L))

Check for
updat

Original Article

Targeting MUC1-C reverses the cisplatin resistance of esophageal
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Background: The efficacy of chemotherapeutic treatment of esophageal squamous cell carcinoma (ESCC)
is limited by drug resistance during. This severely compromises the long-term survival rate of patients.
Therefore, reversing chemotherapy resistance in ESCC may improve the therapeutic outcome. Here, we
investigated the molecular mechanism of MUCI-C, the C-terminal transmembrane subunit of MUCI (a
transmembrane heterodimer protein), and its role in the reversal of cisplatin sensitivity in ESCC cells.
Methods: We assessed the efficacy of GO-203, a cell-penetrating peptide, as a chemotherapeutic target
of MUCI-C using cell proliferation, colony-forming, and transwell assays. Apoptosis was analyzed in GO-
203-treated cells by flow cytometry. Tumor xenograft assay was performed in nude mice to corroborate our
in vitro findings.

Results: GO-203 treatment inhibited cell proliferation and restrained the migration and invasion
of cisplatin-resistant ESCC. Moreover, targeting MUCI resulted in enhanced apoptosis in GO-203-
treated cells. These iz vitro pro-apoptotic and anti-proliferative effects of GO-203 in combination with
cisplatin were validated by iz vivo models. Significantly smaller tumor volumes were observed in ESCCs-
xenografted nude mice treated with GO-203 in combination with cisplatin compared with mice treated with
monotherapy or their control counterparts. We found that blocking MUCI-C with GO-203 significantly
reversed the cisplatin resistance in ESCC via modulating Akt and ERK pathways.

Conclusions: Our findings suggest that GO-203 may hold potential as an ancillary therapeutic molecule
and a chemosensitizer to improve the outcomes of cisplatin-based chemotherapy especially in patients with
cisplatin-resistant ESCC.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is the
foremost prevalent esophageal cancer, with a total of
572,034 new cases and 508,585 deaths annually, and
accounts for approximately 6.6% of all cancer-related deaths
in developing countries (1,2). The standard treatment of
ESCC:s involves surgery, chemotherapy, and postoperative
chemoradiotherapy (3). However, the 5-year survival is
only approximately 20% in patients with locally advanced
ESCCs (4). Cisplatin, one of the platinum-based drugs, is
the most effective first-line chemotherapeutic drug for the
treatment of advanced ESCC. However, the development
of cisplatin resistance significantly curtails the prognosis
in patients suffering from the disease (2,5). Therefore, it is
important to identify effective therapeutic targets and novel
therapeutic molecules to improve the treatment efficacy and
patient outcome.

Mucin 1 (MUCL1), a membrane-bound glycoprotein (6),
is aberrantly overexpressed in ESCCs and is associated with
adverse outcomes (7), such as tumor proliferation, metastasis,
and apoptosis (6). MUCI is composed of an extracellular
N-terminal domain (MUCI1-N) and a transmembrane
C-terminal domain (MUCI1-C) (8). MUCI1-C has a 72
amino acid tail which can be phosphorylated by different
kinases and interacts with multifarious effector molecules
involved in cellular transformation (9-11). The CQC motif of
MUCI1-C is necessary for MUCI-C homodimerization and
nucleus entry (12,13). Cell-penetrating peptides, such as GO-
203, target the MUCI1-C CQC motif, thereby blocking its
activation, nuclear translocation, and downstream effects (13).

Cisplatin is a genotoxic agent that induces DNA damage,
cell cycle arrest, and ultimately leads to apoptosis in many
cancers (14). The Akt and ERK pathways are involved in
various oncogenic processes, such as cell proliferation,
migration, invasion, and apoptosis (15-17), and may interact
with MUCI1-C. Studies have shown that blocking MUCI1-C
function is effective in reversing the drug-resistance
observed in cisplatin-based chemotherapy in multiple cancer
cells, such as non-small cell lung cancer, ovarian cancer (18),
and gastric cancer cells (19). However, whether GO-203-
mediated reversal of the cisplatin resistance in patients
with ESCC could improve patient prognosis, remains to
be elucidated. In this study, we have demonstrated that the
GO-203 treatment can significantly reverse the cisplatin
resistance in ESCCs by modulating the Akt and ERK
pathways.

We present the following article in accordance with the
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ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2495).

Methods
Ethical statement

This study was carried out in strict accordance with the
recommendations by the Guide for the Chinese Ethics
Review Committees. The protocol was approved by
the Ethics Committee of Shandong Provincial Hospital
Affiliated to Shandong University, and the committee’s
reference number is LCYJ:NO.2019-164. Animal
experiments were performed under a project license (license
number No. 2019-015) according to the Guidelines for
the Care and Use of Laboratory Animals. All animal
experiments were approved by the Animal Policy and
Welfare Committee under of Shandong Provincial
Hospital Affiliated to Shandong University granted by
the Veterindramt des Kantons Ziirich, Switzerland, in
compliance with the Swiss Animal Protection Act (T'SchG)
and the Swiss Animal Protection Ordinance (T'SchV).

Cell lines and culture

Human Ecal09 cells were procured from the Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences (Shanghai, China). Cell lines resistant to cisplatin
(cDDP) were generated from Ecal09 cells as described
previously (20). Cells were tested for mycoplasma using
MycAway TM-Color One-Step Mycoplasma Detection Kit
from the Yeasen Biotech Co., Ltd. (Shanghai, China). The
cells were grown in RPMI-1640 medium supplemented
with 1% L-glutamine, 1% penicillin/streptomycin, and
10% fetal bovine serum (BI, Kibbutz Beit Haemek, Israel),
and maintained at 37.0 °C in a humidified incubator with
5% CO,. A total of 5 pM of cisplatin was added to Ecal09
cells and the surviving cells were harvested. Subsequently,
the cells were sub-cultured in the presence of cisplatin to
maintain the resistance. All experiments were performed in
triplicates.

Colony formation assays

Briefly, 600 cells/well were seeded in 6-well plates and
cultured overnight. The following day, the cells were treated
with (I) complete culture medium (control), (I) 10 pM GO-
203 (NJpeptide, Nanjing, China) alone, (III) 25 pM cisplatin
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alone, and (IV) a combination of 10 pM GO-203 and 25 pM
cisplatin. The media was changed every 2 days. The cells
were maintained for 10 days at 37.0 °C in a humidified
incubator with 5% CO, following which the colonies
were stained with crystal violet and those with >50 cells
were considered as surviving colonies. The colony-forming
efficiency was calculated by dividing the average number of
colonies/well by the number of cells plated/well.

Cell Counting Kit-8 (CCK-8) assay

Cell proliferation was detected utilizing CCK-8 (Dojindo,
Kumamoto, Japan). The logarithmically growing Ecal09/
cDDP cells were treated with complete culture medium
(control), 10 pM GO-203, 25 pM cisplatin or 10 pM GO-
203 and 25 pM cisplatin for 3 days, and then seeded at
5x10° cells/well (96-well plate). After 24, 48 and 72 h,
OD values were measured. Subsequently, these cells
were incubated with CCK-8 reagent for 1 h at 37 °C.
The absorbance was measured at 450 nm using Thermo
Scientific Varioskan Flash microplate reader (Thermo
Fisher Scientific, Vantaa, Finland).

Wound-healing assay
The logarithmically growing Ecal09/cDDP cells were

cultured in presence of complete culture medium (control),
10 pM GO-203, 25 pM cisplatin or 10 pM GO-203 and
25 pM cisplatin in 6-well plates until they reached 95%
confluence. A straight “wound” was made by scratching
the cells with a sterile plastic pipette tip. Subsequently, the
cells were cultured in FBS-free medium and monitored for
‘wound’ gap closure at 12 and 24 h, and cell migration was
analyzed by microscopy utilizing Image software (NIH,
Bethesda, MD, USA). The migration rate was calculated
utilizing the following formula:

% Migration rate =

(1]

The area of the initial wound— The area of wound after 12 h/24 h < 100%
o

The area of the initial wound

Cell migration and invasion assays

For both migration and invasion assays, the cells were
cultured in FBS-free medium for 12 h. Subsequently,
the cells were treated with complete culture medium
(control), 10 pM GO-203, 25 pM cisplatin or 10 pM GO-
203 and 25 pM cisplatin for 3 days. Uncoated transwells
were used in migration assay, while in the invasion assay,
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Matrigel (1:4; BD Bioscience) was precoated on the upper
surface of the transwells. Serum starved cells were seeded
in the upper chamber of the transwell plates (8 pm pore
size polycarbonate membrane; Merck KGaA, Darmstadt,
Germany) in FBS-free medium, while the complete
medium was added in the low chamber. The migration
assay plates were incubated for 24 h and the invasion assay
plates for 48 h. Next, the cells on the lower surface of the
membranes were stained by hematoxylin. The cell numbers
were calculated from at least three independent visual fields
under the microscope.

Protein extraction and Western blotting

As described by Xin er al. (21), proteins were extracted
from the cell line and tissue samples and harvested using
RIPA buffer (Beyotime Institute of Biotechnology). Total
protein concentration was determined using Pierce BCA
Protein Assay Kit (Thermo Fisher Scientific, Waltham,
MA, USA). An equal amount of protein (30 pg) from each
sample was separated on a 10% SDS-PAGE and transferred
onto the PVDF membrane (EMD Millipore, Billerica, MA,
USA). Nonspecific binding was blocked with 10% non-
fat dry milk at room temperature for 1 h. The membranes
were incubated overnight with primary antibodies. The
next day, following washing with the buffer, the membrane
was incubated with secondary antibody conjugated with
horseradish peroxidase anti-mouse/rabbit immunoglobulin
G (Boster Biological Technology Co., Ltd., Pleasanton,
CA, USA). Finally, the target bands were visualized and
quantitatively detected by an enhanced chemiluminescence
detection system (Amersham imager 600; General Electric,
Fairfield, CT, USA). The following antibodies used in
this study: anti-Akt (1:1,000) and anti-p-Akt (1:1,000;
Omimabs, Alhambra, CA, USA); anti-ERK (1:1,000) and
anti-p-ERK (1:1,000; Omimabs, Alhambra, CA, USA); Bcl-
2 (1:1,000; Abcam, Cambridge, MA, USA) and anti-Bax
(1:1,000; Proteintech, Chicago, IL, USA); glyceraldehyde
3-phosphate dehydrogenase (GAPDH) (1:1,000) was used
as the loading control.

Apoptosis analysis

The cells were analyzed by the P-phycoerythrin (PE)
Annexin-V Apoptosis Detection Kit I with 7-amino-
actinomycin D (7-AAD; BD Biosciences, San Jose, CA,
USA), according to the manufacturer’s instructions.
Cells treated with pure culture media (control), 10 pM

Transl Cancer Res 2021;10(2):645-655 | http://dx.doi.org/10.21037/tcr-20-2495



648 Zhao et al. Targeting MUC1-C reverses the cisplatin resistance of ESCC

GO-203, 25 pM cisplatin or 10 pM GO-203 and 25 pM
cisplatin in combination were harvested by trypsinization
and resuspended in 1X binding buffer. This was followed
by double incubation with PE and 7-AAD for 15 min.
Subsequently, the samples were subjected to flow cytometry
and the data were analyzed by FlowJo software (Tree Star
Inc., Ashland, OR, USA).

ESCC tumor xenograft

A total of 1x10” Ecal09/cDDP cells were injected
subcutaneously into the flank region of 6-8 weeks old
female BALB/c nude mice. Tumor size was measured with
calipers every 2 days. Tumor volumes were calculated by
using the formula:

V(volume) = Lengthx (Wia’z‘h)2 /2 (2]

When tumors reached ~150 mm’, the mice were divided
into four groups of five mice each, and treated with (I)
phosphate-buffered saline (PBS; control vehicle), (II)
GO-203 (15 mg/kg) alone, (III) cisplatin (15 mg/kg)
alone, and (IV) 15 mg/kg cisplatin and 15 mg/kg GO-
203 administered intraperitoneally daily. Tumor sizes were
measured every 4 days, the animals were sacrificed after
20 days and tumors were resected and weighed; L and W
represent the largest and smallest diameters of the tumor,
respectively.

Statistical analysis

SPSS 20.0 (IBM Corp., Armonk, NY, USA) was utilized to
form the database for statistical analysis. The quantitative
data were expressed as mean * standard deviation. For
different treatment groups, a two-tailed Student’s #-test and
one-way analysis of variance (ANOVA) were performed.
The relationship of function between GO-203 and cisplatin
in cDDP was calculated by correlation analysis. Results with
P<0.05 were considered statistically significant.

Results

Blocking MUCI-C reversed the cisplatin resistance in
EScC

We developed a cisplatin-resistant ESCC cell line (Ecal09/
c¢DDP) from Ecal09 as described previously (21), Our results
from the MTT assay following 48 h of cisplatin treatment
showed a significantly higher ICy, value for Ecal09/
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cDDP (26.57+0.29 pM) than for Ecal09 (6.02+0.21 pM).
These results confirmed that Ecal09/cDDP cells were
cisplatin-resistant. However, when these cells were
subjected to the combined treatment of GO-203 + cisplatin,
the IC;, value (9.89£0.22 pM) was closer to that for the
parent Ecal09 cells, indicating that blocking MUCI1-C
could significantly reverse the cisplatin resistance of
Ecal09/cDDP cells.

Targeting MUCI-C inbibited the proliferation of ESCCs

Inhibition of MUCI1-C expression in ESCCs following
GO-203 treatment has been reported previously (16).
Studies have shown that targeting MUCI1-C could reverse
the cisplatin resistance in many malignant tumors, such as
ovarian cancer and breast cancer (18). Our results from the
colony formation assay showed that cell proliferation was
suppressed in Ecal09/cDDP cells treated with cisplatin +
GO-203, compared to the cells treated with cisplatin alone
or with pure culture media (Figure 1A,B). Similar results
were obtained from the CCK-8 assay, indicating that GO-
203 could inhibit the proliferation of ESCCs (Figure 1C).

Targeting MUCI-C restrained the migration and invasion
of ESCCs

We performed wound-healing and transwell assays to
evaluate the migration and invasive abilities of Ecal09/
cDDP cells. Wound closure was slower in Ecal09/cDDP
cells treated with cisplatin + GO-203, compared to cells
treated with cisplatin alone, GO-203 alone, or the complete
culture medium (control) (Figure 24,B,C). Similarly, our
results from the transwell assay showed that a significantly
lower number of Ecal09/cDDP cells treated with cisplatin
+ GO-203 crossed the transwell membrane than cells
treated under other conditions (Figure 2D,E,F). These
results suggested that targeting MUC1-C by GO-203 could
be a reliable strategy to restrain migration and invasion in
cisplatin-resistant ESSCs.

Effects of targeting MUCI-C on signaling pathways in
Eca109/cDDP cells

MUCI is overexpressed in ESCCs, and blocking MUC1-C
can inhibit the proliferation and metabolism of ESCC
tumors (16,22). To assess the effects of targeting MUC1-C
on signaling pathways in Ecal09/cDDP cells, we treated the
cells with GO-203 alone, cisplatin alone, cisplatin + GO-
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Figure 1 Targeting MUCI-C reverses cisplatin resistance in ESCC reflected in inhibiting proliferation. (A) The Ecal09/cDDP cells
(600 cells/well) were treated with 25 pM cisplatin, 10 pM GO-203, cisplatin + GO-203, or complete medium (control). After 10 d, the cells
were stained with crystal violet. (B) Colony formation (>50 cells) rates are expressed as the mean + SD of three replicates. (C) The Ecal09/
cDDP cells were treated with 25 pM cisplatin, 10 pM GO-203, cisplatin + GO-203, or complete medium (control) for 3 days, and then
seeded at 5x10° cells/well (96-well plate). OD values were measured after 24, 48, and 72 h. The results are expressed as the mean = SD.
(*, P<0.05; ***, P<0.001). Control: the Ecal09/cDDP cells treated with pure culture media; GO-203: a cell-penetrating peptide. ESCC,

esophageal squamous cell carcinoma; SD, standard deviation.

203, or complete culture medium (control). Subsequently,
treated cells were subjected to western blot to analyze
the expression of Akt and ERK signaling molecules. Our
results revealed that treatment with GO-203 + cisplatin
significantly inhibited the phosphorylation of Akt and
ERK in Ecal09/cDDP cells compared to the cells treated
with cisplatin alone or control cells (Figure 34,B,C). These
results showed that targeting MUCI1-C could compromise
the Akt and ERK-mediated signaling pathways in ESCC
cells.

Targeting MUCI-C promoted apoptosis of ESCC cells

Next, we examined whether the inhibition of proliferation
mediated by targeting MUC1-C was a result of enhanced
apoptosis in GO-203-treated cells. Our results showed
that a significantly higher number of GO-203 treated

© Translational Cancer Research. All rights reserved.

Ecal09/cDDP cells underwent apoptosis than cells treated
with cisplatin or GO-203 alone, or the control cells
(Figure 44,B). Western blot analysis showed that targeting
MUCI-C significantly increased the levels of pro-apoptotic
Bax protein and suppressed the expression of anti-apoptotic
Bcl-2 protein (Figure 4C,D,E). Based on these results, we
concluded that targeting MUCI1-C promoted apoptosis of
Ecal09/cDDP cells.

Targeting MUC1-C inbibited the growth of ESCC
xenografis

We established tumor xenografts in nude mice, treated them
with cisplatin or GO-203 monotherapy, or cisplatin + GO-
203 combination therapy, and monitored the tumor growth.
Our results showed that the average volume of tumors
decreased significantly in mice treated with the combination
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Figure 2 Targeting MUCI-C in cisplatin-resistant cells restrains migration and invasion. (A) The Ecal09/cDDP cells were treated with
25 pM cisplatin, 10 pM GO-203, cisplatin + GO-203, or complete medium (control) and scratched to mimic a “wound”. Cells were
visualized by light microscopy (x100); scale bar, 100 pm. (B,C) Three arbitrary visual fields were selected to count the migration rate of the
cells at 12 and 24 h respectively. (*, P<0.05; ***, P<0.001). (D) 5x10’ cells/well were seeded in the upper chamber of 24-well transwell plates.
The numbers of cells on the lower surface were fixed and stained after 24 or 48 h. And the cells on the lower surface of the membranes were
stained by hematoxylin. The scale bar, 20 pm. (E,F) The cell numbers represent the mean + SD of three independent experiments at 24 and

48 h respectively. (*, P<0.05; **, P<0.01; ***, P<0.001). Control: the Ecal09/cDDP cells treated with pure culture media; GO-203: a cell-
penetrating peptide.
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Figure 3 Effects of targeting MUCI-C on signaling pathways in Ecal09/cDDP cells. (A) Ecal09/cDDP cells treated with 25 pM cisplatin,
10 pM GO-203, cisplatin + GO-203, or complete medium (control) for 3 days, and total protein was extracted from each experimental

group. The protein samples were immunoblotted and detected with indicated antibodies against p-Akt, Akt, p-ERK, and ERK. (B,C) The
detected proteins were normalized to GAPDH. (*, P<0.05; ***, P<0.001). Control: the Ecal09/cDDP cells treated with pure culture media;
GO-203: a cell-penetrating peptide; p-Akt/AKT: the ratio of the p-Akt gray value to the AKT gray value; p-ERK/ERK: the ratio of the p-ERK
gray value to the ERK gray value. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

therapy than either of the monotherapies or the control
group (Figure 5A,B). Also, the tumors from the combination
therapy group presented lower weights (Figure 5C),
as well as a slower growth rate (Figure 5D). In contrast,
treatment with physiological saline had little or no effect
(Figure 5A,B). Collectively, these results suggested that
GO-203 may hold potentials as a novel ancillary drug for
future cancer chemotherapy of ESCCs.

Discussion

ESCC has high incidence rate and mortality. Surgical
resection remains the primary choice for the treatment of
early-stage and localized ESCCs (23). However, ESCCs
are highly metastatic and have a poor prognosis (24,25).
Adjuvant chemotherapy with platinum compounds, such
as cisplatin, is the first-line treatment besides surgery.
However, the development of cisplatin resistance during
chemotherapy poses a major challenge in the clinical
management of ESCCs (23). An increasing number
of studies have shown that more than 90% of cancer-
related deaths are associated with the development of
chemotherapy resistance (26). Thus, there is an urgent need
to identify molecules and compounds, which could reverse

© Translational Cancer Research. All rights reserved.

the cisplatin-sensitivity in ESCCs and be developed for the
efficient clinical management of ESCCs.

MUCI is overexpressed in ESCCs (23) and is associated
with proliferation and tumorigenicity (27). MUC1-C has
multiple phosphorylation sites and interacts with various
molecules involved in neoplasia. It has been shown earlier
that enhanced MUCI1-C expression has a positive correlation
with the growth, metastasis, and other characteristics of
ESCC cells (21). GO-203 binds to the CQC motif of
MUCI-C and inhibit its functions (28). Earlier studies
have shown that blocking the function of MUCI-C is
effective in reversing the sensitivity of cisplatin-based
chemotherapy in cancers of the ovary (18), stomach (19), and
prostate (29), as well as in non-small cell lung cancer and a
certain hematologic malignancy (30,31). However, whether
it could improve ESCC prognosis or influence outcomes in
patients receiving chemotherapy, remained unclear.

To explore the effects of blocking MUCI-C on the self-
renewal of cisplatin-resistant ESCC cells, we developed a
cisplatin-resistant ESCC model using Ecal09/CDDP cells
as previously described (20). Our preliminary results showed
that targeting MUCI1-C in Ecal09/CDDP enhanced the
cytotoxicity and anti-proliferative effects of cisplatin on
these cells. However, the underlying mechanism of the
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Figure 4 Targeting MUCI1-C promoted apoptosis in cisplatin-resistant ESCC cells. (A) Cells were treated with 25 pM cisplatin, 10 pM GO-

203, cisplatin + GO-203, or complete medium (control) for 4 days, followed by incubation with PE/7-AAD and analyzed by flow cytometry.

The percentage of PE and/or 7-AAD positive cells is included in the panels. (B) The apoptosis-related factors (Bax and Bcl-2) were detected

by western blotting. (C,D) Apoptosis-related factors were normalized quantitatively to GAPDH expression. (E) The results are expressed

as the percentage (mean = SD of three independent experiments) of apoptotic/necrotic cells. The average values mean + SD were calculated
from three independent experiments. (*, P<0.05; **, P<0.01; ***, P<0.001). Control: the Ecal09/cDDP cells treated with pure culture media;

GO-203: a cell-penetrating peptide. ESCC, esophageal squamous cell carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;

SD, standard deviation.

observed anti-proliferative effect remained unknown.
The Akt and ERK signaling pathways are well-known
to regulate the cell cycle, growth, cellular proliferation,
protein synthesis, survival, and glucose metabolism (32-34).
Several studies have shown that the Akt and ERK signaling
pathways are activated during the progression of ESCC
(35,36). Our results from the present study indicate that
targeting MUCI1-C by GO-203 could significantly inhibit
the proliferation, and induce apoptosis of Ecal09/CDDP

© Translational Cancer Research. All rights reserved.

cells. Our results showed that treating Ecal09/cDDP cells
with a combination of GO-203 + cisplatin significantly
inhibited the phosphorylation of Akt and ERK and their
subsequent activation. These results demonstrated that
targeting MUCI-C could reverse the cisplatin resistance
in Ecal09/CDDP cells through the Akt/ERK signaling
pathways. Further, our results showed that the combination
treatment with GO-203 and cisplatin induced apoptosis
of these cells. Flow cytometric apoptosis assay showed
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Figure 5 GO-203 treatment reversed the cisplatin resistance in mice. (A) BALB/c nude mice were injected subcutaneously with 1x10

Ecal09/cDDP cells in their flank region. After confirmation of tumor development, mice were pair matched into four groups of five mice
each and administered PBS (control vehicle), GO-203 (15 mg/kg), cisplatin (15 mg/kg) or 15 mg/kg cisplatin and 15 mg/kg GO-203
administered intraperitoneally daily for 20 days. (B,C,D) The results are expressed as tumor volume and weight (mean = SD). (*, P<0.05; ***,
P<0.001). Control: the Ecal09/cDDP cells treated with pure culture media; GO-203: a cell-penetrating peptide. PBS, phosphate-buffered

saline; SD, standard deviation.

that targeting MUCI1-C reversed the cisplatin resistance
of Ecal09/CDDP cells and promoted apoptosis. These
observations were further confirmed by western blot
analysis of apoptosis-related factors Bcl-2 and Bax. Bcl-
2 is involved in the cytotoxicity mediated by a variety of
anticancer drugs, including cisplatin. Thus, we analyzed
Bel-2 and Bax expression in response to combination
treatment with GO-203 and cisplatin and confirmed that
the combination treatment not only downregulated the
Bcl-2 level significantly in Ecal09/CDDP cells but also
increased the expression of Bax. Therefore, we infer that
blocking MUCI1-C may reverse the cisplatin resistance
in Ecal09/CDDP cells, and inhibit cell proliferation,
migration, invasion, and apoptosis via regulating the Akt
and ERK signaling pathways.

We further observed that GO-203-treated ESCC
xenograft tumors showed slower growth in vive. With
3 weeks of combination treatment with GO-203 + cisplatin,
the volumes of xenograft tumors in nude mice were

© Translational Cancer Research. All rights reserved.

significantly smaller than the those in animals treated with
monotherapy, or in their control counterparts. These results
suggested that targeting MUCI-C led to an increase in the
cisplatin sensitivity in ESCC.

Therefore, the overall outcome of our study indicates
that targeting MUC1-C by GO-203 could reverse the
cisplatin resistance of ESCC cells in vivo and in vitro.

Our study has some limitations. For instance, we
used only one blocking agent for this study and did not
elucidate the complete signaling pathways responsible for
the observed outcome. Nevertheless, further validation
studies such as MUCI-C overexpression and silencing
using plasmids or virus-based vectors, small interfering
RNA, or short hairpin RNAs, are warranted. As MUCI1-C
overexpression is associated with poor prognosis in many
other tumors, including breast cancer and carcinomas (9,37),
we speculate that MUC1-C overexpression in ESCCs could
be responsible for the poor prognosis and development of
chemoresistance in these cancers as well.
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Conclusions

Our results showed that targeting MUC1-C can hinder
the cellular proliferation, migration, invasion, and survival
of cancer cells. MUC1-C can induce apoptosis and reverse
the cisplatin resistance in human ESCC cells. Therefore,
MUCI-C has the potential of being an ancillary therapeutic
molecule for ESCC patients who develop chemoresistance
and improve their prognosis.
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