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ARTICLE INFO ABSTRACT

Keywords: Aims: Amplified in liver cancer 1 gene (ALC1), a recently identified oncogene, was reported to be overexpressed
ALC1 in esophageal cancer cell lines and identified as a target oncogene in esophageal cancer pathogenesis. However,
Cisplatin cytotoxicity little literature is available to illustrate its significance in cisplatin resistance of esophageal squamous cell car-
Esophageal squamous cell carcinoma cinoma (ESCC) cells. The aim of the current study was to investigate the effect of ALC1 on cisplatin cytotoxicity
gg[i‘;%i‘:pathway of ESCC cells and to study the potential mechanisms.
Main methods: ALC1 at mRNA and protein levels were detected by qRT-PCR and western blot, respectively. Cell
viability was evaluated using CCK-8 assay. Apoptosis was assessed using caspase-3/7 activity assay and flow
cytometry analysis. Glycolysis level was evaluated by measuring glucose consumption and lactate production.
The protein levels of p-protein kinase B (Akt) and Akt were determined by western blot.
Key findings: ALC1 was highly expressed in ESCC cells compared with human normal esophageal epithelial Het-
1A cells. ALC1 knockdown suppressed the viability, induced apoptosis and enhanced cisplatin cytotoxicity in
ESCC cells. In addition, ALC1 knockdown inhibited glycolysis and inactivated the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway in ESCC cells. Mechanistically, activation of the PI3K/Akt pathway by 740Y-P blocked the
effects of ALC1 knockdown on cisplatin cytotoxicity and glycolysis in ESCC cells. In contrast, inhibition of the
PI3K/Akt pathway by LY294002 or glycolysis by 2-deoxyglucose resisted the effect of ALC1 overexpression on
cisplatin cytotoxicity in ESCC cells.
Significance: ALC1 knockdown enhanced cisplatin cytotoxicity of ESCC cells by inhibition of glycolysis through
inactivation of the PI3K/Akt pathway.

1. Introduction anticancer drugs for the treatment of ESCC [5]. Unfortunately, most of

ESCC patients ultimately relapse due to the development of drug re-

Esophageal cancer is one of the most aggressive and frequently di-
agnosed malignances with a high mortality rate, ranking as the sixth
leading cause of cancer-associated mortality worldwide [1]. To date,
esophageal squamous cell carcinoma (ESCC) is the major histological
subtype of esophageal cancer in eastern Asia, especially in China, ac-
counting for > 90% of esophageal cancer cases [2]. Despite tremendous
improvements in therapeutic interventions, the prognosis of ESCC pa-
tients still remains unfavorable and the 5-year survival rate of patients
with ESCC is only 17% [3]. In recent decades, cytotoxic chemotherapy
is recognized as a well-established therapeutic approach for ESCC pa-
tients [4]. Cisplatin is one of the most effective and commonly utilized

sistance, which is a major challenge for successful treatment [6]. Hence,
it is imperative to elucidate the molecular mechanisms responsible for
drug resistance to improve the therapeutic efficacy of ESCC patients.
The amplified in liver cancer 1 gene (ALC1), also known as the
chromodomain helicase/ATPase DNA binding protein 1-like gene
(CHD1L), was recently identified as an oncogene which is isolated from
the chromosome 1921 amplicon in hepatocellular carcinoma (HCC) [7].
ALC1 belongs to the sucrose nonfermenting 2 (SNF2) superfamily of
ATPases, which are ATP-dependent chromatin remodeling enzymes [8].
It is widely believed that ALC1 is highly expressed and involved in cell
proliferation, migration, invasion, metastasis and tumorigenesis in
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Fig. 1. Expression profile of ALC1 in ESCC cells. (A) qRT-PCR analysis of ALC1 mRNA expression in ESCC cells (TE1, TE13, ECA109, and EC9706) and human
esophageal epithelial Het-1A cells. (B) Western blot analysis of ALC1 protein level in ESCC cells (TE1, TE13, ECA109, and EC9706) and Het-1A cells. Western blot
analysis of ALC1 protein level in TE1 (C) and ECA109 (D) cells 48 h after transfection with siR-ALC1 or siR-control. *P < 0.05 (n = 3).

several types of tumor [9,10]. Therefore, substantive studies have
proved that ALC1 is a novel predictive biomarker for the prediction of
prognosis and cancer patient survival in human malignancies such as
breast [11], gastric [12] and colorectal cancer (CRC) [13]. Notably, it
was previously reported that ALC1 was overexpressed in esophageal
cancer cell lines and identified as a target oncogene in esophageal
cancer pathogenesis [14]. However, little literature is available to il-
lustrate its significance in cisplatin resistance of ESCC cells.

In the present study, we investigated the biological role of ALC1 in
cisplatin cytotoxicity in ESCC cells and further elaborated its molecular
mechanism. We found that ALC1 was overexpressed in ESCC cells and
ALC1 knockdown impeded cell growth and enhanced cisplatin cyto-
toxicity in ESCC cells by inhibition of glycolysis through inactivation of
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt)
pathway.

2. Materials and methods
2.1. Cell culture and transfection

The ESCC cell lines (TE1, TE13, ECA109, and EC9706) and human
esophageal epithelial cell line (Het-1A) were obtained from the Cell
Bank Type Culture Collection of Chinese Academy of Science
(Shanghai, China). These cells were maintained in RPMI-1640 medium
(GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10%
inactivated fetal bovine serum (FBS, Gibco, Grand Island, NY, USA),
100 pg/mL of penicillin (Invitrogen, Carlsbad, CA, USA), and 100 U/mL
of streptomycin (Invitrogen) and kept in a 5% CO, incubator at 37 °C.
siRNA targeting ALC1 (siR-ALC1) and its scrambled control (siR-con-
trol), pcDNA-ALC1 (ALC1) and pcDNA empty vector (Vector) were
purchased from GenePharma (Shanghai, China). TE1 and ECA109 cells
were seeded into plates and incubated overnight before transfection.
Then, transient transfection with siR-ALC1 or siR-control was con-
ducted using Lipofectamine 2000 (Invitrogen).

2.2. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from ESCC cells using RNAiso Plus
(TaKaRa, Dalian, China) and reversely transcribed into ¢cDNA using
Primescript RT Reagent with gDNA Eraser (TaKaRa). ALC1 mRNA ex-
pression was then detected using SYBR® Green Real-Time PCR Master
Mix (Thermo Fisher Scientific, Waltham, MA, USA) on the CFX96
Touch™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA).
The primer sequences were as below: B-actin, forward 5-AGAG CTAC
GAGC TGCC TGAC-3’ and reverse 5-AGCA CTGT GTTG GCGT ACAG-3’;
ALC1, forward 5-GGTG GAGT TGGC ATGA ACTT-3’ and reverse 5’
CACT CAAC TGGA GGTC AGCA-3'. The relative ALC1 mRNA expres-
sion was calculated using the 224 method.

2.3. Western blot analysis

Protein was extracted from treated ESCC cells using RIPA lysis
buffer (Beyotime, Shanghai, China) and protein concentrations were
measured using the BCA protein assay kit (Pierce, Rockford, IL, USA).
Afterwards, protein samples (50 pg/lane) were subjected to 10% so-
dium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
prior to transfer onto nitrocellulose membranes (Millipore, Billerica,
MA, USA). Following being blocked with 5% skim milk in Tris-buffered
saline containing 0.1% Tween-20 (TBST) for 2h, the membrane was
incubated with primary antibodies against ALC1 (Abcam, Cambridge,
MA, USA), Akt (Abcam), phosphorylated Akt (p-Akt; Abcam) and f-
actin (Abcam) at 4 °C overnight, and then incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody (Abcam) at
room temperature for 1h. The protein signals were visualized using
EasyBlot ECL Kit (Sangon Biotech, Shanghai, China).

2.4. Cell counting kit-8 (CCK-8) assay

Cell viability was evaluated by CCK-8 assay. In brief, TE1 and
ECA1009 cells were seed into 96-well plates at a density of 5 x 103 cells
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Fig. 2. Effects of ALC1 knockdown on the viability and apoptosis of ECSS cells. (A) CCK-8 assay was performed to evaluate the viability in TE1 and ECA109 cells
transfected with siR-ALC1 or siR-control for 48 h. (B) Caspase-3/7 activity was measured using caspase-3/7 activity assay in TE1 and ECA109 cells 48 h after
transfection with siR-ALC1 or siR-control. (C) Apoptosis was analyzed by flow cytometry analysis in TE1 and ECA109 cells 48 h after transfection with siR-ALC1 or

siR-control. *P < 0.05 (n = 3).

per well and incubated overnight. Then, TE1 and ECA109 cells were
exposed to a series of concentrations of cisplatin (0, 0.25, 0.5, 1, 2, 4,
and 8 pug/mlL) for 48 h. In addition, TE1 and ECA109 cells transfected
with siR-ALC1 or siR-control were administrated with 2 and 1 pg/mL
cisplatin in the absence or presence of 10 uM 740Y-P (an activator of
the PI3K/Akt pathway) (Sigma-Aldrich, St. Louis, MO, USA) for 48 h.
TE1 and ECA109 cells transfected with ALC1 or Vector were treated
with 2 and 1pg/mL cisplatin in the absence or presence of 5uM
LY294002 (LY, an inhibitor of the PI3K/Akt pathway) (Sigma-Aldrich)
or 5mM 2-deoxyglucose (2-DG, a glycolytic inhibitor) (Sigma-Aldrich)
for 48h. After the indicated treatments, 10 uL of CCK-8 solution
(Dojindo, Kumamoto, Japan) was added to each well, followed by in-
cubation for 2h at 37 °C. The optical density at 450 nm was measured
by a microplate reader (Bio-Rad).

2.5. Flow cytometry analysis for apoptosis

Apoptosis of treated TE1 and ECA109 cells was assessed using flow
cytometry with Annexin Vfluorescein isothiocyanate (FITC) Apoptosis
Detection Kit (BD Biosciences, San Diego, CA, USA) according to the
manufacturer's recommendations. The percentage of apoptotic cells was
detected by a FACScan Flow Cytometer (BD Biosciences).

2.6. Caspase-3/7 activity assay

The caspase-3/7 activity was measured using the Caspase-Glo 3/7
Assay kit (Promega, Madison, WI, USA). Following treatments as above,
the treated TE1 and ECA109 cells were seeded into 96-well plates at a
density of 5 x 102 cells/well and 100 pL of caspase-Glo 3/7 reagent was
added to each well, followed by incubation for 2 h. The luminescence
was measured using the GloMax-96 Microplate Luminometer
(Promega).

2.7. Measurement of glucose consumption and lactate production

Following treatments as above, the culture medium of TEl and
ECA109 cells were collected for the determination of glucose con-
sumption and lactate production. Glucose and lactate levels were
measured using a Glucose Assay Kit (Sigma-Aldrich) and a Lactic Acid
Assay Kit (Biovision, Milpitas, CA, USA), respectively.

2.8. Statistical analysis

Results are expressed as mean * standard deviation (SD) and
analyzed with GraphPad Prism 5 software (GraphPad Software, Inc.,
San Diego, CA, USA). Statistical differences between 2 groups or > 2
groups were determined using Student's t-test or one-way analysis of
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Fig. 3. Effect of ALC1 knockdown on cisplatin cytotoxicity in ESCC cells. (A and B) CCK-8 assay was used to examine cisplatin cytotoxicity in TE1 and ECA109 cells
after treatment with various concentrations of cisplatin (0, 0.25, 0.5, 1, 2, 4, and 8 pg/mL) for 48 h. TE1 and ECA109 cells were transfected with siR-ALC1 or siR-
control, followed by exposure to 2 and 1 ug/mL cisplatin, respectively, for 48 h. Then, cell viability in the treated TE1 (C) and ECA109 (D) cells was determined by
CCK-8 assay. Caspase-3/7 activity in the treated TE1 (E) and ECA109 (F) cells was measured by caspase-3/7 activity assay. Apoptosis in the treated TE1 (G) and
ECA109 (H) cells was evaluated by flow cytometry analysis. *P < 0.05 (n = 3).
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Fig. 4. Effects of ALC1 knockdown on the glycolysis and PI3K/Akt pathway in ESCC cells. (A and B) Glucose consumption and lactate production were measured in
TE1 and ECA109 cells 48 h after transfection with siR-ALC1 or siR-control. (C) Western blot analysis was applied to detect the protein levels of p-Akt and Akt in TE1
and ECA109 cells 48 h after transfection with siR-ALC1 or siR-control. *P < 0.05 (n = 3).

variance (ANOVA). P < 0.05 was considered as statistically sig-
nificant.

3. Results
3.1. ALC1I was highly expressed in ESCC cells

The expression of ALC1 in ESCC cells was detected by qRT-PCR and
western blot. As shown in Fig. 1A and B, the mRNA and protein levels of
ALC1 were significantly upregulated in ESCC cells (TE1, TE13, ECA109,
and EC9706) compared with those in human esophageal epithelial Het-
1A cells, particularly in TE1 and ECA109 cells. TE1 and ECA109 cells
were chosen for further analyses. To further clarify the potential bio-
logical function of ALC1 in ESCC, loss-of-function experiments in TE1
and ECA109 cells were conducted by introducing with siR-ALCI.
Western blot analysis manifested that ALC1 protein expression was
decreased following delivery of siR-ALC1 in TE1 (Fig. 1C) and ECA109
(Fig. 1D) cells.

3.2. ALC1 knockdown suppressed the viability and induced apoptosis of
ESCC cells

The effect of ALC1 knockdown on the viability of ESCC cells was
explored by CCK-8 assay. As compared with siR-control group, ALC1
depletion effectively repressed the viability of TE1 and ECA109 cells
(Fig. 2A). Meanwhile, caspase-3/7 activity assay and flow cytometry
analysis were conducted to investigate the influence of ALC1 silencing
on apoptosis in ESCC cells. Caspase-3/7 activity assay unveiled that
there was a significant enhancement of caspase-3/7 activity in TE1 and
ECA109 cells transfected with siR-ALC1 when compared to siR-control
group (Fig. 2B). Flow cytometry analysis demonstrated that ALC1
knockdown led to a significant increase in apoptotic rate in TE1 and

ECA109 cells relative to control group (Fig. 2C). These data revealed
that ALC1 knockdown suppressed the viability and induced apoptosis of
ESCC cells.

3.3. ALC1 knockdown enhanced cisplatin cytotoxicity in ESCC cells

CCK-8 assay was used to assess cisplatin cytotoxicity in ESCC cells
and the results demonstrated that cisplatin conspicuously inhibited cell
viability in TE1 cells (Fig. 3A) at 2, 4, and 8 pg/mL and in ECA109 cells
(Fig. 3B) at 1, 2, 4, and 8 ug/mL in a dose-dependent manner, sug-
gesting the cisplatin cytotoxicity in ESCC cells. To determine the role of
ALC in cisplatin cytotoxicity in ESCC cells, TE1 and ECA109 cells were
transfected with siR-ALC1 or siR-control, followed by exposure to 2 and
1 pg/mL cisplatin, respectively. CCK-8 assay uncovered that delivery of
siR-ALC1 exacerbated cisplatin-induced viability reduction in TE1
(Fig. 3C) and ECA109 (Fig. 3D) cells versus siR-control group. Caspase-
3/7 activity assay revealed that caspase-3/7 activity was elevated in
response to cisplatin in TE1 (Fig. 3E) and ECA109 (Fig. 3F) cells, while
depletion of ALC1 by siR-ALC1 reinforced this effect. As demonstrated
by flow cytometry analysis, cisplatin treatment resulted in a higher
ratio of apoptosis than control group in TE1 (Fig. 3G) and ECA109
(Fig. 3H) cells, which was notably strengthened by introduction with
siR-ALC1. Collectively, these results suggested that ALC1 knockdown
enhanced cisplatin cytotoxicity in ESCC cells.

3.4. ALC1 knockdown inhibited glycolysis and inactivated the PI3K/Akt
pathway in ESCC cells

To gain insight into the mechanism by which ALC1 knockdown
enhanced cisplatin cytotoxicity in ESCC cells, we investigated the effect
of ALC1 knockdown on glycolysis in ESCC cells by measuring the glu-
cose consumption and lactate production. As presented in Fig. 4A and
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Fig. 5. Effects of activation of the PI3K/Akt pathway on ALC1 knockdown-induced enhancement of cisplatin cytotoxicity in ESCC cells. (A) TE1 and ECA109 cells
were treated with 10 pM 740Y-P for 48 h and then the protein levels of p-Akt and Akt were determined by western blot. TE1 and ECA109 cells transfected with siR-
ALCI1 or siR-control were exposed to 2 and 1 ug/mL cisplatin, respectively, in the absence or presence of 10 pM 740Y-P for 48 h. CCK-8 assay was used to examine cell
viability in the treated TE1 (B) and ECA109 cells (C). Caspase-3/7 activity in the treated TE1 (D) and ECA109 cells (E) was measured by caspase-3/7 activity assay.
Apoptosis of treated TE1 (F) and ECA109 cells (G) was analyzed by flow cytometry analysis. *P < 0.05 (n = 3).
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Fig. 6. Effect of activation of the PI3K/Akt pathway on the inhibitory effect of ALC1 knockdown on glycolysis in ESCC cells. TE1 and ECA109 cells were transfected
with siR-ALC1 or siR-control and then treated with or without 10 uM 740Y-P for 48 h, followed by measurement of glucose consumption and lactate production in

TE1 (A and C) and ECA109 (B and D) cells. *P < 0.05 (n = 3).

B, ALC1 knockdown repressed glycolysis level in TE1 and ECA109 cells
relative to control group, as evidenced by the decreased glucose con-
sumption and lactate production. Meanwhile, we also explored the ef-
fect of ALC1 knockdown on the PI3K/Akt pathway in TE1 and ECA109
cells. ALC1 silencing reduced p-Akt protein level but did not affect the
total Akt level in TE1 and ECA109 cells (Fig. 4C), suggesting that ALC1
knockdown inhibited the PI3K/Akt pathway in ESCC cells.

3.5. Activation of the PI3K/Akt pathway blocked the effect of ALC1
knockdown on cisplatin cytotoxicity and glycolysis in ESCC cells

TE1 and ECA109 cells were treated with 10 uM 740Y-P, an activator
of the PI3K/Akt pathway, for 48 h. Western blot confirmed that 740Y-P
obviously increased the phosphorylation of Akt in TE1 and ECA109
cells, suggesting the activation of PI3K/Akt pathway (Fig. 5A). To de-
termine whether activation of the PI3K/Akt pathway can reverse the
biological function of ALC1 knockdown in cisplatin cytotoxicity in
ESCC cells, TE1 and ECA109 cells transfected with siR-ALC1 or siR-
control were exposed to 2 and 1pg/mL cisplatin in the absence or
presence of 10 uM 740Y-P for 48 h, respectively. As demonstrated by
CCK-8 assay, the promotive effect of ALC1 silencing on cisplatin-in-
duced viability reduction in TE1 and ECA109 cells was overturned
following the addition of 740Y-P (Fig. 5B and C). Caspase-3/7 activity
assay showed that ALC1 knockdown-induced increase of caspase-3/7
activity in TE1 and ECA109 cells in the presence of cisplatin was dis-
tinctly attenuated by 740Y-P (Fig. 5D and E). Furthermore, flow cyto-
metry analysis revealed that 740Y-P strikingly receded the effect of

ALC1 knockdown on cisplatin-induced apoptosis in TE1 and ECA109
cells (Fig. 5F and G). These results demonstrated that activation of the
PI3K/Akt pathway blocked the effect of ALC1 knockdown on cisplatin
cytotoxicity in ESCC cells. In addition, we found that the inhibitory
effect of ALC1 knockdown on glucose consumption and lactate pro-
duction in TE1 and ECA109 cells was ameliorated after treatment with
740Y-P (Fig. 6A-D), indicating that activation of the PI3K/Akt pathway
blocked the effect of ALC1 knockdown on glycolysis in ESCC cells.

3.6. Inhibition of the PI3K/Akt pathway or glycolysis resisted the effect of
ALC1 overexpression on cisplatin cytotoxicity in ESCC cells

To determine the influence of inhibition of the PI3K/Akt pathway or
glycolysis on the effect of ALC1 overexpression on cisplatin cytotoxicity
in ESCC cells, TE1 and ECA109 cells transfected with ALC1 or Vector
were treated with 2 and 1 pg/mL cisplatin in the absence or presence of
5uM LY, an inhibitor of the PI3K/Akt pathway, or 5mM 2-DG, a gly-
colytic inhibitor, for 48 h. CCK-8 assay exhibited that ectopic expression
of ALCI significantly reverted cisplatin-induced viability reduction in
TE1 (Fig. 7A) and ECA109 (Fig. 7B) cells, while this effect was abol-
ished following the addition of LY or 2-DG. Caspase-3/7 activity assay
disclosed that ALC1 overexpression dramatically weakened cisplatin-
induced increase of caspase-3/7 activity in TE1 (Fig. 7C) and ECA109
(Fig. 7D) cells, while LY or 2-DG evidently reversed the suppressive
effect of ALC1 overexpression on cisplatin-induced increase of caspase-
3/7 activity. Furthermore, flow cytometry analysis hinted that the in-
hibitory effect of ALC1 overexpression on cisplatin-induced apoptosis in
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Fig. 7. Effects of inhibition of the PI3K/Akt pathway or glycolysis on the influence of ALC1 overexpression on cisplatin cytotoxicity in ESCC cells. TE1 and ECA109
cells transfected with ALC1 or Vector were treated with 2 and 1 pug/mL cisplatin in the absence or presence of 5puM LY or 5mM 2-DG. Then, cell viability in the
treated TE1 (A) and ECA109 (B) cells was detected by CCK-8 assay. Caspase-3/7 activity in the treated TE1 (C) and ECA109 (D) cells was measured by caspase-3/7
activity assay. Apoptosis of treated TE1 (E) and ECA109 (F) cells was evaluated by flow cytometry analysis. *P < 0.05 (n = 3).

TE1 (Fig. 7E) and ECA109 (Fig. 7F) cells was recuperated by adminis-
tration with LY or 2-DG. Therefore, we concluded that inhibition of the
PI3K/Akt pathway or glycolysis resisted the effect of ALC1 over-
expression on cisplatin cytotoxicity in ESCC cells.

3.7. ALC1 knockdown did not affect the viability, apoptosis, glycolysis, and
the PI3K/Akt pathway in human normal esophageal epithelial Het-1A cells

To determine the biological effects of ALC1 knockdown on the
human normal esophageal epithelial line, Het-1A cells were transfected
with siR-control or siR-ALC1. After 48 h of transfection, ALC1 level was
significantly decreased (Fig. 8A). Knockdown of ALC1 did not affect the
viability and apoptosis of Het-1A cells (Fig. 8B and C). Glucose con-
sumption and lactate production was unchanged in Het-1A cells after
transfection with siR-ALC1 (Fig. 8D and E), suggesting that knockdown
of ALC1 did not affect glycolysis in Het-1A cells. Knockdown of ALC1
did not change the expression levels of p-Akt and Akt in Het-1A cells
(Fig. 8F), indicating that knockdown of ALC1 did not affect the PI3K/
Akt pathway in human normal esophageal epithelial cells.

4. Discussion

Currently, the development of drug resistance has become a huge
obstacle that significantly diminishes the effectiveness of chemother-
apeutic drugs, and remains a major cause of treatment failure in

patients with ESCC [15]. Therefore, it is indispensable to develop new
therapeutic strategies for combating drug resistance in ESCC. Herein,
this is the first time, to our knowledge, that ALC1 was closely associated
with cisplatin cytotoxicity in ESCC cells. We proved that ALC1 was
highly expressed in ESCC cells, and ALC1 knockdown suppressed the
viability, induced apoptosis and enhanced cisplatin cytotoxicity in
ESCC cells. Mechanistically, the biological function of ALC1 in cisplatin
cytotoxicity in ESCC cells was mediated by inhibition of glycolysis
through inactivation of the PI3K/Akt pathway.

In recent years, accumulating evidence has shown that abnormally
highly expressed ALC1 is promulgated as an oncogene contributing to
the carcinogenesis of several types of tumors [16]. For example, ALC1
protein expression was higher in pancreatic cancer patients, which
acted as an independent predictive prognostic biomarker in pancreatic
cancer, and promoted pancreatic cancer proliferation via activation of
the Wnt/B-catenin/TCF signaling pathway [17]. Overexpression of
ALC1 promoted the invasion and metastasis of breast cancer cells via
the PI3K/Akt/ARK5/mTOR/MMP signaling pathway [18]. More inter-
estingly, it was previously reported that ALC1 expression was increased
after cisplatin treatment in non-small-cell lung cancer (NSCLC) cells
and increased expression of ALC1 contributed to cisplatin resistance in
human NSCLC via c-Jun-ABCB1-NF-kB axis [19]. Accordingly, we hy-
pothesized whether ALC1 was involved in cisplatin cytotoxicity in ESCC
cells. In the present study, we confirmed that ALC1 expression at mRNA
and protein levels was both upregulated in ESCC cells, and ALC1
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Fig. 8. Effects of ALC1 knockdown on the viability, apoptosis, glycolysis, and the PI3K/Akt pathway in human normal esophageal epithelial Het-1A cells. Het-1A cells
were transfected with siR-ALC1 or siR-control for 48 h. (A) ALC1 level was determined by western blot analysis. (B and C) The viability and apoptosis of Het-1A cells
were evaluated by CCK-8 assay and flow cytometry analysis, respectively. (D and E) Glucose consumption and lactate production were measured in Het-1A cells. (F)
Western blot analysis was applied to detect the protein levels of p-Akt and Akt in Het-1A cells 48 h after transfection. *P < 0.05 (n = 3).

knockdown suppressed the viability and induced apoptosis of ESCC
cells, which were in line with the previous study [14]. More notably,
our study further found that ALC1 knockdown also exacerbated cis-
platin-induced viability reduction and increase of caspase-3/7 activity
and apoptotic rate in ESCC cells, suggesting that ALC1 knockdown
enhanced cisplatin cytotoxicity in ESCC cells.

In most cases, cancer cells preferred aerobic glycolysis (also called
Warburg effect) to metabolize glucose into lactate for their high-energy
demands, even in the presence of abundant oxygen [20]. Therefore, the
level of glycolysis can be detected by measuring glucose consumption
and lactate production [21]. A growing body of evidence has demon-
strated that aerobic glycolysis is frequently elevated in many tumors,

which is recognized as one of the major hallmarks of cancer cells [22].
It has been proposed that deranged metabolism, particularly increased
aerobic glycolysis, contributes to tumorigenesis as well as the devel-
opment of drug resistance in various malignancies [23,24]. Therefore,
targeting glycolysis may be a novel promising therapeutic strategy for
overcoming drug resistance in various cancers [25]. In our study, we
demonstrated that ALC1 knockdown reduced glucose consumption and
lactate production in ESCC cells, suggesting that ALC1 knockdown in-
hibited glycolysis in ESCC cells. Moreover, we found that inhibition of
glycolysis by 2-DG resisted the effects of ALC1 overexpression on cis-
platin cytotoxicity in ESCC cells. These results demonstrated that ALC1
overexpression exerted its role in cisplatin cytotoxicity in ESCC cells
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through activation of glycolysis.

The PI3K/Akt signaling pathway is a crucial intracellular signaling
pathway that plays an important role in the regulation of various on-
cogenic processes, such as cell growth, apoptosis, differentiation, and
metastasis [26]. It is widely recognized that the PI3K/Akt signaling
pathway is frequently activated in multiple human cancers including
ESCC, and is involved in cancer progression [27,28]. Moreover, recent
studies have demonstrated that activation of the PI3K/Akt signaling
pathway contributes to the development of drug resistance in cancer
cells [29]. Abnormal activation of the PI3K/Akt signaling pathway has
been shown to be related to cisplatin resistance in ESCC cells [30].
Hence, inhibition of the PI3K/Akt signaling pathway may be an effec-
tive therapeutic approach to improve the antitumor effects of che-
motherapeutic agents in ESCC. Herein, we proved that ALC1 knock-
down inactivated the PI3K/Akt pathway in ESCC cells. Moreover,
activation of the PI3K/Akt pathway by 740Y-P blocked the effects of
ALC1 knockdown on cisplatin cytotoxicity and glycolysis in ESCC cells.
In contrast, inhibition of the PI3K/Akt pathway by LY abolished the
effect of ALC1 overexpression on cisplatin cytotoxicity in ESCC cells.
Collectively, these results revealed that ALC1 knockdown enhanced
cisplatin cytotoxicity in ESCC cells by inhibition of glycolysis through
inactivation of the PI3K/Akt pathway.

We found that ALC1 knockdown significantly reduced ALC1 ex-
pression level, but did not significantly affect the viability, apoptosis,
glycolysis, and the PI3K/Akt pathway in human normal esophageal
epithelial Het-1A cells. There are some possible reasons for this: (1)
ALC1 baseline expression level is very low in normal cell line Het-1A, so
ALC1 knockdown did not significantly affect the viability and apoptosis
of Het-1A cells; (2) Glycolysis is frequently elevated in many tumors,
which is recognized as one of the major hallmarks of cancer cells, but
not normal cells, so ALC1 knockdown did not significantly affect glu-
cose consumption and lactate production in normal cell line Het-1A; (3)
The PI3K/Akt signaling pathway is frequently activated in multiple
human cancer cells, but not in normal cells, therefore ALC1 knockdown
did not significantly affect the PI3K/Akt signaling pathway in Het-1A
cells.

5. Conclusion

In summary, we provided the first evidence that ALC1 knockdown
enhanced cisplatin cytotoxicity in ESCC cells by inhibition of glycolysis
through inactivation of the PI3K/Akt pathway. Based on these results,
targeting ALC1 might serve as a novel promising therapeutic regimen to
improve cisplatin cytotoxicity in ESCC.
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