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Purpose: Accumulating evidence suggests that microRNAs (miRNAs) possess diverse
cellular regulatory roles in radiation responses. In this study, we aimed to identify the role
of miR-27a in esophageal squamous cell carcinoma (ESCC) radiosensitivity by exploring the
relationship between miR-27a and heat shock protein 90 (Hsp90).

Materials and methods: We performed quantitative real-time polymerase chain reaction
(qRT-PCR) to detect miR-27a expression in the plasma of ESCC patients and healthy
volunteers. The expression of Hsp90 and its key client proteins associated with radioresis-
tance were analyzed by Western blotting. Then, the effects of miR-27a on proliferation,
apoptosis, cell cycle and radiosensitivity in ESCC cell lines were determined by CCK-8, flow
cytometry, and clonogenic survival assay. We also generated subcutaneous tumors to explore
whether miR-27a enhanced radiosensitivity in vivo.

Results: In our current study, we found that miR-27a expression was downregulated in the
plasma of ESCC patients compared with that of healthy volunteers. Overexpression of miR-
27a in ESCC cell lines caused a reduction of Hsp90 mRNA and protein. We also demon-
strated that upregulation of miR-27a induced degradation of Hsp90 key client proteins
associated with radioresistance. In related functional experiments, miR-27a significantly
inhibited growth, increased radiation-induced apoptosis, induced cell cycle arrest in Go/G;
phase and enhanced ESCC radiosensitivity both in vitro and in vivo.

Conclusion: From these findings, we concluded that miR-27a may contribute to radio-
sensitivity by modulating Hsp90 expression. Moreover, miR-27a-based therapy utilized to
target Hsp90 could be contemplated as a compelling alternative for sensitize ESCC to
radiotherapy with fewer side effects.
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Introduction

Esophageal carcinoma is the eighth most common cancer and the sixth leading
cause of cancer deaths in the world.! In China and other East Asia countries,
esophageal squamous cell carcinoma (ESCC) accounts for 90% of the total
esophageal cancers. Radiotherapy is one of the recommend treatments for
ESCC. However, the therapeutic outcomes are not satisfactory because of
intrinsic tumor radioresistance.” Therefore, therapeutic strategies to improve
the response to radiation in ESCC need to be developed. Investigation of the
underlying mechanisms of tumor radioresistance may help us explore more
effective therapeutic targets.
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One of these therapeutic targets is microRNAs
(miRNAs). Increasing evidence suggests that miRNAs
are involved in many human diseases, particularly
cancer.” miRNAs function as tumor suppressors or onco-
genes are potential targets for cancer treatment.’
Numerous miRNAs have been demonstrated to play an
essential role in the prediction and modification of antic-
ancer treatments, including radiotherapy.”® Recently, sev-
eral studies have investigated the important functions of
miR-27a as a suppressor in cancer,” and the expression
level of miR-27a has been confirmed significantly reduced
in ESCC cell lines and tissues.®’

Heat shock protein 90 (Hsp90) is explored by cancer cells
to support activated oncoproteins that are essential for onco-
genic transformation.'® In addition, Hsp90 is abundantly
expressed in esophageal cancer and esophageal cancer cell
lines."' Numerous Hsp90 client proteins have been shown to
be associated with radiosensitivity.'> Thus, inhibition of
Hsp90 provides an approach for the simultaneous targeting
of multiple proteins that can possibly serve as determinants
of radiosensitivity."> Notably, several miRNAs have been
reported to effect cancer aggression and treatment response
by reducing Hsp90 expression,'*'® including miR-27a.!”
These findings suggest that inhibition of Hsp90 through
miR-27a may not only provide a unique therapeutic pathway,
but also promote the efficacy of radiotherapy in ESCC.

In the present study, we detected miR-27a expression
in the plasma of ESCC patients. Subsequently, we upre-
gulated miR-27a and then assessed the expression of
Hsp90 as well as its key client proteins associated with
radioresistance both in vitro and in vivo. In addition, we
also conducted functional experiments to investigate
whether miR-27a can improve the radiosensitivity of
ESCC cells. The results of our study suggest that miR-
27a may present a better strategy for the treatment of
ESCC patients as a radiosensitizer, through downregulat-
ing Hsp90 expression and subsequently disrupting multi-

ple radioresistant signaling pathways simultaneously.

Materials and methods

Patients and samples

The study included 63 patients with newly diagnosed
ESCC at Shandong Cancer Hospital between May 2016
and March 2018. Peripheral blood (10 ml) was collected
from each patient before treatment. Plasma samples were
also collected as a control from 63 healthy volunteers. The
samples were snap-frozen in liquid nitrogen and then

stored at —80 °C before processing. This study was con-
ducted in accordance with the Declaration of Helsinki and
approved by the Institutional Ethics Committee of
Shandong Cancer Hospital. Written informed consent

was obtained from each participant.

Culture of ESCC cell lines and cell

transfection

Ecal09 and Eca9706 were purchased commercially from
American Type Culture Collection (ATCC) (Manassas, VA,
USA). Cells were cultured in DMEM medium (Hyclone,
Thermo Fisher Scientific, Waltham, MA, USA) supplemen-
ted with 10% fetal bovine serum (FBS), 100 U/ml penicillin
G and 100 pg/ml streptomycin at 37 °C in a humidified 5%
CO, atmosphere.

Ecal09 and Eca9706 cell lines were cultured to
40-50% confluency and transiently transfected with nega-
tive control miRNA (miR-NC) or miR-27a mimics using
EndoFectin"™-Max (GeneCopoeia, MD, USA) reagent
according to the manufacturer’s instructions. miR-27a
mimics and miR-NC were purchased from GenePharma
(Shanghai, China).

RNA extraction and quantitative

real-time polymerase chain reaction
(qRT-PCR)

Total RNA was extracted from Ecal09 and Eca9706 cells
using miRNeasy Mini kit (Qiagen). Total plasma RNA was
isolated using miRNeasy Serum/Plasma Kit (Qiagen) fol-
lowing the manufacture’s protocols.

For single-stranded complementary DNA synthesis,
500 ng of total RNA was reverse-transcribed using
PrimeScript'™ RT reagent Kit with gDNA Eraser
(Takara, Dalian, China). RT-PCR was performed with
UltraSYBR Mixture (CWBIO, Beijing, China) and LC
480 PCR System (Roche, Shanghai, China). Specific pri-
mers for Hsp90 were as follows: forward primer (F) 5'-
CGCTCCTGTCTTCTGGCTTC-3' and reverse primer (R)
5'-TGGTATCATCAGCAGTAGGGTC-3".
mers for GAPDH were as follows: forward primer (F) 5'-
CATGAGAAGTATGACAACAGCCT-3' and reverse pri-
mer (R) 5-AGTCCTTCCACGATACCAAAGT-3". For
quantification of miRNA, 500 ng of total RNA was reverse-

Specific pri-

transcribed using the miScript II RT kit (Qiagen), and miR-
27a PCR amplification was performed with specific
primers and the miScript SYBR Green PCR Kit (Qiagen).
RNUG6B (U6) was used as the endogenous control in cell
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samples. U6 and miR-39 were used as endogenous and
external control in plasma samples. GAPDH was assessed
to standardize the expression level of Hsp90 mRNA. All
the real time-PCRs were performed in triplicate. Data were
presented based on calculating 2 44",

CCK-8 assay

The effect of miR-27a on cell proliferation was evaluated
by CCK-8 assay. 2000 cells were grown in complete
medium in 96-well plates overnight and then transfected
with miR-NC or miR-27a mimics. At 0—4 days after
transfection, 10 pul CCK-8 labeling reagent (BestBio,
Shanghai, China) was added to each well with 100 ul
fresh medium. Four hours after incubation at 37 °C, the
spectrometric absorbance of cells at 450 nm wavelength
was measured using a microplate reader.

Clonogenic assay

Transfected cells were trypsinized to generate a single cell
suspension and seeded in 6-well plates at 500 cells per
well. 24 h later, the cells were irradiated with a single dose
of 0, 2, 4, 6, 8 Gy using a dedicated small animal X-ray
irradiator (X-RAD 225, Precision X-ray, North Branford,
CT, USA). The medium was replaced with a fresh one
24 h after irradiation. After incubation for 14 days, colo-
nies were fixed in anhydrous ethanol, stained with crystal
violet and the number of colonies containing at least 50
cells was counted. The colony survival fraction was calcu-
lated for each treatment.

Flow cytometry analysis of apoptosis and

cell cycle
Ecal09 and Eca9706 cells were seeded into 6-well plates
and transfected with miR-NC or miR-27a mimics. After
incubation for 24 h, the cells were irradiated with single
dose of 6 Gy rays. Both floating and attached cells were
collected by centrifugation at 24 h after irradiation.
Apoptosis analysis was assessed using Annexin V-FITC
Apoptosis detection kit (Becton Dickson, Franklin Lakes,
NJ, USA). The cells were washed twice with cold PBS and
resuspended in 1xBinding Buffer sufficiently, stained with
Annexin V-FITC and PI according to the manufacturer’s
protocol. Cell samples were analyzed within 1 h by flow
cytometry (FACS, Becton Dickson, Franklin Lakes,
NIJ, USA).

Cell cycle distribution was measured using the same
treatment as above. The cells were digested by trypsin,

washed with PBS, fixed with 75% cold ethanol at 4 °C for
48 h and dyed with PI for more than 30 min. The results
were analyzed by flow cytometry.

Protein extraction and Western blotting
Protein were extracted 48 h after Ecal09 and Eca9706
cells were transfected with miR-NC or miR-27a mimics.
For combination, cells were irradiated with single dose of
6 Gy rays after 24 h of transfection and the protein were
extracted 24 h after irradiation. Then cells were washed
with PBS, and added to RIPA Lysis Buffer and PMSF
(Beyotime, Shanghai, China). Equal amounts of protein
were separated by SDS-PAGE and electrotransferred to
polyvinylidene fluoride (PVDF) membranes. The mem-
branes were blocked with 5% non-fat dry milk that was
dissolved with 1XxTBST and then incubated with the indi-
cated primary antibodies at 4 °C overnight. After washing
with 1XTBST three times, the membranes were incubated
with secondary antibody for 1 h at room temperature.
Specific antigen-antibody interactions were detected with
enhanced chemiluminescence.

Primary antibodies used were anti-Hsp90a. rabbit mono-
clonal antibody, anti-phospho-EGFR™™%* rabbit monoclo-
nal antibody, anti-phospho-c-Raf>*>*® rabbit monoclonal
antibody, anti-phospho-Akt>™”* rabbit monoclonal anti-
body, anti-cleaved PARP rabbit monoclonal antibody and
anti-B-actin rabbit monoclonal antibody (Cell signaling tech-
nology, Beverly, MA, USA).

Animal experiments

2x10° transfected ESCC cells suspended in 100 pl of phos-
phate-buffered saline were injected subcutaneously into the
right hindlimbs of BALB/c nude mice (female, 4-5 weeks
old, Beijing HFK Bioscience Co., Ltd, China). After 10 days,
when the tumor diameters reached approximately 5—6 mm,
the nude mice were randomly divided into two groups (n=6
each). NC agomir or miR-27a agomir (RiboBio Co., Ltd,
Guangzhou, China) was then directly injected into the
implanted tumor at a dose of 5 nmol per mouse every
3 days for 15 days. The mice were irradiated with a single
dose of 6 Gy 24 h after the first injection. Tumor size was
measured every 3 days since the first day of injection of
agomir. The tumor volume was calculated according to the
formula: tumor volume =0.5xlengthxwidth’. At 48 h after
the last injection, the mice were sacrificed and the tumors
were resected, weighed and measured. After weighing and
measuring they were fixed in 4% paraformaldehyde for 24 h
and embedded in paraffin according to standard histological
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procedures. All animal studies were approved by Shandong
Hospital Experimental Animal Care Commission and con-
ducted in compliance with UKCCCR guidelines.

Immunohistochemistry

Tumor sections were deparaffinized in xylene and rehydrated
in graded alcohols and distilled water. Then the sections were
treated with 3% hydrogen peroxide for 15 min to eliminate
endogenous peroxidase activity. Following antigen retrieval,
goat serum was used to block the nonspecific binding. Then
the sections were incubated with primary antibody (Hsp90,
p-EGFR and cleaved PARP) overnight at 4 °C. Negative
controls were incubated with the negative control antibody
under the same condition. After that the sections were
washed and stained with secondary antibodies for 1 h, fol-
lowed by incubation with conjugated HRP streptavidin for
1 h. Finally, the sections were incubated with diaminobenzi-
dine and counterstained with hematoxylin. Images were
obtained under a light microscope.

Statistical analysis

Statistical Package for Social Sciences software (SPSS
Version 22.0) was used for all statistical analysis. All data
were shown as mean + SD. Data were analyzed by Student’s
t-test when comparing two groups and by one-way ANOVA
when comparing more than two groups. Differences with
P-value <0.05 were considered statistically significant.
Experiments were performed at least three times.

Results
miR-27a expression was downregulated
in ESCC patients’ plasma

Previous studies confirmed that the expression level of miR-
27a significantly reduced in ESCC tissues and cell lines.*’
Here we also found that miR-27a level was much lower in 63
ESCC patients’ plasma than healthy volunteers (0.57+0.03
vs 0.79+0.06; P<0.001) (Figure 1A). There was also a good
correlation between miR-27a level in plasma and tumor
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Figure | The relative expression of miR-27a in plasma and ESCC cell lines was analyzed.
Notes: (A) miR-27a was significantly decreased in ESCC patients’ plasma. The levels of miR-27a in 63 ESCC patients’ plasma were compared with that in 63 healthy
volunteers (P<0.001), (T= ESCC plasma, N=healthy volunteers plasma). (B) miR-27a expression levels were significantly increased after transfection with miR-27a mimics

compared with miR-NC group (**P<0.001).

Abbreviations: ESCC, esophageal squamous cell carcinoma; miR-NC, negative control miRNA.
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T stage, lymph node metastasis (P<0.05). All the results
reveal the potential role of miR-27a as a tumor suppressor
in ESCC. In addition, miR-27a expression was upregulated
in miR-27a mimics transfected ESCC cells (Figure 1B).

miR-27a downregulated Hsp90 expression
and induced degradation of Hsp90 key client

proteins associated with radioresistance

The inhibition of Hsp90 is a multitarget approach to
radiosensitization.'> EGFR, Akt, Raf-1 are client proteins of
Hsp90 that have been reported to be associated with
radiosensitivity.'®° In order to assess the functional relevance
of miR-27a, we detected the alteration in the expression of
Hsp90 and these key client proteins. As shown in Figure 2A,
the mRNA level of Hsp90 was significantly decreased in
Ecal09 (5.44+0.27 vs 2.78+0.18, P=0.004) and Eca9706
(3.7740.29 vs 1.71£0.30, P=0.023) cells after miR-27a
mimics transfection. The protein level of Hsp90 was also

>

significantly decreased in both cell lines (Figure 2B). What’s
more, miR-27a or in combination with radiation induced
degradation of p-EGFR, p-Akt and p-c-Raf (Figure 2C).
However, miR-NC plus 6 Gy radiation had a limited effect
on the level of these key proteins. Cleaved PARP is considered
to be a hallmark of apoptosis. As shown in Figure 2C, mod-
erate PARP cleavage was seen when transfected with miR-NC
following 6 Gy radiation. Encouragingly, it was obviously
elevated in both cell lines transfected with miR-27a mimics
or in combination with radiation. These results indicated that
miR-27a downregulated Hsp90 expression, and subsequently
induced degradation of Hsp90 key client proteins associated
with radioresistance.

miR-27a inhibited the proliferation and

sensitized ESCC cells to radiation
CCK-8 assay was used to evaluate the effect of miR-27a on
proliferation ability of ESCC cells. As shown in Figure 3A,
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Figure 2 miR-27a downregulated the expression of Hsp90 and radioresistant proteins.
Notes: (A) Hsp90 mRNA decreased significantly in Ecal09 and Eca9706 cells transfected with miR-27a mimics (*P<0.05, **P<0.01). (B) Hsp90 protein was consistent with
Hsp90 mRNA. (C) The expression level of radioresistant proteins and cleaved PARP in ESCC cells transfected with miR-NC or miR-27a mimics, or in combination with 6 Gy

radiation were detected by Western blotting.

Abbreviations: ESCC, esophageal squamous cell carcinoma; Hsp90, heat shock protein 90; miR-NC, negative control miRNA.
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Figure 3 Effect of miR-27a on proliferation and radiosensitivity in ESCC cells.
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Notes: (A) miR-27a inhibited ESCC cells proliferation. CCK-8 assays were performed to evaluate cell proliferation at 0—4 days after transfection of miR-NC or miR-27a
mimics in Ecal 09 and Eca9706 cells (*P<0.05, **P<0.01). (B) miR-27a radiosensitized ESCC cell lines. ESCC cells were transfected with miR-NC or miR-27a mimics and then
irradiated with 0, 2, 4, 6, 8 Gy. Clonogenic assays were performed and surviving fractions were fitted to the linear-quadratic equation (*P<0.05, **P<0.01).
Abbreviations: ESCC, esophageal squamous cell carcinoma; miR-NC, negative control miRNA.

miR-27a significantly inhibited the proliferation of Ecal09
and Eca9706 cells. We then evaluated if upregulation of
miR-27a could influence the colony forming ability of
ESCC cells. The result of clonogenic assay (Figure 3B)
showed that miR-27a significantly increased the antitumor
effect of radiation at 4 Gy, 6 Gy and 8 Gy in both of the two
cell lines (Ecal09: P=0.021 at 4 Gy, P=0.023 at 6 Gy,
P=0.034 at 8 Gy; Eca9706: P=0.004 at 4 Gy, P=0.027 at
6 Gy, P=0.007 at 8 Gy). As shown of the results above,
upregulation of miR-27a inhibited growth and enhanced
radiosensitivity in ESCC cells.

miR-27a promoted radiation-induced
apoptosis and induced Gy/G, arrest in
ESCC cell lines

Apoptosis is one of the major factors regulating radio-
To
a radiosensitizer through regulation of apoptosis, we

resistance. investigate whether miR-27a acts as
examined the apoptosis following radiation (Figure 4A).
The result showed that the proportion of total apoptotic
cells in ESCC cells treated with miR-27a mimics alone
(Ecal09: P=0.005, Eca9706: P=0.043), or in combination
with 6 Gy radiation (P<0.001) increased significantly com-
pared with the cells treated with miR-NC following 6 Gy

radiation (Figure 4B and C). Therefore, overexpression of
miR-27a significantly promoted radiation-induced apopto-
sis in ESCC cells. The result indicated that miR-27a may
be used as a radiosensitizer in the radiotherapy of ESCC
patients to improve the antitumor effect of radiation.
Flow cytometry was performed to measure the status of
cell cycle (Figure 5A). After the miR-27a mimics trans-
fected Ecal09 cells were treated with 6 Gy radiation, the
proportion of cells in Go/G; phase significantly increased
(P<0.001), and the proportion of cells in S phase
(P=0.006) and Gy/M phase (P=0.02)
decreased compared with miR-NC transfected cells fol-

significantly

lowing 6 Gy radiation (Figure 5B). The same changes of
the proportion of cells in Gy/G; phase (P<0.001) and
S phase (P<0.001) were observed in Eca9706, whereas
no significant changes were detected in the proportion of
cells in Go/M phase (Figure 5C). These results suggested
that miR-27a might promote radiation-induced apoptosis
by inducing cell cycle arrest in Go/G; phase in ESCC cells.

miR-27a enhanced radiosensitivity of
ESCC in xenograft models

To explore whether miR-27a enhanced the radiosensitivity
of ESCC in vivo, we generated subcutaneous tumors in
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Notes: (A) Apoptosis was assayed by flow cytometry. Combination of miR-27a mimics and 6 Gy radiation induced significant apoptosis in both of the two cell lines. (B and C)
Bar graphs represent the total apoptosis (early apoptosis plus late apoptosis) of all conditions (*P<0.05, **P<0.01, ***P<0.001).
Abbreviations: ESCC, esophageal squamous cell carcinoma; miR-NC, negative control miRNA.

nude mice using Ecal09 and Eca9706 cells, and treated
the mice with an intro-tumor injection of NC agomir or
miR-27a agomir. After radiation, the tumors of miR-27a
agomir treated group grew evidently slower compared
with the NC agomir treated group (Figure 6A and B). To
investigate the underlying mechanisms of miR-27a
mediated radiosensitivity in ESCC xenograft models, we
performed IHC to detect the expression of Hsp90, p-EGFR
and cleaved PARP. EGFR was suggested to predict the
radiosensitivity and prognosis of ESCC.>' As shown in
Figure 6C and D, the expression levels of Hsp90 and
p-EGFR were decreased, while the expression level of
cleaved PARP was increased in the tumors injected with
the miR-27a agomir compared with these levels in the
tumors injected with NC agomir.

Discussion

miR-27a was recently reported to be downregulated in
ESCC cell lines and tissues.®*® However, whether miR-
27a contributes to radiosensitivity in ESCC was an open
question. In the present study, we confirmed that miR-27a

expression was also downregulated in ESCC patients’
plasma. Subsequently, we showed that miR-27a downre-
gulated Hsp90 expression and then induced degradation of
Hsp90 key client proteins associated with radioresistance.
Also, miR-27a inhibited growth, increased radiation-
induced apoptosis and enhanced radiosensitivity in ESCC
both in vitro and in vivo. Our study highlights the possi-
bility that miRNAs-based therapy could be utilized to
target Hsp90, thereby improving the response of ESCC
patients to radiotherapy.

Radiotherapy is an important modality in ESCC treatment.
However, tumor intrinsic radioresistance accounts for the high
recurrence and poor survival of ESCC patients. Therefore, it is
an urgent problem to find effective radiosensitizers to improve
strategies of radiotherapy. Recent studies have shown that
miRNAs play an important role in radiation-induced gene
expression, cell-signaling events and regulation of damage-
response pathways.?* In the context of ESCC, miR-21, miR-
96, miR-205 and miR-193a-3 were demonstrated to promote
the development of radioresistance, while miR-98, miR-124,
miR-381 and miR-338-5p sensitized ESCC cells to
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radiation.” Therefore, miRNAs may have significant potential
as targets for the development of new therapeutic strategies to
overcome radioresistance in ESCC. In our study, a significant
increase in the expression of cleaved PARP, a marker of
apoptosis, was observed both in vitro and in vivo. Besides,
upregulation of miR-27a following radiation significantly
inhibited growth, enhanced apoptosis and induced cell cycle
arrest in Go/G; phase in ESCC cells. It is well known that
cellular radiosensitivity is determined by numbers of funda-
mental process, including apoptosis and cell cycle phase
distribution."® Our data of these functional experiments indi-
cated that miR-27a could be a good candidate therapeutic
molecular target for improving the radiosensitivity of ESCC.
In this study, we also explored the possible mechanism of
miR-27a regulating the sensitivity of radiotherapy. It is truly
challenging to develop a single therapeutic modality that can
target a single factor which is linked to multiple pro-
proliferative factors. One-pot Hsp90-targeting should enable
regulation of multiple pathways and related proteins
for comprehensive tumor regression and treatment.**
Hsp90 has been established as a determinant of tumor

radiosensitivity. Identifying miRNAs that inhibit Hsp90
expression is crucial for effective Hsp90 targeting. Previous
studies have confirmed that miR-27a partially shares the seed
sequence to bind to the 3’-untranslated region (3’-UTR) or
amino acid coding sequences (CDS) region of Hsp90 gene.*
Herein, we demonstrated that miR-27a reduced Hsp90
expression not only at the levels of translation, but also
transcription. To determine whether Hsp90 downregulation
by miR-27a can result in weakened radiosensitivity signal-
ing, we evaluated the expression of p-EGFR, p-Akt and
p-c-Raf. Intriguingly, both Ecal09 and Eca9706 cells exhib-
ited degradation of these key client proteins associated with
radioresistance. Several signaling pathways related to radio-
resistance may be blocked simultaneously. In addition,
downregulation of EGFR and Akt were associated with
decreased phosphorylation of DNA-dependent protein
kinase catalytic subunit (DNA-PKcs) and delayed DNA
repair.”® Consequently, sensitivity to radiotherapy was
enhanced. The results of our in vivo experiment also indicate
that miR-27a plays as a tumor suppressor and improves the
radiosensitivity in ESCC. All the data indicate that the
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Figure 6 miR-27a enhanced radiosensitivity of ESCC in xenograft models.

Notes: (A) Tumor growth curves presented by tumor volume indicated that miR-27a inhibited ESCC xenografts growth after radiation (*P<0.05, **P<0.001). (B) Tumor
images of different groups after radiation. (C and D) IHC staining was used to detect the expression of Hsp90, p-EGFR and cleaved PARP in the xenograft sections (scale bar

=50 pm). *P<0.05, *+P<0.001.

Abbreviations: ESCC, esophageal squamous cell carcinoma; NC, negative control; Hsp90, heat shock protein 90.

inhibition of Hsp90 by miR-27a may have broader applica-
tion against ESCC radioresistance.

Nowadays, targeted biological therapies that selec-
tively interfere with cancer cell growth signals may
improve patient survival by enhancing the effects of
radiation with little damage to normal tissue. For exam-
ple, artificial miRNAs are basically designed to utilize
the cellular machinery for expression, processing and
targeting of mRNAs. It can be used to target and inhibit

Hsp90 by delivering plasmid containing miRNAs con-
struct against Hsp90.>* In addition, it has been estab-
lished that exosomes contain miRNAs and can be
manipulated to transfer miRNAs representing therapeu-
tics to recipient cell.?” O’Brien et al have found that
miR-134 in exosomes reduced Hsp90 expression, ulti-
mately adding value to anti-cancer agents.'® Taken
together, the design of these delivery systems ensures
the stability of synthetic miRNAs in the circulation and

OncoTargets and Therapy 2019:12
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provides tumor-specific targeting and delivery. What’
more, it is integral to translate miRNAs-based therapy
utilized to target Hsp90 to the clinic.

To our knowledge, this is the first comprehensive report
concerning the role of miR-27a in radiosensitivity in ESCC
by modulating Hsp90 expression. In general, miRNAs mod-
ulate the gene expression through base pairing to comple-
mentary sites in the 3'-UTR of their target miRNAs.
However, recent study showed that miRNAs can regulate
target miRNAs by binding to the CDS region.”® The detailed
mechanism underlying the control of gene expression via the
CDS regions has not yet been identified, although the
homology between the miR-27a seed sequence and CDS
regions of Hsp90 gene may be important for the regulation
of those expressions. Further investigations are certainly
necessary to understand the complete mechanism.

Conclusion

In the present study, we reported a novel role for miR-27a
as a key regulator of radiosensitivity and showed that miR-
27a sensitized ESCC to radiation by downregulating
Hsp90 expression. All of these data suggest that miR-27a
may be a potential therapeutic target for improving the
response of ESCC patients to radiation therapy.
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