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Abstract

Purpose To elucidate the role of retinoic acid (RA) in
autophagy-mediated endometriosis.

Methods The mRNA and protein expressions of autophagy
markers were examined in Ishikawa cells and endometriotic
stromal cells (ESCs) after RA treatment. Beclinl expression
was specifically analyzed in clinical samples of endome-
triosis. The effect of Beclinl knockdown on ESC growth
was assessed, and the effect of autophagy inhibition on the
sensitivity of endometriotic cells to RA was analyzed.
Results RA treatment enhanced the autophagy in ESCs,
and Beclinl expression showed a negative correlation with
the clinical stage of endometriosis. Beclinl knockdown
enhanced ESC growth, whereas RA treatment reversed this
effect. Furthermore, inhibition of autophagy by chloroquine
(CQ) and Beclinl knockdown did not show any positive
effect on the sensitivity of endometriotic cells to RA.
Conclusions RA treatment induces autophagy and Beclinl
may play an important role in endometriosis progression.
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Introduction

Endometriosis refers to the condition that endometrial tis-
sues (glands and stroma) grow outside of uterine cavity.
It is a common disease typically associated with chronic
pain. Clinical features include irregular menstruation [1]
and infertility, as high as 40% of infertility rate [2]. Its exact
pathogenesis remains unclear, and so far, the most accepted
hypothesis about endometrial implantation supports Samp-
son’s hypothesis [3] that the exfoliated endometrial tissue
from uterus is shed through the fallopian tubes and reaches
the peritoneal cavity during menstruation [4—6]. The shed
endometrial cells can survive, implant, grow and invade at
ectopic locations and eventually develop into endometriotic
lesions [5]. In addition, the ectopic endometrial cells display
a high invasive capability.

Autophagy is a process by which the cytoplasmic compo-
nents of the cell are degraded and recycled for energy gen-
eration. It is also described as self-eating and is an important
process in the development of multiple diseases. To date,
approximately 30 yeast genes and 16 human genes have been
identified as autophagy-related genes (ATGs). Among these,
Beclinl, a mammal homologous gene of yeast autophagy-
related genes Atg6/Vps30, has been shown to play a key role
in the mammalian autophagy process [7, 8] as an important
protein for autophagosome formation [9] and to be expressed
in endometriotic cells. Another protein, p62, autophagy
degradation-related protein [10], can also be used as an
autophagy marker protein [11] and accumulates in cells
when autophagy occurs improperly. Similarly, ATG3, as a
key ubiquitin-conjugated enzyme, is involved in the func-
tion of the ATG12—-ATGS5 complex in ubiquitin—proteasome
system during autophagosome formation [12] and plays an
important role in LC3 (microtubule-associated protein 1
light chain 3) protein maturation [13].
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Retinoic acid (RA) is a metabolite of natural vitamin A
and has been shown to be involved in the regulation of cell
proliferative disorders and to affect vascular endothelial
growth factor (VEGF) expression in malignant tumors. A
recent study indicated that RA is involved in hormonal regu-
lation in endometrial cells as well as gene expression in mes-
enchymal glandular epithelial cells [14]. However, the exact
mechanism and functions of RA in endometriosis remain
incompletely understood, and it is not known whether it can
act as a potential therapeutic target.

To the best of our knowledge, the roles of autophagy
especially Beclin] in the induction of endometriosis have not
yet been investigated, and its correlation with clinicopatho-
logical characteristics remains to be identified. Further-
more, the role of RA in endometriosis and its relationship
to Beclinl are unclear. Thus, the overall goals of our study
were to: (a) clarify the role of autophagy in RA-mediated
endometriosis, (b) explore the relationship between Beclinl
expression and RA in endometriotic cells, and (c) investigate
whether autophagy regulation can enhance RA sensitivity.

Materials and methods
Cell culture

Endometriotic stromal cells (ESCs) were obtained from
endometriosis patients aged 25-40 years via hysterectomy
during the proliferative phase. Normal endometrium tissues
were collected from infertility patients with a regular men-
strual cycle via diagnostic curettage. None of the patients
received any hormonal medication for at least 3 months prior
to ESC collection. The Ishikawa cell line (human endome-
trial cancer cells) was obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA). The cells
were cultured in RPMI-1640 medium (HyClone Laborato-
ries, Inc., Logan, UT, USA) containing 10% newborn calf
serum (Lanzhou Minhai Bioengineering Co., Ltd., Gansu,
China) in an incubator at 37 °C with 5% CO,. Cells in the
exponential growth phase were used for all experiments.

Quantitative RT-PCR

Total RNA was extracted from 100 mg of tissue using TRI-
zol reagent (Invitrogen Life Technologies, Thermo Fisher
Scientific, Waltham, MA, USA), according to the manu-
facturer’s instruction. The cDNA was synthesized using
AMYV Reverse Transcriptase (Promega Biotech, Beijing,
China) from 1 pg total RNA. The thermal cycling conditions
involved an initial step of denaturation at 95 °C for 30 s and
then 40 cycles of denaturation at 94 °C for 45 s, annealing at
55 °C for 45 s, and elongation at 72 °C for 1 min, on a PCR
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machine (Mastercycler Realplex, Eppendorf, Hamburg, Ger-
many). Subsequently, the RT-qPCR results were analyzed
using the 2742 method. The following primer pairs were
used for amplification of different genes.

GAPDH: 5-GGTCTCCTCTGACTTCAACA-3’
5'-AGCC AAATTCGTTGTCATAC-3'

LC3-1I:  5-AGTCCAATGCTCCAGACTTGG-3'
5'-TAGCTGAAGTGGCATGTCTATC-3'

Beclin-1:  5-GCTCCATGCTTTGGCCAATAAC-3'

5'-ATGGTCAAACTTGTTGTCCCAG-3'
P62: 5'-TCAGTCTCTGACAGAGCAAATG-3'
5'-CGATTCTGGCATCTGTAGAGAC-3'

ATG3: 5'-AAGGGAAAGGCACTGGAAGT-3'
5'-GTGATCTCCAGCTGCCACAA-3'
Western blotting

The proteins (30 pg) isolated from the cells were separated
by electrophoresis on a 10% sodium dodecyl sulfate (SDS)
gel and then transferred onto a polyvinylidene difluoride
(PVDF) membrane. The membrane was blocked for 3 h
in Tris-buffered saline containing 0.1% Tween-20 (TBST;
50 mM Tris-Cl, pH 7.5, and 150 mM NaCl) and 3% bovine
serum albumin (BSA), and subsequently incubated overnight
at 4 °C with a primary antibody against Beclin-1 (sc-11427,
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at
a dilution of 1:500. The membrane was then washed three
times with TBST and incubated with an appropriate horse-
radish peroxidase-conjugated secondary antibody (anti-
mouse IgG, 1:5000; Cell Signaling Technology, Danvers,
MA, USA). Finally, the protein bands were visualized using
an enhanced chemiluminescence (ECL) reagent (Thermo
Fisher Scientific, Waltham, MA, USA).

siRNA knockdown

The small interfering (si) RNAs against Beclinl and the con-
trol siRNA were purchased from Cell Signaling Technology.
Cells plated in 96-well plates were transfected with siRNAs
(20 nM) using Lipofectamine 2000 reagent. The cells were
collected after 48 h of transfection for Western blotting to
detect Beclinl protein to verify the knockdown efficiency.

Cell proliferation

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] cell growth assay (Sigma-Aldrich) was
used to assess cell proliferation after transfection with
Beclinl or control siRNAs, according to the manufactur-
er’s instructions. The cytotoxicity of RA was also meas-
ured using a MTT colorimetric assay. Data are presented
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as mean =+ standard deviation (SD) of triplicate experi-
ments and expressed as a percentage of the DMSO con-
trol. RA was purchased from Enzo Life Sciences (Farm-
ingdale, NY, USA), and chloroquine disphosphate was
purchased from Sigma-Aldrich.

Statistical analysis

All statistical comparisons were performed using 7 test
with SPSS version 21.0 software (IBM Corp., Armonk,
NY, USA). p < 0.05 represented a statistically significant
difference.
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Fig. 1 Effects of RA treatment on autophagy in endometrial cells. a
Ishikawa cells and ESCs were treated with various concentrations of
CQ and RA for 24 h, and mRNA expression of LC3-II, Beclinl, p62,
ATG3 and GAPDH was measured by RT-qPCR. b ESCs were treated
with CQ and different concentrations of RA, and protein expression
of p62 and LC3-II was assessed by normalization to GAPDH. ¢ ESCs
were transfected with a GFP-LC3 plasmid and then treated with the
indicated concentrations of RA and CQ for 48 h before observation

under fluorescence microscopy. GFP-LC3 puncta were counted in 50
cells per sample, and the average number of puncta per cell was plot-
ted. The bars represent the mean + standard deviation (SD) of trip-
licate experiments. d Tissue lysates from normal endothelium and
clinical samples of different grades of endometriosis (stage I, II, III,
and IV) were analyzed for Beclinl and GAPDH expression. The data
represent the normalized Beclinl protein expression from triplicate
experiments
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Fig. 2 Effect of Beclinl knockdown on ESC growth. After transfec-
tion with control or Beclinl siRNA, ESCs were treated with RA for
96 h. a The expression of Beclinl and GAPDH mRNA (RT-qgPCR)
and protein (western blotting) was assessed. b The effect of Beclinl
knockdown on cell proliferation, in the presence or absence of RA,
was assessed by MTT assay
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Fig. 3 Effect of autophagy inhibition on RA sensitivity in endo-
metriosis. a, b Ishikawa cells and ESCs were treated with the indi-
cated concentrations of RA for 48 h in the presence or absence of CQ
(5 uM), and cell viability was measured using MTT assay. ¢, d Ishi-
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Results
RA induced autophagy in endometrial cells

To determine the role of RA in the regulation of autophagy
in endometriotic cells, we first treated Ishikawa cells and
ESCs with different doses of RA for 24 h in the presence
or absence of an autophagy inhibitor, CQ. The mRNA
analysis of various autophagy markers, including LC3-
II, Beclinl, and ATG3 (Fig. 1a) indicated that the CQ-
mediated inhibition of their expression was rescued by
RA treatment. Interestingly, the mRNA expression pro-
file of p62 showed the opposite trend in Ishikawa cells,
suggesting that RA induced autophagy in endometriotic
cells. We also analyzed the expression of p62 and LC3-1I
at the protein levels in ESCs after treatment with vari-
ous concentrations of RA and CQ. The data in Fig. 1b
showed that RA treatment inhibited p62 expression in a
dose-dependent manner, whereas LC3-II expression was
obviously suppressed after treatment with 10-40 pM RA.
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Further, addition of CQ reversed the expression patterns
of p62 and LC3-II (last lane in Fig. 1b). The stimulatory
effect of RA on autophagy was further verified using a
green fluorescent protein (GFP)-LC3 puncta formation
assay, in which ESCs that had been transfected with a
LC3 plasmid expressing GFP were treated with RA in the
presence or absence of CQ. As shown in Fig. Ic, RA-
treated cells showed greater numbers of puncta/cells in
comparison to cells that received the control treatment.
The effect of RA treatment on puncta formation was
reduced by CQ treatment, whereas CQ treatment alone
showed very few puncta. These data indicate that RA can
increase the autophagic flux in ESCs. Moreover, we ana-
lyzed the expression of Beclinl protein expression in clini-
cal samples of endometriosis (Fig. 1d) and observed that
it decreased with the increasing grade of clinical samples,
thereby showing an inverse correlation between Beclinl
expression and higher clinical stage of endometriosis.

Beclinl knockdown enhanced cell growth but did
not affect migration or invasion of ESCs

Since we observed that Beclinl expression was negatively
associated with the clinical stage of endometriosis, we spec-
ulated that it might have a tumor suppressor role. To further
analyze Beclinl function, we ablated its expression in ESCs
and examined cell growth. As shown in Fig. 2a, Beclinl
siRNA knockdown indeed resulted in significant reduction
in its mRNA and protein expression. However, RA treatment
restored Beclinl expression to some extent. Cell growth
analysis showed that Beclinl knockdown promoted ESCs
growth (Fig. 2b), but addition of RA to Beclinl-knockdown
cells suppressed cell growth. However, Beclinl knockdown
did not show obvious effects on ESC migration or invasion
(data not shown).

Autophagy inhibition did not enhance RA sensitivity
of ESCs

To determine whether autophagy inhibition can enhance the
sensitivity of ESCs to RA, we next analyzed the cytotoxic-
ity of RA in ESCs and Ishikawa cells treated with various
concentrations of RA for 48 h, in the presence or absence of
5 uM of the autophagy inhibitor CQ. As shown in Fig. 3a,
b, no obvious differences in cell viability were observed
between two conditions. Moreover, we tested RA sensitiv-
ity in both Ishikawa and ESCs after Beclinl knockdown
(Fig. 3c, d) and observed no significant difference in cell
viability between the control and Beclinl knockdown groups
of both cell types.

Discussion

The detached endometrial fragments (glandular epithelial
and stromal cells) have the potential to move to and grow
on other tissues besides the uterine cavity. Endometriosis
appears not to develop without an active process of angio-
genesis via an intricate network of interactions with local
pelvic immune cells and host tissue [15]. Therefore, shed
endometriotic cells have been observed to behave somewhat
like tumor cells, sufficient vascular supply is necessary for
the development of endometriotic lesions [16]. High level of
VEGEF was detected in the peritoneal fluid of endometriotic
patients, and its level appeared to correlate with the stage of
disease [17]. Takehara et al. [18] observed increased VEGF
mRNA expression in endometriotic tissue (early stage) com-
pared with the eutopic endometrium.

Among various signaling pathways that regulate tumor
progression, autophagy has been shown to play an important
role. Its importance in tumor development and treatment has
been well established and widely accepted. During tumor
progression, the body is unable to clear away abnormally
proliferated malignant cells through autophagy [19, 20].
However, the exact mechanism of autophagy in endometrio-
sis development is not clear. Importantly, recent studies have
highlighted the role of RA in endometrial cells through hor-
monal regulation. Thus, in the present study, we investigated
whether autophagy is involved in RA-mediated endometrio-
sis and the underlying molecular mechanisms.

Our data showed that RA treatment did induce autophagy
in ESCs. We observed the increase in LC3-II, Beclinl, and
ATG3 mRNA expression, and a decrease in p62 expression.
Similar profiles were observed at the protein level for p62
and LC3-II expression. In addition, with a more relevant
autophagy assay based on puncta formation, we observed
an increase in GFP-puncta after RA treatment. As a control,
treatment with CQ, an inhibitor of autophagy, led to very
little puncta formation. Next, among the multiple autophagy
markers, Beclinl expression was analyzed in endometriotic
clinical samples of different grades. Zhang et al. [21] showed
that the expression of Beclin-1 mRNA and protein was lower
in both eutopic and ectopic endometrium of patients with
endometriosis than that in the control group. Interestingly,
Beclinl showed an inverse correlation with higher clinical
grade, showing very low expression in higher clinical grade
samples. This finding highlights the probable importance of
Beclinl in endometriosis progression. Consistent with our
observation, Ren et al. [22] also reported the importance of
Beclinl in endometriosis. By RT-PCR analysis, they showed
that Beclinl mRNA expression was significantly lower in
adenomyosis eutopic endometrium compared with normal
endometrium and concluded that autophagy was involved
to certain degree in endometrial invasion and metastasis.
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Hamacher-Brady et al. [23] also indicated that patient
endometrial tissues had lower Beclinl mRNA and protein
expression than normal endometrium and suggested that
autophagy might play a role in the pathogenesis of endo-
metriosis. Similarly, Li et al. [24] observed that differences
in the expression of LC3-II and Beclinl in different clinical
stages of ectopic endometrial tissues. This study showed that
as endometriosis was aggravated, the expression levels of
these markers changed accordingly, and they also observed
a negative correlation between their expression and the
clinical stage of endometriosis. Both LC3-II and Beclinl
are important autophagy markers [25, 26], and detection
of the LC3-II level can clearly indicate whether autophagy
has been induced or inhibited. Likewise, Beclinlexpression
can reflect the strength of autophagy. Other markers like
p62 and ATG3 also showed consistent patterns. Thus, our
results indicate that endometriosis occurrence is followed
by autophagy appearance, and this disease can certainly be
classified as an autophagy-related disease.

Because Beclinl expression was negatively correlated
with the clinical stage of endometriosis in our study, we
further analyzed its contribution to ESC growth. Beclinl
inhibition by siRNA enhanced ESC growth. More impor-
tantly, we observed that RA treatment could reverse the
loss of Beclinl expression to some extent in Beclinl knock-
down cells and blocked the increased cell growth induced
by Beclinl siRNA. Consistent with our results, an in vitro
study by Katagiri et al. [27] showed that silencing of Bec-
linl using siRNA enhanced cell growth in an ovarian clear
cell carcinoma (OCCC) cell line. This suggested that loss of
the pro-survival role of autophagy, caused by the defect in
Beclinl expression, likely contributes to tumor progression
by promoting genome damage and instability in OCCC cell
development [27]. However, in contrast to our observation,
Deng et al. [28] inhibited autophagy either by CQ, 3-MA,
or Beclinl siRNA and observed increased cancer cell death
under starvation conditions, in comparison to normal con-
ditions. Importantly, as an autophagy regulator, Beclinl
is mono-allelically deleted in human ovarian, breast, and
prostate cancers [29]. Reduced expression of Beclinl could
prevent induction of autophagy and result in promotion and
development of tumor. Some studies also pointed out that
autophagy induction occurred when VEGF was expressed in
aortic endotheliocytes, and alteration of Beclinl expression
could significantly enhance VEGF and matrix metallopro-
teinase (MMP-9) expression [30-32]. These findings imply
that the autophagy response can be other target to enhance
the effects of angiogenesis inhibitors.

We further analyzed whether autophagy inhibition could
alter the RA sensitivity of endometrial cells. Surprisingly,
both CQ treatment and Beclinl knockdown did not change
the sensitivity to RA of Ishikawa and ESCs. The mecha-
nism for the effect of RA remains unknown. Tee et al. [33]
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found that RA was effective in human promyelocytic leu-
kemia cells (HL-60) that are enriched in VEGF in the inner
membrane, but had no effect on VEGF in ectopic focus.
RA inhibited the generation of vascular endothelial cells by
regulating the interaction of vascular endothelial cells and
vascular smooth muscle cells. These effects may be asso-
ciated with the Tie2 signaling pathway [34]. The VEGF-
VEGFR angiopoietin-Tie systems regulate different kinds
of blood and lymphatic vessel growth [35]. Song et al. [36]
observed that RA obviously decreased endometriosis focus
volume and angiogenesis in mice through reduced expres-
sion of VEGF. Consistent with the literature [37], RA sig-
nificantly reduced implantation of ectopic focus. Moreover,
a study reported that RA can inhibit the role of hyperplasia
in damaged blood vessels and the proliferation and adhe-
sion of tumor and endometrium cells, but promote cell dif-
ferentiation [38]. Another recent study showed that RA is
involved in hormonal regulation in endometrium and plays
an important role in gene expression in mesenchymal glan-
dular epithelial cells [39]. All these studies provide strong
rationale for continued research of the effects of RA.

In summary, our study demonstrated that RA treatment
induced autophagy in an endometrial cell line and stromal
cells. We also observed an inverse correlation between Bec-
linl expression and higher clinical grade of endometriosis.
Beclinl knockdown enhanced ESC growth, and this effect
was suppressed by RA treatment. However, more details are
needed to understand how Beclin 1 and RA are related to
each other. There are some limitations in our study, we have
to make advance and address the mechanism that autophagy
function regulates endometriosis progression is warranted.

Author contribution HL: Project development, data collection,
manuscript writing. SL: Data collection, animal model. QW: Manu-
script writing.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.
Ethical approval This article does not contain any studies with
human participants or animals performed by any of the authors.

References

1. Selcuk I, Bozdag G (2013) Recurrence of endometriosis; risk fac-
tors, mechanisms and biomarkers; review of the literature. J Turk
Ger Gynecol Assoc 14(2):98-103

2. Buck GM, Hediger ML, Peterson CM et al (2011) Incidence of
endometriosis by study population and diagnostic method: the
ENDO study. Fertil Steril 96(2):360-365

3. Bianco B, Andre GM, Vilarino FL et al (2012) The possible role
of genetic variants in autoimmune-related genes in the develop-
ment of endometriosis. Hum Immunol 73(3):306-315



Arch Gynecol Obstet

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Baldi A, Campioni M, Signorile PG (2008) Endometriosis: patho-
genesis, diagnosis, therapy and association with cancer (review).
Oncol Rep 19(4):843-846

Sampson J (1927) Peritoneal endometriosis due to dissemina-
tion of endometrial tissue into the peritoneal cavity. Am J Obstet
Gynecol 14:93-94

Sourial S, Tempest N, Hapangama DK (2014) Theories on the
pathogenesis of endometriosis. Int J Reprod Med 11(3):53-65
Wang JR (2008) Beclinl bridges autophagy, apoptosis and dif-
ferentiation. Autophagy 4(7):947-948

Eskelinen EL, Saftig P (2009) Autophagy: a lysosomal degrada-
tion pathway with a central role in health and disease. Biochim
Biophys Acta 1793(4):664-673

Brech A, Ahlquist T, Lothe RA et al (2009) Autophagy in tumour
suppression and promotion. Mol Oncol 3(4):366-375

Shen J, Zheng H, Ruan J et al (2013) Autophagy inhibition
induces enhanced proapoptotic effects of ZD6474 in glioblastoma.
BrJ Cancer 109(1):164-171

Klionsky DJ, Abeliovich H, Agostinis P et al (2008) Guidelines
for the use and interpretation of assays for monitoring autophagy
in higher eukaryotes. Autophagy 4(2):151-175

Heaton NS, Randall G (2011) Dengue virus and autophagy.
Viruses 3(8):1332

Yoshimori T, Noda T (2008) Toward unraveling membrane
biogenesis in mammalian autophagy. Curr Opin Cell Biol
20(4):401-407

Ghayad SE, Cohen PA (2010) Inhibitors of the PI3K/Akt/mTOR
pathway: new hope for breast cancer patients. Recent Pat Anti-
cancer Drug Discov 5(1):29-57

Rakhila H, Al-Akoum M, Doillon C et al (2016) Augmented angi-
ogenic factors expression via FP signaling pathways in peritoneal
endometriosis. J Clin Endocr Metab 101(12):4752-4763

Xu H, Zhang T, Man GC et al (2013) Vascular endothelial growth
factor C is increased in endometrium and promotes endothelial
functions, vascular permeability and angiogenesis and growth of
endometriosis. Angiogenesis 16(3):541-551

Lin K, MaJ, WuR et al (2014) Influence of ovarian endometrioma
on expression of steroid receptor RNA activator, estrogen recep-
tors, vascular endothelial growth factor, and thrombospondin 1 in
the surrounding ovarian tissues. Reprod Sci 21(2):183—-189
Takehara M, Ueda M, Yamashita Y et al (2004) Vascular endothe-
lial growth factor A and C gene expression in endometriosis. Hum
Pathol 35(11):1369-1375

Leconte M, Nicco C, Ngo C et al (2011) The mTOR/AKT inhibi-
tor temsirolimus prevents deep infiltrating endometriosis in mice.
Am J Pathol 179(2):880-889

Makker A, Goel MM, Das V et al (2012) PI3K-Akt-mTOR and
MAPK signaling pathways in polycystic ovarian syndrome, uter-
ine leiomyomas and endometriosis: an update. Gynecol Endo-
crinol 28(3):175-181

Zhang L, Liu Y, Xu Y et al (2015) The expression of the
autophagy gene beclin-1 mRNA and protein in ectopic and
eutopic endometrium of patients with endometriosis. Int J Fertil
Steril 8(4):429-436

Ren YF, Mu L, Ding XY et al (2010) Decreased expression of
Beclinl in eutopic endometrium of women with adenomyosis.
Arch Gyn Obst 282(4):401-406

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hamacher-Brady A, Brady NR, Gottlieb RA (2006) Enhancing
macroautophagy protects against ischemia/reperfusion injury in
cardiac myocytes. J Biol Chem 281(40):29776-29787

Li YH, Zhang CL (2014) Expression and significance of microtu-
bule associated protein light chain 3 and beclinl in endometriosis.
Chin J Clin Anat 37(2):142-145

Fu LL, Cheng Y, Liu B (2013) Beclin-1: autophagic regula-
tor and therapeutic target in cancer. Int J Biochem Cell Biol
45(5):921-924

Niu TK, Cheng Y, Ren X et al (2010) Interaction of Beclinl with
survivin regulates sensitivity of human glioma cells to TRAIL-
induced apoptosis. FEBS Lett 584(16):3519-3524

Katagiri H, Nakayama K, Razia S et al (2015) Loss of autophagy-
related protein Beclinl may define poor prognosis in ovarian clear
cell carcinomas. Int J Oncol 47(6):2037-2044

Deng LF, Lei YL, Liu R et al (2013) Pyrvinium targets autophagy
addiction to promote cancer cell death. Cell Death Dis 4(5):e614
Liang XH, Jackson S, Seaman M et al (1999) Induction of
autophagy and inhibition of tumorigenesis by beclinl. Nature
402(6762):672-676

DuJH, Teng RJ, Guan TJ et al (2012) Role of autophagy in angi-
ogenesis in aortic endothelial cells. Am J Physiol Cell Physiol
302(2):C383

Ramakrishnan S, Nguyen TM, Subramanian IV et al (2007)
Autophagy and angiogenesis inhibition. Autophagy 3(3):512-515
Sun Y, Liu JH, Jin L et al (2014) The influence of autophagy-
related gene Beclinl on proliferation, invasion and metastasis of
the SKOV3/DDP cells. Progress Obstet Gynecol 23(4):266-269
Tee MK, Vigne JL, Taylor RN (2006) All-trans retinoic acid inhib-
its vascular endothelial growth factor expression in a cell model
of neutrophil activation. Endocrinology 147(3):1264—1270
Suzuki Y, Komi Y, Ashino H et al (2004) Retinoic acid controls
blood vessel formation by modulating endothelial and mural cell
interaction via suppression of Tie2 signaling in vascular progeni-
tor cells. Blood 104(1):166-169

Li Na, Yanjuan Lu, Li Daoming et al (2017) All-trans retinoic acid
suppresses the angiopoietin-Tie2 pathway and inhibits angiogen-
esis and metastasis in esophageal squamous cell carcinoma. PLoS
One 12(4):e0174555

Song ZX, Wang Y, Chen Y (2014) Study of retinoic acid works
on mice endometriosis. Prog Obstet Gynecol 23(6):480-482
Peng H, Yuan HQ, Pei J et al (2010) Beneficial effect of all-trans
retinoic acid (ATRA) on glomerulosclerosis rats via the down-
regulation of the expression of a-smooth muscle actin: a com-
parative study between ATRA and benazepril. Exp Mol Pathol
89(1):51-57

Huang J, Wei H, Chen G et al (2011) The effect of all-trans
retinoic acid (ATRA) on the expression of vascular endothelial
growth factor (VEGF) and VEGF receptors of human colon can-
cer LoVo cell line. Afr J Biotechnol 10(57):12326-12332
Cheng YH, Imir A, Suzuki T et al (2001) SP1 and SP3 mediate
progesterone- dependent induction of the 17beta hydroxysteroid
dehydrogenase type 2 gene in human endometrium. Biol Reprod
75(4):605-614

@ Springer



	Retinoic acid regulates endometriotic stromal cell growth through upregulation of Beclin1
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Cell culture
	Quantitative RT-PCR
	Western blotting
	siRNA knockdown
	Cell proliferation
	Statistical analysis

	Results
	RA induced autophagy in endometrial cells
	Beclin1 knockdown enhanced cell growth but did not affect migration or invasion of ESCs
	Autophagy inhibition did not enhance RA sensitivity of ESCs

	Discussion
	References




