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Increasing evidence has demonstrated that Ctrl plays a crucial role in the regulation of cisplatin uptake in a
variety of tumors. The purpose of this study was to investigate its role in mediating cisplatin sensitivity in ESCC
cells. Inmunohistochemistry (IHC), In situ hybridization (ISH) and semi-quantitative RT-PCR were used to detect
Ctrl expressions in ESCC tissues. qRT-PCR and Western blot was performed to investigate the levels of Ctrl
mRNA and protein in ESCC cells. CCK-8, Flow cytometry and Transwell chamber assay were carried out to
examine cell proliferation, apoptosis, migration and invasion abilities in ESCC cells. We found that ESCC tissues
and cells had higher Ctrl level than normal tissues and Het-1A cell. Ctrl expression was correlated with his-
tological grade, invasion depth, TNM staging and lymph node metastasis in ESCC patients. Ctrl depletion
reduced the suppressive role of proliferation, migration and invasion as well as the inductive role of cell
apoptosis and Caspase-3 activity evoked by cisplatin, whereas Ctrl upregulation combined with cisplatin exerted
the synergistic role in regulation of proliferation, apoptosis, Caspase-3 activity, migration and invasion in ESCC.
In conclusion, Ctrl is implicated in ESCC development and progression and its expression may be a novel pre-
dictor for assessment of cisplatin sensitivity in ESCC.

Introduction acquired resistance as well as serious nephrotoxicity, ototoxicity and

hematological toxicity greatly hindered its therapeutic efficacy and

Esophageal cancer (ESCA) is one of the most common tumor types in
the world, and esophageal squamous cell carcinoma (ESCC) as the main
histological type of ESCA possesses more than 90% of all ESCA [1]. ESCC
patients mainly distribute in some Asian countries, especially in China
[2], and the overall survival rate of ESCA patients remains quite poor,
with 5-year survival rate of approximate 20%, which may be due to the
diagnosis at an advanced stage [3,4]. Currently, standard treatment
strategies for ESCA patients contain surgery, chemotherapy and radio-
therapy. Cisplatin as a conventional chemotherapeutic drug was firstly
approved as antitumor drug by US Food and Drug Administration in
1978 [5], and has been widely applied to treat a number of tumors in
clinic, including ESCC patients [6-10], however, its intrinsic and

further clinic application [5,11,12]. Therefore, it is very imperative to
seek for novel biomarker for auxiliary evaluation of cisplatin efficacy for
ESCC patients in clinic.

Copper transport 1 (Ctrl) gene was preliminarily discovered due to
its high-affinity for copper in Saccharomyces cerevisae [13], and then
human Ctrl was cloned according to its complementation characteristic
[14]. Human Ctrl consists of four key domains such as an extracellular
N-terminus, three transmembrane helices, an intracellular loop of vari-
able length and an intracellular C-terminal tail. Human Ctrl is ubiqui-
tously expressed in a variety of tissues, including choroid plexus,
connective tissues of eye, renal tubules, ovary and testis, etc. [15].
Previous investigation revealed that Ctrl was responsible for copper
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transport by its extracellular N-terminus domain rich in Met-and His--
residues [16,17], but in the last decade, many studies have confirmed
that Ctrl plays an essential role in facilitating cisplatin intake and
improving therapeutic efficacy of cisplatin [18]. Most notably, some
cisplatin-resistant tumors displayed low Ctrl level [19], whereas the
utilization of copper chelator efficiently enhanced the sensitivity of
cisplatin on tumor cells [20]. Given the crucial role of Ctrl in the intake
of cisplatin in tumor cells, targeting Ctrl may be a novel strategy for
improving the antitumor efficacy of cisplatin, which will contribute to
the achievement of individualized treatment by detecting Ctrl expres-
sion in different ESCC patients or other tumor patients based on cisplatin
to evaluate the sensitivity to cisplatin.

In the present study, we explored the expression pattern of Ctrl in
ESCC tissues and cell lines, and verified the relationship between its
expression and clinicopathological features of ESCC patients. Further-
more, the role of Ctrl in mediating cisplatin sensitivity was expounded
by loss-of-function and gain-of-function experiments in ESCC cells. Our
current data suggest that Ctrl may be a novel predictor for cisplatin
efficacy in ESCC patients.

Methods
Tissue samples

One hundred and eight cases of ESCC samples and corresponding
normal esophageal epithelial tissues were obtained from the First
Affiliated Hospital of Zhengzhou University. All ESCC patients without
chemotherapy and radiotherapy have signed informed consent form.
The experiments were approved by the Research and Ethics Committee
of the First Affiliated Hospital of Zhengzhou University.

In situ hybridization (ISH)

The Ctrl probe sequence (5-GCAATGTTCTATGAAGGACTCAAGA-
TAGCCCGAG AGAGCCTGCT GCGTAAG-3') was labeled by Digoxin and
was synthesized by Beijing Aoke Biotechnology Co., Ltd. ISH was carried
out according to our previous reports [21,22]. The ESCC tissue sections
deparaffinized were placed in 10 mM citrate buffer (pH 6.0) for 1 hin a
microwave oven at 60 °C, and then 10 pg/ml proteinase K (Boehringer
Mannbeim Biochemicals, Indianapolis, IN) was applied to the tissue
sections for 30 min at room temperature. Afterwards, Ctrl probe was
applied to tissue sections for 16 h in a moisturized chamber. Finally,
NBT/BCIP stock solution was used for the development of staining sig-
nals. PBS was used as negative control instead of Ctrl probe.

Immunohistochemistry (IHC)

IHC was performed according to our previous publication [21].
Briefly, tissue samples fixed by formalin and embedded by paraffins
were continuously cut into 4-6 pm. Antigen retrieval was performed by
microwave heating in 10 mM citrate buffer (pH 6.0) for 20 min, and then
3% hydrogen peroxide was applied to tissue sections to block the ac-
tivity of endogenous perxidase for 5 min at 25 °C. Subsequently, primary
antibody against Ctrl (GeneTex company, USA) diluted 1:200 was
incubated with tissue slides overnight at 4 °C. After rinsing, the tissue
slides were incubated with the corresponding second antibody for 60
min at room temperature. Finally, DAB reagent was used for develop-
ment of staining signals.

Scores of staining

The staining results of ISH and IHC were independently assessed in a
double-blinded manner by two pathologists. The standard of staining
score was performed according to our previous publication [22]. Briefly,
positive cell numbers were counted in the following: 0 (<5%); 1
(5-25%); 2 (25%-50%); 3 (50%-75%) and 4 (> 75%). Standard of
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staining intensity was in the following: 0 (no signal); 1 (weak); 2
(moderate); and 3 (intense). The score of positive cell number multiplied
by the score of staining intensity” made the final staining score, and the
score <1 was considered as negative, and other scores were defined as
positive.

Semi-quantitative RT-PCR

Total RNA was isolated from ESCC tissues and paired normal tissues
by Trizol reagent (Invitrogen company, USA) according to the manu-
facturer’s instructions, which was subjected to cDNA synthesis (TIAN-
GEN BIOTECH CO., LTD, Beijing, China). The specific primers including
CtrlF: 5-AAGATAGCCCGAGAGAGCCT-3', CtrlR: 5'-TGGATGATGTG-
CAGCACTGC-3' (product size: 176 bp), GAPDHF: 5-CGGAGTCAACG-
GATTTGGTCGTAT-3, GAPDHR: 5-AGCCTTCTCCATGGTG
GTGAAGAC-3' (product size: 307 bp) was used to amplify the specific
band. Semi-quantitative assay was performed to detect the band in-
tensity using Gene Tools software (UVP., Lnc., Upland, CA, USA).

Cell lines, cell culture and transfection

ESCC cell lines including Ecal09, Kyse70, Kyse450 cells as well as
normal esophageal epithelial cell Het-1A were maintained in RPMI-
1640 medium supplemented with 10% fetal bovine serum (FBS), 100
U/ml penicillin (Sigma-Aldrich, USA), and 100 pg/ml streptomycin
(Sigma-Aldrich, USA) at 37 °C in an incubator with 5% CO,. Control
siRNA (si-Con) (Santa Cruz company, USA), Ctrl siRNA (si-Ctrl) (Santa
Cruz company, USA), pcDNA3.1 and pcDNA3.1-Ctrl were transfected to
Ecal09, Kyse70 and Kyse450 cells by Lipofectamine™ 2000 (Invitrogen
Life Technologies, Carslbad, CA, USA) according to manufacturer’s
instruction.

Real-time quantitative PCR (qRT-PCR)

Total RNA was extracted using Trizol reagent (Invitrogen Life
Technologies, Carslbad, CA, USA) according to the manufacturer’s
protocol. qRT-PCR was performed by Quant one step qRT-PCR Kit (SYBR
Green) (TIANGEN BIOTECH CO., LTD, Beijing, China) in an ABI 7500
series PCR machine Applied Biosystems using the following primers:
CtrlF: 5-AAGATAGCCCGAGAGAGCCT-3', CtrlR: 5-TGGATGATGTG
CAGCACTGC-3' (product size: 176 bp), GAPDHF: 5-GGGAGC-
CAAAAGGGT CATCA-3', GAPDHR: 5'-AGTGATGGCATGGACTGTGG-3'.

Western blot

Total proteins were isolated from Ecal09, Kyse70 and Kyse450 cells
with various treatments by RIPA and PMSF (Solarbio, Beijing, China).
Protein concentrations were measured using Coomassie Brilliant Blue
G250 kits (Solarbio, Beijing, China) by Bradford method according to
manufacturer’s protocol. Whereafter, SDS-PAGE was performed, and the
proteins were electro-transferred to PVDF membrane (Millipore Cor-
poration, USA). After blocking with skimmed milk, primary antibody
against Ctrl and p-actin (Abcam, Cambridge, MA, USA) was incubated
with PVDF membrane (Roche, Switzerland) overnight at room temper-
ature, followed by the addition of the second antibody (ZSGB-BIO,
Guangzhou, China). Finally, signal of protein expression was developed
using AzureC300 Darkroom Eliminator (Azure Biosystems, USA).

CCK-8 assay

Transfected ESCC cells were digested using trypsinase and counted.
Around 2 x 10° ESCC cells were seeded into 96-well plate for each well
in triplicate. Different concentrations of cisplatin (0, 1, 2, 3, 4 and 5 pg/
ml) was added to corresponding well. Cell viability was determined at
48 h using CCK-8 kit according to manufacturer’s protocol by detecting
450 nm in a microplate reader.
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Fig. 1. High expressions of Ctrl mRNA and protein in ESCC tissues and cells.
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A: Representative image of Ctrl high expression in ESCC tissues by ISH and IHC; ISH and IHC assay for Ctrl mRNA and protein expressions in 108 cases of ESCC
tissues and paired normal esophageal epithelial tissues, Bar=100 pm. B: Semi-quantitative RT-PCR detection for Ctrl mRNA expression in randomly selected 10 cases
of ESCC tissues and paired normal tissues using Ctrl specific primers. C: Statistical assay for Ctr1 relative level in ESCC tissues and paired normal tissues, *P<0.05,
**P<0.01, ***P<0.001 and ****P<0.0001, compared para-carcinoma tissues. D: qRT-PCR assay for Ctr] mRNA expression in ESCC cell lines (Kyse70, Ecal09, and
Kyse450 cells), **P<0.01 and ***P<0.001, compared with Het-1A cell. E: Western blot analysis for Ctrl protein expression in ESCC cell lines (Kyse70, Ecal09, and
Kyse450 cells), and -actin was used as loading control. F: Relative Ctrl protein level in various ESCC cell lines (Kyse70, Ecal09, and Kyse450 cells), **P<0.01,

compared with Het-1A cell.

Cell apoptosis

Cell apoptosis was performed according to the manufacturer’s pro-
tocol using Annexin V FITC/PI (Beyotime Biotechnology, Shanghai,
China). In brief, transfected ESCC cells were collected using trypsinase
and seeded into 6-well plate. Subsequently, specific cisplatin concen-
tration for each ESCC cell in triplicate was added to corresponding well.
Annexin V/PI reagents were added to Eppendorf tube for 30 min.
Finally, Flow cytometry (BD Biosciences, USA) was utilized to determine
cell apoptosis.

Detection of Caspase-3 activity

Caspase-3 activity was determined with a commercial kit according
to the manufacturer’s protocols (APOP-CYTO Caspase-3 Colorimetric
Assay Kit; Medical and Biological Laboratories, Japan) as described in a
previous study [23].

Cell migration

Cell migration experiment was performed using Transwell chamber
without Matrigel. Briefly, transfected ESCC cells combined with specific
concentration cisplatin for each ESCC cell (around 1 x 10°) were added
to upper layer of chamber, and 20% FBS was added to underlayer of
chamber. Invasive cells were fixed using methanol and stained with
crystal violet at 48 h. Finally, invading cell numbers were counted under
the field of 200 x magnification.

Cell invasion

Cell invasion experiment was performed using Transwell chamber
with Matrigel (BD Biosciences, USA). Briefly, transfected ESCC cells
combined with specific concentration cisplatin for each ESCC cell
(around 1 x 10°) was added to upper layer of chamber, and 20% FBS
was added to underlayer of chamber. Invasive cells were fixed using
methanol and stained with crystal violet at 48 h. Finally, invading cell
numbers were counted under the field of 200 x magnification.
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Table 1
The expressions of Ctrl mRNA and protein in ESCC tissues and normal tissues.
Histological types Ctrl mRNA 7 P Ctrl protein 7 P
n + - + -
ESCC tissues 108 71 37 24.008 0.000 65 43 21.675 0.000
Normal tissues 108 35 73 31 77

Table 2

The associations of Ctrl mRNA and protein expressions with clinicopathological features in ESCC.

Features n Ctrl mRNA Ctrl protein
+ - 7 P + - 7 P

Age (years)
o0 62 45 17 3.024 0.082 39 23 0.449 0.503
B -<c0 46 26 20 26 20
Gender
FVale 67 47 20 1.523 0.217 41 26 0.075 0.784
Eifemale 41 24 17 24 17
Histological grade

32 11 21 20.803 0.000 9 23 21.930 0.000
@ 53 40 13 36 17
B 23 20 3 20 3
Invasive depth
fisuperficial layer 48 25 23 7.155 0.007 20 28 12.365 0.000
EDeep layer 60 46 14 45 15
TNM staging
B 64 31 33 20.883 0.000 30 34 11.614 0.001
gy 44 40 4 35 9
Lymph node metastasis
ENo 69 40 29 5.122 0.024 35 34 7.137 0.008
Fives 39 31 8 30 9

Statistical analysis

All data, expressed as mean+SD, were investigated using Graphpad
Prism 8.0 software. The results of IHC and ISH were evaluated using Chi
square test, the comparison of two groups was analyzed using t-test, and
the comparison of three groups or above was investigated using one-way
ANOVA. A P value less than 0.05 was regarded as statistical significance.

Results
High expressions of Ctr1 mRNA and protein in ESCC tissues

To understand the role of Ctrl in ESCC development and progression,
we firstly investigated the expressions of Ctrl mRNA and protein in 108
cases of ESCC tissues and paired normal tissues. We found that 71 cases
of ESCC tissues displayed the positive expression of Ctrl mRNA and 65
cases of ESCC tissues exhibited the positive expression of Ctrl protein
(Fig. 1A, Table 1), which was validated by semi-quantitative RT-PCR in
randomly selected 10 cases of ESCC tissues and paired normal tissues,
and only 1 cases displayed converse results (Fig. 1B and C). We selected
3 ESCC cell lines and normal esophageal epithelial cell Het-1A to further
investigate the Ctrl expression. QqRT-PCR assay demonstrated that Ctrl
expression in 3 ESCC cell lines was significantly higher than that in Het-
1A cell (all P<0.01) (Fig. 1D), which was verified by Western blot
(Fig. 1E and F). These findings suggest that high Ctrl expression may
participate in ESCC development and progression.

The association of Ctrl expression with clinicopathological features in
ESCC

To address the question whether Ctrl expression was related to the
development and progression of ESCC? We investigated the correlations
of the expressions of Ctrl mRNA and protein with clinicopathological
features in ESCC. We found that Ctrl mRNA and protein expressions
were both correlated with histological grade, invasion depth, TNM

staging and lymph node metastasis in ESCC (all P<0.05), but not asso-
ciated with age and gender of ESCC patients (all P>0.05) (Table 2).
These data imply that Ctrl may play an important role in the develop-
ment and progression of ESCC.

Ctrl depletion decreases the sensitivity of cisplatin in ESCC cells

It is well documented that Ctrl plays an essential role in cisplatin
mediated cytotoxicity [18,24-26]. Therefore, we further observed the
effect of Ctrl downregulation on cell proliferation in ESCC cells. We
found Ctrl siRNA significantly reduced Ctrl mRNA level at 24 h, 48 h
and 72 h in Ecal09, Kyse70 and Kyse450 cells (Fig. 2A). Western blot
revealed that Ctrl siRNA markedly suppressed Ctrl protein expression
at 24 h, 48 h and 72 h in Ecal09, Kyse70 and Kyse450 cells (Fig. 2B and
C). Based on these results, CCK-8 was used to identify the role of Ctrl
downregulation in mediating the cytotoxicity of cisplatin on ESCC cells.
We found that Ctrl downregulation reduced the sensitivity of ESCC cells
on cisplatin with IC50 value for Ecal09 (si-Con vs si-Ctrl 1.997 vs
2.241), Kyse70 (si-Con vs si-Ctrl 1.470 vs 2.339) and Kyse450 (si-Con vs
si-Ctrl 1.615 vs 2.713) (Fig. 2D). These findings suggest that Ctrl level
may be an important predictive marker for cisplatin efficacy in ESCC
cells.

Ctr1 downregulation suppresses cell apoptosis triggered by cisplatin in
ESCC cells

To further explore the role of Ctrl downregulation in the apoptosis
mediated by cisplatin in ESCC cells, Flow cytometry was used to
determine the apoptotic cell numbers. Here, we found that different
doses of cisplatin combined with si-Con markedly induced cell apoptosis
in varying ESCC cells, compared with si-Con alone (Fig. 3A and B).
However, compared with cisplatin plus si-Con, cisplatin combined with
si-Ctrl extremely reduced the apoptotic cell numbers in different ESCC
cells (Fig. 3A and B). Similarily, compared with cisplatin plus si-Con,
cisplatin combined with si-Ctrl extremely reduced the activity of
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Fig. 4. The Ctrl downregulation meliorated cell migration and invasion abilities inhibited by cisplatin in number of ESCC cells.

A: Transwell assay for cell migration in various ESCC cells treated with si-Con, si-Con plus cisplatin, si-Ctrl and si-Ctr1 plus cisplatin; ESCC cells (Ecal09, Kyse70 and
Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied to ESCC cells above, and Transwell chamber without Matrigel was
employed to determine cell migration. B: Statistical assay for migratory cell numbers in different ESCC cells treated with si-Con, si-Con plus cisplatin, si-Ctrl and si-
Ctrl plus cisplatin, ***P<0.001, compared with si-Con plus cisplatin group. C: Transwell assay for cell invasion in varied ESCC cells treated with si-Con, si-Con plus
cisplatin, si-Ctr1 and si-Ctr1 plus cisplatin; ESCC cells (Ecal09, Kyse70 and Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied
to ESCC cells above, and Transwell chamber with Matrigel was used to determine cell invasion. D: Statistical assay for invasive cell numbers in a variety of ESCC cells

treated with si-Con, si-Con plus cisplatin, si-Ctrl and si-Ctr1 plus cisplatin, ***P<0.001, compared with si-Con plus cisplatin group.

Caspase-3 in different ESCC cells (Fig. 3C). These findings imply that
Ctrl downregulation represses cell apoptosis induced by cisplatin in
ESCC cells.

Ctrl downregulation reversed cell migration and invasion abilities
suppressed by cisplatin in ESCC cells

To further dissect the role of Ctrl downregulation in cell migration

and invasion mediated by cisplatin in ESCC cells, Transwell chambers
without or with matrigel were utilized to indagate the cell migration and
invasion abilities in a variety of ESCC cells. Our results revealed that
there was no alteration in cell migration and invasion ability between
ESCC cells transfected with si-Con and si-Ctrl (Fig. 4A-D). However,
compared with si-Con plus cisplatin, the migratory and invasive cell
numbers were strikingly increased in si-Ctrl plus cisplatin group
(P<0.001) (Fig. 4A-D). These data suggest that Ctrl plays a pivotal role
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Fig. 5. The Ctrl upregulation potentiated the killing efficacy of cisplatin in ESCC cells.

A: pcDNA3.1-Ctrl remarkablely enhanced the Ctrl mRNA level at 48 h in various ESCC cells (Ecal09, Kyse70 and Kyse450), pcDNA3.1 and pcDNA3.1-Ctrl were
transfected to Ecal09, Kyse70 and Kyse450 cells by Lipofectamine™ 2000, and Semi-quantitative RT-PCR was used to determine the relative level of Ctrl at 48 h
after transfection,**P<0.01 and ***P<0.001, compared with control group and pcDNA3.1 group. B: Western blot was performed to investigate the Ctrl protein
expression in a number of ESCC cells 48 h after transfection with pcDNA3.1 and pcDNA3.1-Ctrl, and f-actin was used as a loading control. C: The relative level of
Ctrl protein in untreated ESCC cells, ESCC cells transfected with pcDNA3.1 and pcDNA3.1-Ctr1, **P<0.01, compared with control group and pcDNA3.1 group. D:
CCK-8 was used to examine the cell proliferative ability in different concentration of cisplatin with pcDNA3.1 or pcDNA3.1-Ctr1, ESCC cells (Ecal09, Kyse70 and
Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied to ESCC cells above, and CCK-8 was used to determine cell viability,
**P<0.01, ***P<0.001 and ****P<0.0001, indicating statistical significance, compared with pcDNA3.1.

in regulating cell migration and invasion mediated by cisplatin in ESCC
cells.

Ctr1 upregulation reenforces the cytotoxicity of cisplatin in ESCC cells

To verify the role of Ctrl overexpression in cisplatin-mediated
cytotoxicity in ESCC cells, we firstly constructed the pcDNA3.1-Ctrl
overexpression vector, which was transfected to ESCC cells. qRT-PCR
assay revealed that pcDNA3.1-Ctrl dramatically upregulated the
levels of Ctrl mRNA and protein in 3 ESCC cells, such as Ecal09, Kyse70
and Kyse450, compared with control group and pcDNA3.1 group
(Fig. 5A, B and C). Further CCK-8 data revealed that Ctrl overexpression
evidently increased cytotoxicity efficacy of cisplatin in Ecal09, Kyse70
and Kyse450 cells with IC50 value for Ecal09 (pcDNA3.1 vs pcDNA3.1-
Ctrl 0.499 vs 0.001), Kyse70 (pcDNA3.1 vs pcDNA3.1-Ctrl 1.081 vs
0.708) and Kyse450 (pcDNA3.1 vs pcDNA3.1-Ctrl 3.814 vs 0.002)
(Fig. 5D). These data indicate that high Ctr1 level contributes to enhance
the cytotoxicity efficacy of cisplatin in ESCC cells.

The synergistic role of Ctrl upregulation combined with cisplatin in the
induction of cell apoptosis in ESCC cells

To further make an assay of the role of Ctrl upregulation plus
cisplatin in regulation of cell apoptosis, we performed the Flow cytom-
etry assay for cell apoptosis in ESCC cells. The results indicated that
compared with pcDNA3.1 alone, pcDNA3.1-Ctrl alone didn’t induce
cell apoptosis in various ESCC cells (P>0.05) (Fig. 6A and B). However,

the apoptotic cell numbers in pcDNA3.1 plus cisplatin were obviously
higher than that in pcDNA3.1 without cisplatin (P<0.01), and further
investigation demonstrated that pcDNA3.1-Ctrl combined with
cisplatin significantly enhanced apoptotic cell numbers, compared with
pcDNA3.1 plus cisplatin (P<0.01) (Fig. 6A and B). Besides, pcDNA3.1-
Ctrl combined with cisplatin significantly increased the activity of
Caspase-3 in various ESCC cells, compared with pcDNA3.1 plus cisplatin
(P<0.01) (Fig. 6C). These data state clearly that Ctrl combined with
cisplatin possesses the synergistic role in the induction of cell apoptosis
in ESCC cells.

Ctr1 upregulation plus cisplatin remarkably represses migration and
invasion abilities in ESCC cells

To further dissect whether Ctrl upregulation enhances migration
and invasion abilities suppressed by cisplatin, Transwell chamber
without or with matrigel was used to investigate the cell migration and
invasion abilities in ESCC cells, respectively. Our results indicated that
there was no difference in cell migration and invasion ability between
ESCC cells transfected with pcDNA3.1 and pcDNA3.1-Ctrl (Fig. 7A-D).
However, the migratory and invasive cell numbers in pcDNA3.1 plus
cisplatin were obviously lower than that in pcDNA3.1 without cisplatin
(P<0.01), and stepwise studies demonstrated that pcDNA3.1-Ctrl
combined with cisplatin markedly repressed the migratory and inva-
sive cell numbers, compared with pcDNA3.1 plus cisplatin (P<0.01)
(Fig. 7A-D). These results suggest that Ctrl plus cisplatin plays a syn-
ergistic role in the suppression of cell migration and invasion in ESCC
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Fig. 6. Ctrl upregulation combined with cisplatin displayed the synergistic role in the induction of cell apoptosis in ESCC cells.

A: Flow cytometry assay for cell apoptosis in different ESCC cells treated with pcDNA3.1, pcDNA3.1 plus cisplatin, pcDNA3.1-Ctr1 and pcDNA3.1-Ctr1 plus cisplatin,
ESCC cells (Ecal09, Kyse70 and Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied to ESCC cells above, and Flow cytometry
was employed to determine cell apoptosis. B: Statistical assay for apoptotic cell numbers in different ESCC cells treated with pcDNA3.1, pcDNA3.1 plus cisplatin,
pcDNA3.1-Ctrl and pcDNA3.1-Ctr1 plus cisplatin, **P<0.01 and ***P<0.001, compared with pcDNA3.1 plus cisplatin group. C: pcDNA3.1-Ctrl combined cisplatin
significantly promoted the activity of Caspase-3 induced by cisplatin plus pcDNA3.1; ESCC cells (Ecal09, Kyse70 and Kyse450) were harvested at 48 h after
transfection, different doses of cisplatin was applied to ESCC cells above, and Caspase-3 activity kit was utilized to determine the activity of Caspase-3, **P<0.01 and

<
<

cells. Widespread investigations have demonstrated that Ctrl over-
expression modestly promoted the intake of cisplatin [35], whereas its
Discussion downregulation blocked the entry of cisplatin into tumor cells. How-
ever, several groups reported that there was no association of Ctrl
Evaluation of the efficacy of cisplatin-based chemotherapy in clinic ~ expression with cisplatin uptake [36,37]. Although a large number of
has caused great attention in the world. However, drug-resistance and results have confirmed the underlying clinic value of Ctrl in many
serious toxicity have greatly blocked the further treatment of tumor different tumors, especially in mediating cisplatin intake [38-40], its
patients, including ESCC, further resulting in therapeutic failure [27, role in ESCC remains to be unveiled. Based on these conflicting reports,
28]. In this study, we found that Ctrl expression in ESCC tissues was it was badly need of addressing whether the cytotoxicity of cisplatin was
significantly higher than that in normal esophageal epithelial tissues, dependent on Ctrl expression in ESCC cells. To this end, a series of ex-
and its expression was tightly associated with histological grade, inva- periments was carried out by loss-of-function and gain-of-function. We
sion depth, TNM staging and lymph node metastasis, suggesting Ctrl found that Ctrl downregulation reduced the cytotoxicity of cisplatin in a
may be implicated in ESCC development and progression. Stepwise number of ESCC cells. Conversely, Ctrl overexpression enhanced the
investigation revealed that Ctrl depletion reduced the sensitivity of sensitivity of cisplatin on ESCC cells. These findings imply that Ctr1 level
cisplatin on ESCC cells, suppressed cell apoptosis and the activity of may harbor the cardinal value to assess cisplatin therapeutic efficacy in
Caspase-3 mediated by cisplatin and reversed migration and invasion ESCC, and may be a novel predictor of the efficacy of chemotherapy
cell numbers inhibited by cisplatin. Conversely, Ctrl overexpression  based on cisplatin for ESCC patients.
combined with cisplatin exhibited the synergistic role in suppressing cell
proliferation, migration and invasion as well as inducing cell apoptosis Conclusions
and enhancing the activity of Caspase-3 in ESCC cells. Our data pre-
sented herein suggest that Ctrl is an important mediator in regulating In conclusion, Ctrl at high level enhances the cisplatin efficacy in
cisplatin entry into ESCC cells, and thus Ctrl level may be an ancillary ESCC cells, including synergistic regulation in cell proliferation,
predictor for the therapeutic efficacy of cisplatin in ESCC patients. apoptosis, migration and invasion. Although being lack of the data
The convincing evidence is the fact that high copper concentration in regarding animal experiment, our preliminary results have proved the
serum has linked to tumor incidence, progression and recurrence in a cytotoxicity efficacy of cisplatin mediated by Ctrl depletion and over-
variety of tumors, including ESCC [29]. Porcu C, et al. demonstrated that expression in ESCC cells. These key phenotypes including cell prolifer-
the addition of copper promoted cell proliferation, migration and in- ation, apoptosis, migration and invasion have been evaluated the
vasion ability in hepatocellular carcinoma cells HepaRG and HepG2 relationship between cisplatin and Ctrl expression in ESCC cells. The
[30], which was manipulated by Ctr1 level. Ctrl as copper transporter is Ctrl expression pattern and its regulatory role in cisplatin sensitivity
responsible for entry of copper into cells [16], and the connection of elaborated in this study will drive us further to elucidate Ctrl function
copper and Ctrl level implies that Ctrl may be associated with tumor and its possible molecular mechanisms in animal experiment and clin-
development and progression. Recent studies demonstrated that tran- ical trials in the future, which will contribute to achieve personalized

scription factor MYC regulated Ctrl transcription by binding to its therapy for ESCC patients during chemotherapy.
promoter region, which further promoted Ctrl upregulation in hepato-

cellular carcinoma [30]. Landon CD, et al. found that Ctrl protein Data availability statement

expression was dramatically increased in most cisplatin-sensitive

bladder cancer cell lines [31]. Increasing data have indicated that the The datasets and material used and/or analyzed during the current
prognosis of patients treated using platinum chemotherapy is positively study are available from the corresponding author on reasonable
correlated with Ctrl expression in non-small cell lung carcinoma, request.

ovarian cancer and cervical cancer [20,32,33]. In addition, Ctrl

expression is also verified to be an underlying independent prognostic Ethics approval and consent to participate

factor for the prediction of the recurrence and patients’ survival in clear

cell renal cell carcinoma [34]. Current reports impel us to assess the Ctrl Approved by the Medical Ethics Committee of the First Affiliated
expression pattern in ESCC, which will provide novel insight into the Hospital of Zhengzhou University.

clinic value of Ctrl in therapy of ESCC patients. Our data revealed that

Ctrl expression in ESCC tissues and cells was markedly higher than that Consent for publication

in normal tissues and cells, and its expression was closely associated

with histological grade, invasion depth, TNM staging and lymph node Not applicable.

metastasis, implying its involvement in ESCC development and pro-

gression. Although current data present the high Ctrl expression in CRediT authorship contribution statement

ESCC tissues and cells, what evoked this phenomenon remains to be

under investigation. Meanwhile, it is regretful that there is currently a Xin Wang: Conceptualization, Methodology, Validation, Formal
lack of the expression patterns of Ctrl in ESCC patients without or with analysis, Writing — original draft. Qianqgian Lou: Software, Validation,
cisplatin treatment due to none of ESCC patients administrated by Formal analysis. Tianli Fan: Software, Validation, Formal analysis.
chemotherapy, therefore, the role of the Ctrl expression and chemo- Qing Zhang: Investigation, Resources. Xiangxiang Yang: Investiga-
therapy based on cisplatin in the prognosis of ESCC patients remains be tion, Resources. Hongtao Liu: Supervision, Conceptualization, Writing
further explored. - review & editing, Funding acquisition. Ruitai Fan: Supervision,
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Fig. 7. Ctrl upregulation exerted the synergistic role in the repression of cell migration and invasion with cisplatin in ESCC cells.

A: Transwell assay for cell migration in various ESCC cells treated with pcDNA3.1, pcDNA3.1 plus cisplatin, pcDNA3.1-Ctrl and pcDNA3.1-Ctr1 plus cisplatin; ESCC
cells (Ecal09, Kyse70 and Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied to ESCC cells above, and Transwell chamber
without Matrigel was employed to determine cell migration. B: Statistical assay for migratory cell numbers in different ESCC cells treated with pcDNA3.1, pcDNA3.1
plus cisplatin, pcDNA3.1-Ctrl and pcDNA3.1-Ctr1 plus cisplatin, **P<0.01 and ****P<0.0001, compared with pcDNA3.1 plus cisplatin group. C: Transwell assay for
cell invasion in varied ESCC cells treated with pcDNA3.1, pcDNA3.1 plus cisplatin, pcDNA3.1-Ctr1 and pcDNA3.1-Ctr1 plus cisplatin; ESCC cells (Ecal09, Kyse70 and
Kyse450) were harvested at 48 h after transfection, different doses of cisplatin was applied to ESCC cells above, and Transwell chamber with Matrigel was employed
to determine cell invasion. D: Statistical assay for invasive cell numbers in a variety of ESCC cells treated with pcDNA3.1, pcDNA3.1 plus cisplatin, pcDNA3.1-Ctr1
and pcDNA3.1-Ctrl plus cisplatin, **P<0.01 and ***P<0.001, compared with pcDNA3.1 plus cisplatin group.
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