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Background: Radio-resistance is an important barrier in nasopharyngeal carcinoma treatment. MicroRNAs are gene expres-
sion core regulators in various biological procedures containing cancer radio-resistance. Nevertheless, the clin-
ical association between nasopharyngeal carcinoma and miR-193a-3p/SRSF2 remains unclear.

Material/Methods: We examined the miR-193a-3p level in radio-sensitive CNE-2 and radio-resistant CNE-1 NPC cell lines, and,
based on a literature review, predicted SRSF2 to be the target gene of miR-193a-3p. We explored the expres-
sion of SRSF2 at protein and mRNA levels by transfecting either miR-193a-3p-mimic or antagomiR. Finally, we
performed signaling pathway analysis to assess the possible role of miR-193a-3p/SRSF2 in signaling pathways.

Results: miR-193a-3p promotes NPC radio-resistance, and the SRSF2 gene is the direct target for miR-193a-3p in NPC,
and thus is negatively correlated with NPC radio-resistance. The hypoxia signaling pathway activity is strongly
affected, and it is possible to use the downstream activity of the SRSF2 gene to show the effect of miR-193a-3p
on radio-resistance in NPC cells.

Conclusions: miR-193a-3p mediates promotion of NPC radio-resistance.

MeSH Keywords: Head and Neck Neoplasms ¢ Nasopharyngeal Diseases ¢ Nasopharyngeal Neoplasms
Abbreviations: NPC - nasopharyngeal carcinoma; miR — microRNA; WT — pGL3-SRSF2 UTR wild-type; UTR -
untranslated region; 3PM - miR-193a-3p mimic; 3PA — miR-193a-3p antagomiR; MT — pGL3-SRSF2 UTR

mutant; Vec — pGL3 enhancer control
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Material and Methods

Nasopharyngeal carcinoma (NPC) is a neoplastic disorder that
arises from the lining of the nasopharynx. NPC is most com-
mon in Southeast Asia and Southern China, and it is one of the
leading malignancies with obscure etiology [1]. Radio-therapy
is an important treatment for non-metastatic NPC. The combi-
nation of radio-therapy with chemotherapy can increase sur-
vival, even in relatively advanced NPC [2]. However, due to
the radio-resistance, some NPC patients treated with radio-
therapy have local recurrences and distant metastases after
1-2 years [3]. Therefore, it is important to identify the related
genes and define the potential mechanisms for the improve-
ment of radio-resistance of NPC.

MicroRNAs (miRNA) belong to a class of conserved endogenous
non-coding small RNAs, which are involved in a wide range of
biological processes [4]. They are identified as potential can-
cer biomarkers and are related to distinct tumor behaviors,
including proliferation [5], invasion [6], metastasis [7], angio-
genesis [8], and chemoresistance [9]. Aberrant expression of
miRNAs, such as miR-210, miR-32, miR-21, and miR-7, is in-
volved in the radio-resistance of multiple cancers [10-13]. Of
note, several miRNAs were found to regulate the radio-resis-
tance of NPC, such as miR-324-3p [14], miR-185-3p [15], and
miR-205 [16]. Among the miRNAs that have been studied,
dysregulation of miR-193a-3p has been reported in colorectal
cancer [17], breast cancer [18], and prostate cancer [19]. miR-
193a-3p has also been reported to be involved in multi-drug-
resistant bladder cancer [20]. Nevertheless, the role of miR-
193a-3p in response to radiation treatment for NPC is unclear.

SRSF2 is a 35 kDa serine/arginine-rich protein, which belongs
to the highly conserved splicing factor family in higher eukary-
otes, contributing to gene splicing and alternative splicing.
SRSF2 plays a key role in additional interactions between the
various steps in expression of the SRSF2 gene, and can also
regulate transcriptional activation and elongation [21]. By in-
teracting with transcription factor E2F1, SRSF2 stimulation
regulates cell cycle gene activity [22]. SRSF2 not only changes
the splicing mode, but also changes the expression of genes
involved in apoptosis [23].

In the present study, we assessed genes that are differentially
expressed in NPC. We found that NPC radio-resistance is facil-
itated by miR-193a-3p through SRSF2 gene repression, which
is a recently identified miR-193a-3p target. We performed
a systematic analysis of role of the SRSF2 gene in NPC cell
radio-resistance.
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Cell lines

We used the cells lines of human nasopharyngeal carcinoma,
including radio-sensitive CNE-2 and radio-resistant CNE-1 [24].
Cells were cultured in RPMI medium 1640 with 10% fetal bovine
serum (Invitrogen, CA, America) in 5% CO, at room temperature.

Transient transfection assays

The si-SRSF2, scrambled negative control (NC), antagomir,
and Homo sapiens miR-193a-3p mimics were from Ribobio
(Guangzhou, China). AntagomiR and miR-193a-3p mimics were
designed for overexpressing and suppressing the expression of
miR-193a-3p, respectively. si-SRSF2 was adopted for decreasing
SRSF2 expression. Transient transfection was performed ac-
cording to the manufacturer’s instructions.

The sequences were:

antisense 5’-ACUGGGACUUUGUAGGCCAGUU-3’
sense 5’-AACUGGCCUACAAAGUCCCAGU-3’
mimics:

antagomiR: 5’-ACUGGGACUUUGUAGGCCAGUU-3’;
hsa-miR-193a-3p

hi-SRSF2:

5" UCGGUCUCCAGAUCUCGUUTT 3’

5" AACGAGAUCUGGAGACCGATT 3

Reverse transcription-quantitative polymerase chain
reaction (qRT-PCR) assays

In accordance with the instructions of the manufacturer,
the overall RNA was extracted by TRIzol reagent (Invitrogen,
USA). The PCR primers and reverse-transcription for U6 and
miR-193a-3p were from Ribobio (Guangzhou, China). The
cDNA library was synthesized. The mRNA expression level of
SRSF2 was assessed by TagMan assay and miRNA using SYBR
Green assay (Biosystems, CA, America) quantified with an FTC-
3000PCR instrument (Funglyn Biotech, Inc., Canada). Either
B-actin or U6 small nuclear RNA (HmiRQP9001) (ShingGene,
Shanghai, China) was used an internal control [25]. Expression
levels were measured using the related quantification strategy
(2722Ct). All tests were repeated in triplicate.

Radiation exposure and clonogenic assays

Every cell was pretreated by si-SRSF2, antagomiRs, miR-193a-3p
mimics, and NC for 24 h and then seeded onto 6-well plates
in triplicate, followed by exposure to 0, 2, 4, 6, or 8 Gy radi-
ation. After being incubated for 10-14 days at room temper-
ature, colonies were stained by using crystal violet, and col-
onies with over 50 cells were counted. The colony-formation
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Figure 1. (A—C) xpression of miR-193a-3p/SRSF2 within radio-sensitive CNE-2 and radio-resistant CNE-1 nasopharyngeal cells.
The expression levels of miR-193a-3p within CNE-2. SRSF2 expression level was higher within CNE-2 cells compared
with that in CNE-1 cells, as shown in Table B. Western blot and gRT-PCR analyses results are presented in plot C.

effectiveness was assessed by the average number of plated
cells. The multi-target single-hit pattern was fit to the statis-
tics for generating survival fraction (SF) by use of the equa-
tion: SF=1-(1-e-D/D0)"N. The parameters SF2, DO, Dg, and N
were calculated. More than 3 separate tests were conducted.

Western blotting assays

Protein were extracted from cells at exponential development
stage by use of a lysis buffer, transferred to a PVDF membrane
from the gel, and separated by 10% SDS-PAGE. Later, the PVDF
membrane was blocked with 5% non-fat milk. Then, the pri-
mary antibodies were detected by second antibodies. Anti-
GAPDH, anti-mouse, anti-rabbit, and SRSF2’s rabbit polyclonal
antibodies were purchased from HopeBiot (cat. no. PR-8305),
and the concentration was 45 pg/150 pl. The target bands
were visualized and the related band intensity was assessed.

Apoptosis assays

Transfected and parental (2 days) cells within the log growth
phase were harvested and washed twice using PBS, then 5 pl
(20 pg/ml) of propidium iodide-labeled necrosis factor and 5 pl
of Annexin V-FITC-labeled apoptosis factor were added to 200 pl
of cell suspension. hen, the cells were incubated for 30 min in
the dark at room temperature, and apoptosis was quantified
using a FACSCalibur flow cytometer (Beckman Coulter, USA)
and analyzed by Flowjo7.6 software (TreeStar, San Carlos, CA,
USA). Every test was performed in triplicate and a represen-
tative result is presented.

Luciferase reporter assays
The mutant (MT) 3’'UTRs and SRSF2 wild-type (WT), including

the putative miR-193a-3p binding site, were cloned to the
PGL3-luciferase-report vector (Invitrogen, USA). For luciferase
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reporter assay, CNE-2 and CNE-1 cells were co-transfected
with the antagomiR or miR-193a-3p mimic. After transfection
for 24 h, the cells were assayed for luciferase activity, in ac-
cordance with the instructions of the manufacturer. All tests
were repeated in triplicate.

Signaling pathway analysis

Concepts for Constructs for 18 signaling pathway reporters
were from SA Biosciences (USA) and were used according to
the manufacturer’s instructions. The cells were transfected in
triplicate, with every firefly luciferase reporter construct cal-
culated within the cell extracts after transfection for 24 h. The
pathway reporter luciferase activities (luciferase unit) were used
to indicate pathway activity relative to the negative control.

Wound-healing assays

For motility assays, cells were grown to near confluence. The
cell layer was scratched by using a 10-pl sterile pipette tip and
washed extensively with PBS to remove cellular debris. Cells
were then incubated in medium with 10% FBS. The injured
region was measured and photographed at 0, 8, 24, and 48 h
after scratching. All tests were repeated in triplicate.

Transwell invasion assays

The Transwell cell invasion experiment was carried out on 24-
well plates with a pore size of 8 mm. In the invasion experi-
ment, 1x10* cells with stable expression of mimics or NC were
placed in the upper chamber, and the matrix gel coating mem-
brane was diluted in serum-free medium. In the experiment,
cells were suspended in 100 ml RPMI-1640 without FBS and
then inoculated into the upper chamber. In the lower cham-
ber, we added 500 ml RPMI-1640 and 10% FBS. After 30 h of
incubation, the inserts were removed from the culture plate
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Figure 2. SRSF2 is a direct target of miR-193a-3p within NPC cells. SRSF2 mRNA, miR-193a-3p, and protein levels within the CNE-1
cells, as well as miR-193a-3p mimic (3PM)-transfected CNE-2 cells, were assessed by Western blot analyses (C) or gRT-PCR
(A, B). Sequences within the UTR area of SRSF2 gene are targeted by miR-193a-3p. Cross-hatching shows the synthetic
region (D). The reporter’s related luciferase activities (fold) without the UTR (Vec) or with the wild-type (WT) SRSF2-UTR
were assessed within the NPC cells transfected with the antagomiR (in CNE-1), miR-193a-3p mimic (in CNE-2), or Mock
(E) sequences. Renilla luciferase activity of Aco-transfected control plasmid was used a control for the effectiveness of the

transfection. * p value<0.05 by t test.
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Figure 3. Effect of forced reversal of SRSF2 or miR-193a-3p levels on CNE-2 and CNE-1 cell radio-resistance. The survival fraction of
NC cells is increased by miR-193a-3p mimic (3PM)-transfected CNE-2 against the negative control (NC) cells (A). The protein
(Western blot analysis) and SRSF2 mRNA (qRT-PCR) levels within the si-SRSF2-transfected against the NC-transfected CNE-2
cells treated with a 4-Gy dose of radiation (B, C). The survival fraction of NC cells was increased by Si-SRSF2-transfected
CNE-2 against the negative control (NC) cells (D) and were reduced by miR-193a-3p antagomiR (3PA)-transfected CNE-1
against the negative control (NC) cells (E). The survival fraction was determined using the multi-target single-hit pattern:
Y=1-(1-exp(-k*x))*N. The mean + the outcome standard deviation from 3 independent tests.

and the non-invasive cells were removed from the surface of Results

the membrane. Cells moving to the bottom of the chamber

were stained with 0.1% crystal violet for 30 min. The cells were The SRSF2 level negatively correlates with the expression
then imaged and counted using a CKX41 inverted microscope of miR-193a-3p in NPC cells

in at least 5 randomly selected areas. Three independent tests

were carried out. CNE-2 and CNE-1 are the radio-sensitive and radio-resistant
cell lines, respectively of NPC [24]. To explore the mechanism
Statistical analyses regulating NPC cell radio-resistance, miR-193a-3p was cho-
sen as the target because it was previously reported to have
The results are shown as mean + standard deviation. All sta- great significance in bladder cancer chemotherapeutics in our

tistical analyses were performed using GraphPad Prism and earlier study [25,26]. miR-193a-3p expression was further de-
Excel. Two-way ANOVA and two-tailed t test were used to cal- tected through qRT-PCR assay. The RT-PCR analysis outcomes
culate statistical significance, with p<0.05 considered statis- show that miR-193a-3p expression is 0.54-fold higher within
tically significant. the CNE-1 cells than within the CNE-2 cells (Figure 1A).

The target gene expression is often suppressed by a given
miRNA, thereby regulating the pathways. The miR-193a-3p tar-
get genes were predicted based on our earlier study, showing
that the SRSF2 gene levels are significantly differentially
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Figure 4. Wound-healing and invasion assays, in which the invasion and migration abilities of CNE-2 cell were assessed with transient
expression of the si-SRSF2 and miR-193a-3p mimic (3PM) (A, B). Results of 3 separate tests. ** p<0.01; * p<0.05 by t test.

(Magnification: 40x).

expressed and are negatively correlated with miR-193a-3p
expression. The SRSF2 expression level was 2.42-fold lower
in CNE-1 cells than in CNE-2 cells, as determined by qRT-PCR
(Figure 1B). The subsequent Western blot analysis also sug-
gested a higher level of SRSF2 in CNE-2 cells than in CNE-1
cells (Figure 1C). The lower expression of SRSF2 in radio-re-
sistant CNE-1 cells suggests SRSF2 is a negative regulator of
NPC radio-resistance.

The SRSF2 gene is a direct target of miR-193a-3p in NPC
cells

The miR-193a-3p level was lower in CNE-2 cells than in CNE-1
cells, which may correlate negatively with the SRSF2 levels. To
determine if SRSF2 is a target of miR-193a-3p, the SRSF2 level
was assessed within the miR-193a-3p mimic (3PM)-transfected
CNE-2 and the antagomiR (3PA)-transfected CNE-1 cells against
transfection of NC. The transfection of miR-193a-3p mimic
into CNE-2 cells increased its expression by nearly 10-fold
(Figure 2A), while miR-193a-3p antagomiR transfection into
CNE-1 cells reduced its level to 42% (Figure 2A). Following the
miR-193a-3p level changes, the transfection of miR-193a-3p
mimic decreased the proteins to almost 41% and SRSF2
mRNA to 32% (Figure 2B, 2C) compared with that within the
NC-transfected CNE-2 cells. The mRNA level and the protein
level of SRSF2 were increased by 21.44-fold by transfection
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of miR-193a-3p antagomiR (Figure 2B) and by 5.36-fold with-
in CNE-1 cells (Figure 2C).

Sequence analysis indicated the 3’UTR area of SRSF2 includes
an underlying binding motif for miR-193a-3p (Figure 2D). To fur-
ther assess if SRSF2 is a direct target of miR-193a-3p, the mu-
tant or wild-type SRSF2 UTR was put downstream of the pGL3-
control vector’s Renilla luciferase gene (Promega) (Figure 2D).
The pGL3 enhancer control (Vec), mutant (MT), and pGL3-SRSF2
UTR wild-type (WT) were transfected into CNE-1 and CNE-2
cells, respectively, to determine if the miR-193a-3p, which was
expressed differentially within NPC cells, is actually functional.
The luciferase activities of 0.92 and 0.97 were shown by the
pGL3-SRSF2-UTR WT within CNE-2 and CNE-1 cells, respectively,
and that of 0.92 and 1.21 for the MT (Figure 2E). The pGL3-
SRSF2-UTR WT construct’s luciferase activity was increased by
3PM’s transfection into CNE-2 cells (Figure 2E), while the MT
and control cells presented nearly the same activity on 3PM
transfection (Figure 2E). GL3-SRSF2-UTR WT construct lucifer-
ase activity was raised by 3PA transfection into the CNE-1 cells
(Figure 2E), whereas the MT and Vec cells showed no signifi-
cant difference after transfection of 3PA. In conclusion, SRSF2
appears to be a direct target of miR-193a-3p and may be the
mechanism by which miR-193a-3p promotes the effect on ra-
dio-resistance in NPC.
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Figure 5. Effects of forced reversal of SRSF2 and miR-193a-3p levels on the CNE-1 cell apoptosis, with a graph of the discussed
statistics, as well as the plots of the primary FACS resources. * p<0.05.

The SRSF2 expression is negatively correlated with miR-
193a-3p’s promoting effect on NPC radio-resistance

To explore the role of SRSF2 in the radio-resistance of NPC, 3PM
was first transfected into CNE-2 cells and the miR-193a-3p level
was examined. The miR-193a-3p level was increased by 3PM’s
transfection in the CNE-2 cells. Accompanied by increased miR-
193a-3p, the survival rate of cells exposed to radiation treat-
ment was increased (Figure 3A). Subsequently, si-SRSF2 was
transfected into CNE-2 cells and the effect of radiation treat-
ment was assessed. The level of SRSF2 was decreased by si-
SRSF2 transfection into CNE-2 cells at mRNA (0.61: 1.00) and
protein levels (0.53: 1.00), in comparison to control cells (Figure
3B, 3C). As a result, CNE-2 cell radio-resistance was been in-
creased with si-SRSF2 transfection (Figure 3D), in accordance
with miR-193a-3p’s reverse effect. Additionally, 3PA was trans-
fected into CNE-1 cells to decrease the miR-193a-3p level,
which reduced the survival rate of cells exposed to radiation
treatment (Figure 3E). These outcomes are in agreement with
SRSF2’s negative regulation in radio-resistant NPC. In summary,
the SRSF2 gene appears to be involved in promoting radio-
resistance of NPC by miR-193a-3p.
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miR-193a-3p enhances cell migration and invasion of NPC
cells

The invasion and migration abilities of CNE-2 and CNE-1 cells
was further compared by invasion and wound-healing assays,
respectively. The migration ability was significantly increased
compared with the control cells by transfection of either si-
SRSF2 or 3PM into CNE-2 cells (Figure 4A). In the same manner,
the invasion ability was also increased by transfection of ei-
ther si-SRSF2 or 3PM into CNE-2 cells (Figure 4B).

In line with the ability of miR-193a-3p to promote invasion
and migration of cells, the cell apoptosis rate was decreased
to 0.335% from 0.85%, which indicated an increased survival
rate of cells (Figure 5). A similar effect was also found in the
si-SRSF2-transfected CNE-2 cells, which resulted in a reduc-
tion of cells from 5.97% to 1.42% (Figure 5).

miR-193a-3p regulates activities of the hypoxia signaling
pathway in the context of NPC radio-resistance

To understand the molecular mechanisms involved in
miR-193a-3p-regulated NPC radio-resistance, CNE-2 and
CNE-1 cells were to measure the activities of a series of sig-
naling pathways related to cancer (Tabe 1A). We selected 3
pathways — Notch, hypoxia, and MEF2 — that were over 10-fold
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Table 1. The signaling pathways are regulated by miR-193a-3p as well as its downstream genes. The relative activities (mean
+S.D.) of the 3 pathways which are different (A). The pathways’ relative activities within the miR-193a-3p mimic (3PM)-
transfected against NC-transfected CNE-2 cells and miR-193a-3p antagomiR (3PA)-transfected against NC-transfected
CNE-1 cells (B). The pathways’ relative activities within the si-SRSF2-transfected against NC-transfected CNE-2 cells as
well as GFP-SRSF2-transfected against NC-transfected CNE-1 cells (C).

(A) Pathway Transcription Factor CNE-1 CNE-2 CNE-1/CNE-2
Whnt TCF/LFC 2416 1.172 2.061

Transcription
factor

(B) Pathway

MEF2 MEF2 1.00+0.22 4.84+0.18

higher in CNE-2 and CNE-1 cells. The MEF2 and Notch pathways cells. Two pathways — MEF2 and hypoxia — were strongly corre-
presented lower activities in CNE-1 cells in comparison with lated with altered miR-193a-3p levels in CNE-1 cells (Table 1).
those in CNE-2 cells, while the hypoxia pathway showed lower ~ The activities of these 3 pathways were further compared in
activities (Table 1). We then compared activities in the 3 path- the GFP-SRSF2-overexpressed CNE-1 cells and si-SRSF2-trans-
ways in 3PA-transfected CNE-1 cells or 3PM-transfected CNE-2 fected CNE-2 cells. Only the hypoxia pathway was correlated
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with altered level of SRSF2 (Table 1). Therefore, only the hy-
poxia pathway was significantly correlated with altered ex-
pression of SRSF2 and miR-193a-3p.

Discussion

Previous research showed that miRNAs participate in tumor ra-
diosensitivity through regulation of various processes [28-29].
The significant roles of miRNAs in regulating diverse oncogenic
processes, including radio-resistance, may promote better un-
derstanding of radiation resistance.

SRSF2 regulates transcriptional activation and extension, and
stimulates gene-regulated cell cycle activity by interacting
with transcription factor E2F1 [22]. In addition, SRSF2 medi-
ates P-TEFb kinase recruitment and subsequently phosphor-
ylates ser2 in the C-terminal domain of RNA polymerase Il to
promote transcriptional extension. SRSF2 can also enhance
the stability of RNA. It is worth noting that the cell effects of
SRSF2 depend on cell type and development stage, and srsf2
regulates transcriptional extension in a gene-specific manner.
SRSF2 not only participates in the regulation of apoptosis by
altering splicing mode, but also by altering the expression of
apoptotic genes [30].
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The present study shows that miR-193a-3p is also involved in
the radio-resistance of NPC. A comparative expression anal-
ysis of miR-193a-3p was conducted, showing that the SRSF2
gene is correlated negatively with radio-resistance (Figure 3).
The mechanisms and roles of SRSF2 and miR-193a-3p in radio-
resistance of NPC have been systematically demonstrated in
cultured cells.

Expression of SRSF2 is clearly involved in radio-resistance in
NPC cell lines, and this action is mediated by miR-193a-3p.
Nevertheless, further research is needed to define the mecha-
nism by which miR-193a-3p mediates SRSF2 repression in NPC.

Conclusions

miR-193a-3p can regulate the radio-resistance of nasopharyn-
geal cancer, possibly through control of the hypoxia signaling
pathway and its target gene, SRSF2. miR-193a-3p might func-
tion as an underlying biomarker for nasopharyngeal cancer
radio-resistance.
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