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Abstract

AIM: To investigate the expression of miR-210 and the
role it plays in the cell cycle to regulate radioresistance
in oesophageal squamous cell carcinoma (ESCC).

METHODS: MiR-210 expression was evaluated in 37
pairs of ESCC tissues and matched para-tumorous nor-
mal oesophageal tissues from surgical patients who had
not received neoadjuvant therapy, and in the cells of
two novel radioresistant cell lines, TE-1R and Eca-109R,
using quantitative reverse transcription-polymerase
chain reaction (QRT-PCR). The transient up-regulation
of miR-210 expression in TE-1R and Eca-109R cells
was studied using liposomes and was confirmed us-
ing gRT-PCR. The rate of cell survival after a series of
radio-treatment doses was evaluated using the clone
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formation assay. Flow cytometry was used to detect
the changes to the cell cycle patterns due to radia-
tion treatment. RT-PCR and Western blot were used to
detect the expression of ataxia telangiectasia mutated
(ATM) and DNA dependent protein kinase (DNA-PKcs)
after irradiation, and the cell sphere formation assay
was used to evaluate the proliferative ability of the can-
cer stem-like cells.

RESULTS: The level of miR-210 expression was sig-
nificantly decreased, by 21.3% to 97.2%, with the
average being 39.2% + 16.1%, in the ESCC tissues
of most patients (81.1%, 30 of 37 vs patients with
high miR-210 expression, £ < 0.05). A low level of
expression of miR-210 was correlated with a poorly dif-
ferentiated pathological type (P < 0.01) but was not
correlated with the T-stage or lymph node infiltration
(both £ > 0.05). Early local recurrences (< 18 mo, n =
19) after radiotherapy were significantly related with
low miR-210 expression (7 = 13, P < 0.05). The level
of miR-210 was decreased by approximately 73% (vs
TE-1, 0.27 + 0.10, P < 0.01) in the established ra-
dioresistant TE-IR cell line and by 52% (vs Eca-109,
0.48 £ 0.17, P < 0.05) in the corresponding Eca-109R
line. Transient transfection with a miR-210 precursor
increased the level of miR-210 expression, leading to
a significant increase in cell survival after radiotherapy
(P < 0.05). Twenty-four hours after radiation, the pro-
portion of pmiR-210 cells in S phase was increased (vs
control cells, 30.4% + 0.4%, and vs untreated TE-1R
cells, 23.3% % 0.7%, P < 0.05 for both). The levels of
DNA-PKcs (0.21 £ 0.07) and ATM (0.12 £ 0.03, P <
0.05) proteins were significantly lower in the PmiR-210
cells than in control cells, but no differences were
found in the levels of the corresponding mRNAs in the
two cell types (P > 0.05 for all). Exogenous miR-210
expression decreased the diameter of pmiR-210 cell
spheres (vs control cells, 0.60 + 0.14, P < 0.05).

CONCLUSION: MiR-210 expression is negatively cor-
related with the pathological type and the local survival
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rate after radiotherapy, and high expression of miR-210
may reverse the radioresistance of ESCC stem-like cells.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A low level of miR-210 expression, which
is common in oesophageal squamous cell carcinoma
(ESCC) tissues, was found to be negatively correlated
with the tumour pathological type and the progno-
sis in ESCC patients after radiotherapy, although the
sample size was small. A relatively high level of /n vitro
miR-210 expression reversed the radioresistance of
ESCC stem-like cells by decreasing the extent of ataxia
telangiectasia mutated/DNA dependent protein kinase-
dependent cell cycle arrest, failure of DNA double-
strand break repair and stem cell proliferation.
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INTRODUCTION

Oesophageal squamous cell carcinoma (ESCC) has oc-
cult symptoms and signs and is difficult to diagnose in
the early stages. Radiation therapy is currently one of the
main treatments for ESCC, particularly in the case of
cervical and upper thoracic lesions. Even with concurrent
chemoradiotherapy, the 5-year survival rate is still less
than 30%, worse than those of many other squamous
cell carcinomas. Local recurrences and the apparently
increased radioresistance of recurrent tumours are the

main reasons for treatment failure.

The mechanism of tumour resistance to radiotherapy
is still unclear. There is a growing body of evidence that
mictroRNAs (miRNAs) involved in the regulation of
multiple cellular pathways are associated with radiation
resistance. A number of miR-210 target genes have been
identified that play roles in the cell cycle[l], DNA repairm,
vascular generationm and tumour stem cell survival™.
MiR-210 was shown to be involved in the radiosensitivity
of tumour cells™. Ataxia telangiectasia mutated (ATM)
is a key signalling gene in the eatly reaction to irradiation,
which causes the double-strand break (DSB)-induced
DNA damage responsem. ATM is a Ser/Thr kinase that
phosphorylates more than a hundred proteins to orches-
trate cell cycle checkpoint activity™"".

However, there is no evidence that miR-210 affects
the radiosensitivity in ESCC. Thus, the purpose of this
study was to evaluate miR-210 expression in oesophageal
cancer tissues, to explore the possibility that it participates
in regulating cellular radioresistance, and to study its pos-
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sible role in cell cycle regulation to explore the feasibility
of miR-210 as a radiation-sensitive therapeutic target.

MATERIALS AND METHODS

Patients

This study included 37 male patients with a median age
of 54 (range, 42-71) years. All of the patients had been
diagnosed with ESCC by biopsy. The para-tumorous

normal oesophageal tissues, which comprised the oe-

sophageal mucosa 5 cm from the cancer tissue collection
site and close to the resection margin, were normal in ap-
pearance. The tissue specimens were collected less than
15 min after resection, fixed for 30 min in liquid nitrogen
and stored at -80 ‘C. All of the selected patients received
radiotherapy or concurrent chemoradiation in 2008-2009.
All of the patients received radiotherapy no more than
3 mo after surgery and were followed until a local recur-
rence arose or for at least 35 mo. The median follow-up
time was 23.4 (range, 8.7-35.3) mo. This study was ap-
proved by the Institutional Review Board of the First Af-
filiated Hospital of the Medical School of Xi’an Jiaotong
University.

Cell lines and cell culture

The human ESCC cell lines Eca-109 and TE-1 (a gift of
the Department of Cardiothoracic Surgery, Second Mili-
tary Medical University, Shanghai, China) were cultured
using high-glucose Dulbecco’s modification of Eagle’
s medium (DMEM) that was supplemented with 10%
foetal bovine serum (10000 units of penicillin and 10000
pg of streptomycin per mlL, all of which were purchased
from Gibco Invitrogen, CA, United States). The stem-
like radioresistant cell lines were created using fraction-
ated radiation of up to 100 Gy, as previously described"",
and were named TE-1R and Eca-109R. Cell spheres were
cultured using DMEM/F12 medium (Gibco Invitro-
gen) that was supplemented with 2 ng/mL of epidermal
growth factor and basic fibroblast growth factor (b-FGF)
(all obtained from Pepro Tech Inc., NJ, United States) on
50 g/L agarose-phosphate Buffered Saline (PBS) coated
plates. All of the cells were cultivated in a humidified at-
mosphete containing 50 g/L of COzat 37 C.

MiRNA precursor transfection

Pre-miR-210 (50 pmol; Genetimes Tech Inc., Shanghai,
China) and a scrambled control (50 pmol; Genetimes
Tech Inc.) were transfected into TE-1R cells growing in
six-well dishes (plated at 2 X 10° cells per well 24 h be-
fore transfection), which were called PmiR-210 cells and
Ctrl cells, respectively. Transfection was conducted using
Lipofectamine 2000 (Invitrogen). The transfection effi-
ciency (> 200%) at 24, 36, 48 and 72 h after transfection
was determined using quantitative reverse transcription-
polymerase chain reaction (QRT-PCR).

RNA extraction and real-time PCR profiling of the

content of mature miRNA
The total RNA was extracted from cell lysates according
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Figure 1 MiR-210 expression in selected oesophageal squamous cell
carcinoma patients. The level of MiR-210 expression in an oesophageal
squamous cell carcinoma tumour tissue was related to the level in that patient's
para-tumorous normal oesophageal tissue.

to the manufacturer’s protocol. The concentration of the
RNA was determined using Ultraviolet Rays spectro-
photometry (NanoDrop® ND-8000 Spectrophotometer,
Thermo Fisher Scientific, CA, United States). The quality
of RNA was determined by electrophoresis on a 10 g/L
agarose gel. All of the RNA samples were confirmed
to be non-degraded by visualisation of the distinct 28S
and 18S rRNA species. The total RNA was used to syn-
thesise first-strand cDNA. The expression of mature
miRNA-210 was profiled using a real-time quantitative
PCR assay (all of the kits were obtained from Fermentas,
Thermo Scientific, CA, United States) as previously de-
scribed"".

Cell irradiation and measurement of cell viability

Cells (3 X 10 cells per well in a 12-well plate) were irradi-
ated at room temperature with 10 mV photons from a
linear accelerator (Electa, W1, United States) at doses of
2,4, 6 or 8 Gy (a uni-dose of 6 Gy for the cells that were
used in the cell-sphere formation and cell-cycle analyses).
The controls were handled identically as were the irradi-
ated cells with the exception of the radiation treatment.
The cells were allowed to grow for 7 d before analysis of
the clones or spheres that formed.

Analysis of the cell cycle distribution

Cells were seeded in 100-mL culture flasks at a density of
5 % 10° cells per flask. After 24 h, the cells were treated
with uni-dose irradiation at 6 Gy. The attached and float-
ing cells were harvested at different time points. The
cells were then suspended at 1 X 10°/mL of propidium
iodide solution (3.8 mmol/L of sodium citrate; 0.05 g/L
of propidium iodide and 1 g/L of Triton X-100) supple-
mented with RNaseB and were maintained in the dark at
4 °C. The cells were then analysed using flow cytometry.

Western blot
The cells were twice washed with phosphate-buffered
solution and then directly lysed for 30 min on ice using
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radio-immunoprecipitation assay lysis buffer (Beyotime
Institute of Biotechnology). After centrifugation at
12000 X g for 26 min, the protein concentrations were
determined using a bicinchoninic acid protein assay kit
(Beyotime Institute of Biotechnology, Jiangsu, China).
The proteins were transferred onto nitrocellulose mem-
branes. After blocking with 5% milk in Tris-buffered
saline containing 0.5 g/L Tween-20, the membranes
were incubated with anti-ATM (rabbit monoclonal anti-
body, 1:500, Epitomics, CA, United States), anti-DNA-
PKecs (rabbit monoclonal antibody, 1:500, Cell Signaling
Technology, MA, United States) and anti-glyceraldehyde-
3-phosphate dehydrogenase (rabbit monoclonal anti-
body, 1:1000, Cell Signaling Technology). The immune
complexes were detected using horseradish peroxidase-
conjugated immunoglobulin G (goat anti-rabbit antibody,
Cell Signaling Technology). The labelled antibodies were
visualised using an enhanced chemiluminescent substrate
(34079, Thermo Fisher Scientific). All of the membranes
were exposed to Kodak X-OMAT X-ray film. The details
of the method were previously described"".

Statistical analysis

The data are expressed as mean and standard deviation or
standard error of the mean of the results of two or three
independent experiments. Normalisation of the miRNA
expression levels was obtained using the comparative
DCt method (2-delta-delta computed tomography us-
ing the miR-210 expression levels in normal tissues and
that of RNAUGB as references). The difference between
the times of local recurrence of the groups was tested
for significance using the log rank test. The clones were
counted using Photoshop ¢s3 as previously described!.
After filtration through 100-pm pores and suspension in
100 pL. of cold PBS, the cell spheres in three randomised
images taken at 100 X were compared using Photoshop
cs3. Student’s #test was used to analyse the significance
of the differences between the different treatment groups
whenever applicable with the *P-value set at < 0.05 and
the "P-value set at < 0.01. The statistical analyses were
performed using SPSS version 13 software.

RESULTS

A low level of miR-210 expression in ESCC tissues is
related to early recurrence

In most of the ESCC patients, the level of miR-210
expression in the ESCC tissue was significantly lower
than that in the para-tumorous normal oesophageal tis-
sue from the same patient (81.1%, 30 of 37 patients s
patients with high miR-210 expression, P < 0.05). The
expression levels ranged from 21.3% to 97.2%, and the
average level was 39.2% % 16.1% in the patients with low
miR-210 expression. Seven patients had a higher level of
miR-210 expression in their ESCC tissues than in their
normal tissues. The level of high expression ranged from
170.4%-360.8%, and the average level was 193.5% *
36.2% (Figure 1). A poor pathological type was signifi-

cantly related to a low level of miR-210 expression in
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Table 1 Clinical and pathological data and levels of miR-210 expression in the selected oesophageal squamous cell carcinoma

patients

Clinical feature n MiR-210 expression level Local recurrence time
Low High Early Late and not

Pathological grade I 11 7 6 2 9

1 26 23 1° 17 9°
T-stage il 13 11 2 3 10*

ilf 24 19 5 16 8
Lymph node infiltration Sz 16 12 4 11 5

- 21 18 8] 8 13

°P < 0.05, °P < 0.01, patients vs the patients with miR-210 expression. All of the patients were male, with a median age of 54 (range, 42-71) years. The level of
miR-210 expression was determined using quantitative reverse transcription-polymerase chain reaction. The level of expression in the oesophageal squa-
mous cell carcinoma tissue was compared with that in the same patient’s para-tumorous normal oesophageal tissue. The endpoint of the follow-up period
was when a local recurrence arose or at least 35 mo, and 18 mo was chosen to distinguish early and non-early recurrences.
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Figure 2 MiR-210 reverses the radioresistance of TE-1R cells. A: Clonal formation of TE-1R cells that were transfected with the miR-210 mimic (pmiR-210) or with
a nonsense sequence (Ctrl) after irradiation at 0, 4 or 8 Gy of 10 mV X-rays. The experiments were performed in triplicate; B: Cell survival curve for TE-1R cells that
were transfected with the miR-210 mimic (pmiR-210) or with a nonsense sequence (Ctrl). The cell survival rates were plotted on a logarithmic scale.
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Table 2 Rates of clone formation of radiated TE-1R cells

Cell type 0 Gy 2 Gy 4 Gy 6 Gy 8 Gy

PmiR-210 100.00% # 0.77% 52.49% +0.22% 21.82% +0.17%" 3.17% +0.11%" 1.27% +0.03%"
Ctrl 100.00% # 0.14% 58.17% +0.16% 26.88% + 0.36% 7.51% % 0.09% 2.49% +0.01%

°P < 0.05, vs Ctrl. PmiR-210: TE-1IR cells transfected with an miR-210 mimic; Ctrl: TE-1R cells transfected with a nonsense sequence. The experiments were
performed in triplicate.

Table 3 Radiobiological indices of the pmiR-210 and Ctrl cells

Do Da N SF2

PmiR-210 1.73% +0.01% 1.56% +0.02%" 1.97% +0.03%" 43.62% +0.14%"
Ctrl 1.75% +0.02% 1.89% +0.13% 3.13% +0.07% 67.83% +0.16%

P < 0.05, vs Ctrl. PmiR-210: TE-1R cells transfected with the miR-210 mimic; Ctrl: TE-1R cells transfected with a nonsense sequence. The experiments were
performed in triplicate. Do: Mean lethal dose; Dq: Quasi-threshold dose; N: Extrapolated number; SF2: Survival fraction after 2-Gy irradiation. The lower Dq
and N of the pmiR-210 cells compared with those of the Ctrl cells indicate a less efficient repair of radiation damage. A low SF2 value indicates a level of

high sensitivity to radiotherapy.

the ESCC tissue (P < 0.01, Table 1). However, there was
no significant correlation between the level of miR-210
expression and the T stage (P > 0.05) or lymph-node
infiltration (P > 0.05). However, early local recurrences
(< 18 mo, 7 = 19) were significantly correlated with low
miR-210 expression (# = 13, P < 0.05). Four patients did
not experience local recurrence over the 35-mo observa-
tion period.

Up-regulated miR-210 expression reverses the
radioresistance of TE-1R cells

The level of miR-210 expression was decreased by ap-
proximately 73% (»s TE-1, 0.27 £ 0.10, P < 0.01) in
radioresistant TE-IR cells and by approximately 52% (s
Eca-109, 0.48 + 0.17, P < 0.05) in radioresistant Eca-
109R cells. Transient transfection of an miR-210 precur-
sor into TE-1R cells led to a high level of miR-210 ex-
pression at 72 h (us TE-1, > 120 times higher, P < 0.001),
compared with that of Cttl cells, which remained high
even at 5 d (approximately 19.4 times higher, P < 0.05).
PmiR-210 and Cttl cells were irradiated with a seties of
Gy doses and a significant difference in cell clone forma-
tion at 7 d of culture was observed in the cells that had
been irradiated with high dosages (Table 2, Figure 2A).
A significant left-downward trend in the pmiR-210 cell-
survival curve compared with that of the Ctrl cells was
observed (Figure 2B). The radiobiological indices (Dq, N,
SF2) of the pmiR-210 cells that were obtained by regres-
sion of their survival curve data were lower than those of
the Cttl cells (Table 2, P < 0.05 for all; Table 3), indicat-
ing their higher sensitivity to irradiation.

MiR-210 transfection induces S-phase arrest caused by
radiation stress

PmiR-210 and Ctrtl cells were uni-irradiated with 6 Gy
and then the cell cycle distribution was analysed using
flow cytometry (Figure 3). There were no significant
differences between the cell cycle distributions of the
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Ctrl and untreated cells in terms of the proportion of
cells in Go/G1 phase (64.2% + 0.5% »s 61.8% £ 0.7%,
P > 0.05), in S-phase (23.3% £ 0.8% vs 27.6% £ 0.5%,
P > 0.05) or in G2/M phase (13.4% =+ 0.4% »s 12.1% £
0.5%, P > 0.05). However, compared with that of the
Cttl cells, a significantly larger proportion of the pmiR-
210-transfected cells were in S phase (30.4% £ 0.4% vs
23.3% £ 0.7%, P < 0.05), although no significant dif-
ferences in the propottion of cells in the Go/G1 (69.2%
+ 0.7% ws 62.5% * 0.6%, P > 0.05) or G2/M (12.4% +
0.5% 25 20.2% =% 0.3%, P > 0.05) phases were observed.
The levels of DNA-pkcs and ATM mRNAs and proteins
were also analysed using RT-PCR and Western blot, re-
spectively, (Figure 4) and no differences in the relevant
mRNA levels in the two cell types were found (P > 0.05
for all), but the levels of the proteins were significantly
lower in the pmiR-210 cells than in the Ctzl cells, with
the DNA-pkes level at 0.21 * 0.07 and the ATM expres-
sion level at 0.12 + 0.03 (P < 0.05 for both) in the former
cells.

Up-regulated miR-210 expression reduces the size of
the spheres formed by the stem-like cells

The spheres that had the various cell types had developed
in serum-free medium at 7 d after irradiation were com-
pared (Figure 5). The diameters of the cell spheres that
pmiR-210 transfected TE-1R cells formed were smaller
than those formed by Cttl cells (0.60 + 0.14, P < 0.05) or
by untreated TE-1R cells (0.25 + 0.08, P < 0.01).

DISCUSSION
[14,15]

MiR-210 is highly expressed in glioma”, melanoma'*",
renal cell carcinoma"”, pancreatic cancer! ™" breast

[19-21] 122] .
cancer and lung cancer™” that are generally associ-
ated with a poor disease-free survival rate or poor overall
survival rate. The up-regulation of miR-210 expression

directly suppressed Bcl-2 adenovirus E1B 19 kDa-intet-
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Figure 3 S-phase arrest in miR-210 up-regulated radioresistant oesophageal squamous cell carcinoma cells. A: Flow cytometry was used to determine the
distribution of the cells according to the phases of the cell cycle. All of the cells were uni-irradiated at 6 Gy and analysed 24 h later. The experiments were performed
in triplicate. PmiR-210: Transfected with pmiR-210. Ctrl: Transfected with a nonsense sequence. Untr: Untreated; B: Histogram showing the cell cycle distribution of

the cells. The fractions of cells in S phase were compared. °P < 0.05, pmiR-210 vs Ctrl or Untr.

acting protein 3 (BNIP3) expression to maintain the sur-
vival of neural progenitor cells” and knocking down the
expression of miR-210 in combination with radiotherapy
was found to have enhanced its anti-tumour effect in
human hepatoma Xenografts[sl; and moreover, miR-210
expression promoted more efficient DSB repair'”. Unex-
pectedly, the significantly lower expression of miR-210
in ESCC tissues was observed in paired tumour/normal
tissue sets in our study. In this study, we observed a low
level of miR-210 expression in 81.1% of the tumours of

Roaishidenge ~ WJCO | www.wjgnet.com

1073

male ESCC patients than in the isogenically paired tis-
sues (P < 0.01), which was correlated with the early local
recurrence after surgery followed by radiotherapy (P <
0.05). Our results were consistent with those of some of
the other ESCC studies”™" in which compared to that
of normal oesophageal tissue, a low level of miR-210
expression in ESCC was correlated with either poorly
differentiated carcinoma or a poor prognosis. Although
the sample size (# = 37) is not large, all of our selected
patients received radiotherapy after surgery, which most

December 10, 2014 | Volume 5 | Issue5 |
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Figure 4 Double-strand break-related changes in protein expression in miR-210 up-regulated radioresistant oesophageal squamous cell carcinoma cells. A:
The expression levels of ataxia telangiectasia mutated (ATM) and DNA dependent protein kinase (DNA-PKcs) in transfected and control TE-1R cells. The mRNA lev-
els were determined using reverse transcription-polymerase chain reaction. The protein levels were determined using Western blot. The experiments were performed
in triplicate. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal reference; B: Histogram showing the levels of ATM and DNA-PKcs pro-
tein expression in transfected and control TE-1R cells. °P < 0.05, pmiR-210 vs Ctrl.
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Figure 5 Cell sphere formation of pmiR-210 cells after irradiation (bar: 100 pm). PmiR-210: Transfected with pmiR-210; Ctrl: Transfected with a nonsense se-
quence; Untr: Untreated. Cell spheres were allowed to form in serum-free medium for 7 d after 4-Gy radiation. The diameter and number of pmiR-210 cell spheres
were the smallest among those of the three types of cells. Bar, 100 um.

closely resembles the clinical reality. Obviously, the non- expression and radiosensitivity. The results showed that
randomised patient selection will lead to some bias in our up-regulated miR-210 expression could reverse the ra-
observations and might have caused false-positive out- dioresistance of TE-1R cells compared with the effect
comes in this study. Therefore, we used two radioresistant of transfection with the scrambled sequence (Ctrl cells,
cell lines, TE-1R and Eca-109R, to verify the relationship Figure 2, Tables 2 and 3). MiR-210 has been previously
between radioresistance and the level of miR-210 expres- shown to repress or stimulate cell proliferation, depend-
sion. ing on the cellular model. MiR-210 targets proteins that

We found that miR-210 expression was decreased are crucial for cell cycle progression, such as E2F3, FG-

in both of the radioresistant cell lines, by 73% (0.27 * FRL139, or HOXAI, to inhibit cellular growth. In con-
0.10, P < 0.07) in TE-IR cells and by 52% (0.48 = 0.17, trast, miR-210 also targets the Myc-antagonist MN'T41 to

P < 0.05) in Eca-109R cells. These results confirmed promote cell cycle progression in some types of cancer
our result that the down-regulation of miR-210 expres- cells. Lung adenocarcinoma (A549 or H1975) cells that
sion was correlated with bad local tumour control after stably expressed miR-210 did not show any alteration
surgery followed by radiotherapy. We then up-regulated in their proliferation rate but a high level of miR-210
the expression of miR-210 by transiently transfecting the expression after irradiation significantly reduced the
miRNA-210 precursor in the more radioresistant TE-1R apoptosis rate of A549 cells and improved their DSB
cells in which miRNA-210 expression was more down- repair rate”. The lack of radiosensitisation in prostate
regulated to analyse the relationship between miR-210 cancer cells treated with an miR-210 inhibitor under an-
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oxic conditions suggested that the extent of inhibition of
miR-210 expression may depend on the type of cancer
and/or the degree and duration of hypoxiam. Our results
regarding ESCC were consistent with those of another
study, in which miR-210 was found to inhibit cancer cell
survival and proliferation by inducing cell death™,

Consistent with the observed miR-210-mediated sen-
sitivity to radiation, analysis of the cell cycle distribution
of the cell populations revealed an increase in S-phase
arrest in pmiR-210 cells compared with Cttl TE-1R and
untreated TE-1R cells after irradiation (Figure 3). In
contrast, in another study, no significant changes were
observed in the cell viability rate or the cell cycle profile
when the expression of miR-210 was suppressedm. Trans-
fection with an miR-210 inhibitor was shown to decrease
the rates of cell viability and accumulation of CAKI-2
cells in the G2 phase of the cell cycle™. However, it was
previously reported that miR-210 could induce cell-type
specific proliferation. In certain transformed cells, inhibit-
ing the expression of the c-Myc antagonist and miR-210
revealed a direct target, MAX-binding protein (MNT),
which was demonstrated to be functionally important in
controlling the progression of the cell cycle through the
reciprocal up-regulation of c-Myc activity. Increasing the
level of miR-210 expression in various tumours could,
through targeting E2F3 and activin receptor 1b (ACVR1b),
activate G1/S-phase cell cycle progression and increase
the rate of cellular proliferarjonlzq. In other types of tu-
mours, depending on the contextual cues, miR-210 could
target a different set of mRNAs, such as HOXA3 and
HOXAD9, and contribute to the reduction of the rate of
cell proliferationm. The S-phase arresting effect observed
under our conditions, which contradicted the results of
another study of cell cycle arrest in the G1/Go and G2/M
phases”™, might be explained by the fact that the function
of miR-210 has to date been studied within 3 d following
transient transfection using a relatively high concentra-
tion of an miRNA precursor. The true effect of increased
miR-120 expression on the cell cycle may be observed
during shorter periods, as was found in arsenic trioxide-
treated tumour cells that were arrested at the G2/M phase
of the cell cycle at 30 h post-treatment and which over-
rode the G2/M boundary at 48 K.

To understand the potential of increased miR-210
content on the DSB repair function of TE-1R cells,
changes in the ATM and DNA-PKcs levels were evalu-
ated in pmiR-210 and Ctrl cells after irradiation. ATM
and DNA-PKcs play different roles in the DNA damage
response pathway (DDR), but both of them are activated
by the occurrence of DSB; they have common targets
in the DDR pathway and the absence of ecither kinase
results in faulty DSB repair. The absence of ATM allows
timely repair, which nevertheless, is incomplete. In con-
trast, the absence of DNA-PKcs leads to slower repair,
which in turn gives rise to the accumulation of simple
and complex chromosomal reorganisations'’. Consistent
with the miR-210-mediated sensitivity to radiation, the
levels of ATM and DNA-PKcs proteins were surptis-
ingly significantly lower in PmiR-210 cells that were sub-
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jected to 6 Gy compared with those of Cttl cells (DNA-
pkes, 0.21 £ 0.07 and ATM, 0.12 £ 0.03, P < 0.05 for
all), but no differences were found in the corresponding
mRNA levels of the two cell types (P > 0.05 for all)
(Figure 4) under our conditions. In contrast, it has been
shown that miR-210 expression promoted more efficient
DSB repair in A549 cells’”. MiR-210 has been shown to
repress mitochondrial metabolism by targeting a number
of proteins that are crucial for normal tricarboxylic acid
cycle and electron transport chain activity™. To date,
there is no evidence that miR-210 targets the 3-UTR of
ATM or DNA-PKcs mRNAs. MiR-101 can bind to the
3’-UTR of DNA-PKcs and ATM mRNAs". However,
this miRNA targeted not only the 3’-UTR but also the
5-UTR and coding sequences, which were still present
in the expression construct in which only the 3>-UTR of
ATM had been substituted, allowing ATM expression
to be regulated by miR-181a, miR-326, and miR-345"",
Thus, there is a potential for miR-210 to target the 5-UTR
or coding sequences of their mRNAs to regulate the ex-
pression of the ATM or DNA-PKcs proteins.

A radioresistant cell is considered a type of cancer
stem-like cell. Thus, we examined the effect of miR-210
expression on the sphere-formation ability of these stem
cells, which is a widely accepted method to determine
the proliferative ability of stem cells. The up-regulation
of miR-210 content directly suppressed the expression
of BNIP3 to maintain the survival of neural progenitor
cells under hypoxic conditions'. In contrast, it was ob-
served that miR-210 expression inhibited the formation
of cell spheres by ESCC radioresistant TE-1R cells (Fig-
ure 5), which is first reported here. This result suggested
that miR-210 expression reversed the radioresistance of
ESCC cancer stem cells.

Taken together, the results of this study demonstrated
that a low level of miR-210 expression was common in the
tumours of ESCC patients and that the level of miR-210
expression was negatively correlated with a pootly differ-
entiated pathological type and rate of local control after
radiotherapy. Increased miR-210 expression reversed the
radioresistance of stem cell-like cells of ESCC by de-
creasing the ATM and DNA-PKcs-dependent cell cycle
arrest and the rates of DSB repair and stem cell prolifera-
tion. The mechanisms underlying these processes must
be determined in future investigations.
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regulation of multiple cellular pathways that are associated with radiation resis-
tance. A number of miR-210 target genes that have been identified are involved
in the cell cycle, DNA repair, vascular generation and tumour stem cell survival,
most of which are important processes in the development of radioresistance.
Research frontiers

MiR-210 appears to be involved in radiosensitivity of tumour cells. However,
there is no evidence that miR-210 affects the radiosensitivity of oesophageal
squamous cell carcinoma (ESCC) cells. In this study, the authors demonstrated
that miR-210 may affect the prognosis of radiotherapy and participate in the
regulation of radioresistance in ESCC cells.

Innovations and breakthroughs

Recent reports have highlighted the importance of miR-210 expression in
hepatomas and lung cancer. This is the first study to report that miR-210 is ex-
pressed at a low level in ESCC and that the level of its expression is correlated
with the prognosis of ESCC patients treated with radiotherapy. Furthermore,
the results of the authors in vitro studies suggested that this miRNA may be an
important regulator of radioresistance in ESCC.

Applications

By demonstrating that miR-210 regulates the radioresistance of ESCC cells,
this study presents a novel target for reversing the radioresistance in relapsed
ESCC.

Terminology

The radioresistance that develops during radiotherapy leads to an increased
number of cancer stem cells, which appear to be concentrated by therapeutic
selection or radiation induction. Radioresistant cells are also called cancer
stem-like cells. These cells have been found to have a distinctive cell cycle
distribution pattern and a high efficient mechanism of DNA double-strand break
repair.

Peer review

It is meaningful in that miR-210 is explored in ESCC cells with radiation resis-
tance.
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