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Background: RNA binding protein motif (RBM3) is associated with radioresistance in nasopharyngeal
carcinoma (NPC), and miR-383-5p was predicted to target the 3'-untranslated region (3'UTR) of RBM3
messenger RNA (mRNA). Our study aimed to investigate the role and the mechanisms of miR-383-5p
targeting RBM3 in NPC cell proliferation and radioresistance (RR).

Methods: The expression of miR-383-5p was detected by Real-time quantitative PCR (QRT-PCR)
between RS (Radiosensitivity) and RR (Radioresistance) NPC patient- tissue specimens and cell lines. Cell
Counting Kit-8 (CCK-8) and Clonogenic survival assay were applied to analyze the effect of miR-383-5p
on NPC cell proliferation and radioresistance. Possible downstream target of miR-383-5p in NPC cells,
RBM3was evaluated by luciferase assay and qRT-PCR. miR-383-5p inhibited NPC cell proliferation and
radioresistance through RBM3 by rescue experiments. The effect of miR-383-5p on radiation-induced
apoptosis was explored through Flow cytometric analysis and Western blotting. Western blotting was
analyzed the molecular of RBM3-mediated Jun N-terminal kinase (JNK) and extracellular signal-related
kinase (ERK) signaling pathways

Results: The expression of miR-383-5p was decreased in radioresistant NPC tissues and cells. miR-383-
5p inhibited cell proliferation and radioresistance in CNEI/IR cells. We also observed that therapeutic
administration of a miR-383-5p agomir dramatically sensitized NPC xenografts to radiation in a mouse
model. Conversely, in the same xenograft model, administration of a miR-383-5p antagomir dramatically
increased NPC resistance to radiation. miR-383-5p targeted the 3'UTR of RBM3. miR-383-5p inhibited
NPC cell proliferation and radioresistance through RBM3. Finally, we found that miR-383-5p increased
radiation-induced apoptosis, activated JNK signaling, and inhibited ERK signaling.

Conclusions: Our study revealed that miR-383-5p targeted the 3'UTR of RBM3 and contributed to the
efficacy of NPC radiation therapy by altering the RBM3-mediated JNK and ERK signaling pathways.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most
common malignant head and neck tumors, and is especially
prevalent in the southern region of China, the Southeast
Asia (1). Radiotherapy is the primary treatment for
NPC (1), because 90% of cases are poorly distinguished
squamous cell carcinomas that exhibit radiosensitivity.
However, radioresistance remains a significant obstacle for
NPC treatment in a subset of patients (2). For this reason,
radioresistance biomarkers are currently being investigated
to enhance NPC treatment efficacy. We developed
radioresistant NPC cell lines and showed that the RNA
binding protein motif (RBM3) levels predict the NPC
response to radiotherapy (3). However, the underlying
molecular mechanisms associated with NPC radioresistance
are poorly defined.

MicroRNAs (miRNAs) are small, noncoding (NC)
RNAs that bind to the 3'-untranslated regions (3'UTRs)
of other messenger RNAs (mRNAs) and regulate mRNA
degradation or repress their translation (4). Several miRNAs
have been identified as regulators of NPC radioresistance
(5-7), so we screened the miRNA database, Target Scan,
and identified that miR-383-5p was a predicted upstream
modulator of NPC radioresistance that targets the 3'UTR
of RBM3 mRNA. Notably, miR-383-5p, which is located in
chromosome 8p, is a prognostic indicator and inhibitor of
cell proliferation in lung adenocarcinoma (8). In addition,
miR-383-5p is chemosensitive in ovarian cancer (9), and
may play an important role in ovarian tumors. Despite its
association with various cancers, the expression pattern,
clinical relevance, and functional roles of miR-383-5p in
NPC remain unclear.

Apoptosis is a critical factor that modulates the response to
radiotherapy (10). Our previous study suggested that RBM3
drives radioresistance in NPC by reducing apoptosis (3).
Interestingly, ac-Jun N-terminal kinase (JNK) inhibitors can
reduce radiation-induced apoptosis (11), and ERK signaling
activation suppresses apoptosis in radiated cells (12). Indeed,
accumulating data now indicate that radiation induces cancer
cell apoptosis via activation of JNK signaling and concomitant
inhibition of ERK pathways; therefore, we hypothesized that
miR-383-5p could attenuate the effects of RBM3 and reduce
radiation-induced apoptosis through regulation of ERK and
JNK signaling.

For the present study, we initially analyzed the
endogenous expression of miR-383-5p between RS
(Radiosensitivity) and RR (Radioresistance) NPC patient-
tissue specimens and cell lines. We then explored the

© Annals of Translational Medicine. All rights reserved.

Ma et al. miR-383-5p inhibits NPC proliferation and radioresistance

effects of miR-383-5p on NPC cell proliferation and
radioresistance, and the relationship between miR-383-5p
and RBM3. Finally, we investigated the role of miR-383-5p
on RBM3-mediated JNK and ERK signaling pathways in
the context of NPC cell proliferation and radioresistance.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6881).

Methods
Cell and tissue specimens

The human NPC cell lines, CNE1 and CNE2 were
obtained from the Shanghai Institutes for Biological Sciences
(Chinese Academy of Sciences, Shanghai, China). CNE1
and CNE2 cells were radiated with X-ray doses of 2 Gy
on non-consecutive days for 40 days, which resulted in a
total of 20 radiation treatments. Viable cells after the 20
treatments were considered as radioresistant (CNE1/IR;
CNE2/IR) and were cultured as previously described (13).
Specimens were also obtained from 20 patients and they
were classified as radiosensitive (10 cases) with no residual
tumor or radioresistance (10 cases) with viable tumors
following radiation therapy (70-75 Gy) (14). All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). Informed consent was taken from all the patients.
"This study was approved by the Ethics Committee of XiJing
Hospital (Approval ID No.YS20191010-C-1).

Real-time quantitative PCR (qRT-PCR)

Total RNA from tumor tissues and NPC cells was extracted
using the RNA simple Total RNA Kit (TIANGEN, Beijing,
China). The miRNAs from tumor tissues and NPC cells
were extracted using the miRcute miRNA Isolation Kit
(TIANGEN, Beijing, China). Reverse transcription of
RBM3 and miR-383-5p was performed using the Fast-
King gDNA Dispelling RT SuperMix and the miRcute
Plus miRNA First-Strand cDNA Kit (TTANGEN, Beijing,
China), according to the manufacturer’s instructions.
All qPCR reactions were performed using either the
SuperReal PreMix Plus (SYBR Green) or the miRcute
Plus miRNA qPCR Kit (SYBR Green; TIANGEN).
The primer sequence for RBM3 has been described
previously (3): RBM35'-TGGGAGGGCTCAACTTTAAC-
3'/5"-ATGCTCTGGGTTGGTGAAG-3". Small nuclear
U6 RNA was used as an internal control for the PCR
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reactions. Primers were purchased from TIANGEN and
the miRNA-383-5p primer had the following sequence:
AGAUCAGAAGGUGAUUGUGGCU. The relative miR-
383-5p and RBM3 mRNA expression levels in paired tissues
were analyzed using the comparative 27U method (15).

Cell proliferation analysis

NPC cells (1x10%) were seeded in 96-well plates. Cell
viability on days 1, 3, 5 and 7 was measured with the Cell
Counting Kit-8 (CCK-8, Beyotime) assay according to the
manufacturer’s instructions. Absorbance at 450 nm was
measured, and each experiment was performed in triplicate.

Clonogenic survival assay

NPC cells were transfected with a miR-383-5p mimic,
an inhibitor, or the respective control. At 48 h post-
transfection, the cells were seeded in triplicate in 6-well
plates and incubated overnight at 37 °C in a humidified
chamber that contained 5% CO,. The following day, the
cells were irradiated with 0, 2, 4, 6, 8, or 10 Gy. The cells
were then incubated for 2 weeks to allow for macroscopic
colony formation. Next, the cells were fixed for 10 min
with 95% methanol and stained with 0.5% crystal violet for
20 min. The number of colonies that contained >50 viable
cells in each treatment group was counted. Survival was then
calculated using the following formula: [number of colonies
counted/ (number of cells seeded x plating efficiency/100)].
The clonogenic survival assay was performed in triplicate
and the results are reported as the mean * standard
deviation. The survival fractions (SF) after the indicated IR
doses were used to determine radiosensitivity. GraphPad
Prism 5.0 Software (GraphPad Software Inc., La Jolla, CA,
USA) was used to calculate and fit the dose survival curve
using a linear-quadratic model.

Bioinformatics prediction

The target genes of miR-383-5p were predicted with the
assistance of the computer-aided algorithm, Target Scan
Human Release 7.0 (http://www.targetscan. org/).

Dual-luciferase reporter assay

To examine whether miR-383-5p directly targets RBM3,
we constructed a wild-type RBM3 3'UTR reporter plasmid
(RBM3-3'UTR-wt) and a mutated-type RBM3 3'UTR
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reporter plasmid (RBM3-3"UTR-Mu). Both plasmids
contained a pGL3-promoter. CNE1-IR cells were seeded
and cultured in 24-well plates (Corning, NY, USA) for 24 h.
The CNEI-IR cells were then transfected with either the
pGL3- RBM3-3'UTR-wt or the pGL3-RBM3-3'UTR-Mu
plasmid, or cotransfected with miR-383-5p noncoding (NC)
or mimic sequences and a plasmid. The luciferase assay was
performed 48 h after transfection with the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA).
The relative luciferase activity was expressed as the ratio of
firefly luciferase activity to Renilla luciferase activity.

Flow cytometric analysis of cell apoptosis

CNEI1/IR cells (5x10* cells/well) were seeded in 6-well
plates and cultured overnight. At 12 h after transfection
with miR-383-5p mimic or NC sequences, the cells were
radiated (6 Gy). Subsequently, 1-5x10 cells were collected
by centrifugation, followed by incubation with annexin V/
(PI). The cells were then washed twice with phosphate-
buffered saline and resuspended in 500 pL of binding buffer.
After 5-10 min of incubation with 5 pLL of annexin V and
10 pL of PI, the cells were analyzed with flow cytometry.
Early apoptotic cells were stained with annexin V alone,
and necrotic and late apoptotic cells were stained with both
annexin V and PL

Western blotting

The treated NPC cells were lysed and the total protein
content in the samples was measured with the bicinchoninic
acid (BCA) Protein Assay kit (Thermo Scientific, MA,
USA). A 10% 'Tris-glycine Sodium dodecyl sulfate (SDS)
polyacrylamide gel was used for electrophoresis followed
by protein transfer to a Polyvinylidene Fluoride (PVDF)
membrane. The membrane was blocked with 1% bovine
serum albumin in Tris-buffered saline with 0.1% Tween-20
(TBST) for 1 h and subsequently incubated overnight at
4 °C with anti-RBM3 (1:1,000), anti-JNK1/2 (1:500), anti-
pJNK1/2 (1:1,000), anti-ERK1/2 (1:1,000), anti-p-ERK1/2
(1:1,000), anti-Bel-2 (1:1,000), anti-Caspase3 (1:1,000),
and anti-B-actin (1:500) antibodies at 4 °C overnight. All
primary antibodies were purchased from Cell Signaling
Technology (CST). After three washes with TBST, the
membrane was incubated for 1 h with a 1:5,000 dilution of a
horseradish peroxidase-conjugated IgG antibody in TBST.
After three washes with TBST, the protein bands were
detected using a Molecular Imager ChemiDoc XRS System
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Figure 1 Evaluation of miR-383-5p expression in radioresistant samples and cell lines of nasopharyngeal carcinoma (NPC). (A) qRT-PCR

analysis of miR-383-5p was performed in NPC samples (n=10 pairs of RR and RS tissues). The expression was normalized to human U6.

The expression of miR-383-5p was lower in RR NPC samples compared with RS. (B,C) Relative expression of miR-383-5p in two pairs of
RR and RS NPC cell lines (CNE1 and CNE1/IR; CNE2 and CNE2/IR) via using qRT-PCR. The expression was normalized to human
U6. The expression of miR-383-5p was lower in RR NPC cell lines (CNE1/IR; CNE2/IR) compared with parental NPC cell lines (CNEL;
CNE2). Data are presented at the mean + standard deviation **P<0.01. RS, radiosensitivity; RR, radioresistance; NPC, nasopharyngeal

carcinoma.

(Bio-Rad, Hercules, CA, USA). The band intensities were
quantified using densitometry with Image].

In vivo xenograft tumor model

The transplanted tumor model was developed as described
in our prior work (3). Briefly, CNE1/IR cells were
subcutaneously transplanted in nude mice. When the
tumors reached a volume of approximately 500 mm’, they
were exposed to 6 Gy of radiation. The mice then received
weekly injections of miR-383-5p agomir or antagomir.
Tumor growth was measured every 2 days and calculated
according to the following formula: (length x width?)/2.
After 3 weeks of injections, the mice were killed by
cervical dislocation, and the tumors were removed and
photographed. Experiments were performed in compliance
with the ethics committee of the Air Force Medical
University guidelines for the care and use of animals (NO.:
TACUC-20191013).

Immunobistochemistry

Unstained slides for immunohistochemical analysis were
prepared from formalin-fixed and paraffin-embedded
blocks of tumors tissues, and staining was performed
as previously described (16). Briefly, the tumor slides
were incubated with primary antibody RBM3 (1:200,
Proteintech, USA), Bel-2 (1:400, CST, USA) and Caspase3
(1:200, CST, USA) at 4 °C overnight. The reaction was
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stained using diaminobenzidine as the chromogen and
observed under x200 magnification.

Statistical analysis

All values are expressed as the mean = standard deviation. A
Student’s 7 test or a two-way analysis of variance (ANOVA)
with a Tukey’s post-hot test was used for statistical
comparison, as appropriate. Statistical significance was
defined as **P<0.01.

Results

miR-383-5p expression of NPC radiation-vesistant tissue
specimens and cells

To investigate the role of miR-383-5p in NPC cell
proliferation and radioresistance, we examined its expression
in 10 pairs of RS and RR NPC patient-tissue specimens and
in two RS and RR cell lines (CNE1 and CNE1/IR; CNE2
and CNE2/IR) by qRT-PCR. We found that miR-383-
5p was downregulated in the RR NPC tissue specimens
(Figure 1A4) and cell lines (Figure 1B,C) when compared to
the RS counterparts.

Effects of miR-383-5p on NPC cell proliferation and

radioresistance in vitro

To further investigate the role of miR-383-5p in NPC,
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Figure 2 Effect of miR-383-5p on nasopharyngeal carcinoma (NPC) cell proliferation and radioresistance in vitro. (A,B) qRT-PCR analyses
of miR-383-5p expression in CNE1/IR and CNEL1 cells transfected with a miR-383-5p mimic or an inhibitor. (C,D) Cell viability was
analyzed with a CCK-8 assay in CNE1/IR and CNEI cells transfected with a miR-383-5p mimic or an inhibitor. Overexpression of miR-

383-5p resulted in evident inhibition of proliferation of CNE1/IR cells. The miR-383-5p inhibitor significantly promoted the growth of

CNEI1 cells. (E,F) miR-383-5p inhibited NPC radioresistance in vitro in the clonogenic survival assay. Overexpression of miR-383-5p using

mimics clearly inhibited the surviving fraction (SF) of CNE1/IR. Knocking down miR-383-5p using chemically synthesized miR-383-5p

inhibitors increased the SF of CNEL. The data are shown as the mean + SD. **P<0.01. NPC, nasopharyngeal carcinoma; NC, noncoding.

we transfected a miR-383-5p mimic into CNE1/IR cells
and an inhibitor into CNE1 cells. The transfection was
confirmed by qRT-PCR (Figure 24,B), and the CCK-8
assay was used to analyze NPC cell proliferation. As shown
in Figure 2C,D, overexpression of miR-383-5p decreased
cell proliferation when compared with the control CNE1/

© Annals of Translational Medicine. All rights reserved.

IR cells; In contrast, depletion of miR-383-5p increased
cell proliferation in CNEI cells. A clonogenic survival assay
was used to investigate NPC radioresistance and revealed
that miR-383-5p overexpression suppressed CNE1/IR
cell radioresistance. In contrast, depletion of miR-383-5p
increased radioresistance in CNE1 cells (Figure 2E,F). In
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Figure 3 RBM3 is a direct target of miR-383-5p. (A) Schematic illustration of the predicted miR-383-5p-binding site in the RBM3 3'UTR.
(B) Luciferase reporter assay was performed to validate that miR-383-5p targets RBM3. The reporter constructs are shown in which the
3'UTR of RBM3 with either wild-type or mutant (pGL3-RBM3-3"UTR-wt or pGL3-RBM3-3"UTR-Mu) miR-383-5p binding sites was

cloned downstream of the luciferase open reading frame. CNE1/IR cells were co-transfected with the luciferase construct and miR-383-5p

mimics or control miRNA (NC). Luciferase activity was normalized to Renilla luciferase activity. (C,D,E) miR-383-5p downregulated the

expression of RBM3. qRT-PCR and western blotting analyses of RBM3 were performed 48 h after transfection of the miR-383-5p mimics
and the miR-383-5p inhibitor. B-actin was used as an internal control. The data are shown as the mean = SD. **P<0.01. RBM3, RNA

binding protein motif; miRINA, microRNA; NC, noncoding; UTR, untranslated region.

summary, our results suggested that miR-383-5p inhibited
NPC cell proliferation and radioresistance.

RBM3 as direct target of miR-383-5p

We screened the Target Scan miRNA database and found
that miR-383-5p was predicted to target the 3'UTR of
RBM3 mRNA (Figure 34). To validate the interaction
between RBM3 and miR-383-5p, we constructed luciferase
reporter plasmids that contained either the wild-type or
a mutated form of the 3'UTR of RBM3. The plasmids
were transfected into CNE1/IR cells expressing either
miR-NC or a miR-383-5p mimic, and luciferase activity
was measured (Figure 3B). Overexpression of miR-
383-5p decreased the luciferase activity of the RBM3

© Annals of Translational Medicine. All rights reserved.

3'UTR in both reporter plasmids. Notably, site-directed
mutagenesis abolished the interaction between miR-383-
5p and the 3'UTR of RBM3. Subsequently, qRT-PCR and
western blotting were used to analyze the expression of
RBM3 mRNA and protein in miR-383-5p-overexpressing
CNE1/IR and miR-383-5p-depleted CNEL1 cells. The
results suggested that relative expression of RBM3 was
downregulated in CNEI1/IR cells that overexpressed miR-
383-5p when compared with NC-control. In contrast, the
relative expression of RBM3 was upregulated in miR-383-
Sp-depleted CNE1 cells (Figure 3C). Correspondingly,
RBM3 protein expression was decreased in miR-383-5p-
overexpressing CNE1/IR in comparison with NC-control
(Figure 3D,E). Thus, these results indicated that RBM3 was
a miR-383-5p target gene in NPC cells.
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Figure 4 miR-383-5p regulates NPC cell proliferation and radioresistance through RBM3. (A) qRT-PCR analyses of RBM3 were performed
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stably infected with LV16-shRBM3, and the relative expression of RBM3 was performed via qRT-PCR. (E,F) The miR-383-5p inhibitor
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data are shown as the mean = SD. **P<0.01. RBM3, RNA binding protein motif; NPC, nasopharyngeal carcinoma; NC, noncoding.

Location of inbibition of NPC cell proliferation and
radioresistance through RBM3 regulation

We performed a series of rescue experiments to verify
that miR-383-5p regulated RBM3. A miR-383-5p mimic
was transfected into CNE1/IR cell lines that were stably
infected with overexpression vector pCDNA3.1-RBM3,
the expression of RBM3 was confirmed by qRT-PCR
(Figure 4A4). Analysis of a proliferation assay and a
clonogenic survival assay demonstrated that overexpression
of RBM3 reversed the inhibitory effects of miR-383-5p
on cell proliferation and radioresistance (Figure 4B,C). In
contrast, a miR-383-5p inhibitor was transfected into CNE1
cell lines that were stably infected with LV16-shRBM3.
The expression of RBM3 was confirmed by qRT-PCR
(Figure 4D). Moreover, proliferation and radioresistance

© Annals of Translational Medicine. All rights reserved.

were significantly reduced by RBM3 shRNA in miR-383-
5p downregulated CNE1 cells (Figure 4E,F). Together,
these results showed that miR-383-5p inhibited NPC cell
proliferation and radioresistance by regulating RBM3.

Effect of miR-383-5p on radiation-induced apoptosis

To analyze the effect of miR-383-5p expression on NPC cell
apoptosis caused by radiation, we performed a flow cytometric
assay and found that the overexpression of miR-383-5p
promoted radiation-induced apoptosis in CNE1-IR cells
(Figure 5A4), but miR-383-5p silencing had the opposite effect
on CNEI cells (Figure 5B). To further investigate the role of
miR-383-5p on radiation-induced apoptosis, western blotting
was used to detect two apoptosis-related proteins: Bcl-2, an
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Figure 5 Radiation-induced apoptosis is enhanced by miR-383-5p. (A,B) Apoptosis was analyzed with flow cytometry in nasopharyngeal
carcinoma (NPC) cells that were transfected with miR-383-5p or an inhibitor and treated with 6 Gy of radiation. miR-383-5p increased
radiation-induced apoptosis. (C) Western blotting analyses of Bcl-2 and Caspase3 were performed 48 h after transfection of the miR-383-
5p mimics or inhibitor (X-ray 6 Gy). p-actin was used as an internal control. Image J software was used for densiometric quantification. The
data are shown as the mean + SD. **P<0.01. FITC, fluorescein isothiocyanate; NC, noncoding.

anti-apoptotic protein, and Caspase3, a pro-apoptotic protein. 383-5p mimic. In contrast, Bel-2 expression was upregulated
The data revealed that Bcl-2 expression was downregulated in in CNEI cells that were transfected with the miR-383-5p
CNE1/IR-radiated cells that were transfected with the miR- inhibitor. We also observed increased Caspase3 expression in
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The levels of JNK1/2and p-JNK1/2, ERK1/2 and p-ERK1/2 was quantified by densitometry with Image J software. The data are shown as
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CNEI1/IR-irradiated cells that were transfected with the miR-
383-5p mimic and decreased Caspase3 expression with the
miR-383-5p inhibitor in CNE1/IR-radiated cells (Figure 5C).
These results suggested that miR-383-5p increased radiation-
induced apoptosis.

miR-383-5p inbibition of NPC cell proliferation and
radioresistance via alterations in fNK and ERK signaling
pathways

Accumulating evidence suggests that radiation-induced
cancer cell apoptosis is regulated by the JNK and ERK
signaling pathways; therefore, we hypothesized that these
signaling pathways could be the downstream targets of
miR-383-5p. Upregulation of miR-383-5p in CNEI/IR
cells led to enhanced JNK activation and simultaneously

© Annals of Translational Medicine. All rights reserved.

inhibited the ERK signaling pathway. In agreement with
this data, overexpression of miR-383-5p in CNEI1/IR cells
contributed to a significant increase in the radiation-induced
activation of JNK (171.3% increase) and inhibited the
radiation-induced activation of ERK (55.4% reduction). By
comparison, the CNE1 cells with downregulated miR-383-
5p had decreased radiation-induced JNK activation (42.6%
reduction) and increased radiation-induced activation of
ERK (43.5% increase) (Figure 64,B). In summary, the data
suggested that miR-383-5p inhibited NPC cell proliferation
and radioresistance by altering ERK and JNK signaling.

Effect of miR-383-5p on in vivo NPC cell proliferation

and radioresistance

To investigate the in vivo effects of miR-383-5p on NPC
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radioresistance, we performed subcutaneous transplantation
of CNE1/IR cells in nude mice (n=6). When the tumors
were approximately 500 mm’, they were injected with
a NC-control, a miR-383-5p agomir, or a miR-383-
5p antagomir and exposed to 6 Gy of ionizing radiation
once weekly. After 3 weeks, the tumors were excised and
photographed. As shown in Figure 74, the miR-383-5p
agomir-injected tumors had significantly less radioresistance
than control injected tumors. The radioresistant tumors
exhibited attenuated growth. Conversely, the tumors that
were injected with the miR-383-5p antagomir displayed
increased radioresistance when compared with the NC
group (Figure 7B). Subsequent immunohistochemical
staining results suggested that the expression level of RBM3
in the xenograft tumors with injecting the miR-383-5p
agomir was significantly decreased compared with control
injected tumors. Conversely, the expression level of RBM3
in the xenograft tumors with injecting the miR-383-5p
antagomir was obvious increased compared to the control
injected tumors. (Figure 7C). Inmunohistochemical staining
for Caspase3 was detected to be higher with injecting the
miR-383-5p agomir compared with control injected tumors
(Figure 7D), whereas immunohistochemical staining for
Bcl-2 had the opposite result (Figure 7E). Collectively,
our results suggested that miR-383-5p inhibited NPC cell
proliferation and radioresistance.

Discussion

Radioresistance is the primary obstacle in the clinical
management of NPC (17). Accordingly, radioresistance
biomarkers and the underlying molecular mechanisms that
contribute to NPC radioresistance have been analyzed (18).
For example, our previous study identified that RBM3
was associated with radioresistance in NPC (3), but the
complete mechanism by which RBM3 contributes to NPC
radioresistance is unknown.

In the current study, we focused on miR-383-5p, which
is one of the RBM3 upstream regulatory molecules found
in radioresistant NPC cells. Because miRNAs are small,
NC regulatory RNAs, they play crucial roles in almost
all tumor processes and act as both oncogenes and tumor
suppressors in malignant tumors (19). Mounting evidence
suggests that several miRNAs are involved in NPC tumor
cell proliferation and radioresistance (20-26). Recent studies
report that dysregulation of miR-383 is associated with
various cancers, including hepatocellular carcinoma (27),
ovarian cancer (9), and lung cancer (28). However, the
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precise role of miR-383 in NPC is not fully understood. In
our study, we found that miR-383-5p was downregulated
in RR clinical samples and cells. In addition, miR-383-5p
inhibited NPC cell proliferation and radioresistance iz vitro
and in vivo. These results suggested that miR-383-5p has a
crucial role in RBM3-mediated NPC cell proliferation and
radioresistance.

Because miRNAs can inhibit the translation of mRNA,
the identification of miR-383-5p target genes is a key
step in understanding the mechanisms of NPC cell
proliferation and radioresistance. In the present study,
we used bioinformatics and a luciferase reporter assay to
identify that RBM3 is a direct target of miR-383-5p in
NPC cells. Furthermore, our data indicated that miR-383-
5p regulated NPC cell proliferation and radioresistance by
targeting RBM3, which is an RNA binding-motif protein
that contributes to NPC radioresistance by reducing
apoptosis (3). Importantly, apoptosis is essential to the
development and progression of NPC and also confers
tumor resistance to radiotherapy (29). Bucci and colleagues
found that fractionated ionizing radiation induced
apoptosis through Caspase3 activation (30). Based on
these prior findings, we investigated whether miR-383-5p
enhanced radiation-induced apoptosis in NPC cells. Our
data demonstrated that a miR-383-5p mimic enhanced
radiation-induced apoptosis in NPC, whereas a miR-383-5p
inhibitor had the opposite effect. Taken together, our results
revealed that miR-383-5p inhibited NPC cell proliferation
and radioresistance through RBM3 to promote radiation-
induced apoptosis.

Both JNK and ERK are known to have an important
role in cancer development (31). Interestingly, unlike
most cancers, NPC exhibits induced JNK regulation via a
latent membrane protein 1(LMP1)-dependentroute (32).
Prolonged JNK activation is a hallmark of both NPC and
oral squamous cell carcinoma (33,34). Indeed, constitutive
activation of JNK in NPC promotes cancer development
and JNK inhibitors have been investigated as a method
of reducing radiation-induced apoptosis (30,35). Despite
these prior studies, the JNK expression pattern and its role
in NPC radioresistance is unclear. In the current study,
we detected the expression of JNK1/2 and p-JNK1/2
in NPC cells that were transfected with a miR-383-5p
mimic or inhibitor and exposed to 6 Gy of X-ray radiation.
Interestingly, we found that overexpression of miR-383-5p
in CNEI1/IR cells significantly enhanced radiation-induced
JNK activation, whereas miR-383-5p downregulation in
CNEI1 cells inhibited radiation-induced JNK activation.
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Figure 7 In vivo inhibition of NPC cell radioresistance by miR-383-5p. (A) Tumor growth of miR-383-5p agomir- or antagomir-
treated CNE1/IR xenografts treated with 6 Gy of radiation in nude mice (n=6 each). The tumors excised from the mice are shown.
(B) Tumor growth curves were calculated and indicated that the tumor growth rate was higher in cells treated with the miR-383-5p
antagomir when compared with the negative control. Tumors treated with the miR-383-5p agomir exhibited decreased growth. (C) RBM3
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immunohistochemistry (magnification: x200). (E) Bcl-2 expression in tumors was analyzed by immunohistochemistry (magnification: x200).
The data are shown as the mean = SD. **P<0.01. RBM3, RNA binding protein motif; NPC, nasopharyngeal carcinoma; NC, noncoding.
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The ERK pathway also regulates NPC progression, and
individual pathways components have been explored as
potential biomarkers for NPC prognosis(36). Important
to our study, the activation of ERK signaling suppressed
apoptosis in irradiated cells. We analyzed ERK1/2 and
p-ERK1/2 in NPC cells that were transfected with amiR-
383-5p mimic or a corresponding inhibitor and exposed
to 6 Gy of X-ray radiation. We observed that miR-383-5p
overexpression in CNE1/IR cells inhibited ERK activation
caused by radiation. In summary, the data suggested that
miR-383-5p activated JNK and inhibited ERK signaling
pathways in NPC RR cells. From a therapeutic perspective,
targeting miR-383-5p and RBM3-mediated radioresistance
may be a promising strategy for NPC.

Conclusions

In conclusion, our data demonstrated that miR-383-5p
is expressed at low levels in RR NPC cells and clinical
samples. In addition, miR-383-5p inhibited NPC cell
proliferation and radioresistance iz vitro and in vivo through
targeting RBM3. Enhanced miR-383-5p expression
increased radiation-induced apoptosis. We also observed
that miR-383-5p could alter signaling, and that it activated
and inactivated the JNK and ERK signaling pathways,
respectively. Our study demonstrated that miR-383-
Sp is a critical regulator of NPC cell proliferation and
radioresistance. These data suggest that targeting the miR-
383-5p/RBM3/JNK/ERK signaling axis is a promising
approach to enhancing NPC sensitivity to radiotherapy.
However, the specific mechanism by which miR-383-5p
inhibits NPC cell proliferation and radioresistance through
JNK and ERK is still unclear and necessitates additional
studies.
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