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1 | INTRODUCTION

Oesophageal cancer (EC) is one of the most common and incurable
malignancies worldwide.!? Although therapeutic strategies for EC
have been largely improved,® the 5-year survival of patients is still
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Abstract

Acquired radioresistance is one of the main obstacles for the anti-tumour efficacy of
radiotherapy in oesophageal cancer (EC). Recent studies have proposed microRNAs
(miRNAs) as important participators in the development of radioresistance in various
cancers. Here, we investigated the role of miR-1275 in acquired radioresistance and
epithelial-mesenchymal transition (EMT) in EC. Firstly, a radioresistant cell line KYSE-
150R was established, with an interesting discovery was observed that miR-1275
was down-regulated in KYSE-150R cells compared to the parental cells. Functionally,
miR-1275 inhibition elevated radioresistance in KYSE-150 cells via promoting EMT,
whereas enforced expression of miR-1275 increased radiosensitivity in KYSE-150R
cells by inhibiting EMT. Mechanically, we demonstrated that miR-1275 directly tar-
geted WNT1 and therefore inactivated Wnt/B-catenin signalling pathway in EC cells.
Furthermore, WNT1 depletion countervailed the promoting effect of miR-1275 sup-
pression on KYSE-150 cell radioresistance through hampering EMT, whereas WNT1
overexpression rescued miR-1275 up-regulation-impaired EMT to reduce the sen-
sitivity of KYSE-150R cells to radiation. Collectively, our findings suggested that
miR-1275 suppressed EMT to encourage radiosensitivity in EC cells via targeting
WNT1-activated Wnt/p-catenin signalling, providing a new therapeutic outlet for

overcoming radioresistance of patients with EC.
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disappointing, which mainly results from increased resistance to the
chemotherapy, radiotherapy or chemoradiotherapy in EC patients
at more advanced stages.® Thus, to overcome chemoresistance and
radioresistance, studies aimed to understand underlying molecular
mechanism are greatly needed.
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MicroRNAs (miRNAs) are a class of small non-coding RNAs that
regulate gene expression at post-transcriptional level.” Recently, re-
searchers have increasingly paid attention to the parts of miRNAs
in modulating cellular biological events in human diseases including
cancer.® Importantly, miRNAs have been lately demonstrated to
be involved in the development of chemoresistance or radioresis-
tance. For example, down-regulated miR-199a-3p in hepatocellular
carcinoma results in the increased doxorubicin sensitivity.” miR-
494-3p enhances radiosensitivity in human oral squamous carci-
noma cells.!® MiR-1275 is a newly recognized miRNA which plays
a paradoxical role in different human cancers. For instance, miR-
1275 hinders tumour growth in hepatocellular carcinoma by tar-
geting the oncogenic IGF2BPs.'? Conversely, miR-1275 promotes
the progression in head and neck squamous cell carcinoma through
up-regulating IGF-1R and CCR7.*? Importantly, the down-regulation
of miR-1275 in radioresistant EC cells has already been proven pre-
viously.13 However, the precise function of miR-1275 in EC remains
to be identified.

Epithelial-mesenchymal transition (EMT) is a process that
primarily describes tissue remodelling and cell migration during
embryonic development to shape future organisms. Over the
years, this process has also been discovered in disease course,
such as tumour progression.'* A growing number of studies
explained that EMT is largely implicated in radioresistance of
numerous cancers due to the close association with the plas-
tic phenotype of cancer stem cells (CSCs).1>1 Recently, reports
have lately suggested that ionizing radiation induces transform-
ing growth factor beta (TGF-B), while TGF-p facilitates EMT in
human mammary cells.”*® Intriguingly, EMT induced by ion-
izing radiation in turn promotes radiation resistance.’ Also,
mounting evidence has unearthed that miRNAs have important
functions in regulating EMT,%° such as miR-200 family, miR-194,
miR-192 family and so on.?2% Nevertheless, the relationships
among miR-1275, EMT and radioresistance in EC have never
been probed yet.

Currently, we aimed to investigate the role and potential mecha-
nism of miR-1275 in the acquired radioresistance of EC cells.

2 | MATERIALS AND METHODS
2.1 | Cell culture

The cell line of human oesophageal squamous carcinoma cell
line KYSE-150 was purchased from the American Type Culture
Collection and the radioresistant subtype KYSE-150R cells were
established as described.?* Then, both the KYSE-150 and KYSE-
150R cells were grown in RPMI-1640 (Gibco, Life Technologies
Inc) supplemented with 10% foetal bovine serum (FBS; HyClone,
South Logan), 100 U/mL penicillin and 100 pg/mL streptomycin
(Invitrogen) and stored in a humidified atmosphere at 37°C, con-
taining 5% CO,,.

2.2 | Establishment of radioresistant cell line KYSE-
150R

The radioresistant KYSE-150R cell line was developed as previously
described.?* Briefly, 1 x 10° of KYSE-150 cells suspended in 100 pL
culture medium were seeded in the culture flasks and cultured for
2 days, followed by irradiation treatment with 1 Gy of X-ray at a dose
rate of 100 cGy/min through a high energy linear accelerator (Varian
600C, USA). After irradiation, the culture medium was immediately
renewed and the cells were further incubated until reached approxi-
mately 90% confluence. Subsequently, cells were subcultured into
new flasks after trypsinization and collection, followed by irradiation
again (second fraction) once they reached nearly 50% confluence.
One and a half months later, the radioresistant cell populations were
obtained when treated with a total doses of 21 Gy after repeated
above procedures (1 Gy 3 times, 2 Gy 3 times and 4 Gy 3 times) for 12
times, which were proved to maintain a radioresistant phenotype for
at least 5 months of 50 passages. And such irradiated cells were not
used in the experiments until at least 1 month after the last exposure.
At the meantime, the parental KYSE-150 cells were also passaged and

cultured under the same conditions except irradiation all the time.

2.3 | Cell transfection

Cell transfection was performed using Lipofectamine 2000
(Invitrogen) in light of the manufacturer's instructions. The miR-1275
inhibitor and negative control (NC inhibitor) oligonucleotides, the
miR-1275 mimic and the negative control (NC mimic) oligonucleo-
tides, and the small interfering RNA (siRNA) oligonucleotides target-
ing WNT1 mRNA (si-WNT1) and the negative control (si-NC) were
obtained from GenePharma Corporation. Meanwhile, the full-length
WNT1 cDNA was subcloned into pcDNA3.1 vector (Invitrogen) for
WNT1 overexpression (pcDNA3.1/WNT1) with the empty vector as
negative control. After planted and grown for 1 day in 6-well plates,
KYSE-150 and KYSE-150R cells were transfected appropriately with
the plasmids obtained above. Transfection for 48 hours later, the
cells were collected and maintained for following use. The transfec-

tion efficiency was confirmed by quantitative real-time PCR.

2.4 | Quantitative real-time PCR (qRT-PCR)

Based on the manufacturer's instructions, qRT-PCR analyses were
carried out for evaluation of the expression of miR-1275 and its
target gene WNT1. Total RNA was extracted from KYSE-150 and
KYSE-150R cells by the use of Trizol reagent (Invitrogen) followed
by reverse transcription into cDNA using Reverse Transcription
Kit (Takara) or TagMan miRNA Reverse Transcription Kit (Applied
Biosystems). Thereafter, gRT-PCR analyses were conducted
using SYBR-Green Real-Time PCR Kit (Takara). U6 snRNA and
GAPDH served as normalized controls for miR-1275 and WNT1
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mRNA, respectively. And relative expression of genes was cal-
culated by using 2722t method. All experiments were per-
formed in triplicate. The primer sequences were shown as below:
miR-1275, 5'-TGGGGGAGAGGCTGTC-3/,
5'-GAACATGTCTGCGTATCTC-3’; WNT1, forward: 5-CTCTTCGGC
AAGATCGTCAACC-3', reverse: 5'-CGATGGAACCTTCTGAGCAGG
A-3'; U6, forward: 5-CTCGCTTCGGCAGCACAT-3', reverse: 5-TT
TGCGTGTCATCCTTGCG-3'; GAPDH, forward: 5-GTCTCCTCTGAC
TTCAACAGCG-3/, reverse: 5-~ACCACCCTGTTGCTGTAGCCAA-3'.

forward: reverse:

2.5 | lIrradiation and colony formation assays

Cells were processed with X irradiation at indicated doses (0, 2, 4, 6
and 8 Gy). Dosimetry showed a central dose rate of 4 Gy/min. After
the irradiation treatments, the irradiated cells and a group of nega-
tive control without irradiation were stored at 37°C in humidified air
with 5% CO, for 14 days of incubation for detecting colony forma-
tion activity in vitro. After washed twice with PBS, cells were fixed
with methanol for 5 minutes and stained with 0.1% crystal violet
(Beyotime Institute of Biotechnology) for 3 minutes at 37°C. The
amount of colonies containing more than 50 cells was counted and
fitted into a single-hit multi-target model using GraphPad Prism 6.0.
Thereafter, the radiosensitization survival curves of the cells were
depicted accordingly, with several parameters including Dg and DO
value were calculated and shown in Table 1. The plating efficiencies
(PE) and the survival fractions (SF) were, respectively, measured as
well according to the following equations: PE = number of colonies/
number of cells seeded x 100%; SF = number of colonies after irra-
diation/number of cells seeded x (1/PE). The sensitization enhance-
ment ratio (SER) was measured as the DO values of relative control
group divided by DO value of the corresponding treated group. All

the experiments referred were performed in triplicate.

2.6 | MTT assay

MTT assay was performed to test cell viability in vitro. In short, cells
were seeded in a 96-well plate and incubated for 24, 48, 72 and
96 hours at 37°C in humidified atmosphere with 5% CO,. After the

TABLE 1 Radiation survival curve

addition of 20 pL 5 mg/mL MTT [(3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide)] solution into each well, the plates
were continuously incubated at 37°C for 4 hours. Subsequently, the
supernatant was removed and 100 pL dimethyl sulfoxide (DMSO)
was supplemented to dissolve remaining formazan for 30 minutes.
Finally, the value of optical density (OD) at 490 nm was examined
with the microplate reader ELx808 (Bio-Tek Instruments Inc). All the
experiments were conducted in triplicate.

2.7 | Transwell assay

Transwell assay was performed using 8-um transwell inserts (Millipore,
USA) to evaluate cell migration capacity in vitro. The cells (5 x 10* of
each kind of cells) suspended in serum-free medium were placed in
the upper chambers with the lower chambers supplemented fully with
medium containing 10% FBS as the chemoattractant. After being cul-
tured for 24 hours, cells migrating to the lower chambers were fixated
with methanol and stained using 0.1% crystal violet. The number of
migrated cells in 5 random views was counted under the inverted mi-

croscope (Olympus). All the experiments were conducted in triplicate.

2.8 | Wound-healing assay

Wound-healing assay was also performed to assess cell migration in
vitro. The cells were seeded and cultured in 6-well plates until 80%
confluence. Afterwards, a wound among the cells was created artifi-
cially using the tip of a sterile 200-uL pipette tube. Then, cells were
washed and further grown in medium with 2% FBS. The wound clo-
sure was observed regularly and imaged under a microscope 36 hours
later. The migration rate was determined as the ratio of healed wound

to the wound line. All the experiments were conducted in triplicate.

2.9 | Western blot

Total proteins from KYSE-150 and KYSE-150R cells were isolated with
radioimmunoprecipitation assay (RIPA) buffer (Pierce) containing pro-

tease inhibitor. Then, protein concentration was measured with BCA™

parameters for KYSE150 and KYSE150R Celllines — Transfection DO (Gy) Da (Gy)
under diverse conditions KYSE150 Blank 2.23+0.09 2.83+0.05
NC inhibitor 2.19 +0.06 2.78 £0.03
miR-1275 inhibitor 2.86+0.11 3.46+0.13
miR-1275 inhibitor + si-WNT1 2.07+0.13 2.81 +0.04
KYSE150R Blank 2.75+0.23 3.17 £ 0.04
NC mimic 2.79 +£0.20 3.32+0.12
miR-1275 mimic 2.28+0.25 3.12+0.22
miR-1275 mimic + pcDNA3.1/WNT1 292+0.16 3.58+0.15

Note: DO value means the mean lethal dose, and Dg means the dose quasithreshold.
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Protein Assay Kit (Pierce). After that, cell protein with equal quantity
was separated using 10% sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred to polyvinylidene
difluoride (PVDF) membranes (EMD Millipore). The membranes were
then blocked with 5% skim milk followed by incubation overnight
with primary antibodies at 4°C. After being washed for three times
with Tris-buffered saline and Polysorbate 20 (TBST) buffer, the mem-
branes were further incubated with the secondary antibodies at 37°C
for 2 hour. At length, the protein bands were viewed using ChemiDoc
XRS System (Bio-Rad). The primary antibodies involved in were as fol-
low: WNT1 (ab15251), E-cadherin (ab40772), N-cadherin (ab18203),
Vimentin (ab92547), B-catenin (ab32572), p-B-catenin (ab27798),
c-myc (ab32072), Slug (ab51772) (above all from Abcam) as well as
GSK-3p (#12456), p-GSK-3p (#9323) and GAPDH (#5174) (from Cell
Signaling Technology). GAPDH acted as a loading control.

2.10 | Luciferase reporter assay

Luciferase reporter assay was performed to detect the relationship
between WNT1 and miR-1275. WNT1 containing the predicted
binding site (WNT1-WT) or the mutant binding site (WNT1-Mut)
was amplified and cloned into pGL3 vector (Promega), respectively.
MiR-1275 inhibitor, NC inhibitor, miR-1275 mimic or NC mimic was
co-transfected into HEK-293T cells with pGL3-WNT1-WT or pGL3-
WNT1-Mut. After 48 hours of transfection, the luciferase activity
was determined through Dual-Luciferase Reporter Assay System

(Promega). All the experiments were conducted in triplicate.

2.11 | RNA pull-down assay

First of all, the biotin-labelled RNAs including Bio-miR-1275-WT,
Bio-miR-1275-Mut and negative control (Bio-NC) were obtained
with Biotin RNA Labelling Mix (Roche). Meanwhile, cells were pro-
cessed in a lysis buffer (Gibco) and cell lysates were incubated with
the biotinylated RNAs overnight. Subsequently, the magnetic beads
with streptavidin (Gibco) were added and co-incubated for 48 hours.
After being washed, the bonding RNAs in the beads were eluted
down and then detected by qRT-PCR analysis. All the experiments

were repeated for three times.

2.12 | RNA immunoprecipitation (RIP) assay

RIP assay was performed to verify the interaction between WNT1
and miR-1275 in vitro, using the Magna RNA-binding protein im-
munoprecipitation kit (Millipore) according to the manufacturer's
instructions. The cells were lysed and incubated overnight in RIP
buffer containing magnetic beads coated with anti-Ago2 antibody or
anti-1gG (negative control). After being washed, the RNAs deposited
on beads were eluted and determined using gRT-PCR. All the experi-

ments were repeated for three times.

2.13 | TOP/FOP flash assay

TOP/FOP flash assay was conducted to assess the activity of Wnt/
B-catenin signalling pathway by using the Dual-Luciferase Reporter
Assay Kit (Promega) according to the instruction provided by the
manufacturer. The TOP/FOP flash reporter plasmids with wild-type
(CCTTTGATC; TOP flash) or mutated (CCTTTGGCC; FOP flash)
T cell factor/lymphoid enhancer-binding factor (TCF/LEF) bind-
ing sites were purchased from Upstate Biotechnology (Waltham,
Massachusetts, USA). Then, the reporter plasmids and pRL-TK
Renilla plasmid were co-transfected into KYSE-150 cells with miR-
1275 inhibitor or NC inhibitor and KYSE-150R cells with miR-1275
mimic or NC mimic, under the use of Lipofectamine 2000 (Invitrogen)
in accordance with the manufacturer's protocol. Luciferase sig-
nals including Firefly and Renilla luciferase activity were measured
48 hours after transfection with the renilla luciferase activity as a
normalized control for the firefly luciferase activity. All the experi-

ments were repeated for three times.

2.14 | Invivo xenograft experiment

In vivo experiment was performed under the experimental ani-
mal use guidelines of the ethics committee of The First Affiliated
Hospital of Wenzhou Medical University. A total of 20 male
BALB/c nude mice (aged 6 weeks) were purchased from Model
Animal Research Center of Nanjing University (Nanjing, China)
and then randomly classified into four groups (with 5 mice each
group). Then, half of the mice were subcutaneously inoculated
with KYSE-150 cells transfected with miR-1275 inhibitor while
another half with NC inhibitor-transfected KYSE-150 cells. When
tumours grew to about 8.0 mm (range from 7.7 to 8.2 mm) in di-
ameter, the mice in indicated group initiated to undergo radiation
treatment by use of a small-animal irradiator (Co-V, Theratron 780;
MDS Nordion) with a cobalt-60 source. Subsequently, mice me-
chanically immobilized in a jig were exposed to a single dose of
5 Gy at a dose rate of 0.955 Gy/min. The measurements of tumour
growth were taken every 4 day. Tumour volumes were assessed
using the formula V = 1/2 x L x W2 (L, the longest dimension; W,
the shortest dimension). After 28 days following the injection, the
mice were sacrificed and tumour weights were measured. Then,
tumours were embedded in paraffin and sliced for further assay.
All the experiments were repeated for three times.

2.15 | TUNEL assay

The paraffin-embedded sections were applied to assess the apop-
tosis rate of tumours obtained above by detecting apoptotic DNA
strand breaks using a TUNEL Staining Kit (Roche Inc) following the
manufacturer's protocol. Then, cells were stained with DAPI (a cell
nucleus marker; Invitrogen). The number of TUNEL- and DAPI-

positive nuclei was calculated after the mages captured by an EVOS
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fluorescent microscope (AMG). And cell apoptosis was expressed
as the ratio of TUNEL-positive nuclei to DAPI-positive nuclei (total

nuclei).

2.16 | Immunohistochemical (IHC) staining

Immunohistochemistry (IHC) assay was conducted on the paraffin-
embedded sections obtained in in vivo experiments. In brief, the sec-
tions were incubated with primary antibodies against Ki67 (1:100;
Roche) and then stained by a universal DAB detection kit (Roche).
Then, the images of stained sections were obtained using a light mi-
croscope, followed by the counting of the Kié7-positive cells in five
random fields.

2.17 | Statistical analyses

The data were analysed using GraphPad Prism 6 and then showed
as the mean * standard deviation (SD). Differences were evaluated
by a two-tailed unpaired Student's t test between two groups or a
one-way analysis of variance among at least three groups. Statistical

significance was identified as P < .05.

3 | RESULTS

3.1 | MiR-1275 was significantly down-regulated in
radioresistant EC cells

To evaluate the effect of miR-1275 on the sensitivity of EC cells
to radiotherapy, we established a radioresistant EC cell line KYSE-
150R which showed limited response to irradiation treatment as
described.?* Seen from Figure 1A, the radioresistant KYSE-150R
cells were morphologically changed into spindle shapes (more
elongated) with weakened adhesion and strengthened motility. In
addition, the survival fraction of KYSE-150R cells was identified to
be noticeably higher than the parental KYSE-150 cells (Figure 1B)
and the SER for KYSE150R cells was 0.811, corroborating that
KYSE-150R cells became less sensitive to irradiation treatment.
Finally, we detected the expression of miR-1275 in KYSE-150R and
its parental cells. As a result, the level of miR-1275 was dramati-
cally reduced in KYSE-150R cells in contrast to that in KYSE-150
cells (Figure 1C). Collectively, we speculated that the expression
level of miR-1275 might be strongly associated with the radiosen-

sitivity of EC cells.

3.2 | MIiR-1275 elevated radiosensitivity of EC cells
by inhibiting EMT

To specifically probe the role of miR-1275 in the development of

radioresistance in EC cells, loss- and gain-of-function assays were,

respectively, conducted in KYSE-150 cells and KYSE-150R cells.
First of all, we confirmed the decreased expression of miR-1275
in KYSE-150 cells after being transfected with miR-1275 inhibitor
and the increased miR-1275 level in KYSE-150R cells under the
transfection of miR-1275 mimic (Figure 2A). Subsequently, the
results of colony formation assay elucidated that miR-1275 inhi-
bition resulted in elevated radioresistance whereas miR-1275 up-
regulation led to increased radiosensitivity (Figure 2B). Besides,
the SER was 0.766 for miR-1275-inhibited KYSE150 cells and
1.224 for miR-1275-up-regulated KYSE150R cells. Additionally,
the irradiated KYSE-150 cells seemed to survive better under
miR-1275 suppression while KYSE-150R cells with enhanced miR-
1275 expression exhibited a confined proliferative ability upon IR
treatment (Figure 2C). Based on the above results, miR-1275 was
greatly indicated to contribute to the sensitivity of EC cells to ra-
diation exposure.

Previously, a report revealed that more than one-third of EC
patients cannot be cured by CCRT treatment because of distant
metastasis.?” Besides, epithelial-mesenchymal transition (EMT) is
a hallmark of tumour metastasis?® and a process largely related
to cancer radioresistance.?’” Thus, we assumed that miR-1275 in-
fluenced the radiosensitivity of EC cells through effecting EMT.
Firstly, we assessed whether miR-1275 had an impact on EC
cell migration that can be enhanced during EMT.?¢ As a result,
Transwell assay suggested that inhibition of miR-1275 distinctly
augmented the number of migratory KYSE-150 cells while its
overexpression apparently lessened the migration ability of KYSE-
150R cells (Figure 2D). Accordantly, the result of wound-healing
assay also showed the repressive impact of miR-1275 on cell mi-
gration of EC cells (Figure 2E,F). Furthermore, we proved that
the epithelial marker E-cadherin was down-regulated while the
mesenchymal markers including N-cadherin and Vimentin were
up-regulated in miR-1275-repressed KYSE-150 cells, whereas the
opposite outcomes were detected in KYSE-150R cells in response
to the transfection of miR-1275 mimic (Figure 2G). Altogether,
miR-1275 reduced radioresistance of EC cells by suppressing EMT.

3.3 | MIiR-1275 directly targeted WNT1 and
inactivated Wnt/p-catenin pathway

In depth, we intended to figure out the probable targets that par-
ticipated in the mechanism by which miR-1275 modulated radio-
sensitivity and EMT of EC cells. And the RNA22 v2 (https://cm.jeffe
rson.edu/rna22/Interactive/) predicted that WNT1, an activator of
Wnt/p-catenin signalling, was one of the potential downstream tar-
gets of miR-1275. Additionally, we observed that the protein levels
of p-catenin and its targets including c-myc and Slug were all ag-
grandized in radioresistant KYSE-150R cells in comparison with the
parental cells (Figure 3A). Also, miR-1275 down-regulation notably
activated Wnt/p-catenin signalling with boosted level of WNT1
and p-GSK-3p so as to reduce the level of p-B-catenin and enhance

B-catenin level; however, up-regulation of miR-1275 gave rise to
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FIGURE 3 MiR-1275 inactivated Wnt/p-catenin pathway in EC cells through directly targeting WNT1. A, Western blot results of the
protein level of B-catenin and its targets in KYSE-150 and KYSE-150R cells. B, The protein levels of the members involved in Wnt/p-catenin
signalling in miR-1275-inhibited KYSE-150 cells and miR-1275-up-regulated KYSE-150R cells were examined by Western blot. C, Predicted
binding sites between miR-1275 and WNT1, as well as the sequences of WNT1-Mut with mutated binding sites in 3'-UTR of WNT1. D,
Luciferase reporter assays for the luciferase activity of WNT1-WT and WNT1-MUT in HEK-293T cells with different transfections. E-G, RNA
pull-down assay (E) and RIP experiments (F, G) were conducted in indicated EC cells for further confirmation of the interaction between miR-
1275 and WNT1. H, The effect of miR-1275 on the expression of WNT1 in EC cells was assessed by qRT-PCR. |, The level of total -catenin
and nuclear B-catenin in KYSE-150 cells with miR-1275 inhibition and KYSE-150R cells with ectopic expression of miR-1275 was detected via
Western blot. J, TOP/FOP flash assay indicated miR-1275 inhibited the activity of Wnt/p-catenin pathway. **P < .01

observable inactivation of this pathway (Figure 3B), suggesting that
miR-1275 was a negative regulator of Wnt/p-catenin signalling.
Afterwards, we made a further investigation into whether
miR-1275 affected Wnt/B-catenin pathway through a WNT1-
mediated manner. Obviously, it was confirmed that WNT1 was di-
rectly targeted by miR-1275 because only the luciferase activity
of WNT1-WT was strikingly strengthened under miR-1275 inhibi-
tion but pronouncedly diminished upon miR-1275 overexpression
(Figure 3C,D). Moreover, the following RNA pull-down assay and
RIP assay further validated the interaction between miR-1275 and
WNT1 in a RNA-induced silencing complex (RISC) (Figure 3E-G).
Furthermore, we observed that WNT1 was negatively regulated by

miR-1275 in EC cells (Figure 3H). Intriguingly, it was discovered that

miR-1275 mainly abolished the level of nuclear B-catenin (Figure 3l).
More importantly, the TOP/FOP ratio was sharply prompted in face
of miR-1275 down-regulation but greatly abated in response to
miR-1275 up-regulation (Figure 3J). Jointly, these findings demon-
strated that miR-1275 inactivated Wnt/p-catenin signalling path-
way in EC by targeting WNT1.

3.4 | Therole of miR-1275 in EC radiosensitivity was
dependent on WNT1

Next, we studied whether WNT1 was implicated in miR-1275-af-
fected EC radiosensitivity. Firstly, the expression of WNT1 was
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FIGURE 4 MiR-1275 attenuated radioresistance of EC cells through targeting WNT1-activated Wnt/p-catenin pathway. A, Transfection
efficiency of si-NC or si-WNT1 in KYSE-150 cells and that of pcDNA3.1 or pcDNA3.1/WNT1 inKYSE-150R cells transfected with was
tested via gqRT-PCR. B, Protein levels of WNT1 in EC cells at different groups were determined by Western blot. C, TOP/FOP flash assay for
the detection of Wnt/p-catenin activity in various groups. D, The survival fraction of KYSE-150 and KYSE-150R cells under irradiation was
assessed by colony formation assay. E, The cell viability of above cells was examined by MTT assay. *P < .05, **P < .01

silenced in KYSE-150 cells responding to si-WNT1 transfec- attenuated by miR-1275 mimic was recovered upon WNT1

tion but up-regulated in KYSE-150R cells under the transfec- overexpression (Figure 4B). Also, the activity of Wnt/B-catenin
tion of pcDNA3.1/WNT1, as indicated in Figure 4A. Besides, signalling influenced by miR-1275 inhibition or stimulation
miR-1275 inhibition-stimulated WNT1 protein was normalized was reversed, respectively, after WNT1 knockdown or over-

under WNT1 knockdown, whereas the protein level of WNT1 expression (Figure 4C). Furthermore, WNT1 silence distinctly

FIGURE 5 MiR-1275 inhibited EMT in EC cells by abating WNT1 expression. KYSE-150 cells were transfected with NC inhibitor, miR-
1275 inhibitor or miR-1275 inhibitor together with si-WNT1 and KYSE-150R cells were transfected with NC mimic, miR-1275 mimic or
miR-1275 mimic together with pcDNA3.1/WNT1. A, B, Wound-healing assay was performed to evaluate cell migration in above KYSE-150
cells and KYSE-150R cells under different conditions. C, Transwell migration assay was also conducted in the above EC cells to assess cell
migration. D, The level of EMT-related proteins in indicated cells was detected by Western blot. *P < .05, **P < .01
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increased the miR-1275 inhibition-alleviated radiosensitivity in
KYSE-150 cells, whereas WNT1 up-regulation overtly strength-
ened the miR-1275 overexpression-hindered radioresistance
in KYSE-150R cells (Figure 4D), with the SERs were 1.382 and
0.781, respectively. Meanwhile, though all cells exposed to
radiation, the promoted viability of miR-1275-inhibited KYSE-
150 cells was abrogated in face of WNT1 depletion, whereas
miR-1275 overexpression-impeded viability was recovered by
enforced expression of WNT1 in KYSE-150R cells (Figure 4E).
Hence, we concluded that the radiosensitizing effect of miR-
1275 in EC was dependent on WNT1-activated Wnt/p-catenin
pathway.

3.5 | miR-1275 had a suppressive impact on EMT in
EC cells by a WNT1-mediated way

Subsequently, we explored the impact of miR-1275/WNT1 axis on
the EMT process in EC cells. As demonstrated in Figure 5A, the
remaining wound distance reduced by miR-1275 inhibitor was
partially reversed under co-transfection of si-WNT1. In contrast,
ectopic expression of WNT1 offset the inhibition of miR-1275
up-regulation on EC cell migration (Figure 5B). Conformably, the
results of Transwell assay represented a similar outcome that cell
migration affected by miR-1275 inhibition or stimulation was re-
covered in the context of WNT1 silence or overexpression, respec-
tively (Figure 5C). Moreover, the results of Western blot analysis
also stated that silencing WNT1 normalized the miR-1275 inhibi-
tion-induced EMT in KYSE-150 cells while overexpressing WNT1
rescued the miR-1275 up-regulation-hampered EMT in KYSE-150R
cells, verifying that the negative modulation of miR-1275 on EMT
was mediated by WNT1 (Figure 5D). By and large, miR-1275 en-
hanced radiosensitivity in EC cells due to its impairment on EMT via
a WNT1-mediated pathway.

3.6 | MiR-1275 confined tumour growth and
prompted EC rdiosensitivity in vivo

To further confirm the part of miR-1275 in EC tumour growth and
radiosensitivity, the in vivo experiments were carried out through
inoculating the KYSE-150 cells with or without miR-1275 inhibi-
tion into naked mice (five mice in each group). Seemingly, miR-
1275 inhibition markedly accelerated while IR exposure obviously
restrained the growth of tumours; more importantly, the tumours
derived from miR-1275-silenced cells were still bigger and heavier
than those originated from control cells, despite both were treated
with IR (Figure 6A-C). In addition, cell apoptosis was abrogated
under miR-1275 suppression but encouraged by IR treatment, and
inhibition of miR-1275 had a mitigatory effect on the apoptosis of
EC cells facing exposure (Figure 6D). Conversely, the Ki6é7 staining
in KYSE-150 cells represented as an absolutely opposite phenom-

enon to above results when under the same conditions (Figure 6E).

Furthermore, we validated that EMT was enhanced by miR-1275
silence but obstructed under IR treatment, with a promoted EMT
in irradiated KYSE-150 cells in response to miR-1275 suppression
(Figure 6F), indicating that miR-1275 stimulated EC radiosensitiv-
ity by inhibiting EMT in vivo. On the whole, miR-1275 exerted an
inhibitory function in EC cell growth and it strengthened the sensi-
tivity of tumours to radiation by suppressing EMT in vivo.

4 | DISCUSSION

Over the past decades, the emerging role of ncRNAs, including
miRNAs, have been reported in the development of EC radioresist-
ance.?®3! In this study, we proved that miR-1275, which has been

revealed to exert paradoxical functions in different cancer types, 2%

34 was down-regulated in radioresistant EC cells. Meanwhile, we il-
lustrated that miR-1275 could increase the sensitivity of EC cells to
radiotherapy both in vitro and in vivo. Intriguingly, the radiosensiti-
zation of miR-1275 in EC was demonstrated to be attributed to the
negative regulation of miR-1275 on EC cell migration and EMT, while
the association between EMT and radioresistance has already been
uncovered by previous studies.?”*

Next, we attempted to explore the in-depth mechanism whereby
miR-1275 inhibited EMT and therefore enhanced radiosensitivity.
Whnt/p-catenin signalling pathway is a well-recognized oncogenic
pathway that is involved in a multitude of biological processes, includ-
ing cell proliferation, differentiation, migration, genetic stability and
apoptosis,® and the aberrant regulation of this pathway usually led
to tumorigenesis of multiple cancers.”’ Furtherly, recent researches
have highlighted the participation of Wnt/p-catenin pathway not only
in cancer progression®”%® but also in the development of radiation
resistance in numerous carcinomas.>**® Also, the interplay between
miRNAs and Wnt/B-catenin pathway in regulating EMT has also been
indicated before.** Presently, we discovered this pathway also medi-
ated the influence of miR-1275 on EC cell radioresistance.

Fortunately, WNT1, a key molecule involved in Wnt/B-catenin
pathway,*? was predicted and verified as the direct target of miR-1275
for the first time in this study, so that miR-1275 negatively regulated
Wnt/B-catenin signalling in EC cells by targeting WNT1. Collectively,
we proved that miR-1275 affected EC radiosensitivity by targeting
WNT1-activated Wnt/B-catenin pathway, and similar mechanism was
previously unearthed in the influence of miR-301a on the migration
and radiosensitivity of EC cells.** More importantly, the rescue of
WNT1 on miR-1275-regulated EC radiosensitivity was mediated by
the enhancement of WNT1-regulated Wnt/f-catenin signalling per se
on EMT,*** thus indicating the strong association among miR-1275,
EMT and WNT1 in regulating the radiosensitization of EC cells.

In current study, we disclosed unsurprisingly that miR-1275 re-
duced EC cell radioresistance through impairing EMT via inactivating
Wnt/p-catenin pathway by targeting WNT1, indicating a new effec-
tive target to overcome radioresistance of EC patients. However, to

intensify the clinical significance of miR-1275 as a therapeutic target
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for radioresistant EC patients, the effect of reagents or drugs that
result in miR-1275 up-regulation needs to be further assayed in ad-
vanced animals and even human in the future.

ACKNOWLEDGEMENT

Thanks all individuals participated.

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTIONS

Congying Xie contributed to the design of the study. Youyi Wu wrote
the manuscript. Zhenghua Fei, Congying Xie and Huafang Su per-
formed the experiments. Ya Fang and Shenlan Xiao analysed the

data. All authors read and approved the final manuscript.

ETHICAL APPROVAL

In vivo experiment was performed under the experimental ani-
mal use guidelines of the ethics committee of The First Affiliated

Hospital of Wenzhou Medical University.

DATA AVAILABILITY STATEMENT
Research data and material are not shared.

ORCID

Congying Xie https://orcid.org/0000-0001-5245-0810

REFERENCES

1. Fitzgerald RC, Vaezi MF. Esophageal diseases. Gastroenterology.
2018;154:263-266.

2. Lagergren J, Smyth E, Cunningham D, Lagergren P. Oesophageal
cancer. Lancet. 2017;390:2383-239%6.

3. Kato H, Fukuchi M, Miyazaki T, et al. Surgical treatment for esoph-
ageal cancer. Dig Surg. 2007;24:88-95.

4. Alderson D, Cunningham D, Nankivell M, et al. Neoadjuvant cis-
platin and fluorouracil versus epirubicin, cisplatin, and capecitabine
followed by resection in patients with oesophageal adenocarci-
noma (UK MRC OEO5): an open-label, randomised phase 3 trial.
Lancet Oncol. 2017;18:1249-1260.

5. Noordman BJ, Verdam MGE, Lagarde SM, et al. Effect of neoadju-
vant chemoradiotherapy on health-related quality of life in esopha-
geal or junctional cancer: results from the randomized CROSS trial.
J Clin Oncol. 2017;36:268-275.

6. Spechler SJ. Barrett esophagus and risk of esophageal cancer: a
clinical review. JAMA. 2013;310:627-636.

7. Pillai RS, Bhattacharyya SN, Filipowicz W. Repression of protein
synthesis by miRNAs: how many mechanisms? Trends Cell Biol.
2007;17:118-126.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Lu J, Getz G, Miska EA, et al. MicroRNA expression profiles classify
human cancers. Nature. 2005;435:834-838.

Fornari F, Milazzo M, Chieco P, et al. MiR-199a-3p regulates mTOR
and c-Met to influence the doxorubicin sensitivity of human hepa-
tocarcinoma cells. Can Res. 2010;70:5184-5193.

Weng J-H, Yu C-C, Lee Y-C, Lin C-W, Chang W-W, Kuo Y-L.
miR-494-3p induces cellular senescence and enhances radio-
sensitivity in human oral squamous carcinoma cells. Int J Mol Sci.
2016;17:1092.

Fawzy IO, Hamza MT, Hosny KA, Esmat G, El Tayebi HM, Abdelaziz
Al. miR-1275: a single microRNA that targets the three IGF2-
mRNA-binding proteins hindering tumor growth in hepatocellular
carcinoma. FEBS Lett. 2015;589:2257-2265.

Liu M-D, Wu H, Wang S, et al. MiR-1275 promotes cell migration,
invasion and proliferation in squamous cell carcinoma of head and
neck via up-regulating IGF-1R and CCR7. Gene. 2018;646:1-7.

Su H, Jin X, Zhang X, et al. Identification of microRNAs involved
in the radioresistance of esophageal cancer cells. Cell Biol Int.
2014;38:318-325.

Acloque H, Thiery JP, Nieto MA. The physiology and pathology of
the EMT. Meeting on the epithelial-mesenchymal transition. EMBO
Rep. 2008;9:322-326.

Nantajit D, Lin D, Li JJ. The network of epithelial-mesenchymal
transition: potential new targets for tumor resistance. J Cancer Res
Clin Oncol. 2015;141:1697-1713.

Marie-Egyptienne DT, Lohse I, Hill RP. Cancer stem cells, the ep-
ithelial to mesenchymal transition (EMT) and radioresistance: po-
tential role of hypoxia. Cancer Lett. 2013;341:63-72.

Andarawewa KL, Erickson AC, Chou WS, et al. lonizing radiation
predisposes nonmalignant human mammary epithelial cells to un-
dergo transforming growth factor beta induced epithelial to mes-
enchymal transition. Cancer Res. 2007;67:8662-8670.
Andarawewa KL, Costes SV, Fernandez-Garcia |, et al. Lack of ra-
diation dose or quality dependence of epithelial-to-mesenchymal
transition (EMT) mediated by transforming growth factor B. Int J
Radiat Oncol Biol Phys. 2011;79:1523-1531.

Chiba N, Comaills V, Shiotani B, et al. Homeobox B9 induces ep-
ithelial-to-mesenchymal  transition-associated radioresistance
by accelerating DNA damage responses. Proc Natl Acad Sci USA.
2012;109:2760-2765.

Musavi Shenas MH, Eghbal-Fard S, Mehrisofiani V, et al. MicroRNAs
and signaling networks involved in epithelial-mesenchymal transi-
tion. J Cell Physiol. 2019;234:5775-5785.

Burk U, Schubert J, Wellner U, et al. A reciprocal repression be-
tween ZEB1 and members of the miR-200 family promotes EMT
and invasion in cancer cells. EMBO Rep. 2008;9:582-589.

Dong P, Kaneuchi M, Watari H, et al. MicroRNA-194 inhibits ep-
ithelial to mesenchymal transition of endometrial cancer cells by
targeting oncogene BMI-1. Mol Cancer. 2011;10:99.

Kim T, Veronese A, Pichiorri F, et al. p53 regulates epithelial-mes-
enchymal transition through microRNAs targeting ZEB1 and ZEB2.
J Exp Med. 2011;208:875-883.

Jing Z, Gong L, Xie CY, et al. Reverse resistance to radiation in
KYSE-150R esophageal carcinoma cell after epidermal growth
factor receptor signal pathway inhibition by cetuximab. Radiother
Oncol. 2009;93:468-473.

BaoY, Liu S, Zhou Q, et al. Three-dimensional conformal radiother-
apy with concurrent chemotherapy for postoperative recurrence of
esophageal squamous cell carcinoma: clinical efficacy and failure
pattern. Radiat Oncol. 2013;8:241.

Mittal V. Epithelial mesenchymal transition in tumor metastasis.
Annu Rev Pathol. 2018;13:395-412.

Zhang P, Wei Y, Wang L, et al. ATM-mediated stabilization of ZEB1
promotes DNA damage response and radioresistance through
CHKZ1. Nat Cell Biol. 2014;16:864-875.


https://orcid.org/0000-0001-5245-0810
https://orcid.org/0000-0001-5245-0810

XIE ET AL

28. Sugase T, Takahashi T, Serada S, et al. SOCS1 gene therapy im- 38. Krishnamurthy N, Kurzrock R. Targeting the Wnt/beta-catenin
proves radiosensitivity and enhances irradiation-induced DNA pathway in cancer: update on effectors and inhibitors. Cancer Treat
damage in esophageal squamous cell carcinoma. Cancer Res. Rev. 2017;62:50-60.
2017;77:6975-6986. 39. JunS,JungYS, Suh HN, et al. LIG4 mediates Wnt signalling-induced

29. Park M, Yoon HJ, Kang MC, Kwon J, Lee HW. MiR-338-5p enhances radioresistance. Nat Commun. 2016;7:10994.
the radiosensitivity of esophageal squamous cell carcinoma by in- 40. Wang G, Shen J, Sun J, et al. Cyclophilin a maintains glioma-initiat-
ducing apoptosis through targeting survivin. Sci Rep. 2017;7:10932. ing cell stemness by regulating Wnt/p-catenin signaling. Clin Cancer

30. Luo A, Zhou X, Shi X, et al. Exosome-derived miR-339-5p mediates Res. 2017;23:6640-6649.
radiosensitivity by targeting Cdc25A in locally advanced esopha- 41. Ghahhari NM, Babashah S. Interplay between microRNAs and
geal squamous cell carcinoma. Oncogene. 2019;38:4990-5006. WNT/B-catenin signalling pathway regulates epithelial-mesenchy-

31. Zhang H, Hua Y, Jiang Z, et al. Cancer-associated Fibroblast-pro- mal transition in cancer. Eur J Cancer. 2015;51:1638-1649.
moted LncRNA DNM3OS confers radioresistance by regulating 42. Mizushima T, Nakagawa H, Kamberov YG, Wilder EL, Klein PS,
DNA damage response in esophageal squamous cell carcinoma. Clin Rustgi AK. Wnt-1 but not epidermal growth factor induces be-
Cancer Res. 2019;25:1989-2000. ta-catenin/T-cell factor-dependent transcription in esophageal

32. Wu DM, Wang S, Wen X, et al. MircoRNA-1275 promotes prolifera- cancer cells. Cancer Res. 2002;62:277-282.
tion, invasion and migration of glioma cells via SERPINE1. J Cell Mol 43. Su H, WuY, Fang Y, et al. MicroRNA-301a targets WNT1 to sup-
Med. 2018;22:4963-4974. press cell proliferation and migration and enhance radiosensitivity

33. Katsushima K, Shinjo K, Natsume A, et al. Contribution of mi- in esophageal cancer cells. Oncol Rep. 2018;41:599-607.
croRNA-1275 to Claudin11 protein suppression via a polycomb-me- 44. Ma Z, Feng J, Guo Y, et al. Knockdown of DDXS5 inhibits the pro-
diated silencing mechanism in human glioma stem-like cells. J Biol liferation and tumorigenesis in esophageal cancer. Oncol Res.
Chem. 2012;287:27396-27406. 2017;25:887-895.

34. Sun K-Y, Peng T, Chen Z, Huang J, Zhou X-H. MicroRNA-1275 sup- 45. Stemmer V, de Craene B, Berx G, Behrens J. Snail promotes Wnt
presses cell growth, and retards G1/S transition in human nasopha- target gene expression and interacts with beta-catenin. Oncogene.
ryngeal carcinoma by down-regulation of HOXBS5. J Cell Commun 2008;27:5075-5080.

Signal. 2016;10:305-314.

35. de Jong MC, Ten Hoeve JJ, Grénman R, et al. Pretreatment mi-
croRNA expression impacting on epithelial-to-mesenchymal tran- How to cite this article: Xie C, Wu Y, Fei Z, Fang Y, Xiao S, Su H.
sition predicts intrinsic radiosensitivity in head and neck cancer cell . X . L
lines and patients. Clin Cancer Res. 2015:21:5630-5638. MicroRNA-1275 induces radiosensitization in oesophageal

36. Kahn M. Can we safely target the WNT pathway? Nat Rev Drug cancer by regulating epithelial-to-mesenchymal transition via
Discov. 2014;13:513-532. Whnt/p-catenin pathway. J Cell Mol Med. 2020;24:747-759.

37. Nusse R, Clevers H. Wnt/p-catenin signaling, disease, and emerging

therapeutic modalities. Cell. 2017;169:985-999.

WILEY-"2

https://doi.org/10.1111/jcmm.14784



https://doi.org/10.1111/jcmm.14784

