent 
(Invitrogen, Carlsbad, USA) were used to observe the blots. 
The gray of these protein blots was quantified with Image 
Lab 3.0 software (BioRad, California, USA).

Immunocytochemical staining

The tissues fixed with paraformaldehyde were dehydrated 
and embedded in paraffin, then the wax block was sliced and 
dewaxed with xylene and hydrated with alcohol. Next, the 
endogenous peroxidase was blocked with 3% hydrogen per-
oxide, and 0.4% pepsin was added and incubated at 37 °C 
for 20 min for antigen extraction. Afterward, the slices were 
sealed with 10% goat serum at 37 °C for 30 min. Add pri-
mary antibody against TFEB (1:1000; Wuhan, China) and 
LC3 (1:1000; Abcam, Cambridge, UK) and incubate over-
night at 4 °C. After rewarming, the sections were washed 
three times with PBS and incubated with horseradish per-
oxidase combined secondary antibody at 37 °C. For 30 min, 
then stained with DAB (Beyotime, Shanghai, China) and 
observed under the microscope. Hematoxylin was used for 
nuclear staining, and the slice was counterstained in hema-
toxylin before dehydration and fixation. Three visual fields 
were selected in each group to analyze the positive cell rate.

Transwell migration and invasion assays

A Transwell 24-well plate and 8 μm diameter filter (Corning 
Costar, Tewksbury, MA, USA) were used for migration and 
invasion experiments. Unlike the migration assay, the inva-
sion assay required the addition of 40μL of working Matri-
gel, diluted by FBS-free DMEM in 1:3 (Becton, Dickinson 
and Company, USA) to the chamber and solidification at 
37  °C for at least 5  h. The following steps are the same. 
20,000 cells in 200μL free medium suspended cells were 
inoculated into the insert, and 700  μl medium containing 
20% fetal bovine serum was filled into the lower chamber. 

The cells were cultured at 37 °C for 24 h and evaluated for 
migration potential. In the invasion experiment, the inva-
sion ability of cells was evaluated after 48 h. The cells were 
fixed with polymethanol for 20 min and then stained with 
crystal violet (1:1000 dissolved in PBS) for 10  min. The 
cells under the membrane were observed under an inverted 
microscope of × 200.

TUNEL staining

The endometrial cells were fixed with paraformaldehyde, 
then stained with a cell death detection kit (Meilunio, 
Dalian, China) at 37 °C for 30 min, following the instruc-
tions. Nuclei were stained blue with DAPI. Finally, the 
TUNEL-positive cells were observed under a fluorescence 
microscope.

Cell count kit-8

The cells were seeded in a 96-well plate at a density of 
1 × 103 cells in 100ul free medium per well; 10 μl CCK-8 
working fluid was added to the wells at 0, 24, 48, and 72 h, 
and then absorbance was measured at 450 nm by a micro-
plate reader after 1 h incubation at 37 °C.

Animal model

6 to 8 weeks-old SD female rats were selected for adap-
tive feeding for 1 week, and then Estradiol valerate was an 
intramuscular injection to each rat every day for 3 days. The 
rats were anesthetized with an intraperitoneal injection of 
10% chloral hydrate, making a 1.5-2 cm longitudinal inci-
sion on the hypogastrium. Bilateral uterine horns and ova-
ries were found, the right uterus was separated and cut, and 
the broken end was ligated. The tissues were cut lengthwise, 
washed with saline, trimmed to a size of 0.5  cm*0.5  cm, 
fixed on the abdominal cavity wall with abundant blood ves-
sels by diagonal suture, and washed with saline. Finally, the 
abdominal cavity was closed layer by layer. After surgery, 
the rats were divided into estrogen, estrogen + LV-NC, and 
estrogen + LV-shTFEB group. Intra-foci injection of 10μL 
Lentivirus was performed at 0,7, 14 days post endometriosis 
surgery. Estrogen + LV-NC groups accepted 10 μL LV- NC 
while the estrogen + LV-shTFEB group was injected with 
LV-shTFEB. All rats accepted 0.1 ml estrogen by intramus-
cular injection every other day and were sacrificed 3 weeks 
after surgery.

1 3

759



Apoptosis (2024) 29:757–767

group and control group, increased TFEB and LC3 were 
observed in the LV-TFEB group, while the expression of 
P62 was the opposite (Fig. 3A and B). Migration and inva-
sion experiments were carried out to investigate the effect 
of TFEB on cell viability. As shown in Fig. 3C, overexpres-
sion of TFEB enhanced the migration and invasion ability 
of endometrial cells. In conclusion, these results suggest 
that TFEB can induce autophagy and promote migration 
and invasion in human endometrial cells.

TFEB overexpression inhibits endometrial cell 
apoptosis

Autophagy can alleviate cell death by selectively inhibit-
ing Pro-apoptotic proteins in the cytoplasm [14]. Consis-
tent with this conclusion, we found that the expression of 
anti-apoptotic protein Bcl-2 was increased in the LV-TFEB 
group compared with the control and LV-NC group, while 
the pro-apoptotic protein Bax was decreased (Fig. 4A and 
B); Furthermore, CCK8 assay showed the viability of endo-
metrial cell increased after TFEB transaction (Fig. 4C). The 
role of TFEB in regulating apoptosis was further confirmed 
by Tunel staining, all of these results indicate that TFEB 
transfection inhibited the apoptosis of endometrial cells.

Results

The TFEB and LC3 protein levels increased in ectopic 
and eutopic endometrium in human and rat models

To ascertain the relationship between autophagy and TFEB 
in endometriosis, Western blot was used to detect TFEB 
protein expression in 3 pairs of fresh ectopic endometrium, 
eutopic endometrium, and normal endometrium. The results 
showed that the expression levels of TFEB and autophagy-
associated protein LC3 in ectopic and eutopic endometrium 
were higher than in normal endometrial tissues (Fig.  1B 
and C) and were more obvious in ectopic lesions, while the 
expression of p62 was opposite. Moreover, the expression 
of TFEB and autophagy marker LC3 showed a similar trend 
by immunohistochemical staining. The same results were 
observed in the endometriosis of the rat model (Fig. 2A, B, 
and C). This result shows that autophagy is upregulated in 
endometriosis, and TFEB may be an important molecule 
regulating autophagy.

TFEB overexpression induces autophagy in 
endometrial cells

To further explore the role of TFEB in autophagy in endo-
metriosis, we transfected endometrial cells with TFEB over-
expression lentivirus in vitro. Compared with the LV-NC 

Fig. 1  The TFEB level in ectopic and eutopic endometrium of patients 
with endometriosis and normal endometrium; (A) Representative 
immunohistochemical images of TFEB and LC3 protein localization 
in normal endometrium, eutopic endometrium, and ectopic endome-
trium of human; (B, C) The proteins expression of TFEB, Lc3 and 

p62 verified by representative Western blots in normal endometrium, 
eutopic endometrium and ectopic endometrium of human. The data 
are expressed as the means ± s.d (n = 3) (*P < 0.05;**P < 0.01;***P 
< 0.001)
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Fig. 3  Overexpression of TFEB induces autophagy. (A, B) The rep-
resentative Western blot results of TFEB, p62, and LC3 proteins in 
HECs transfected with negative Control (NC) plasmid and TFEB 
overexpression plasmid; (C, D) Representative photos of HEC migra-

tion and invasion transfected with negative Control (NC) plasmid and 
TFEB overexpression plasmid. The number of cells migrating and 
invading the inferior cavity was quantitatively evaluated

 

Fig. 2  The TFEB level in normal endometrium, eutopic endometrium, 
and ectopic endometrium of rat model; (A) Representative immuno-
histochemical images of TFEB and LC3 protein localization in normal 
endometrium, eutopic endometrium, and ectopic endometrium of rat 
models; (B, C) The proteins expression of TFEB, Lc3 and p62 veri-

fied by representative Western blots in normal endometrium, eutopic 
endometrium and ectopic endometrium of a rat model. The data are 
expressed as the means ± s.d(n = 3) (*P < 0.05;**P < 0.01;***P < 0.0
01)
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The protective effect of TFEB-induced in 
endometrial cells under oxidative stress was 
reversed by CQ

Studies have shown that overexpression of TFEB can 
promote autophagy flux and reduce apoptosis induced by 
oxidative stress, while autophagy inhibitors reverse the pro-
tective effect of TFEB [17]. Our study confirmed the pro-
tective effect of TFEB overexpression on TBHP-induced 
apoptosis through Western blot and TUNEL. The anti-apop-
totic protein Bcl-2 was higher in the LV-TFEB group than in 
the control group, while the pro-apoptotic protein Bax was 
the opposite. Endometrial cells were then co-cultured with 
CQ, and results showed that the expression of Bcl-2 in the 
LV-TFEB + CQ group was significantly lower than that of 
LV-TFEB. (Fig. 6A and B), consistent with the Western blot 
results, the percentage of TUNEL-positive cells in the LV-
TFEB + CQ group was higher than in the LV-TFEB group 
(Fig. 6C), suggesting that the patency of autophagy flux is 
essential for TFEB-mediated inhibition of apoptosis.

The effect of TFEB on endometriosis lesion growth 
in vivo animal experiment

To investigate the potential role of TFEB in vivo, we 
injected LV-shTFEB around the endometriosis lesion in 
rats (Fig. 7). The volumes of endometriosis lesions in the 

TFEB-induced autophagy, migration, and invasion 
of endometrial cells are attenuated by chloroquine

Chloroquine is a lysosomal cavity alkalizer that can inhibit 
autophagy by blocking autophagosome-lysosomal fusion. 
The expression of autophagy-related protein LC3II is regu-
lated by autophagosome formation and lysosomal degra-
dation. Studies have shown that TFEB not only promotes 
the synthesis of autophagosomes but also promotes the 
biogenesis and function of lysosomes, thus accelerating 
the degradation of autophagosomes [15]. Both increased 
autophagosome formation and decreased autophagosome 
degradation can induce LC3 protein expression elevated 
[16], so we evaluated autophagy flux with chloroquine, as 
shown in Fig. 5A and B. The accumulation of LC3II and P62 
protein increased with chloroquine blocking of autopha-
gosome-lysosomal fusion in Control + CQ compared with 
the control group, this effect was enhanced in Lc3 when 
TFEB overexpressed, but decreased in P62; Furthermore, 
the ability of migration and invasion of endometrial cells 
weakened by CQ could be reversed by TFEB overexpres-
sion partly(Fig. 5C and D). The above results showed that 
TFEB-induced autophagy-related protein expression was 
not achieved by blocking autophagy flow but by promoting 
the formation of autophagosomes.

Fig. 4  TFEB overexpression inhibits apoptosis in HESCs; (A, B) 
The representative Western blot results of Bcl-2 and Bax proteins in 
HESCs transfected with negative Control (NC) plasmid and TFEB 
overexpression plasmid are as above. (C) CCK-8 was used to detect 

cell vitality in HESCs transfected with negative Control (NC) plasmid 
and TFEB overexpression plasmid. (D, E) TUNEL staining assay was 
performed to detect the level of cell apoptosis
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TFEB has been identified as a master regulator of autoph-
agic flux via inducing lysosome biogenesis and promoting 
autophagosome formation and its fusion with the lysosome. 
It has been found that TFEB is activated under oxidative 
stress induced by tert-butyl peroxide or hydrogen peroxide 
in nematodes [22, 23]. The activity and subcellular localiza-
tion of TFEB are related to the phosphorylation level 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 prevent its translocation to the nucleus [24]. While 
under starvation conditions, inactivation of mTORC1 
allows nuclear translocation of TFEB to mediate cellular 
adaptation to stress. Fang et al. also confirmed that arse-
nic trioxide could promote ROS production, induce TFEB 
nuclear shift and inhibit PI3K/AKT/mTOR pathway. These 
effects will promote macrophage autophagy and reduce ath-
erosclerotic lesions [25]. Allavena et al. found that the LC3-
II and LC3-II/LC3-I ratios in ovarian endometrial cysts 
were significantly higher than in normal endometrial, while 
p62 was significantly lower in ovarian endometrial cysts 
than that in normal endometrial [7]. Ying Ding et al.‘s study 
shows that Beclin-1 expression of ovarian granule cells was 
increased in patients with ovarian endometrioma [26]. All of 
these confirmed that autophagy is elevated in endometriosis 

LV-shTFEB + estrogen group were significantly smaller 
than estrogen and estrogen + LV-NC groups at one month 
after surgery. In addition, we applied a Western blot of 
LC3-II to detect the TFEB-induced autophagy in vivo. 
The lentivirus-mediated TFEB knockdown could decrease 
the LC3-II accumulation in the ectopic endometrium of rat 
models. These data implied that TFEB is a potential target 
to promote the progression of endometriosis.

Discussion

Endometriosis is closely related to hormones, inflammation, 
oxidative stress, and environmental factors [18]. Ectopic 
endometrium is histologically and functionally similar to 
eutopic endometrium, with periodic bleeding in response to 
hormonal changes. The blood in cysts has a large amount of 
free or non-protein-bound iron, which can produce excess 
ROS through autoxidation or the Fenton reaction [19]. 
To re-establish homeostasis and resistance to stress under 
stressful conditions, cells must initiate a series of intracellu-
lar signaling pathways. Autophagy plays an important role 
in maintaining the stability of the intracellular environment, 
which can be induced by oxidative stress. Many pathologi-
cal conditions, such as cancer [20] and neurodegenerative 
diseases [21], are associated with the dysfunction of this 
process.

Fig. 5  TFEB-induced autophagy, migration, and invasion of endome-
trial cells are attenuated by Chloroquine; (A, B) The protein expres-
sion of LC3II and P62 in HESCs as treated above; (C) Representative 

photographs of migration and invasion in HESCs as treated above. (D) 
The number of cells migrating and invading the inferior cavity was 
quantitatively evaluated
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in ovarian endometrioma cysts leads to the downregula-
tion of autophagy in ectopic endometrium [28], contrary to 
our results. These contrasting results can be interpreted as 
a complex signaling network involved in the regulation of 
autophagy. As a matter of fact, in addition to the canonical 
PI3K-AKT-mTOR signaling, autophagy and TFEB can also 
be activated through atypical signaling pathways. Recent 
studies suggest that ROS can directly activate lysosomal 
MCOLN1 to induce lysosomal Ca2 + release and establish 
a Ca2 + microdomain near the lysosome, leading to calci-
neurin activation, which induces TFEB dephosphorylation, 
separated with 14-3-3 proteins, then translocated into the 
nucleus, and finally induced autophagy [29]. In addition, 
Wang et al. also showed that ROS could directly oxidize 
the C212 site of TFEB without inhibiting the activity of 
MTORC1, directly promoting the rapid nuclear translo-
cation of TFEB [30]. These studies suggest that elevated 
TFEB and autophagy activity may result from the activation 
of other atypical signaling pathways, which requires further 
experimental verification.

lesions. However, whether TFEB is involved in regulating 
autophagy in endometriosis remains unclear.

Similar to the conclusions of the above researchers, the 
results of Western blots and immunohistochemical stain-
ing in our research showed that TFEB and LC3 expression 
were elevated both in human and rats’ ectopic endometrio-
sis, while p62 was decreased, which means autophagy level 
is upregulation in endometriosis and TFEB may be related 
to the regulation of autophagy; To clarify further whether 
TFEB plays a role in endometrial autophagy, we transfected 
endometrial cells with lentivirus overexpressed TFEB in 
vitro, the results showed that TFEB overexpression sig-
nificantly promoted the expression of the autophagy-related 
protein in endometrial cells. Lingling Zhu et al. also found 
in acute kidney injury that overexpression of TFEB acti-
vates transcription of autophagy and lysosomal-related 
genes, including Becn1, CtsB, Lamp, and Lc3b [27]. These 
results suggest that the activation of autophagy in endome-
trial cells is associated with TFEB. However, the expression 
level of autophagy in endometriosis has been controversial. 
Choi et al. have confirmed that aberrant mTOR activation 

Fig. 6  The protective effect of TFEB-induced in endometrial cells under oxidative stress was reversed by CQ; (A, B) The protein expression of 
BCL-2 and Bax in HESCs as treated above; (C, D) TUNEL staining assay was performed in HESCs as treated above
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can inhibit the downstream autophagy flux. In our study, we 
found that the accumulation of LC3II protein in endometrial 
cells treated by chloroquine combined with overexpressed 
TFEB is more than that in other groups, indicating that the 
increase of LC3II induced by TFEB is the result of autoph-
agy activation rather than lysosomal degradation blockage. 
Furthermore, we found that TFEB can rescue cell apoptosis 
and reverse the decline in migration and invasion abilities 
to a certain extent, which is induced by CQ, indicating that 
the patency of autophagic flux is equally important for the 
survival and behavioral effects of ectopic endometrial cells.

In conclusion, we first testify that the expression of 
TFEB is increased in human endometriosis and rat endo-
metriosis. Overexpression of TFEB enhances autophagy, 
inhibits apoptosis, and promotes endometrial cell migration 
and invasion. In addition, our in vivo studies have shown 
that TFEB knockdown can inhibit the progression of endo-
metriosis, providing basic evidence that TFEB may be an 
important molecule promoting endometriosis.

Limitations

This study has several limitations: (a) The sample size of the 
study was relatively small; (b) The expression of autophagy 

. Autophagy and apoptosis are the main factors determin-
ing cell fate. More and more evidence shows 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 [31]. In the t(6;11) translocation renal 
cell carcinomas, researchers found that TFEB could promote 
anti-apoptosis protein BCL-2 expression by upregulating its 
promoter activity [32]. The same results were found in our 
study. Overexpression of TFEB induced autophagy activa-
tion of endometrial cells and inhibited apoptosis. To some 
extent, this can explain why endometrium implanted outside 
the uterine cavity can survive and lead to the progression of 
endometriosis. Although a benign lesion, it can infiltrate and 
invade distant tissues, similar to a malignant tumor. Migra-
tion and invasion experiments were performed to study the 
effect of TFEB on its malignant behavior. We showed that 
overexpressing TFEB in endometrial cells showed obvi-
ous migration and invasion ability. Autophagy involves 
the structural changes of the subcellular membrane, the 
formation and fusion of autophagosomes with lysosomes, 
and finally, the degradation of substances and the release of 
energy by acidic hydrolases. This process is called “autoph-
agy flux“ [33]. CQ is a lysosomal cavity Alkalizer, which 

Fig. 7  The effect of TFEB on tumor growth in vivo animal experiment. 
(A,B) Endometriosis cysts from different experiments: The ectopic 
cysts in the estrogen and LV-NC groups were larger than in the LV-

shTFEB group. (C, D) The protein expression of TFEB and LC3II in 
different experiments as treated above
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