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Abstract: The aberrant expression of microRNAs (miRNAs) has been found in various types of cancer and is associ-
ated with tumorigenesis and metastasis. However, the expression and function of miR-223 in nasopharyngeal car-
cinoma (NPC) remain unclear. The present study demonstrated that miR-223 was downregulated in NPC cell lines. 
The ectopic expression of miR-223 dramatically suppressed cell proliferation, invasion and epithelial-mesenchymal 
transition (EMT). Moreover, a luciferase reporter assay identified the structure-specific recognition protein (SSRP1) 
as a novel direct target of miR-223. SSRP1 expression was upregulated in NPC cell lines and the overexpression 
of miR-233 markedly reduced the expression of SSRP1. Furthermore, SSRP1 was involved in miR-223-regulated 
NPC cell proliferation, invasion, and EMT. Taken together, these results indicate that miR-223 functions as a tumor 
suppressor miRNA in NPC and that its suppressive effects are primarily mediated by repressing SSRP1 expression 
and inhibiting EMT.
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Introduction

Nasopharyngeal carcinoma (NPC) is a non-lym-
phomatous squamous cell carcinoma derived 
from the epithelial cells of the nasopharynx, 
which is a relatively common malignant tumor 
in Southeast Asia, particularly in Southern 
China [1]. NPC is characterized by a highly 
malignant local invasion and early distant 
metastasis, and 30-40% of NPC patients will 
develop distant metastases with poor progno-
ses [2-4]. Despite improvements in the diagno-
sis and treatment of NPC and its five-year sur-
vival rate, distant metastasis is still one of the 
most common failure patterns [5-7]. Therefore, 
an improved understanding of the mechanisms 
that underlie the initiation and progression of 
NPC is of crucial significance to the develop-
ment of novel therapeutic strategies.

MicroRNA (miRNA), an abundant group of 
endogenous non-coding single strand RNAs of 
22 nucleotides, regulates the expression of 
genes at the post-transcriptional level by trans-
lational repression or degradation of target 

mRNA. In this manner, they participate in the 
regulation of a range of biological processes 
including cell proliferation, apoptosis, invasion, 
migration, differentiation, and so on [8-11]. 
Growing evidence proves that deregulated miR-
NAs contribute to cancer progression as a 
result of changes in the expression of their tar-
get genes in various cancers, such as breast 
cancer, lung cancer, pancreatic cancer, and 
nasopharyngeal carcinoma [12-17]. 

Recently, an increasing number of studies has 
demonstrated that the expression of miR-223 
is deregulated in various cancers [18-20]. For 
example, miR-223 expression is upregulated in 
gastric cancer and miRNA-223 promotes gas-
tric cancer invasion and metastasis by target-
ing the tumor suppressor EPB41L3 [21]. Zhang 
et al. reported that miR-223 also functions as 
an oncogene in human colorectal cancer cells 
[19]. Meanwhile, numerous studies have report-
ed that miR-233 is frequently decreased in 
many malignancies, including osteosarcoma, 
cervical cancer, hepatocellular carcinoma, and 
pancreatic cancer, and functions as a tumor 
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suppressor by inhibiting tumor cell growth, 
invasion, metastasis, and tumorigenesis, regu-
lating cell apoptosis, the cell cycle, and the epi-
thelial to mesenchymal transition [22-25]. 
However, little is known about the expression 
and function of miR-223 in nasopharyngeal 
carcinoma (NPC).

Structure-specific recognition protein (SSRP1), 
initially isolated from the expression screening 
of a human B-cell cDNA library for proteins that 
bind to cisplatin (cis-diamminedichloroplatinum 
(II))-modified DNA, contains a single DNA-
binding high mobility group (HMG) domain. 
SSRP1 and a suppressor of Ty 16 (SPT16) can 
form a heterodimeric complex, and can facili-
tate chromatin transcription (FACT 1), which 
was reported to be overexpressed in many 
types of tumor cells and to function as a molec-
ular target of a novel class of candidate anti-
cancer agents named curaxins [26]. Recently, 
Koman et al. showed that SSRP1 and SPT16 
were upregulated in mammary tumors and tar-
geting the FACT complex suppresses mammary 
tumorigenesis in Her2/neu transgenic mice 
[27]. These indicated that SSRP1 may function 
as an oncogene in tumors. 

In our study, we investigated the biological 
functions and molecular mechanisms of miR-
223 in NPC. We found that miR-223 was down-
regulated in NPC cells. SSRP1 was upregulated 
in NPC cells and was identified as a direct tar-
get of miR-223. Furthermore, miR-223 sup-
pressed NPC cell proliferation, invasion and 
epithelial-mesenchymal transition (EMT) by tar-
geting SSRP1. Mechanistically, our results 
demonstrated that miR-223 functions as a 
tumor suppressor of NPC by targeting SSRP1.

Materials and methods

Cell culture and transfection

Cells from the human immortalized nasopha-
ryngeal epithelial cell line (NP69 cells), were 
cultured in a keratinocyte/serum-free medium 
(Invitrogen, Grand Island, NY, USA) supplement-
ed with bovine pituitary extract (BD Biosciences, 
San Diego, CA, USA). Human NPC cell lines 
(CNE-1, HNE-1, SUNE-1, 5-8F and 6-10B) were 
maintained in RPMI-1640 (Invitrogen) and sup-
plemented with 10% FBS (Gibco, Grand Island, 
NY, USA). The CNE-1 cell line was derived from 
patients in China, but this cell line has been 

subcultured more than 100 times. HNE-1 is a 
relatively early-passage un-cloned NPC cell 
line, but, by passage 45, EBV DNA could no lon-
ger be detected in HNE-1 cells by Southern blot 
analysis [28]. The NPC cell line 6-10B was 
derived from the cell line SUNE-1 and has a low 
metastatic ability. The NPC cell line 5-8F cells 
were derived from the SUNE-1 cell, with high 
metastasis and high tumorigenicity.

5-8F cells were transfected with SSRP1 siRNAs 
including SSRP1-siRNA-471, SSRP1-siRNA-810, 
and SSRP1-siRNA-1457. SSRP1-siRNA-810 
showed the greatest inhibitory effect on SSRP1 
expression, so it was used for further study at 
SSRP1 knockdown. The transfections of 5-8F 
cells were divided in four groups: Group A, 
transfection with negative control siRNA (NC; 
50 nM, GenePharma, Suzhou, China); Group B, 
transfection with miR-223 mimics (50 nM, 
GenePharma); Group C, co-transfection with 
the miR-223 mimics (50 nM) and SSRP-
siRNA-810 (100 ng; GenePharma); Group D, 
transfection with SSRP1-siRNA-810 (100 ng; 
GenePharma). The transfections were per-
formed using the Lipofectamine 2000 reagent 
(Invitrogen). 

qRT-PCR

The PCR amplification for the quantification of 
miR-223 and U6 was performed using the 
TaqMan miRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA) and 
the TaqMan Human MiRNA Assay Kit (Applied 
Biosystems, Foster City, CA, USA). The relative 
expression of miR-223 was shown as fold dif-
ference relative to U6. The PCR amplification 
for the quantification of the SSRP1 and GAPDH 
mRNAs was performed using an ABI PRISM 
7300 Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA) and a 
SYBR®Premix Ex TaqTM ii (Perfect Real Time) Kit 
(Takara Bio, Shiga, Japan). The primers were as 
follows: miR-223 (MIMAT0000280): 5’-UGUCA- 
GUUUGUCAAAUACCCCA-3’; miR-223 mimics, 
forward primer: 5’-UGUCAGUUUGUCAAAUACC- 
CCA-3’ and reverse primer: 5’-UGGGGUAUU- 
UGACAAACUGACA-3’; miR-223 negative con-
trol, forward primer: 5’-UUCUCCGAACGUGUCA- 
CGUTT-3’ and reverse primer: 5’-ACGUGACA- 
CGUUCGGAGAATT-3’. Homo-SSRP1, forward pr- 
imer: 5’-TGACTACAAGATCCCCTACACC-3’ and re- 
verse primer: 5’-GAGTTTGGCCTTGCTTGATTG-3’. 
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β-actin, forward primer: 5’-CATTAAGGAGAA- 
GCTGTGCT-3’ and reverse primer: 5’-GTTGAA- 
GGTAGTTTCGTGGA-3’.

Western blot

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manual, and then, the 
protein was quantified by a BCA assay (Pierce, 
Rockford, IL, USA). Then, the protein samples 
were separated by SDS-PAGE (10%) and detect-
ed by Western blot using polyclonal (rabbit) 
anti-SSRP1, anti-E-cadherin, anti-N-cadherin 
and anti-Vimentin antibodies (Santa Cruz Bio-
technology, Santa Cruz, CA, USA). Goat anti-
rabbit IgG (Pierce, Rockford, IL, USA) secondary 
antibody conjugated to horseradish peroxidase 
and ECL detection systems (SuperSignal West 
Femto, Pierce) were used for detection.

Luciferase reporter assay

The 3’-UTR sequence of SSRP1 was amplified 
from normal human genomic DNA and sub-
cloned into the pmirGLO luciferase reporter 
vector (Promega). 5-8F cells (3.5 × 104) were 
seeded in triplicate in 24-well plates and 
cotransfected with wild-type (WT) or mutant 
(Mut) 3’-UTR vectors and miR-223 mimics using 
Lipofectamine 2000. After 48 h, the cells were 
assayed for luciferase activity using the Dual-
Luciferase Reporter Assay System (Promega) 
by following the manufacturer’s instructions. 
The firefly luciferase activities were normalized 
to Renilla luciferase activity. The firefly lucifer-
ase activity of the cells that were transfected 
with miRNA mimics or inhibitors is represented 
as the percentage of activity relative to that of 
cells that were transfected with negative con-
trols. All experiments were performed in 
triplicate.

Cell proliferation assay and invasion assay

The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used to 
estimate cell viability [29]. Briefly, cells were 
plated at a density of 1 × 104 cells per well in 
96-well plates. After exposure to specific treat-
ment, the cells were incubated with MTT at a 
final concentration of 0.5 mg/ml for 4 h at 
37°C. After the removal of the medium, 150 
mM DMSO solutions were added to dissolve 
the formazan crystals. The absorbance was 

read at 570 nm using a multi-well scanning 
spectrophotometer reader. Cells in the control 
group were considered 100% viable.

The capability of cell invasion was examined by 
transwell invasion assay. Cells were cultivated 
to 80% confluence on the 12-well plates. Then, 
we observed the procedures of cellular growth 
at 72 h. All the experiments were repeated in 
triplicate. The transwell migration chambers 
were used to evaluate cell invasion. Then cells 
invading cells across the membrane were 
counted under a light microscope. 

Tumor xenograft in nude mice

The animal experiment was approved by the 
Ethical Committee for Animal Research of 
Tongji Medical College (protocol number: 2011-
020). Nude mice (4-5 weeks old, male) were 
purchased from the Central Animal Facility of 
Tongji Medical College. 200 ml of 5-8F cells (1 
× 106), which were transfected with miR-223 
mimics and SSRP-siRNA-810 alone or in combi-
nation, were injected into the left side on the 
back of each mouse. The tumor volume was 
monitored on days 6, 12, 18 and 24. The tumor 
volume was calculated as v = a×b2/2.

Immunohistochemistry assay

Formalin-fixed and paraffin-embedded tissues 
of the xenografted NPC tumor were deparaf-
finized and rehydrated. Tissues were treated for 
20 min at 100°C in an autoclave for antigen 
retrieval and blocked with a blocking reagent 
(Protein Block Serum-Free, Dako Cytomation, 
Glostrup, Denmark) to avoid non-specific reac-
tions. Then, tissues in sections were incubated 
with the anti-Ki67 antibody (Dilution 1:400, 
ab16667, Abcam, Cambridge, UK) and the anti-
caspase-3 antibody (Dilution 1:500, ab13847, 
Abcam) overnight at 4°C, followed by horserad-
ish peroxidase (HRP)-labeled anti-rabbit IgG 
(Histofine, simple stain MAX-PO; Nichirei, Tokyo, 
Japan) for 30 min at room temperature. The 
sections were treated with a 3, 3’-diaminoben-
zidine tetrahydrochloride solution. All the sec-
tions were counterstained with HE. 

Statistical analysis

Each experiment was repeated at least three 
times. Data were shown as the mean ± SD and 
analyzed using SPSS 18.0. Statistical compari-
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sons between the groups were analyzed using 
Student’s t-test, and a two-tailed test. P < 0.05 
was considered to indicate statistical signi- 
ficance. 

Results

The expression of miR-223 and SSRP1 in NPC 
cell lines

We first employed qRT-PCR to detect miR-223 
levels in the human immortalized nasopharyn-
geal epithelial cell line (NP69) and the human 
NPC cell lines (CNE-1, HNE-1, SUNE-1, 5-8F and 
6-10B). The miR-223 expression was downreg-
ulated in all NPC cell lines as compared with 
the expression in NP69 (P < 0.01; Figure 1A). 
Moreover, miR-223 expression in the highly 
metastatic NPC cell lines (5-8F) was obviously 
lowest in the NPC cell lines and the miR-223 
expression in the lowly metastatic NPC cell 
lines (6-10B) was obviously highest in NPC cell 
lines (Figure 1A). These data indicate that 
downregulated miR-223 expression confers an 
increased metastatic potential to the NPC cells.

We next assayed the SSRP1 expression levels 
in the human immortalized nasopharyngeal 
epithelial cell line (NP69) and the human NPC 

cell lines (CNE-1, HNE-1, SUNE-1, 5-8F and 
6-10B). The SSRP1 expression was upregulat-
ed in all NPC cell lines as compared with the 
expression in NP69 (P < 0.01; Figure 1B). 
Moreover, SSRP1 expression in the highly met-
astatic NPC cell lines (5-8F) was obviously high-
est in the NPC cell lines and SSRP1 expression 
in the lowly metastatic NPC cell lines (6-10B) 
was obviously lowest in the NPC cell lines 
(Figure 1B). These data indicate that upregu-
lated SSRP1 expression confers an increased 
metastatic potential to the NPC cells.

miR-223 directly targeted SSRP1

To elucidate whether SSRP1 is a potential 
downstream target gene of miR-223 in NPC 
cells, we constructed luciferase reporter vec-
tors containing the wild-type (Wt) or mutant 
(Mt) miR-223 target sequences of the SSRP1 
3’-UTR (Figure 2A). Over-expression of miR-223 
significantly inhibited the luciferase activity of 
the Wt SSRP1 3’-UTR reporter gene but not the 
Mt reporter gene (Figure 2A). 

Next, we transfected SSRP1 siRNAs (SSRP1-
siRNA-471, SSRP1-siRNA-810 and SSRP1-
siRNA-1457) in 5-8F cells (Figure 2B). Western 

Figure 1. The expression of miR-223 and SSRP1 in 
NPC cell lines. A. qRT-PCR analysis revealed the miR-
223 expression in the human immortalized nasopha-
ryngeal epithelial cell line (NP69 cells) and the hu-
man NPC cell lines (CNE-1, HNE-1, SUNE-1, 5-8F and 
6-10B). B. qRT-PCR analysis revealed the SSRP1 ex-
pression in the human immortalized nasopharyngeal 
epithelial cell line (NP69 cells) and the human NPC 
cell lines (CNE-1, HNE-1, SUNE-1, 5-8F and 6-10B). C. 
Western blot analysis revealed the SSRP1 expression 
in the human immortalized nasopharyngeal epithelial 
cell line (NP69 cells) and the human NPC cell lines 
(CNE-1, HNE-1, SUNE-1, 5-8F and 6-10B). Each bar 
represents the mean of three independent experi-
ments. *P < 0.05 versus NP69 cell line. #P < 0.05 
versus CNE-1, HNE-1, SUNE-1 and 5-8F cell line. &P 
< 0.05 versus CNE-1, HNE-1, SUNE-1 and 6-10B cell 
line.
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blot analysis revealed that the SSRP1 expres-
sion was at 51.1% with siRNA-471, 14.2% with 
siRNA-810, and 66.4% with siRNA-1457, com-
pared with the SSRP1 negative control siRNA or 
the control (un-transfected) group (P < 0.05). 
Thus, the cells transfected with SSRP1 siRNA-
810 were used for further experiments for 
SSRP1 knockdown. In addition, overexpression 
of miR-233 markedly reduced the expression of 
SSRP1 (P < 0.05, Figure 2D), but silenced 
SSRP1 did not affect miR-223 expression. 
These results demonstrated that SSRP1 is a 
direct target of miR-223 in NPC cells (P < 0.05, 
Figure 2C). 

SSRP1 involves in miR-223-regulated NPC cell 
proliferation and invasion

To determine the role of SSRP1 and miR-223 in 
the NPC cell growth and metastasis, 5-8F cells 
were transiently co-transfected with SSRP1 
siRNA (siRNA) and an miR-223 mimic (miR-
223). Consistent with the effects induced by 
the overexpression of miR-223, the knockdown 
of SSRP1 significantly suppressed the cell via-
bility (P < 0.05) and invasion (Figure 3A), but 
overexpression of miR-223 did not have further 
suppressive effects on cell growth and metas-
tasis in SSRP1-siRNA -transfected 5-8F cells. 

Figure 2. miR-223 directly targeted SSRP1. A. A representative diagram of the predicted wild-type (WT) or mutant 
(Mut) binding site of miR-223 in the 3’-untranslated region (UTR) of SSRP1 mRNA. The luciferase reporter plasmid 
containing the WT or Mut SSRP1 3’-UTR was co-transfected into 5-8F cells with miR-223 mimics. The luciferase 
activity of the cells was assayed at 48 h after transfection, and the values were normalized to the normal control 
values. *P < 0.05 (compared with the control). B. Western blot analysis examined the effects of three siRNAs and 
the negative control on SSRP1 expression. C. A qRT-PCR analysis revealed the effects of SSRP1 siRNA-810 and miR-
223 mimics on the expression level of miR-223. D. A Western blot analysis revealed the effects of SSRP1 siRNA-810 
and miR-223 mimics on the expression level of SSRP1. Error bars represent ± S.E. and *P < 0.05 versus control and 
NC. &P < 0.05 versus miR-223 group.
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Figure 3. SSRP1 involved in miR-223-regulated NPC cell proliferation and invasion. The transfections of 5-8F cells 
were divided into four groups: Group A, transfection with negative control siRNA; Group B, transfection with miR-223 
mimics; Group C, co-transfection with the miR-223 mimics and SSRP-siRNA-810; Group D, transfection with SSRP1-
siRNA-810. Cell viability and invasion capacity were assessed following the cell transfections. A. The effects of miR-
223 and SSRP1 on cell proliferation. B. The effects of miR-223 and SSRP1 on cell invasion. Error bars represent ± 
S.E. and *P < 0.05 versus NC.

Figure 4. miR-223 induces EMT of NPC cells by suppressing SSRP1 expression. The transfections of 5-8F cells 
were divided in four groups: Group A, transfection with negative control siRNA; Group B, transfection with miR-223 
mimics; Group C, co-transfection with the miR-223 mimics and SSRP-siRNA-810; Group D, transfection with SSRP1-
siRNA-810. A Western blot assay was performed after the cell transfections. A. A Western blot analysis revealed 
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MiR-223 inhibited EMT of NPC cells by sup-
pressing SSRP1 expression

EMT has been identified as having a key role in 
the invasion of various cancer cells by the 
transformation of polarized and adherent epi-
thelial cells into motile and invasive mesenchy-
mal cells. Here, to explore proteins regulated by 
miR-223 in the EMT process, we investigated 
the expression of three EMT related proteins, 
E-cadherin, N-cadherin, and Vimentin, by We- 
stern blot. 5-8F cells were transfected with NC, 
miR-223 mimics, SSRP1 siRNA and co-trans-
fected with miR-223 mimics and SSRP1 siRNA. 

The results indicated the expression of 
E-cadherin was increased in the miR-223 mim-
ics group compared with NC and the un-trans-
fected groups (Figure 4). Moreover, E-cadherin 
expression in the siRNA group was higher than 
it was in the miR-223 group (miR-223 mimics) 
and similar to that in the miR-223 + siRNA 
group. N-cadherin and Vimentin was downregu-
lated significantly in the miR-223 group. 
Moreover, N-cadherin and Vimentin expression 
in the siRNA group were lower than they were in 
the miR-223 group (miR-223 mimics) and simi-
lar to its expression in the miR-223 + siRNA 
group. This indicated that miR-223 represses 

Figure 5. miR-223 inhibited the growth of xenografted NPC in nude mice by targeting SSRP1. The transfections 
of 5-8F cells were divided in four groups: Group A, transfection with negative control siRNA; Group B, transfection 
with miR-223 mimics; Group C, co-transfection with the miR-223 mimics and SSRP-siRNA-810; Group D, transfec-
tion with SSRP1-siRNA-810. The cells were then injected into nude mice to induce the generation of a xenografted 
tumor. A. tumor volume on days 6, 12, 18, and 24 after the injection. *P < 0.05, **P < 0.01, ***P < 0.001 versus 
and NC on day 24. B and C. An immunohistochemistry assay showed Ki67 and caspase-3 expression in the xeno-
grafted tumor.

the effects of miR-223 and SSRP1 on EMT-relative protein expression. B. The effects of miR-223 and SSRP1 on 
E-cadherin expression. C. The effects of miR-223 and SSRP1 on N-cadherin expression. D. The effects of miR-223 
and SSRP1 on Vimentin expression. Error bars represent ± S.E. and *P < 0.05 versus NC. &P < 0.05 versus miR-
223 group. 
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the expression of N-cadherin and Vimentin, 
while promoting the induction of E-cadherin by 
targeting SSRP1. 

miR-223 inhibited the growth of xenografted 
NPC in nude mice by targeting SSRP1

This study evaluated the proliferation of xeno-
grafted NPC in nude mice on days 6, 12 18, 
and 24 by measuring tumor volume. As shown 
in Figure 5A, transfection with the miR-223 
mimics suppressed the growth of xenografted 
NPC compared with NC (P < 0.05 on day 24). 
Likewise, SSRP1 knockdown notably inhibited 
the growth of xenografted NPC (P < 0.01 on day 
24). Transfection with miR-223 mimics and 
SSRP1-siRNA-810 in combination showed the 
strongest inhibition of the xenografted NPC 
growth (P < 0.001 on day 24). The expressions 
of Ki67 and caspase-3 in the tumor tissues 
were commonly used to evaluate cell prolifera-
tion and apoptosis levels respectively, so this 
detected Ki67 and caspase-3 expressions in 
xenografted NPC using an immunohistochem-
istry assay. As indicated by Figure 5B, Ki67 
expression was downregulated in groups in 
which cells were transfected with miR-223 
mimics and SSRP1-siRNA-810, alone or in com-
bination. However, caspase-3 expression was 
up-regulated in groups in which cells were 
transfected with miR-223 mimics and SSRP1-
siRNA-810, alone or in combination (Figure 
5C).

Discussion

To date, multiple studies have observed the 
dysregulated expression of miRNAs in NPC, 
which are involved in NPC development and 
progression [4, 30, 31]. In this study, qRT-PCR 
demonstrated that the expression of miR-223 
was significantly reduced in NPC cell lines. In 
addition, miR-223 expression was lowest in the 
highly metastatic NPC cell line (5-8F). These 
findings indicate that downregulation of miR-
223 has an important role in the development 
and progression of NPC. miR-223 has been 
reported to be deregulated in various cancers 
[18-20]. miR-223 is up-regulated in some types 
of cancers, such as prostate cancer, colon can-
cer, and cutaneous squamous cell carcinoma 
[18-20]. And up-regulated miR-223 promotes 
cancer proliferation and metastasis [18-20]. 
However, miR-223 is also downregulated in 
breast cancer. miR-223 functions as a tumor 
suppressor in breast cancer by inhibiting stro-

mal interaction molecule 1 [32]. The different 
roles of miR-223 in cancers are likely related to 
the different functions of the targets of 
miR-223. 

The function of miR-223 in NPC has rarely been 
reported, so we explored the biological function 
of miR-223 in NPC. The ectopic expression of 
miR-223 significantly suppressed the prolifera-
tive and invasive capabilities of NPC cells in 
vitro. These results are consistent with obser-
vations in breast cancer [33], Lewis lung carci-
noma [34] and cutaneous T-cell lymphoma 
[35]. The dysregulation of miR-223 has been 
proven to regulate tumor cell proliferation, 
apoptosis, migration and invasion, suggesting 
pivotal biological and pathological functions of 
miR-223. The present study demonstrates that 
miR-223 suppresses NPC cell proliferation and 
invasion, indicating an important role of miR-
223 in the development and progression of 
NPC. 

qRT-PCR and Western blot analysis demon-
strated that SSRP1 is upregulated in NPC cell 
lines. In addition, we identified that SSRP1 is a 
novel direct target of miR-223 in NPC. Restoring 
the expression of miR-223 significantly reduces 
the expression of SSRP1. This means that 
SSRP1 expression levels in NPC cell lines are 
notably influenced by miR-223. A previous 
study found that miR-223 targeting MAFB sup-
presses proliferation and migration of naso-
pharyngeal carcinoma cells [36]. The present 
study additionally discovered that the knock-
down of SSRP1 phenocopies the suppressive 
effects of miR-223 on cell proliferative and 
invasion in NPC cells. These results indicate 
that SSRP1 is a functional target of miR-223, 
and that SSRP1 involves in miR-223-regulated 
NPC cell proliferation and invasion. In a previ-
ous study, it was found that silencing SSRP1 
exerts an inhibitory effect on the proliferation 
and malignancy of human glioma cells via mod-
ulating the MAPK signaling pathway [37]. In 
addition, SSRP1 contributes to the malignancy 
of hepatocellular carcinoma and is negatively 
regulated by miR-497 [38]. There is more evi-
dence indicating that SSRP1 meditates DNA 
repair mechanisms by SSRP1/PARP/XRCC1 
and SSRP1/Ets-1/Pim-3 cascades, resulting in 
cancer resistance to ionizing radiation and 
DNA-targeting anti-cancer drugs [39, 40].  

EMT, a dynamic and reversible cellular process, 
is characterized by loss of cell polarity and 
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intracellular junctions and the acquisition of 
mesenchymal features, which contributes to 
tumor development and metastasis [41]. Here, 
we determined the expression of an epithelial 
marker, E-cadherin, and a mesenchymal mark-
er, vimentin, and N-cadherin in HCC cells by 
altering the expression of miR-223 and SSRP1. 
Interestingly, we demonstrated that miR-223 
mimics and SSRP1 siRNA inhibited EMT and 
were associated with reduced expression of 
E-cadherin and the elevated expression of 
N-cadherin and vimentin in NPC cells. Taken 
together, miR-223 suppress the EMT of NPC 
cells by targeting SSRP1. 

In the present study, we found that miR-223 
was downregulated in NPC cell lines. The ecto-
pic expression of miR-223 suppressed NPC cell 
growth, invasion and EMT in vitro. Furthermore, 
SSRP1 was identified as a direct target of miR-
223. The upregulation of miR-223 may sup-
press the expression of SSRP1 and thus sup-
press the proliferation of NPC cells in vitro. 
Taken together, these results suggest that the 
downregulation of miR-223 may have an impor-
tant role in the development and progression of 
NPC. 
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