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Abstract

Dysfunction of autophagic degradation machinery causes tumorigenesis, including colorectal
cancer (CRC). Overexpression of CyclinD1 in CRC has been reported. Recent evidence also
suggests that ERP deficiency is related to the pathogenesis of CRC. Very little is known,
however, about the detailed molecular mechanisms underlying the relationship among ERp,
autophagy, and CyclinD1 in CRC. Here, results showed that ER[3 played an anti-proliferation
role in HCTI16 through impairing cell cycle but not apoptosis. Additionally, CyclinDI
accumulation was increased in response to chloroquine (CQ) or in MEF Atg7 knockout cells.
Further, ERB could inhibit the mammalian target of rapamycin (mTOR) or activate
Bcl-2/adenovirus E1B 19-kDa-interacting protein 3 (BNIP3) to promote autophagy in HCT116.
In summary, these results indicate that ERf3-mediated CyclinD1 degradation can inhibit colon

cancer cell growth via autophagy.
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Introduction

The diagnosed morbidity and the mortality of
CRC rank third and fourth worldwide, respectively
[1]. The incidence rate of CRC in pre-menopausal
women is 40% lower than age-matched men [2], and
young women have a better overall survival progno-
sis than older women with menopause. Such evidence
suggests that female sex hormones, especially
estrogens, form the basis for this protective effect in
women. The functions of estrogen are regulated by
estrogen receptors (ERs) which are coded by ERa
(ESR1) and ERP (ESR?2). Since the level of ERa remains
low and stable in both normal and cancerous
colonocytes, the protective effect of estrogen may be
regulated by ERp [3]. ERa is abundantly expressed in
the human colonic epithelium, while the ERp
expression has a progressive decline with the
worsening stage and grade of tumor in CRC [4]. Thus,

these findings suggest ERB may be represented as a
promising therapeutic target for CRC.

Loss of cell cycle control is an obvious alteration
in tumor growth which has been proposed to be
obligatory in cancer development. CyclinD1
(CCND1), a key regulator for regulating G1 to S phase
progression, is often overexpressed in more than half
of human CRC patients, suggesting a positive correla-
tion between CyclinD1 and colorectal tumorigenesis
[5]. Although previous studies have indicated
potential associations between ERP activation and
CyclinD1 decrease in human prostate cancer and
breast cancer [6,7], the direct relationship between
ERp and CyclinD1 in CRC is still poorly understood.
Together, despite sufficient evidence of ERpB as a
regulator for CRC suppression, future analysis is
required before definitive conclusions on the
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protective role in CRC can be drawn.

Autophagy is a conserved evolutionary and
intracellular degradation pathway in eukaryotic cells,
involved in the degradation of damaged organelles
and long-lived proteins by lysosomes [8]. In recent
years, autophagy induction has been increasingly
regarded as a suppression mechanism for tumor
development [9]. In mammals, defects in autophagy
are associated with tumorigenesis in CRC [10-12]. In
contrast, excessive autophagy is associated with cell
death called autophagic cell death (ACD) [13], which
often occurs in apoptosis-defective cells and acts as a
novel tumor suppressor mechanism [14]. mTOR, an
inhibitory modulator of autophagy, often controls
multiple physiological processes such as cell-cycle
progression and cell growth [15,16]. Nevertheless,
mTOR is frequently hyperactivated in CRC [17]. One
report shows that estrogen can promote autophagy by
mTOR suppression in bovine mammary epithelial
cells [18]. However, little evidence has been found
associating ERB with mTOR in CRC. Meanwhile, few
studies show that ERp exerts an anti-proliferation role
in breast cancer via autophagy promotion and cell
cycle arrest, suggesting a suppressive role of auto-
phagy in the cell cycle [19]. These case studies confirm
the importance of ERB-mediated an antiproliferation
role in CRC. However, whether ERP induced-
autophagy via mTOR could impair cell cycle in
HCT116 remains unclear. The ubiquitin-proteasome
system (UPS) is another primary degradation system
of ubiquitinated proteins in eukaryotic cells [20].
Accumulating evidence shows that CyclinD1 can be
degraded in a proteasome-dependent manner,
leading to G1 cell cycle arrest [21-23]. MG132, a prot-
easome inhibitor, blocks the proteasome-regulated
CyclinD1 degradation [24]. Notably, in a recent
article, Wu et.al (2018) show a novel mechanism that
CyclinD1 can be degraded by an autophagic process
in hepatocellular carcinoma in addition to proteasome
pathway [25]. However, whether autophagy
participates in CyclinD1 degradation remains
unknown in CRC.

In our study, we provide evidence that ERpP
could inhibit HCT116 growth by inducing CyclinD1
degradation via autophagy activation. Hence, promo-
tion of autophagy with the clearance of CyclinD1 can
be an underlying strategy for ERp to treat CRC, and
the identification of crucial elements in this tactic
could bring about potential targets for CRC therapy.

Materials and Methods

Cell culture and treatments

For details, please see supplementary data file.

Plasmids and siRNA transfection

pEGFP-C1-ERp was a gift from Michael Mancini
(Addgene plasmid #28237); RFP-p62 was generously
provided by professor Wei Ding (Capital Medical
University, Beijing, China); RFP-LC3 and Phage-puro-
ERp fusion plasmids were constructed by our lab
previously. ERP silencing siRNA, mTOR silencing
siRNA and control siRNA were designed and
synthesized by GenePharma (Suzhou, China). The
sequences are as follows: ERP sense, 5-CCAGCC
AUGACAUUCUAUATT-3" and antisense, 5'-UAUA
GAAUGUCAUGGCUGGTT-3"; mTOR sense, 5GCC
GCAUUGUCUCUAUCAATT-3" and antisense, 5-UU
GAUAGAGACAAUGCGGCTT-3’; control siRNA se-
nse, 5-UUCUCCGAACGUGUCACGUTT3" and anti-
sense, 5-ACGUGACACGUUCGGAGAATT-3". All
plasmids or siRNA oligonucleotides were done with
Lipofectamine 2000 (Invitrogen, USA) for 48 h
according to the manufacturer's protocols.

RNA Isolation and Quantitative Real-Time
PCR (qRT-PCR)

Total RNA was extracted using Trizol extraction
kits (Invitrogen, US) according to manufacturer’s
protocol and then treated with RNase-free DNase I
(TaKaRa, Japan) to avoid potential DNA contamina-
tion. Reverse transcription was performed using the
M-MLV Reverse Transcriptase (Promega, #M1701)
and random primers. Approximately 1 pg of the total
RNA was used as the template for reverse transcrip-
tion. The cDNA was diluted to 100 ng/pL for use in
qRT-PCR. The following primers were used: GAPDH
sense, 5'-TGCACCACCAACTGCTTAGC-3" and anti-
sense, 5-GGCATGGACTGTGGTCATGAG-3’; ERp
sense, 5'-TCCATGCGCCTGGCTAAC-3" and antisen-
se, 5-CAGATGTTCCATGCCCTTGTTA-3'. Data ana-
lysis was performed using Bio-rad CFX manager
system, using GAPDH as a reference transcript.

Western blotting

For details, please see supplementary data file.

Transmission electron microscope (TEM)

HCT116 cells were fixed at room temperature
(RT) for 1 h in 2.5% glutaraldehyde supplemented
with 0.1 M phosphate buffer saline (PBS), and then
post-fixed in 1.0% osmium tetroxide for 3 h. Next,
cells were scraped, spun down, serially dehydrated in
ethanol baths, and embedded in blocks of epon
Araldite. Ultrathin sections (60-80 nm) were stained
with 4% aqueous uranyl acetate and lead citrate for 5
min, and then observed by TEM (Tecnai G2 20 Twin,
FEI) at 200 KV.
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Confocal microscope assay

For LC3 puncta imaging, HCT116 cells were
transfected with RFP-LC3 plasmid using Lipofectam-
ine 2000. After overnight culture, cells were
transfected with Phage-puro or Phage-puro-ER(
plasmid for 24 h, fixed with 4% paraformaldehyde,
and observed under the confocal microscope. To
observe cellular acidic vesicular organelle (AVOs)
development, HCT116 were incubated with acridine
orange (AO) (lug/ml) in PBS for 15 min at 37°C after
treatment. For the exploration of lysosome function,
cells were transfected with RFP-p62 plasmid or
stained by Lyso-Tracker Red (Invitrogen). To detect
the effect of ERP overexpression on BNIP3 and ki67
(Proteintech) in HCT116, cells were fixed, permea-
bilized, and incubated with primary antibodies at 4°C
overnight. Finally, cells were washed and then were
incubated with fluorescent secondary antibodies
(Invitrogen) at RT for 1 h. Samples were examined by
a laser-scanning confocal microscope. Nuclei were
revealed by 2-phenylindole dihydrochloride (DAPI)
staining.

Flow-cytometric analysis of apoptosis

HCT116 cells were harvested and then rinsed in
ice-cold PBS 48 h after transfection. Next, cells were
stained with Annexin V-FITC and Propidium lodide
(PI) (4A Biotec, China) for 15 min at RT, apoptosis was
measured by a flow cytometer (Beckman Coulter,
USA) and analyzed by Summit 4.3 software (Beckman
Coulter, USA).

Flow-cytometric analysis of cell cycle

At 48 h after transfection, HCT116 cells were
permeabilized, washed with ice-cold PBS twice, and
fixed in 4% paraformaldehyde overnight at 4 °C. Next,
fixed cells incubated with 10% saponin and DAPI
(1 mg/ml) in PBS at RT for 30 min. Cell cycle assay
was performed by aflow cytometer (Beckman
Coulter, USA) and analyzed by Flowjo software (Tree
Star, OR).

Statistical analysis

All experiments were repeated at least three
times and presented as the mean #5.D. Data analyses
were performed using GraphPad Prism curve
comparisons. P values < 0.05 were considered to
indicate significant differences.

Results

ERB plays an anti-proliferation role through
impairing cell cycle but not apoptosis in
HCTI116 cells

To assess the role of ERP in tumor cell growth,
HCT116 cells were transfected with EGFP-C1 and

EGFP-C1-ER plasmids for 48 h. Western blots
analysis and qRT-PCR verified that ERp was effect-
ively overexpressed in EGFP-C1-ERp group (Fig. 1A
and 1B). Ki67, a marker for cellular proliferation, is
mainly located in the cell nucleus during the S and G2
phases and in nucleoplasm during the early G1 period
[26]. To assess the role of ERp in cell growth ability,
immunofluorescence intensity of Ki67 staining was
observed under the confocal microscope. Compared
with the EGFP-C1 group, the percentage of Ki67-
positive cells was decreased significantly in EGFP-C1-
ERp group (Fig. 1C), which indicates that ERp could
play an antiproliferative role in HCT116 cells. To
examine whether ERpB-induced antiproliferation is
due to apoptosis, the expression of pro-Caspase-3 and
cleaved-Caspase-3 was tested after ERP transfection
in HCT116. Surprisingly, there was no statistically
significant difference between the two groups in this
study (Fig. 1D). Consistently, Annexin V-FITC/PI
staining confirmed the same result by flow cytometry
assay (Fig. 1E). Next, to further investigate whether
ERp-induced antiproliferation is due to cell cycle
arrest, cell cycle distribution was analyzed by flow
cytometry analysis. Results showed that ERpP
treatment increased the number of cells at the G1
phase and reduced the population at the S and G2
periods in HCT116 (Fig. 1F). Collectively, these results
show that ERP brings about cell cycle arrest but not
apoptosis, contributing to growth suppression in
HCT11e.

Downregulated CyclinD1 contributes to
ERB-induced anti-proliferation in HCT116 cells

The observation of ERpB-induced G1 cell cycle
arrest prompts us to evaluate how CyclinD1 changes.
Firstly, we examined ESR2 and CCNDI1 levels in
normal and CRC patients through publicly available
TCGA data. Data retrieved from UALCAN
web-portal [27] showed that ESR2 was downregul-
ated in CRC patients compared with the normal colon
tissue (Fig. 2A and 2B). By contrast, the expression of
CCND1 was increased significantly in CRC compared
with the normal colon tissue (Fig. 2C and 2D). To
determine the association of ERP and CyclinD1 in
CRC, we analyzed the expression of them in NCM460
and HCT116 cells by western blotting, which
confirmed the same results as UALCAN data (Fig.
2E). To further study whether ERp reduces CyclinD1,
the cell lysates from HCT116 cells transfected with
vector or ERP plasmid were collected for western
blotting, and the results indicated that CyclinD1
expression was significantly decreased in contrast to
the control group (Fig. 2F). Taken together, these data
suggest that ERB inhibits the proliferation of CRC
cells by downregulating the expression of CyclinD1.
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Figure 1. ERB plays an anti-proliferation role through impairing cell cycle but not apoptosis in HCT116 cells. HCT116 cells were transiently transfected with
EGFP-C1 and EGFP-CI-ER plasmids for 48 h, and overexpression efficiency was determined by western blotting (A) and qRT-PCR (B). (C) Immunofluorescence analysis of
HCT116 cells with Kié7 (red) and GFP (green), which were visualized by the confocal microscope. Bar graph (right) indicates the percentage of ki67 positive cells. Scale bar,
100um. (D) Immunoblot analysis of pro-caspase-3 and cleaved-caspase-3. B-actin was used as an equal loading control. Bar graph (below) shows the relative ratio of
pro-caspase-3 to cleaved-caspase-3 in HCT116. (E) Apoptosis was determined by flow cytometry after stained with Annexin V-FITC and PI. Bar graph (below) indicates the
survival rate of treated cells. (F) Cell cycle distribution was analyzed by flow cytometer after DAPI stained. Bar graph (below) indicates the cell cycle phase distribution in treated
cells. Inmunofluorescence intensity and western blot were quantified using Image] software. Data shown are mean * S.D. of three independent experiments. (¥, P<0.05; **, P

<0.01; ¥, P<0.001).

ERB-evoked CyclinD1 depletion and
anti-proliferation are correlated with activated
autophagy in HCT116 cells

In apoptosis-defective cells, the induction of
autophagy has been commonly charged with
anticancer therapies in multiple kinds of cancers and
shown to elicit an effect on tumor growth inhibition
[9]. When autophagy occurs, the soluble LC3-I
is converted to LC3-II, and LC3-II then localizes to
isolated membranes and autophagosomes [28].
Autophagy cargo receptor SQSTM1/p62, a marker
for autophagic flux, is continuously degraded
by autophagy [29]. UALCAN analysis showed that
SQSTM1 level was increased, while MAPILC3B
expression was decreased in TCGA samples (normal
vs primary tumor) (Fig. S1A-1D). Such results were
also confirmed in NCM460 and HCT116 cells by
western blotting (Fig. S1E). Given that ERp
participates in autophagy in human seminoma [30],
whether ERp induces autophagy in HCT116 remains
unclear. Next, our results certified that ERB knock-

down reduced LC3-1I and increased p62 expression in
NCM460, while ERB overexpression reversed it in
HCT116 (Fig. 3A and 3B). Consistently, confocal assay
showed that the sub-cellular redistribution of
RFP-LC3 was increased in HCT116 transfected with
ERpB plasmid, indicating ERP exhibited preferential
activity for increasing the formation of autophagos-
omes (Fig. 3C). AO staining intensity is used to
predict autophagy level [31]. In comparison with the
control group, the number of AO-positive AVOs was
increased obviously in the ERp-transfected group
(Fig. 3D). Furthermore, autophagy is also monitored
morphologically by assessing the accumulation of
autophagic vacuoles in the TEM assay. Fig. 3E illus-
trated that autophagosomes and autophagolysosomes
were increased in the cytoplasm of an ERp-transfected
group compared to the control group. In summary,
these results strongly demonstrate that the autophagic
function is defective and ERP promotes autophagy in
HCT11e.
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ERB-mediated autophagy exerts an
anti-proliferation role through promoting
CyclinD1 degradation in HCT116 cells

Lysosome plays a vital role in the UPS and the
autophagy-lysosome system in mammals [32]. Results
showed that lysosome function was reinforced under
ERp transfection, as evidenced by the decreased
fluorescence intensity of RFP-p62 and increased
fluorescence intensity of Lyso-Tracker Red in HCT116
(Fig. 4A and 4B). Since ERP not only impairs cell cycle
but also promotes autophagic functions, we propose
that the cell cycle arrest is related to enhanced
autophagy in HCT116 cells. To test whether ERp
induces CyclinD1 degradation via autophagy,
CyclinD1 expression was tested in response to CQ
(MCE, USA). CQ impairs autophagy function, leading
to the significant accumulation of LC3-II in the
cytoplasm [33]. As shown in Fig. 4C, ERp-induced
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degradation of CyclinD1 protein was blocked by CQ.
Autophagic flux and Lysosome-associated membrane
protein type 2 (LAMP2, a marker for lysosome) were
also blocked in the presence of CQ. Similarly, MEF
Atg7 (-/-) cells showed higher CyclinD1 accumulation
compared to wild-type (WT) MEF Atg7 (+/+) cells
(Fig. 4D). Next, to determine whether proteasome
participates in ERPB-regulated CyclinD1 degradation,
the effect of ERP on CyclinD1 expression was
analyzed in the presence of the proteasome inhibitor
MG132 (S1748, Beyotime). CyclinD1 degradation after
ERP transfection for 36 hours was blocked in the
presence of MG132 as well as CQ, and this effect was
enhanced when the cells received combination
treatment with CQ and MG132 (Fig. 4E). These results
suggest that not only proteasome but also autophagy
participates in ERP-regulated CyclinD1 protein
degradation in HCT116 cells.
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Figure 2. Downregulated Cyclin D1 contributes to ERB-induced anti-proliferation in HCT116 cells. (A) Boxplot showing relative expression of ESR2 in TCGA
samples (normal vs primary tumor). (B) Boxplot showing relative expression of ESR2 in TCGA samples. (normal vs stage 1-4 colorectal cancer patients). (C) Boxplot showing
relative expression of CCND [ in TCGA samples (normal vs primary tumor). (D) Boxplot showing relative expression of CCND | in TCGA samples. (normal vs stage 1-4 colorectal
cancer patients). (E) Western blot analysis of ERB and CyclinD1 expression in NCM460 and HCT116. (F) Cells were treated as described in (Fig. 1), then CyclinD1 was tested
by immunoblotting. Bar graph (right) shows the relative ratio of CyclinD1 to B-actin in HCT116. Western blot was quantified using Image] software. Data shown are mean + S.D.

of three independent experiments. (¥, P<0.05; **, P <0.01; ***, P<0.001; ****, P<0.0001).
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using Image] software. Data shown are mean * S.D. of three independent experiments. (¥, P<0.05; *¥, P<0.01).

ERB promotes autophagy through
down-regulating mTOR or BNIP3 protein in
HCT116 cells

Excessive activation of mTOR is often accomp-
anied by hyperactivity and proliferation in CRC [17].
Our data showed that the total expression of mTOR
and its phosphorylation level were increased in
HCT116 compared with NCM460 (Fig. S2A). As disc-
ussed above, mTOR is often accepted as a negative
regulator of autophagy and can be down-regulated by
estrogen in bovine mammary epithelial cells. Theref-
ore, to further explore the mechanism of ERB-induced
HCT116 growth suppression via autophagy, mTOR
expression was tested by western blotting. Results
showed that ERp reduced mTOR and p-mTOR levels
in HCT116 (Fig. 5A). To better understand the
mechanism of ERP mediated-autophagy, we tested
several markers of PI3K/AKT/ mTOR signaling
pathways. ATG? is an essential gene in an autophagic
process [34]. In this case, the EGFP-C1-ATG7 plasmid
was considered as a positive control. Overexpression

of ERPB, as well as ATG?7, increased the LC3-II
expression in HCT116 cells. The levels of p-mTOR and
p-AKT were decreased, while the PTEN, p-Beclinl
and p-ULK1 levels had a significant increase (Fig.
52B). Rapamycin (RAPA), an inhibitor of mTOR,
enhanced LC3-II expression in cells transfected with
EGFP-C1-ERB plasmid than those treated with
EGFP-C1 plasmid (Fig. 5B). Next, to confirm the role
of mTOR in ERB-induced CyclinD1 degradation in
HCT116 cells, CyclinD1 expression was detected
under mTOR siRNA or RAPA treatment in HCT116
cells. Results showed that CyclinD1 expression was
decreased in response to inhibitors of mTOR (Fig. 5C
and 5D). This evidence confirms that mTOR partici-
pates in ERB-induced CyclinD1 degradation further.
Considering that ERp induces nonapoptotic cell death
and regulate autophagy via mTOR in HCT116 cells,
whether ERp participates in ACD need to be explored.
BNIP3 is another key regulator of ACD [35]. Studies
showed that ERP increased BNIP3 expression in
HCT116 cells (Fig. 5E and 5F), suggesting ACD may
participate in ERp-induced HCT116 growth suppress-

http://www.ijbs.com



Int. J. Biol. Sci. 2019, Vol. 15

948

ion. Collectively, these data indicate that autophagy
can be regulated by ER via mTOR and BNIP3 protein
in HCT116.

Discussion

Epidemiological data indicate a positive effect of
estrogen replacement therapy (HRT) on CRC, and
ERP is necessary for the action of estrogen, suggesting
that ERP is a valid target for the treatment of CRC
[36]. Therefore, using selective agonists of ER[ to treat
CRC is a novel method when HRT of CRC has severe
side effects in reproductive organs [37]. Considering
that ERP in HCT116 was either very low or absent
compared with NCM460 (Fig. 2), using its agonists
may not have apparent effects. Therefore, future
targets should be focused on novel agonists with
both high affinity and high selectivity. To raise the
expression of ERP obviously, transient transfection of
ERp plasmid was applied to this study. The present
study determined a novel function of ERP in regul-
ating autophagy-dependent CyclinD1 degradation
and ACD in HCT116, which contributed to HCT116
cell growth suppression.

ERPB, a nuclear transcription factor, has been
considered as an anti-tumor regulator in many canc-
ers through various mechanisms. In our study, Ki67
staining confirmed that ERPB suppressed HCT16 cell
proliferation. However, there was no significant
change in the relative ratio of Caspase-3/pro-
Caspase-3 and apoptosis rate between vector group
and ERp transfection group. A potential mechanism
by which ERp transfection inhibits proliferation in
HCT116 is by modulation of key regulators of the cell
cycle. It was reported previously that ERp induces G1
arrest by inducing CyclinE1l decrease in HCTS8 cells
[38]. Our results showed that ERB can give rise to
G1-S phase arrest in HCT116 (Fig.1F). For G1-S phase
arrest, CyclinD1 is one of the key molecules that
mediates G1 to S phase development in various
cancers. High levels of CyclinD1 are observed early in
the development in many cancers including CRC,
which indicates that promoting CyclinD1 to down-
regulation is a promising therapeutic approach for
CRC [5,39]. It has been proved that the expression of
CyclinD1 can be suppressed by PTEN-mediated
autophagy, leading to GO-G1 phase arrest [40].
Additionally, ERpP activates autophagy through the
binding of spl on PTEN promoter in human
seminoma cell lines [30]. Meanwhile, given that ERp
exerts an anti-proliferation role in breast cancer via
autophagy promotion [19], this evidence inspires us
to ask whether ERP regulates autophagy and
promotes CyclinD1 decrease in HCT116.

The role of autophagy has been recognized in
regulating cancer cells growth and death. Recently,

defects in autophagy have been found in the
promotion of tumors, such as loss of Beclinl in lung
and liver tumors [41] and heterozygous loss of Atg5 in
human melanomas [42]. Similarly, Beclinl and Atg5
are also frequently and greatly down-regulated in
tissue samples from CRC patients and colon cancer
cell lines [10,11]. Furthermore, UV irradiation
resistance-associated gene (UVRAG), another positive
regulator of autophagy, is scarce in CRC. Overexpre-
ssion of UVRAG not only restores autophagy but also
inhibits HCT116 cell growth [43]. UALCAN data and
western blot assay showed that the defective
autophagy could be one of the events involved in the
development of CRC. Afterward, we transfected ERp
plasmid into HCT116 and detected autophagic flux
through various methods, such as AO staining,
subcellular RFP-LC3 distribution, and TEM. As
anticipated, our results demonstrated that ERpP, a
tumor suppressor, enhanced the autophagic process
in HCT116 by promoting autophagosome maturation
and autolysosome formation (Fig. 3). Together, the
above results suggest that ERP promotes autophagy
in HCT116.

UPS and autophagy have been considered as
complementary systems for protein degradation [20],
including cell cycle proteins. CyclinA2, a key
regulator of the cell cycle often accumulates from late
Gl to M phase and can be degraded by UPS and
autophagy in MCEF-7 breast cancer cells [44].
Moreover, CyclinD1, one of the key molecules that
mediates G1 to S phase development in various
cancers, can be degraded by protease or autophagy
pathways in ovarian liver cancer «cells and
hepatocellular carcinoma, separately [21,25]. Our
study showed that ERP gave rise to G1-S phase arrest
rather than apoptosis in HCT116. These above results
prompt us to ask whether ERP regulated-cell cycle
arrest was due to CyclinD1 clearance via autophagy
or UPS in HCT116. Firstly, given that lysosome is the
final stage of protein degradation, our results
indicated that the lysosomal function was enhanced
under ERpP overexpression. Next, CQ, an inhibitor of
the autophagy-lysosome fusion process, could block
the degradation of CyclinD1 in HCT116. Consistent
results were also observed in MEF Atg7 knockout
cells, suggesting autophagy exerts a key role in
CyclinD1 degradation. mTOR is a key negative
autophagy modulator, which coordinately meditates
the balance between cell growth and cell death in
various cancers [45]. Western blot showed that mTOR
expression was suppressed by ERB. Furthermore, our
results demonstrated that siRNA of mTOR or low
concentrations of rapamycin (2pM) reduced CyclinD1
expression significantly in HCT116, which is similar
to the result in MDA361 breast cancer cells [46]. These
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above observations suggest that autophagy plays a
significant role in ERp-induced CylinD1 degradation
via mTOR suppression. Besides autophagy, results
showed that CylinD1 degradation was blocked in the
presence of proteasome inhibitor MG132. These
results indicate that CyclinD1 can be degraded
through both autophagy and proteasome degradation
pathways in HCT116.

The PTEN-PI3K/ Akt/mTOR is often considered
as a classical autophagic signaling pathway in various
cancers [47]. PTEN is a pivotal downstream regulator
of the PI3K/Akt and mTOR pathway, acting as a
tumor suppressor gene in many kinds of human
cancers [48]. Western blot showed that mTOR
expression was suppressed by ERP (Fig. 5A). Our
results also confirmed that ERP could up-regulate
PTEN and then suppress PI3K/AKT/mTOR
signaling pathways in HCT116 (Fig. S2). Based on our
experimental data, we propose a model in which ERp
promotes autophagy through PTEN-PI3K/AKT/
mTOR signals and its downstream regulators (Fig. 6).

A DAPI

RFP-P62

Phage-puro-ERB Phage-puro

Furthermore, considering that mTOR downregulation
and ULK1 activation are related to autophagic cell
death (ACD) and cell cycle arrest [49], ERB may
participate in ACD in HCT116. Accumulating
evidence suggests that autophagy inducers activate
ACD in cancer cells that are resistant to apoptosis [50].
Our results showed that ERB had no effect on
apoptosis. In addition, apoptosis-defective cancer
cells are often accompanied by ACD via BNIP3
protein [35]. Our results showed that BNIP3 was a
positive regulator of ERP-regulated ACD. Overall,
these above results indicate that ERp may induce
ACD in HCT116, suggesting a novel mechanism of
ERp-regulated tumor growth suppression. Additional
research is needed in order to establish the
relationship between ERP and ACD in CRC.
However, it has been reported that autophagy has a
dual role in promoting both cell survival and cell
death [51]. Therefore, defining the role of autophagy
in various cases is vital in cancer therapy.
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Figure 4. ERB-mediated autophagy exerts an anti-proliferation role through promoting CyclinD1 degradation in HCT116 cells. (A) Compared with
Phage-puro plasmid group, the fluorescence intensity of RFP-p62 was decreased dramatically in Phage-puro-ER transfected group using a confocal microscope. Scale bar, 25 um.
(B) Cells were treated as described in (A), and then images were captured by the confocal microscope followed by Lyso-Tracker Red probe to stain lysosome. Scale bar, 25 pm.
(C) After transfection of EGFP-C1 and EGFP-C1-ER plasmids for 36 h, cells were treated with CQ (10 uM) for 12 h, and then examined the expression of related-proteins. Bar
graph (right) indicates the relative ratio of LAMP2, p62 and CyclinD1 and LC3-II to B-actin in HCT116. (D) CyclinD1 and ATG7 protein levels were tested in MEF Atg7 +/+ and
MEF Atg7 -/- cells. Bar graph (right) indicates the relative ratio of CyclinD1 to B-actin in HCT116. (E) After ER transfection for 36 h, cells were treated with CQ (10 M, 12 h),
MG132 (10 pM; 12 h), or MG132 plus CQ for 12 h. Bar graph indicates the relative ratio of CyclinD1 to B-actin in HCT116. Western blot was quantified using Image] software.
Data shown are mean * S.D. of three independent experiments. (¥, P<0.05; **, P<0.01).
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Figure 5. ERB promotes autophagy through down-regulating mTOR or BNIP3 protein in HCT116 cells. (A) Cells were treated as described in (Fig. 1), then
mTOR and p-mTOR were tested by immunoblotting. Bar graph (right) shows the relative ratio of mTOR and p-mTOR to B-actin in HCT116. (B) HCT116 cells were transiently
transfected with EGFP-C1 and EGFP-CI1-ER plasmids, then treated with rapamycin or not. Tagged proteins were analyzed by immunoblotting. Bar graph (right) indicates the
relative ratio of LC3-Il to B-actin of triplicate experiments in HCT116. (C) HCT116 cells were transiently transfected with siRNA to mTOR in HCT116 for 48 h, scrambled
siRNA of mTOR as a control. mTOR and CyclinD1 antibodies were used to detect their expression levels by western blot. Bar graph (right) indicates the relative ratio of nMTOR
and CyclinD1 to B-actin of triplicate experiments in HCT116. (D) Tagged proteins were analyzed by immunoblotting in HCT116 treated with different concentrations of
rapamycin. Bar graph indicates the relative ratio of CyclinD1 to B-actin in HCT116é. (E) Cells were treated as described in (Fig. 1), Then BNIP3 was tested by immunoblotting.

Bar graph (right) indicates the relative ratio of BNIP3 to B-actin of triplicate experiments in HCT116. (H) Cells were transfected with Phage-puro and Phage-puro-ER plasmids,
then the fluorescence intensity was detected by a confocal microscope. Scale bar, 25 um. Data shown are mean #* S.D. of three independent experiments. (¥, P<0.05; *¥, P < 0.01).
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Figure 6. Proposed mechanism for ERB in regulating autophagy and anti-proliferation of colon cells. Schematic model depicting the over-expression ERf induces
autophagy through downregulating PI3K/AKT/mTOR. The up-regulated PTEN, p-ULKI and p-Beclinl indicate the autophagy induction. CQ could block the ERB-induced
CyclinD1 degradation, then causing antiproliferation in HCT116. BNIP3 was also involved in ERB-regulated autophagic cell death. See the text for the detailed discussion on the
roles of these signaling pathways and their interplay.
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In conclusion, we investigated the role of
ERp-induced antiproliferation in HCT116. The mech-
anism is mainly involved in ERP induced-CylinD1
degradation via mTOR-dependent autophagy.
Additionally, ERP induced-ACD via BNIP3 has a
suppressive role in HCT116 growth. The schematic
diagram of the mechanism can be seen in Fig. 6. Thus,
we propose that ERp is a favorable target for cancer
therapy since it not only induces autophagy but also
triggers cell cycle arrest. To our knowledge, these
results provide novel insights into the underlying
mechanism of the anti-proliferative properties of ERP
and generate new opportunities for the future
treatment of CRC.
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