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Abstract

Background: This study aims to clarify the underlying mechanism for the tumor suppressive function of Inc TUSC7
in chemotherapy resistance of esophageal squamous cell carcinoma (ESCC).

Methods: TUSC7, miR-224 and DESC1 expressions in ESCC tissues and cells were detected by qRT-PCR. Protein level
of DESC1, EGFR and p-AKT were observed by Western blot. Overall survival was calculated using the Kaplan-Meier
method. Dual-luciferase reporter gene assay and RIP assay were used to comfirm TUSC7 binding to miR-224, and

miR-224 binding to DESCT. Cell proliferation, apoptosis, and colony formation was detected by MTT, Flow Cytometry
and Colony formation assays.

Results: TUSC7 was downregulated in ESCC tissues and cells, and low TUSC7 indicated worse overall survival.
The analysis of bioinformatics softwares showed that TUSC7 specifically bound to miR-224, and we proved miR-224
was upregulated in ESCC and negatively correlated with TUSC7 expression. Overexpression of TUSC7/inhibition of
miR-224 suppressed cell proliferation, colony formation and chemotherapy resistance of ESCC cells, and promoted cell
apoptosis. In addition, we confirmed that miR-224 specifically bound to DESC1, and negatively correlated with DESCT.
TUSCY suppressed the proliferation and chemotherapy resistance of ESCC cells by increasing DESC1 expression
via inhibiting miR-224. We also confirmed DESC1 inhibited chemotherapy resistance of ESCC cells via EGFR/AKT.
Finally, in vivo experiments demonstrated that overexpression of TUSC7 decreased tumor growth and
chemotherapy resistance.

Conclusion: These findings suggested TUSC7 suppressed chemotherapy resistance of ESCC by downregulating
miR-224 to modulate DESC1/EGFR/AKT pathway.
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Background

Esophageal cancer (EC) is the sixth most deadly cancer
worldwide [1], which is caused by many factors, such as
smoking, alcohol, lack of fruits and vegetables, and
esophageal squamous cell carcinoma (ESCC) accounts
for about 88% in EC [2]. Chemotherapy is an important
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clinical treatment of ESCC, and has gained certain
therapeutic effects and less toxicity [3, 4]. Although
the combined chemotherapy has been used for treating
ESCC, acquired drug resistance remains a major clinical
obstacle to achieve successful treatment [5-7], and the
underlying mechanism of drug resistance in ESCC is still
not fully revealed.

Differentially expressed in squamous cell carcinoma 1
(DESC1) belongs to the type II transmembrane serine
protease (TTSP) family, which is an epithelial-specific
enzyme that has been firstly identified by gene-expression
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analysis and found downregulated in squamous cell
carcinoma of the head and neck region [8, 9]. Later,
Zinovyeva et al. reported the expression of DESC1 was
downregulated in tumor esophageal tissue [10]. Recently,
Ng et al. found that DESC1 could act as a tumor
suppressor and sensitized cells to apoptosis through
downregulating EGFR/AKT pathway in ESCC [11].
However, the upstream moleculars that regulated
DESC1 was still not clear.

microRNAs are small noncoding RNAs that may
deeply involved in the development, progression and
metastasis of cancer [12]. Numerous reports have been
found that miRNAs were abnormally expressed in
ESCC, such as miR-27, miR-652-5p, miR-21-5p, miR-
107, etc. [13-15]. Reserachers have reported that miR-
224 was overexpressed in ESCC tissues, and promoted
proliferation and suppressed apoptosis of ESCC cells
[16]. In addition, bioinformatics software [17] predicted
there was potential binding site between miR-224 and
3UTR of DESC1, predicting that DESC1 may be a
direct target of miR-224. Thus, we studied miR-224 as
a potential upstream molecular of DESC1.

Long non-coding RNA (IncRNA) are emerging as
vital regulators that mediate cell cycle, autophagy and
apoptosis, and act as oncogenes or tumor suppressor
genes [18, 19]. It has been reported that Inc tumor
suppressor candidate 7 (TUSC7) was downregulated
and acted as a tumor suppressor in many cancers, such
as colorectal cancer [20], glioma [21] and gastric cancer
[22]. Therefore, we assume TUSC7 may also abnor-
mally express in ESCC and participate in the progress
of ESCC. Besides, bioinformatics software predicted
there were potential binding sites between TUSC7 and
miR-224. Hence, we predict that Inc TUSC7/miR-224
affect chemotherapy resistance of ESCC by regulating
DESC1/EGFR/AKT pathway.

In this study, we demonstrated that TUSC7 was
downregulated in ESCC, and overexpression of TUSC7/
inhibition of miR-224 repressed proliferation of ESCC
cells, promoted cell apoptosis, and inhibited chemo-
therapy resistance via DESC1. Low TUSC7 also
decreased overall survival of patients with EC, and
overexpression of TUSC? inhibited colony formation
in vitro and tumor volume and weight in vivo. Our study
proved that TUSC7? affected chemotherapy resistance
of ESCC and clarified the molecular mechanism under-
lying this function.

Methods

Patients, samples and cell culture

This study was approved by Ethics Committee of
Zhengzhou University, and informed consent was obtained
from each patient. A total of 62 EC patients with primary
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ESCC who took Neoadjuvant chemotherapy after
esophagectomy in The First Affiliated Hospital of
Zhengzhou University were recruited in this study.
ESCC tissues and their paired adjacent normal
esophageal epithelial tissues were collected and stored
at — 80 °C. According to the National Comprehensive
Cancer Network esophageal cancer guideline, the normal
tissues were at least 5 cm away from the primary lesion.

Combined chemotherapy for the treatment of ESCC
was cisplatin, 5-Fu and adriamycin, or cisplatin, 5-Fu
and paclitaxel. According to Response Evaluation
Criteria in Solid Tumors (RECIST) guideline, patients
were divided into complete response (CR), partial
response (PR), stable disease (SD), and progressive
disease (PD) after complete chemotherapy. Patients
with CR and PR were defned as responders, whereas
those with SD and PD were defned as non-responders.

ESCC cell lines (TE-13, KYSE140, EC9706, KYSE30)
and human esophageal epithelial cells (Het-1A) were
purchased from Cell Bank of TypeCulture Collection
of Chinese Academy of Sciences (Shanghai, China),
and cultured in RPMI1640 supplemented with 10%
fetal bovine serum (Gibco, USA) in 5% CO, incubator
under 37 °C.

Cell transfection

Cells were seeded into a culture plate and grown to
70-80% confluence for cell transfection. si-TUSC7-1,
si-TUSC7-2, pcDNA-TUSC7, miR-224 mimic, miR-
224 inhibitor, si-DESC1, LV-TUSC?7 and their non-specific
control were synthesised by Invitrogen (Shanghai, China),
and were transfected into cells using Lipofectamine 2000
(Invitrogen, USA).

Quantitative real-time PCR (qRT-PCR)

Total RNA from ESCC tissues, paired adjacent normal
esophageal epithelial tissues, ESCC cell lines and Het-1A
cells were isolated by TRIzol Reagent (Invitrogen, USA)
according to manufacturer’s instructions. The expressions
of TUSC7, miR-224 and DESC1 were neasured by
PowerUp™ SYBR™ Green Master Mix (Applied Biosystems,
USA), and qRT-PCR was performed by QuantStudio®
3 RCR Real-Time PCR systems (Applied Biosystems,
USA). The relative TUSC7, miR-224 and DESC1 expres-
sions were determined by comparative method 244",

Dual luciferase reporter assays

Luciferase report gene vectors (pRL-TK, Promega)
containing TUSC7 Wild Type (WT) or TUSC7 mutant
1 (Mut 1) or TUSC7 mutant 2 (Mut 2) were transfected
into HEK293T cells. Luciferase report gene vectors
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containing DESC1 3UTR WT or DESC1 3'UTR Mut
(400 ng) was transfected into HEK293T cells with 40 ng
pRL-TK vectors (Promega, USA). miR-224 mimic or
miR-224 inhibitor or NC was co-transfected with
reporter plasmids for 48 h. Cells were collected to
measure luciferase activity by dual Glo™ Luciferase
Assay System (Promega).

MTT assay

Cell proliferation was evaluated by the 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT)
assay. 8 x 10> EC9706 or KYSE30 cells were seeded in
each well of a 96-well plate. After overnight incubation,
absorbance value was read at a reference of 450 nm. The
inhibition rate (%) =(1-OD value of treated group/OD
value of the control group) x 100%.

Colony formation assay

Colony formation assay was conducted as previously
reported [23]. EC9706 or KYSE30 cell suspension (3500
cells) were uniformly dispersed, seeded onto six-well
plates and grew over a span of 2 weeks in 5% CO,
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incubator under 37 °C. Then, cells were fixed with 10%
formalin (Sigma, USA) and stained with 1 x diluted
Giemsa reagent (Sigma, USA).

Flow cytometry

Apoptosis was detected by Annexin V-FITC Apoptosis
Detection Kit (Beyotime, China). EC9706 or KYSE30
cells with different treatments were collected, centrifuged
at 1500 rpm for 5 min, and resuspend with PBS. The
supernatant was discarded, and 1 x Annexin V binding
buffer (195 pL) was used to resuspend the cells.
Annexin-V/FITC (5 pL) was added to the cell suspension.
Then, PI (10 pL) was added to the cells and incubated at
room temperature in the dark for 15 min. FACScalibur
cytometer (Becton Dickinson, USA) was used to observe
cell apoptosis.

RNA immunoprecipitation (RIP) assays

Magna RIP™ RNA-Binding Protein Immunoprecipitation
Kit (Millipore, USA) was used for RIP experiments
according to the manufacturer’s instructions. Antibody
for RIP assays of endogenous polycomb repressive
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Fig. 1 TUSC7 expression in ESCC tissues and cells. a Sixty-two ESCC tissues and adjacent normal esophageal epithelial tissues were collected.
gRT-PCR showed that TUSC7 expression was downregulated in ESCC tissues. b Patients were divided into chemotherapy Response group (n = 22)
and Non-response group (n =40) according to the patient’s response to chemotherapy. gRT-PCR showed that TUSC7 expression was upregulated in
chemotherapy Response group. ¢ Kaplan-Meier survival analysis showed that patients with lower TUSC7 levels (n = 31) had poorer overall survival than
patients with high TUSC7 levels (n=31). d gRT-PCR was used to detect TUSC7 expression in ESCC cells (TE-13, KYSE140, EC9706, KYSE30) and human
esophageal epithelial cells (Het-1A). Compared with Het-1A cells, TUSC7 expression was downregulated in ESCC cells with lowest expression in KYSE30
cells and highest in TE-13 cells
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complex2 (EZH2) was purchased from Invitrogen.
AGO?2 was assessed by IP-western, and TUSC?7 level was
detected by qRT-PCR.

Cisplatin or 5-Fu treatment

Cisplatin (DDP) and 5-Fu were purchased from Sigma
and dissolved in DMSO. EC9706 or KYSE30 cells
transfected with pcDNA or pcDNA-TUSC7 were incubated
with cisplatin (0, 1, 2, 4, 8, 16 uM) or 5-Fu (0, 1, 4, 16, 32,
64 uM) for 48 h.

Establishment of acquired resistance cell lines

The drug-resistant cell lines were established by the
increase of the cisplatin concentration. EC9706 or
KYSE30 cells at the logarithmic phase were seeded into
culture solution containing DDP with the low concen-
tration started from 0.5 pM. 48 h later, the solution was
discarded and fresh solution was added. After digestion,
1 uM DDP was added for the treatment for 48 h. With
this procedure of changing solution and gradually
increasing DDP concentration, cell lines that can
resistent to 10 uM DDP were obtained, and named
EC9706/DDP or KYSE30/DDP.

Western blot analysis

Proteins from ESCC tissues, paired adjacent normal
esophageal epithelial tissues, ESCC cell lines and Het-1A
cells were extracted using RIPA buffer (Thermo Scientific,
USA), and protein concentrations were detected by BCA
Protein Assay kit (Pierce Biotechnology, USA). Protein
samples (50 ug) were isolated in 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), then transferred to poly-
vinylidene difluoride (PVDF) membranes (Invitrogen,
USA) and blocked in 5% non-fat dried milk. Then, the
membranes were probed with first primary antibody anti-
DESC1 (1:1000, Signalway Antibody, USA), anti-EGFR
(1:1000, Invitrogen, USA), anti-p-AKT (1:1000, Invitrogen,
USA), anti-AKT (1:1000, Cell Signaling, USA) and anti-
GAPDH (1:1000, Invitrogen, USA) and the secondary
horseradish peroxidase-conjugated antibody (Invitrogen,
USA). GAPDH was used as the internal loading control.

Xenograft experiments

This study was approved by the Ethics Committee of
Animal Experiments of Zhengzhou University. KYSE30
cells were transfected with LV-NC or LV-TUSC?7. 1 x 10°
cells in 150 pl of culture medium were inoculated sub-
cutaneously into 24 female nude mice at 5-weeks of age.
Seven days later, mice were intraperitoneally injected
with 2 mg/kg cisplatin or PBS every 5 days for 20 days.
Therefore, the mice were divided into four groups with
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six mice in each group: LV-NC + PBS, LV-TUSC7 + PBS,
LV-NC + cisplatin, and LV-TUSC?7 + cisplatin groups.
Tumor volumes and weight were recorded. Tumor
volume = (lengthxwidth?)/2.

Bioinformatic tools

LncBase v.2 was used for predicting the potential
binding sites between TUSC7 and miR-224. LncBase v.2
provides users with functional information about the
microRNAs and their interaction with IncRNAs in many
species. MicroRNA.org resource was used for predicting
the potential binding sites between miR-224 and 3'UTR
of DESC1. MicroRNA.org provides users with functional
information about the microRNAs and their interaction
with target genes in many species.

Statistical analysis

All experiments were performed in triplicate. SPSS 18.0
software was used for data analysis, and the result was
expressed as mean + standard deviation. The overall
survival was calculated using the Kaplan-Meier method.

Table 1 Association of TUSC7 expression with clinicopathological
features from ESCC patients

Characteristics Expression of TUSC7 P
Low(n =31) High(n=31) value

Sex 0408
Male 23 20
Female 8 11

Age 0.596
<60 10 12
> 60 21 19

Tumor size (cm) 0.013*
<5 17 26
>5 14 5

Lymph node mestasis 0.127
Yes 19 13
No 12 18

Pathological Staging 0.022%
[+l 10 19
I+ 1v 21 12

Smoking status 0430
Ever/current 10 13
Never 21 18

Alcohol consumption 0.543
Ever/current 6 8
Never 25 23

*P <0.05
2Chi-square test
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One-way ANOVA and t test were used for the data
analysis, with P < 0.05 considered statistically significant.

Results

Low expression of TUSC7 in ESCC tissues and cells

To determine whether TUSC7 was abnormally expressed
in ESCC tissues and cells, qRT-PCR and Kaplan-Meier
survival analysis were used to detect TUSC7 expression
and overall survival of ESCC patients. We observed that
TUSC?7 level was downregulated in ESCC tissues than
normal tissues (Fig. 1a), and upregulated in chemotherapy
response group than chemotherapy non-response group
(Fig. 1b). In addition, patients with lower TUSC? levels
had poorer overall survival (Fig. 1c), and there were
significant associations between TUSC7 levels with tumor
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size and pathological staging (Table 1). Compared with
Het-1A cells, TUSC7 expression was downregulated in
ESCC cells with lowest expression in KYSE30 cells and
highest in TE-13 cells (Fig. 1d).

TUSC7 regulated the expression of miR-224

According to the prediction of online bioinformatics
software, there were potential binding sites between
TUSC7 and miR-224 (Fig. 2a). Dual-luciferase reporter
gene assay showed that miR-224 mimic significantly
decreased the activity of TUSC7 WT, TUSC7 mutant 1
and TUSC7 mutant 2, and there was no significant
change in the activity in TUSC7 mutant 1+ mutant 2,
suggesting miR-224 could bind to the two sites of
TUSC?7 (Fig. 2b). And we found miR-224 expression was
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Fig. 2 TUSC7 regulated the expression of miR-224. a Online bioinformatics software predicted there were two potential binding sites between
TUSC7 and miR-224, and we mutated the two sites. b Luciferase reporter gene vector containing TUSC7 WT or TUSC7 mutant 1 or (and) TUSC7
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upregulated in ESCC tissue (Fig. 2c). Besides, si-TUSC7-1 or
si-TUSC7-2 downregulated TUSC7 expression (Fig. 2d),
and increased miR-224 expression (Fig. 2e). pcDNA-TUSC7
upregulated TUSC7 expression (Fig. 2f), and decreased
miR-224 expression (Fig. 2g). Moreover, KYSE30 cell
lysate was treated with Ago2 antibody for RIP, and
TUSC7 was significantly increased in Ago2 than IgG
(Fig. 2h). Finally, there was a negative correlation
between TUSC7 and miR-224 expressions in ESCC
tissues (Fig. 2i). All these findings suggested that
TUSC7 negatively regulated the expression of miR-224.

Overexpression of TUSC7 or inhibition of miR-224
inhibited proliferation of ESCC cells and promoted

cell apoptosis

To figure out the effect of TUSC7 and miR-224 on the
proliferation and apoptosis of ESCC cells, EC9706 or
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KYSE30 cells were transfected with pcDNA or pcDNA-
TUSC7 or NC or miR-224 inhibitor. We found overex-
pression of TUSC7 inhibited proliferation of ESCC
cells (Fig. 3a), inhibited colony formation (Fig. 3b),
and promoted apoptosis of ESCC cells (Fig. 3c). miR-
224 expression was downregulated after treated with
miR-224 inhibitor (Fig. 3d). In addition, miR-224
inhibitor inhibited proliferation of ESCC cells (Fig. 3e),
inhibited colony formation (Fig. 3f), and promoted
apoptosis of ESCC cells (Fig. 3g).

Overexpression of TUSC7 or inhibition of miR-224
inhibited chemotherapy resistance of ESCC cells

To investigate the effect of TUSC7 and miR-224 on
chemotherapy resistance of ESCC cells, EC9706 or
KYSE30 cells transfected with pcDNA or pcDNA-
TUSC7 were treated with cisplatin or 5-Fu. As shown in

a EC9706 KYSE30 (o U - | EC9706 KYSE30
=127 pcDNA E) _ 129 NC _
E 1.0~ pcDNA-TUSC? 3 E 1.0 — miR-224 inhibitor E
2 3 8 2
K3 9 = 2
H ¢ 1 1
E] o § g
g 2 g g
8 & 8 8
0
EC9706 KYSE30
= pcDNA pcDNA-TUSC7 == NC miR-224 inhibitor
100+ 100+
£ 80 EC9706 £ 80 | EC9706
-3 2 {
£ 60 £ 601
2 . . 2 H .
_g‘ 40 T £ 401 X
8 0] \ KYSE30 S 20l
y / KYSE30
0 S A 0 '
EC9706 KYSE30 EC9706 KYSE30
c pcDNA pcDNA-TUSC7 g NC miR-224 inhibitor
AT e 3.58 . o A 182 om 4.21
N pcDNA pcDNA-TUSC7 | 0.95 i = NC miR-224 inhibitor
20 m 15 3
9 g =z T . 2
= * S s
g 1 T T sz © 210 o 7
8 Pl ' R 8 Pl |-
g 10 N ]
5 Tos 1.05 o 3.13 s 1.33 3.36
g J x 2 5 =
9 5 14 o 2
< noo< g
o o
(] 0
EC9706 KYSE30 275 104 EC9706 KYSE30 3.00) & 7.25
Annexin-V > Annexin-V >
Fig. 3 Overexpression of TUSC7 or inhibition of miR-224 inhibited proliferation of ESCC cells and promoted cell apoptosis. a-c EC9706 or KYSE30
cells were transfected with pcDNA or pcDNA-TUSC7. MTT assay showed that overexpression of TUSC7 inhibited proliferation of ESCC cells (a). Colony
formation assay showed that overexpression of TUSC7 inhibited colony formation (b). Flow cytometry showed that overexpression of TUSC7 promoted
apoptosis of ESCC cells (c). D-E. EC9706 or KYSE3O0 cells were transfected with NC or miR-224 inhibitor. gRT-PCR showed that miR-224 expression was
downregulated (d). MTT assay showed that miR-224 inhibitor inhibited proliferation of ESCC cells (e). Colony formation assay showed that
miR-224 inhibitor inhibited colony formation (f). Flow cytometry showed that miR-224 inhibitor promoted apoptosis of ESCC cells (g)




Chang et al. Journal of Experimental & Clinical Cancer Research (2018) 37:56

Fig. 4a and b, inhibition rate increased with the increase
of concentration of cisplatin or 5-Fu, and overexpression
of TUSC? increased the inhibition effect of cisplatin
or 5-Fu on ESCC cells, indicating overexpression of
TUSC?7 inhibited chemotherapy resistance of ESCC
cells. We also detected TUSC7 level in EC9706 and
drug-resistant EC9706/DDP cells or KYSE30 and
drug-resistant KYSE30/DDP cells, and found TUSC7?
level was downregulated in drug-resistant ESCC cells
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(Fig. 4c). And overexpression of TUSC7 promoted
cisplatin-induced apoptosis of ESCC cells (Fig. 4d).
According to Fig. 4e and f, inhibition rate increased
with the increase of concentration of cisplatin or 5-Fu,
and miR-224 inhibitor increased the inhibition effect
of cisplatin or 5-Fu on ESCC cells, suggesting miR-224
inhibitor inhibited chemotherapy resistance of ESCC
cells. We further detected miR-224 level in EC9706
and drug-resistant EC9706/DDP cells or KYSE30 and
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of 5-Fu on ESCC cells. ¢ TUSC? level was detected in EC9706 and drug-resistant EC9706/DDP cells or KYSE30 and drug-resistant KYSE30/DDP cells.
TUSC7 level was downregulated in drug-resistant ESCC cells. d EC9706 or KYSE30 cells transfected with pcDNA or pcDNA-TUSC7 were treated
with 2 uM cisplatin for 48 h. Overexpression of TUSC7 promoted cisplatin induced apoptosis of ESCC cells. @ EC9706 or KYSE30 cells transfected
with NC or miR-224 inhibitor were treated with cisplatin (0, 1, 2, 4, 8, 16 uM) for 48 h. Inhibition rate increased with the increase of concentration
of cisplatin, and miR-224 inhibitor increased the inhibition effect of cisplatin on ESCC cells, suggesting miR-224 inhibitor inhibited chemotherapy
resistance of ESCC cells. f EC9706 or KYSE30 cells transfected with NC or miR-224 inhibitor were treated with 5-Fu (0, 1, 4, 16, 32, 64 uM) for 48 h.
Inhibition rate increased with the increase of concentration of 5-Fu, and miR-224 inhibitor increased the inhibition effect of 5-Fu on ESCC
cells. g miR-224 level was detected in EC9706 and drug-resistant EC9706/DDP cells or KYSE30 and drug-resistant KYSE30/DDP cells. miR-224 level was
upregulated in drug-resistant ESCC cells. h EC9706 or KYSE30 cells transfected with NC or miR-224 inhibitor were treated with 2 uM cisplatin for 48 h.
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drug-resistant KYSE30/DDP cells, and observed miR-
224 level was upregulated in drug-resistant ESCC cells
(Fig. 4g). Also, miR-224 inhibitor promoted cisplatin
induced apoptosis of ESCC cells (Fig. 4h).

miR-224 targetedly regulated DESC1 expression

Regulation of miR-224 on DESC1 was confirmed by lucif-
erase reporter gene in HEK293T cells. Online bioinformat-
ics software microrna.org predicted there was potential
binding site between miR-224 and 3'UTR of DESC1
(Fig. 5a). Dual-luciferase reporter gene assay showed
that miR-224 mimic or miR-224 inhibitor significantly
decreased or increased the activity of DESC1 WT, and
there was no significant difference in the activity of
DESC1 MUT (Fig. 5b). Moreover, miR-224 mimic or
miR-224 inhibitor significantly decreased or increased
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mRNA level (Fig. 5¢) and protein level (Fig. 5d) of
DESCI1, and increased or decreased protein levels of
EGEFR and p-AKT (Fig. 5e). We also found mRNA level
of DESC1 was downregulated in ESCC tissues (Fig. 5f).
These findings proved that DESC1 was a direct target
of miR-224.

TUSC?7 inhibited cell proliferation and chemotherapy
resistance via miR-224-regulated DESC1

To figure out whether TUSC7 inhibited cell proliferation
and chemotherapy resistance via miR-224/DESCI,
EC9706 or KYSE30 cells were transfected with pcDNA,
pcDNA-TUSC7, pcDNA-TUSC7 + NC, and pcDNA-
TUSC7 + miR-224 mimic. We observed that miR-224
mimic reversed the inhibition effect of pcDNA-TUSC7
on cell proliferation (Fig. 6a), the inhibition effect of
pcDNA-TUSC7 on colony formation (Fig. 6b), the
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promotion effect of pcDNA-TUSC7 on cell apoptosis
(Fig. 6¢), and the inhibition effect of pcDNA-TUSC7?
on chemotherapy resistance (Fig. 6d and e). In addition,
pcDNA-TUSC7 increased protein level of DESC1 and
decreased the expression of EGFR and p-AKT, while miR-
224 mimic reversed these effects (Fig. 6f).

DESC1 inhibited chemotherapy resistance

of ESCC cells via EGFR/AKT

To figure out whether DESC1 inhibited chemotherapy
resistance of ESCC cells via EGFR/AKT, EC9706 or
KYSE30 cells were transfected with si-NC, si-DESC1,
si- DESC1 + DMSO, and si-DESC1 + AST1306 (EGFR
inhibitor) [24]. As shown in Fig. 7a and b, si-DESC1

promoted chemotherapy resistance of ESCC cells,
while AST1306 reversed this effect. Also, si-DESC1
upregulated expressions of EGFR and p-AKT, while
AST1306 reversed this effect (Fig. 7c). These results
indicated that DESC1 inhibited chemotherapy resist-
ance of ESCC cells via EGFR/AKT.

TUSC7 regulated chemotherapy resistance of

tumors in a xenograft model

In order to confirm the regulatory role of TUSC7 in
chemotherapy resistance in vivo, KYSE30 cells were
transfected with LV-NC or LV-TUSC7 and subcutane-
ously injected into female nude mice. We observed that
overexpression of TUSC? inhibited tumor volume, size
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and p-AKT, while AST1306 reversed this effect

and weight (Fig. 8a—c). And overexpression of TUSC7
further decreased tumor volume and weight in cisplatin-
treated mice (Fig. 8a and b). These results suggested that
overexpression of TUSC? inhibited tumor growth and
chemotherapy resistance.

inhibited tumor volume and weight. These findings
indicated that TUSC7 might act as a tumor sup-
pressor and play an important role in the progression
of ESCC.

Evidence has shown that Inc RNAs could exert
biological function via competitively binding with
miRNAs, and the analysis of bioinformatics softwares
are commonly used to predict the combination sites
between miRNAs and their target genes [20, 21]. According
to the prediction of bioinformatics software in this
study, there were combination sites between TUSC7
and miR-224. Dual-luciferase reporter gene assay and
RIP assay were used to confirm the regulation of
TUSC7 on miR-224 and proved TUSC7 could directly
bind to miR-224. And overexpression of TUSC7
decreased miR-224 level, showing TUSC7 negatively
regulated miR-224. We also proved miR-224 was
upregulated in ESCC tissue, which was consistent with
previous report [16]. At the same time, bioinformatics
softwares also predicted that there were combination
sites between miR-224 and DESCI1. Dual-luciferase
reporter gene assay and overexpression/inhibition of
miR-224 proved miR-224 could directly bind to

Discussion

LncRNAs have been reported to be abnormally expressed
in many cancers, and they have important roles in cancer
and cancer-related diseases through different mechanisms
[25, 26]. In order to identify whether Inc TUSC7 was
abnormally expressed in ESCC and its effect on overall
survival, qRT-PCR was used to measure the expression
of TUSC7 in ESCC tissues and cells, and the Kaplan-
Meier method was used to calculate overall survival.
We further investigated the effect of TUSC7 on bio-
logical behavior of ESCC cells (EC9706 and KYSE30),
and found overexpression of TUSC7/inhibition of
miR-224 repressed proliferation of ESCC cells, pro-
moted cell apoptosis, and inhibited chemotherapy
resistance of ESCC cells by regulating DESC1. More-
over, we also observed overexpression of TUSC7
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Fig. 8 Observation of subcutaneous transplanted tumor of ESCC cells in nude mice. Five-week female BALB/c nude mice were divided into four
groups with six mice in each group: LV-NC + PBS, LV-TUSC7 + PBS, LV-NC + cisplatin, and LV-TUSC7 + cisplatin groups. a-c Tumor volume, size and
weight were measured. Overexpression of TUSC7 inhibited tumor growth and chemotherapy resistance. d Cascade diagram of signaling pathways

TUSC7

i
-

DESC1 T

[ ESCC chemoresistance J,]

DESCI1 and negatively modulate DESC1 level. And we
found DESC1 level was downregulated in ESCC,
which was consistent with previous report [11].

miR-224 played different roles in various cancers. It
has been reported that miR-224 could act as an
oncogenic miRNA in breast cancer [27], gastric
cancer [28], non-small cell lung cancer [29], etc. Also,
miR-224 could act as a tumor suppressor in prostate
cancer [30], colorectal cancer [31], diffuse large B-cell
lymphoma [32], etc. In 2015, He et al. first de-
monstrated that miR-224 was overexpressed in ESCC
tissues and acted as an oncogenic miRNA in ESCC
[16]. In this study, we found miR-224 was upregulated
in ESCC tissues, and promoted proliferation of ESCC
cells and reduced cell apoptosis via DESC1/EGFR/
AKT pathway.

Conclusions

In conclusion, our data proved that TUSC7 was down-
regulated and miR-224 was upregulated in ESCC, and
high level of TUSC?7 indicated better overall survival. In

vitro experiments demonstrated that overexpression of
TUSC7/inhibition of miR-224 repressed cell prolifera-
tion and chemotherapy resistance via DESC1/EGFR/
AKT pathway, and in vivo experiments demonstrated
that overexpression of TUSC7 decreased tumor growth
and chemotherapy resistance.

Abbreviations

CR: Complete response; DESCT: Differentially expressed in squamous cell
carcinoma 1; EC: Esophageal cancer; ESCC: Esophageal squamous cell
carcinoma; IncRNA: Long non-coding RNA; PD: Progressive disease;

PR: Partial response; PVDF: Polyvinylidene difluoride; RECIST: Response
Evaluation Criteria in Solid Tumors; RIP: RNA immunoprecipitation;

SD: Stable disease; TTSP: Type Il transmembrane serine protease;

TUSC7: Tumor suppressor candidate 7; WT: Wild Type

Acknowledgements
We would like to express our gratitude to all those who financed the subject.

Funding

This project was supported by the National Natural Science Foundation
of China (No. 81472605). The doctoral research team funding for the First
Affiliated Hospital of Zhengzhou University (No. 2016-BSTDJJ-11).

Availability of data and materials
Not applicable.



Chang et al. Journal of Experimental & Clinical Cancer Research (2018) 37:56

Authors’ contributions

ZC and YJ conceived and designed the study and drafted the manuscript.
WZ and LS collected the data, MG and ML analyzed the data. RZ, JL, YZ
and QS interpreted the data. YQ put forward the concept of the study
and reviewed the manuscript. All authors read and approved the

final manuscript.

Ethics approval and consent to participate

This study was approved by Ethics Committee of Zhengzhou University, and
informed consent was obtained from each patient. Animal studies were
approved by the Ethics Committee of Animal Experiments of Zhengzhou
University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 12 December 2017 Accepted: 3 March 2018
Published online: 12 March 2018

References

1. Ferlay J, et al. Cancer incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-86.

2. Arnold M, et al. Global incidence of oesophageal cancer by histological
subtype in 2012. Gut. 2015;64(3):381-7.

3. Chen J, et al. Intensity-modulated radiotherapy combined with paclitaxel
and platinum treatment regimens in locally advanced esophageal
squamous cell carcinoma. Clin Transl Oncol. 2018;20(3):411-19.

4. Akiyama Y, et al. Investigation of operative outcomes of thoracoscopic
esophagectomy after triplet chemotherapy with docetaxel, cisplatin,
and 5-fluorouracil for advanced esophageal squamous cell carcinoma.
Surg Endosc. 2018;32(1):391-9.

5. Yen YC, et al. Effectiveness of esophagectomy in patients with thoracic
esophageal squamous cell carcinoma receiving definitive radiotherapy
or concurrent chemoradiotherapy through intensity-modulated radiation
therapy techniques. Cancer. 2017;123(11):2043-53.

6. Burt BM, et al. Utility of adjuvant chemotherapy after neoadjuvant
Chemoradiation and Esophagectomy for esophageal cancer. Ann Surg.
2017,266(2):297-304.

7. Pasquali S, et al. Survival after neoadjuvant and adjuvant treatments
compared to surgery alone for Resectable esophageal carcinoma:

a network meta-analysis. Ann Surg. 2017;265(3):481-91.

8. Viloria CG, et al. Human DESC1 serine protease confers tumorigenic
properties to MDCK cells and it is upregulated in tumours of different
origin. Br J Cancer. 2007,97(2):201-9.

9. Kyrieleis OJ, et al. Crystal structure of the catalytic domain of DESC1, a new
member of the type Il transmembrane serine proteinase family. FEBS J.
2007,274(8):2148-60.

10.  Zinovyeva MV, et al. Identification of some human genes oppositely
regulated during esophageal squamous cell carcinoma formation
and human embryonic esophagus development. Dis Esophagus.
2010;23(3):260-70.

11. Ng HY, et al. DESCT, a novel tumor suppressor, sensitizes cells to apoptosis
by downregulating the EGFR/AKT pathway in esophageal squamous cell
carcinoma. Int J Cancer. 2016;138(12):2940-51.

12. Koshizuka K, et al. Involvement of aberrantly expressed microRNAs
in the pathogenesis of head and neck squamous cell carcinoma.

Cancer Metastasis Rev. 2017;36(3):525-45.

13. Tanaka K, et al. miR-27 is associated with chemoresistance in esophageal
cancer through transformation of normal fibroblasts to cancer-associated
fibroblasts. Carcinogenesis. 2015;36(8):894-903.

4. Lu M, et al. MicroRNA and target mRNA selection through invasion and
cytotoxicity cell modeling and bioinformatics approaches in esophageal
squamous cell carcinoma. Oncol Rep. 2017,38(2):1181-9.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

Page 12 of 12

Sharma P, Saini N, Sharma R. miR-107 functions as a tumor suppressor in
human esophageal squamous cell carcinoma and targets Cdc42. Oncol Rep.
2017,37(5):3116-27.

He X, et al. Expression and role of oncogenic miRNA-224 in esophageal
squamous cell carcinoma. BMC Cancer. 2015;15:575.

Betel D, et al. The microRNAOrg resource: targets and expression. Nucleic Acids
Res. 2008;36(Database issue)}D149-53.

Wang X, et al. Silencing of long noncoding RNA MALAT1 by miR-101 and
miR-217 inhibits proliferation, migration, and invasion of esophageal
squamous cell carcinoma cells. J Biol Chem. 2015;290(7):3925-35.

Rinn JL, Chang HY. Genome regulation by long noncoding RNAs. Annu Rev
Biochem. 2012,81. https://doi.org/10.1146/annurev-biochem-051410-092902.
Xu J, Zhang R, Zhao J. The novel long noncoding RNA TUSC7 inhibits
proliferation by sponging MiR-211 in colorectal cancer. Cell Physiol Biochem.
2017:41(2)635-44.

Shang C, et al. Long non-coding RNA TUSC7, a target of miR-23b, plays
tumor-suppressing roles in human gliomas. Front Cell Neurosci. 2016;10:235.
Qi P, et al. Reciprocal repression between TUSC7 and miR-23b in gastric
cancer. Int J Cancer. 2015;137(6):1269-78.

Kan R, et al. NF-kB p65 subunit is modulated by latent transforming growth
factor-p binding protein 2 (LTBP2) in nasopharyngeal carcinoma HONE1
and HK1 cells. PLoS One. 2015;10(5):¢0127239.

Zhang H, et al. AST1306, a potent EGFR inhibitor, antagonizes ATP-binding
cassette subfamily G member 2-mediated multidrug resistance. Cancer Lett.
2014;350(1-2):61-8.

Zhuang J, et al. TGFbetal promotes gemcitabine resistance through
regulating the LncRNA-LET/NF90/miR-145 signaling Axis in bladder cancer.
Theranostics. 2017;7(12):3053-67.

Chen DL, et al. Long noncoding RNA XIST expedites metastasis and
modulates epithelial-mesenchymal transition in colorectal cancer.

Cell Death Dis. 2017;8(8):¢3011.

Miao X, et al. Down-regulation of microRNA-224 -inhibites growth and
epithelial-to-mesenchymal transition phenotype -via modulating SUFU
expression in bladder cancer cells. Int J Biol Macromol. 2018;106:234-40.

He C, et al. Hypoxia-inducible microRNA-224 promotes the cell growth,
migration and invasion by directly targeting RASSF8 in gastric cancer.

Mol Cancer. 2017;16(1):35.

Cui R, et al. MicroRNA-224 is implicated in lung cancer pathogenesis
through targeting caspase-3 and caspase-7. Oncotarget.
2015;6(26):21802-15.

Goto Y, et al. Tumour-suppressive microRNA-224 inhibits cancer cell
migration and invasion via targeting oncogenic TPD52 in prostate cancer.
FEBS Lett. 2014;588(10):1973-82.

Yuan K et al. Decreased levels of miR-224 and the passenger strand of
miR-221 increase MBD2, suppressing maspin and promoting
colorectal tumor growth and metastasis in mice. Gastroenterology.
2013;145(4):853-64.€9.

Song G, et al. Deregulated expression of miR-224 and its target gene:
(D59 predicts outcome of diffuse large B-cell lymphoma patients treated
with R-CHOP. Curr Cancer Drug Targets. 2014;14(7):659-70.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



https://doi.org/10.1146/annurev-biochem-051410-092902

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients, samples and cell culture
	Cell transfection
	Quantitative real-time PCR (qRT-PCR)
	Dual luciferase reporter assays
	MTT assay
	Colony formation assay
	Flow cytometry
	RNA immunoprecipitation (RIP) assays
	Cisplatin or 5-Fu treatment
	Establishment of acquired resistance cell lines
	Western blot analysis
	Xenograft experiments
	Bioinformatic tools
	Statistical analysis

	Results
	Low expression of TUSC7 in ESCC tissues and cells
	TUSC7 regulated the expression of miR-224
	Overexpression of TUSC7 or inhibition of miR-224 �inhibited proliferation of ESCC cells and promoted �cell apoptosis
	Overexpression of TUSC7 or inhibition of miR-224 �inhibited chemotherapy resistance of ESCC cells
	miR-224 targetedly regulated DESC1 expression
	TUSC7 inhibited cell proliferation and chemotherapy resistance via miR-224-regulated DESC1
	DESC1 inhibited chemotherapy resistance �of ESCC cells via EGFR/AKT
	TUSC7 regulated chemotherapy resistance of �tumors in a xenograft model

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

