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ABSTRACT
MicroRNAs had been proved to be pivotal regulators in nasopharyngeal carcinoma (NPC) by regulating a
large amount of genes’ expression. In our research, we aim to explore the functions of miR-9–3p on the
metastases of NPC and figure out the potential mechanisms. First, we revealed downregulation of miR-9–
3p and upregulation of fibronectin 1 (FN1), b1 integrin (ITGB1) and a5 integrin (ITGAV) expression in NPC
tissues and cells compared with the normal using RNA-seq analysis, RT-qPCR, western blot and
immunohistochemistry. By transfection of miR-9–3p mimics in CNE-1, CNE-2 and HONE-1 cells, we
confirmed tumor-suppressing roles of miR-9–3p via suppressing EMT process by MTT, wound scratch,
transwell assay and western blot. After constructing luciferase reporting plasmids and transient
transfection in HEK 293T cells, we proved that FN1, ITGB1 and ITGAV were all targets of miR-9–3p. Then we
manipulated the expression of miR-9–3p, FN1, ITGB1 and ITGAV in HONE-1 cells, verifying the tumor-
promoting effect of FN1, ITGB1 and ITGAV on cell proliferation and metastases via facilitating EMT process
of cells. Additionally, these functions of FN1, ITGB1 and ITGAV could be efficiently abrogated by
overexpression of miR-9–3p. Taken together, we demonstrated that elevation of miR-9–3p suppresses the
proliferation and metastases of NPC via downregulating FN1, ITGB1, ITGAV and inhibiting the EMT process,
which provided a series of therapeutic targets for the treatment of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is regarded as the most
malignant squamous-cell cancer of nasopharynx, which is
prevalent especially in southern Asia.1 Epstein-Barr virus
infection, epigenetic factors and eating habits are widely
recognized as main potential risks contributing to NPC2

The standard first line treatment of NPC is radiotherapy
combined with drug treatment or surgery in terms of its
classification and staging3 However, the prognosis of
patients having NPC is still poor due to the frequent local
recurrence, potential radio-resistance and frequent distant
metastasis4 The most frequent metastasis location is the
bone, followed by viscera and extra-cervical lymph nodes
at low rates5 Therefore, the underlying mechanisms
responsible for NPC metastases are urgently needed for
searching novel therapeutic targets to improve the progno-
sis of NPC.

MicroRNAs (miRNAs), endogenous noncoding small RNAs
of approximately 22 nucleotides, take part in the regulation of
gene expression through translational repression or mRNA
degradation6 Emerging evidences indicate that several miRNAs
execute functions in tumorigenesis and cancer progression7

Increasing researches have demonstrated that miRNAs such as

miR-23b, miR-156a, miR-205, and miR-141 are dysregulated in
NPC and contribute to the development of NPC8-11 Although
miR-9–3p is scarcely studied in NPC, several studies did find
that it was downregulated and acted as a tumor suppressor in
hepatocellular cancer and breast cancer12,13 In our study, aber-
rant expression of miR-9–3p in NPC tissue was found and the
potential effects were explored.

Epithelial-to-mesenchymal transition (EMT), an essential
step in tumor progression including NPC, promotes the
cancer cells to remove from the primary tumor and make
distant metastases14 EMT process was usually associated
with the loss of apical-basal cell polarity as well as cell–cell
contacts, changes of cell-matrix adhesion, rearrangement of
the cytoskeleton, degradation of extracellular matrix (ECM),
variations of morphological, and enhancement of cell motil-
ity, which associated with downregulation of epithelial pro-
teins such as E-cadherin and upregulation of mesenchymal
proteins including vimentin, fibronectin, integrin and
matrix metallopeptidase15-18 Fibronectin 1 (FN1), belonging
to the ECM glycoprotein family, functions in ECM process
and contributes to cellular adhesion, polarity, migration and
tissue remodeling19, 20 Besides, FN1 also executes its

CONTACT Junbo Jiao cuihongpla@126.com Department of Oncology, Jining No.1 People’s Hospital, No. 6 Jiankang Road, Jining 272000, Shandong, China.
*These authors contributed equally to this work.
**co-first author.
© 2017 Taylor & Francis Group, LLC

CANCER BIOLOGY & THERAPY
2017, VOL. 18, NO. 6, 414–424
https://doi.org/10.1080/15384047.2017.1323585

https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2017.1323585&domain=pdf&date_stamp=2017-06-27
mailto:cuihongpla@126.com,
https://doi.org/10.1080/15384047.2017.1323585


functions in infection resistances, and microvascular integ-
rity maintenance21 High FN1 expression is associated with
various human carcinomas, including prostatic,22 pancre-
atic,23 colorectal,24 cervical25 cancers, glioma blast26 and
also NPC27 As a family of heterodimeric extracellular
matrix receptors, integrins act on cell-matrix adhesion,
intracellular signaling and modulate cell proliferation, sur-
vival, motility and differentiation28 High levels of b1 integ-
rin (ITGB1) and a 5 integrin (ITGAV) were both required
in EMT process and functionally correlated with the
advanced metastases of tumors such as squamous cell carci-
noma, breast cancer, hepatocellular carcinomas, melanoma
and also NPC13, 18,29,30 Intriguingly, overexpression of FN1,
ITGB1 and ITGAV in NPC tissues was confirmed in our
study, indicating the accelerated EMT process in NPC.

Given the correlations of upregulation of FN1, ITGB1,
ITGAV and downregulation of miR-9–3p in NPC, we per-
formed dual luciferase reporting assay and verified the tar-
get relationship. Furthermore, a series of in vitro assays
were conducted to study the potential mechanism with
respect to the anti-tumor role of miR-9–3p played in NPC
cells. The evaluated EMT process and enhanced cell metas-
tases were observed with overexpression of FN1, ITGB1 or
ITGAV and attenuated with the co-transfection of miR-9–
3p mimics. Collective data confirmed replenishment of
miR-9–3p inhibited the metastases of NPC cells via down-
regulating FN1, ITGB1, ITGAV and inactivating EMT pro-
cess, which provided novel targets for the clinical
treatment of NPC.

Material and method

Tissue samples

Thirty paired NPC tissues and adjacent non-tumorous tissues
were achieved from NPC patients without receiving preopera-
tive chemotherapy or radiotherapy before biopsy sampling at
Jining No.1 People’s Hospital from February 2014 to February
2016. The samples were identified by pathology experts. Tissue
samples were stored at -80�C. This research was approved and
consented by the ethics committee and all the patients.

Cell culture

The human immortalized nasopharyngeal epithelial NP69 cell
line and human NPC cell lines CNE-1, CNE-2 and HONE-1
(ATCC) were selected for this study and cultured in 10% FBS
RPMI-1640 at a 37�C humidified circumstances with 5% CO2.

Microarray analysis and quantitative real time pcr (RT-
qPCR)

Six samples of NPC tissues and 3 samples of adjacent tissues
were selected randomly for further analysis. As described pre-
viously31 Total RNA was extracted from frozen NPC tissues
or cells by using RNA extraction Kit (Invitrogen, CA, USA).
The Quant-iT RNA Assay Kit (Molecular Probes, Eugene,
OR, USA) was used to detect the RNA concentration. Taq-
man Human MicroRNA Arrays V2.0 (Life Technology,

Waltham, MA, USA) was used to measure the expression of
microRNAs and U6 was regarded as internal control. For gene
expression, the RNA was hybridized to Human Exon 1.0 ST
Arrays (Affymetrix, Santa Clara, CA, USA) and analyzed as
described previously32

For RT-qPCR analysis, total RNAs extracted from fro-
zen NPC tissues or cellsusing RNA extraction Kit (Invitro-
gen) were reverse-transcribed to cDNAs using RT Kit
(Takara, Tokyo, Japan). The cDNA template was amplified
using RT-qPCR kit (Qiagen, Venlo, Netherlands). The RT-
qPCR experiment was conducted using ABI7500 quantita-
tive PCR system (Applied Biosystems, Waltham, MA,
USA), and the primers were showed in Table 1. U6 and
GAPDH were served as the internal controls, and data
were handled by the 2¡DDCt method.

Cell transfection

MiR-9–3p mimics, inhibitor, FN1 cDNA, ITGB1 cDNA,
ITGAV cDNA and relative negative controls were all synthe-
sized by Shanghai GenePharma Co. Ltd. FN1 cDNA, ITGB1
cDNA, ITGAV cDNA and relative negative controls were
inserted into pCDNA3.1 before transfection and confirmed
with sanger sequencing. MiR mimics, inhibitor, control
sequence or plasmids were transfected into CNE-2 and hone-1
cells using Lepofectamine 2000 (Invitrogen) in accordance with
the manufacturer’s instrutions.

Western blot

Forty-eight hours after transfection, total proteins extracted by
protein lysis solution were separated through SDS-PAGE, and
transferred to PVDF membranes. Subsequently, the membrane
was blocked for 1.5 h by 5% skim milk, and primary antibodies
for FN1, ITGB1, ITGAV, E-cadherin, Vimentin, MMP1,
MMP2, MMP9, COL IV or GAPDH (Abcam, Cambridge, MA,
USA) were added to the membrane. After cultured overnight in
4�C, HPR-conjugated secondary antibodies (Abcam, Cam-
bridge, MA, USA) were added. After incubated for 1 h, ECL
reagents (Beyotime, Shanghai, China) were used to developing
the film, and ImageJ software was used to calculate the gray
value of each protein bands. GAPDH was served as an internal
control.

Table 1. The sequences of the primers used in qPCR.

Sequence (50 to 30)

miR-9–3p(F) 50- GAGGCCCGTTTCTCTCTTTG -30
miR-9–3p(R) 50- AGCTTTATGACGGCTCTGTG -30
U6 (F) 50 - CTCGCTTCGGCAGCACA -30
U6 (R) 50- AACGCTTCACGAATTTGCGT -30
FN1(F) 50- TGATCACATGGACGCCTGC -30
FN1(R) 50- GAGTCAAGCCGGACACAACG -30
ITGB1(F) 50-CCTACTTCTGCACGATGTGATG-30
ITGB1(R) 50-CCTTTGCTACGGTTGGTTACATT-30
ITGAV(F) 50-CCCTGAACCTCACTTTCCAT-30
ITGAV(R) 50-AGAAGTTCCCTGGGTGTCTG-30
GAPDH (F) 50- ACAACTTTGGTATCGTGGAAGG -30
GAPDH (R) 50- GCCATCACGCCACAGTTTC -30
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Figure 1. Expression patterns of miR-9–3p, FN1, ITGB1 and ITGAV. (A-B) Hierarchical clustering analysis of gene(A) and miRNA(B) that were differentially
expressed among 6 NPC tissues and 3 adjacent tissues were shown (great than 2-fold difference in expression; P < 0.05). Expression values are represented
in different colors. (C) RT-qPCR was performed to detect the expression of miR-9–3p, FN1 mRNA, ITGB1 mRNA and ITGAV mRNA. (D) The linear correlation
among miR-3p, FN1 mRNA, ITGB1 mRNA and ITGAV mRNA was analyzed and negative correlations were shown.

416 Y. DING ET AL.



Immunohistochemistry (IHC)

The 30 paired tissue sections of NPC were cut from paraf-
fin-embedded blocks at 4-mm thickness. The slides were
then deparaffinized, rehydrated, and heated at 95�C for
retrieval of antigen epitopes in a 10 mM citrate buffer (pH
6) for 7 min. After quenching of endogenous peroxidase
activity with 4% H2O2 and blocking with normal goat
serum, the slides were incubated for 1 h with primary
monoclonal antibodies targeting E-cadherin, vimentin, FN1,
ITGB1 and ITGAV (Abcam, Cambridge, MA, USA) at
37�C. After washing, the slides were incubated with the
secondary antibody (Abcam) for 30 min, developed with
3,3-diaminobenzidine for 5 min and then counterstained
with hematoxylin. A mammary invasive ductal carcinoma
known to express E-cadherin, FN1, ITGB1 and ITGAV was
used for positive control. PBS was used to replace primary
antibody as a negative control.

MTT assay

Forty-eight hours after transfection, cells (1 £ 103 cells/
well) were inoculated into a 96-well plate and 50mL MTT
(Beyotime) per well was added. After the incubation of 2 h,
100mL DMSO were added into cells to dissolve the MTT.
Cell viability was detected at 0, 24, 48 and 72 h. The OD
value was assessed on a microplate reader at 570 nm.

Wound scratch assay

After incubated for 24 h, a 200mL sterile pipette was used
to scratch the cell layers of each group. Then photographs
were taken at 0 and 24 h, respectively. The intersection of
the bottom line and the cell scratch line was considered as
the observation point.

Transwell assay

Cells (105/well) were plated into the upper transwell cham-
bers and 10% FBS DMEM was added to the lower cham-
bers. After the incubation of 24 h, the membrane was fixed
by 4% paraformaldehyde and stained by 0.1% crystal violet.
Finally, the number of cells perforated across the mem-
branes in 6 randomly selected different fields was counted.

Luciferase reporter assay

The 30-UTR sequence of FN1 wild type, FN1 mut1-mut5,
ITGB1 wild type, ITGB1 mut1-mut4, ITGAV wild type
and TIGAV mut were synthesized by Shanghai Gene-
Pharma and cloned into pMIR-reporter plasmid (Promega,
Madison, WI, USA). The wild type or the mutated type of
30-UTRs were co-transfected into HEK 293T cells with
miR-9–3p mimics or mimic controls using Lepofectamine
2000 (Invitrogen) in accordance with the manufacturer’s
instruction. After the transfection for 48 hours, the relative
luciferase activity was detected using the luciferase reporter
system (Promega).

Statistical analysis

SPSS 21.0 and GraphPad prism 6.0 were used to conduct
statistical analyses. Measurement data recorded as the
mean § standard. The comparison between any 2 groups
was analyzed using t test and that among more than 2
groups was analyzed using one-way ANOVA. P<0.05
means statistically significant.

Results

MiR-9–3p is downregulated in NPC tissues and correlates
with accelerated EMT process

Microarray assay facilitated our research on miRNA and
mRNA expression signatures in NPC (Fig. 1a, b). Six NPC
tissues and 3 adjacent normal tissues were analyzed. A
total of 47 miRNAs and 243 mRNAs were aberrantly
expressed in NPC tissues. To determine the functions of
miRNAs, interactions between miRNAs and their target
mRNAs were theoretically predicted by seed-matching
sequence according to Targetscan database. Potentially tar-
geting and suppressing multiple mRNAs such as FN1,
ITGB1 and TIGAV, low level of miR-9–3p caused our
attention and was selected for further research. Detected
by RT-qPCR, miR-9–3p was downregulated while FN1,
ITGB1 and ITGAV were significantly upregulated in BPC
tissues (Fig. 1c, P<0.05). Additionally, the expression of
miR-9–3p was negatively correlated with FN1, ITGB1 and
ITGAV expression in NPC tissues (Fig. 1d, P<0.05). Given
that FN1, ITGB1 and ITGAV were all associated with
EMT process, western blot and IHC were performed to

Figure 2. Expression of FN1,ITGB1, ITGAV and related protein expression in NPC tissues and adjacent tissues. (A) Immunohistochemistry was performed and one random
paired tissue was shown. More positive area indicates high level of relative protein. (B) The protein level of FN1, ITGB1, ITGAV, E-cadherin, Vimentin, MMP2 and COL IV in
NPC tissues and adjacent tissues were measured by western blot. Evaluated EMT process in NPC tissues was confirmed as upregulation of Vimentin and MMP2 and down-
regulation of E-cadherin and COL IV in adjacent tissues.

CANCER BIOLOGY & THERAPY 417



further study to measure the related protein level (Fig. 2a,
b). Obviously, upregulated protein level of Vimentin, FN1,
ITGB1, ITGAV, MMP2 and downregulated level of E-cad-
herin and COL IV were confirmed in NPC tissues com-
pared with the normal, suggesting an evaluated EMT
process in NPC which would strengthen the metastases of
NPC cells.

Replenishing of miR-9–3p suppresses the proliferation and
metastases of NPC cells

Downregulation of miR-9–3p as well as upregulation of
FN1, ITGB1 and ITGAV was verified in NPC cells lines
including CNE-1, CNE-2 and HONE-1 compared with
human immortalized nasopharyngeal epithelial NP69 cells

Figure 3. The anti-role of miR-9–3p in NPC tissues. (A) The expression of miR-9–3p, FN1, ITGB1 and ITGAV in NPC cells was measured by RT-qPCR. �� represents P<0.05
compared with NP69 cells. (B) Forty-eight hours after transfection, expression of miR-9–3p in CNE-1, CNE-2 and CNE-3 was detected by RT-qPCR. (C) MTT assay assessed
the proliferation ability of transfected cells. (D-E) The migration ability of transfected cells was compared with wound scratch assay. (F-G) Transwell assay was used to
examine the invasion ability of transfected cells and photo at 100 £ magnification were taken. All data was presented as Mean § SD from 3 independent experiments.
��, ## and and& represents P < 0.05 compared with relative control group.
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(Fig. 3a, P<0.05). To explore the role of miR-9–3p in
NPC, we transfected miR-9–3p mimics (as mimics group)
and control oligo (as NC group) into CNE-1, CNE-2 and
HONE-1 cells respectively. RT-qPCR detecting miR-9–3p
was first used to confirm the transfection efficiency
(Fig. 3b). Afterwards, MTT, wound scratch and transwell
assay were performed and significantly attenuated prolifera-
tion, migration and invasion in mimics groups compared
with relative NC groups were observed (Fig. 3c-g). Mea-
sured with RT-qPCR and western blot, the expression of
FN1, ITGB1 and ITGAV was suppressed in mimics groups
together with Vimentin, MMP2 while E-cadherin and COL
IV were upregulated (Fig. 4a-d), indicating the anti-tumor
effect of miR-9–3p via inhibiting the EMT process.

FN1, ITGB1 and ITGV5 are all targets of miR-9–3p

Predicted by Targetscan, the binding regions among miR-9–3p,
FN1, ITGB1 and ITGV5 undergoes site directed mutagenesis.
Given 4 target sites between miR-9–3p and FN1, 3 sites
between miR-9–3p and ITGB1 and one site between ITGV5
were shown in Targetscan, we designed sequences with multi-
ple or single site mutation for FN1, ITGB1 and ITGAV. These
sequences were synthesized by Shanghai GenePharma, and
cloned into pMIR reporter plasmid as shown in Fig. 5a. The
luciferase construct harboring those sequences were used for
the transiently co-transfection with miR-9–3p in HEK 293T
cells. FN1 mut1, FN1 mut2, FN1 mut4, FN1 wt, ITGB1 mut1,
ITGB1 mut2, ITGB1 mut3, ITGB1 wt and ITGAV wt were all
able to reduce the relative luciferases compared with the relative
controls (Fig. 5b-d). All these verified the target relationship
among miR-9–3p, FN1, ITGB1 and ITGAV, which also

explains the downregulation of FN1, ITGB1 and ITGV5 by
miR-9–3p mimics at transcriptional level in NPC cells.

MiR-9–3p inhibits the EMT process by downregulating FN1,
ITGB1 and ITGAV in HONE-1 cells

Plasmids overexpressing FN1, ITGB1 or ITGAV were con-
structed as well as a control vector. Co-transfection of HONE-1
cells was performed with one of plasmids and either miR-9–3p
mimics or control oligo. Forty-eight hours after transfection,
stably transfected cells were harvested and divided to 8 groups
for further research: vector C oligo, vector C mimics, FN1 C
oligo, FN1 C mimics, ITGB1 C oligo, ITGB1 C mimics,
ITGAV C oligo and ITGAV C mimics. RT-qPCR results
(Fig. 6a-d) confirmed an evaluated expression of miR-9–3p
induced by mimics could not be affected by vector, FN1,
ITGB1 or ITGAV. Moreover, expression of FN1, ITGB1,
ITGAV was significantly enhanced in FN1 C oligo, ITGB1 C
oligo and ITGAV C oligo groups respectively, which was abro-
gated by miR-9–3p mimics in FN1 Cmimics, ITGB1Cmimics
and ITGAV Cmimics groups. Additionally, the transfection of
FN1, ITGB1 or ITGAV has little effect on each other’s expres-
sion at transcriptional level.

The proliferation, migration and invasion of cells were
studied by the means of MTT, wound scratch and trans-
well assay. The results shown in Fig. 6e, f and g demon-
strated the enhanced proliferation and metastases of
HONE-1 cells induced by the overexpression of FN1,
ITGB1 or ITGAV. Still, co-transfection with miR mimics
turned down the promoting effects and FN1 C mimics,
ITGB1 C mimics and ITGAV C mimics showed the simi-
lar trends with vector C oligo group. The variation on

Figure 4. The downstream of miR-9–3p in NPC cells. (A-C) Measured by RT-qPCR, overexpression of miR-9–3p efficiently downregulated the The expression of FN1(A),
ITGB1(B) and ITGAV(C) in transfected NPC cells. (D) Western blot analysis valued the protein expression of FN1, ITGB1, ITGAN, E-cadherin, Vimentin, MMP2 and COL IV,
indicating an inactivated EMT process induced by upregulation of miR-9–3p. All data was presented as Mean§ SD from 3 independent experiments. ��, ## and and& rep-
resents P < 0.05 compared with relative control group.
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EMT process related proteins were measured by western
blot (Fig. 7), overexpression of FN1 mRNA, ITGB1
mRNA or ITGAV mRNA lead to an evaluated transla-
tional level respectively compared with vector C oligo
group. Intriguingly, high level of FN1 contributed to the
upregulation of ITGB1 and ITGAV level while the reverse
relationship was not found. The level of E-cadherin and
COL IV decreased and the level of Vimentin, MMP2
increased in FN1 C oligo, ITGB1 C oligo and ITGAV C
oligo groups compared with vector C oligo group. Again,
co-transfection with miR-9–3p mimics downregulated the
evaluated protein level of FN1, ITGB1, ITGAV, Vimentin,
MMP2 and upregulated the levels of E-cadherin and COL
IV in FN1 C mimics, ITGB1 C mimics and ITGAV C

mimics compared with FN1 C oligo, ITGB1 C oligo and
ITGAV C oligo groups respectively. Taken together, miR-
9–3p functions as an anti-tumor role via suppressing the
expressions of FN1, ITGB1 and ITGAV.

Discussion

As an uncommon epithelial cancer worldwide, NPC has high
rate of occurrence and subsequence metastases especially in
Southeast Asia33For the treatments of NPC, adjuvant radiother-
apy or chemotherapy is often applied with drugs or surgery,
whereas the development of radio-resistance or chemo-resis-
tance remains a major limitation34,35 Therefore, it is required to
figure out the molecular mechanisms involved in the

Figure 5. The target relationship among miR-9–3p, FN1, ITGB1 and ITGAV. (A) The reporting plasmids carrying wild type or mutant FN1, ITGB1 and ITGAV were designed
according the predicted target sites provided by TargetScan database. Sequences under black lines were delated in mutant cDNAs. (B-D) Transient co-transfections were
performed in HEK 293T cells with one of the plasmid and either miR-9–3p mimics or control oligo. The reduction on relative luciferase activity in wild type or poorly con-
served sequence compared with the all-site-mutant group confirmed the target relationship among miR-9–3p, FN1, ITGB1 and ITGAV. All data was presented as Mean §
SD from 3 independent experiments. ��, ## and and& represents P < 0.05 compared with relative control group.
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Figure 6. The anti-tumor role of miR-9–3p was via down-regulating FN1, ITGB1 and ITGAV. (A-D) Stable co-transfections with one of the plasmids carrying
no sequence, FN1 cDNA, ITGB1 cDNA or ITGAV cDNA and either miR-9–3p mimics or control oligo were performed in HONE-1 cells. Forty-eight hours after
transfection, expression of miR-9–3p (A), FN1 (B), ITGB1 (C) and ITGAV (D) was detected by RT-qPCR. (E) Proliferation ability of transfected cells was
assessed using MTT assay. (F-G) Migration and invasion ability of transfected cells was measured by wound scratch and transwell assay respectively. All
data was presented as Mean § SD from 3 independent experiments. ��represents P < 0.05 compared with vector C oligo group while ## represents
P < 0.05 compared with relative control group.

CANCER BIOLOGY & THERAPY 421



tumorigenesis and progression of NPC with the aim of acquir-
ing molecular targets for the effective prevention and treatment
of NPC.

It is well known that EMT is one of the most important
manners contributing to cancer metastases36 The process
involves tumor cell detachment and regulates the expression of
adhesion molecules between cells and extracellular matrix such
as E-cadherin, Vimentin, fibronectin, integrin, matrix metallo-
proteinase and collagen37-39 Increasing evidences reveals that
upregulation of FN1, ITGB1 and ITGAV facilitated the EMT
process and accelerated the tumor metastases18,40,41 Moreover,
these molecules also participate in various cellular procedures
involving cell growth, differentiation and apoptosis42,43 In our
study, strengthened EMT process was characterized in NPC tis-
sues by the upregulation of Vimentin, FN1, ITGB1, ITGAV,
MMP2 and downregulation of E-cadherin and COL IV. In vitro
experiments also demonstrated the tumor-promoting role of
FN1, ITGB1 and ITGAV on proliferation, migration and inva-
sion of HONE-1 cells as well as evaluated EMT process.

MiRNAs are reported as crucial regulators of physiologic
processes involving neurogenesis, hematopoiesis, regeneration
and homeostasis of stem cells44 Furthermore, miRNAs also
contributed to the metastasis of numerous human carcinomas
by transcriptional regulation of related genes45-47 For example,
MiR-105 promotes breast cancer cell metastases by targeting
the junction protein ZO-145 MiR-374a directly targets CCND1
to inactivate PI3K/pAKT/c-JUN forming a negative back loop,
subsequently suppresses downstream signals related to cell
cycle progression and EMT process, finally contributes to the
inhibition of NPC cell proliferation, invasion, metastasis and
cisplatin resistance in vitro and in vivo48 In this study, the
expression of miR-9–3p was shown to be obviously downregu-
lated in NPC tumor tissues in comparison with adjacent nor-
mal tissues. Replenishment of miR-9–3p suppressed
proliferation, migration and invasion of NPC cells, indicating
the anti-tumor role of miR-9–3p. Targeting ITGB1, miR-9–3p
enhanced the AZD6244 (MEK1/2 inhibitor) induced extracel-
lular signal regulated kinase inhibition and growth arrest in
breast cancer13 And in hepatocellular carcinoma, miR-9–3p
targeted TAZ and inhibited cell proliferative ability via

suppressing phosphorylations of ERK1/2 and AKT12 To a
degree, these studies gave support for our findings about the
tumor-suppressing effect of miR-9–3p in NPC.

To further explore the potential mechanism of miR-9–3p,
the expressions of miR-9–3p, FN1, ITGB1, and ITGAV in NPC
tissues were first analyzed and a negative correlation was
uncovered. According to the potential target sites provided by
targetscan, we performed dual luciferase assay and confirmed
the direct relationship among miR-9–3p, FN1, ITGB1, and
ITGAV. By manipulating the expression of miR-9–3p, FN1,
ITGB1 and ITGAV in NPC cells, we gave evidence that miR-9–
3p suppressed the mRNA and protein level of FN1, ITGB1 and
ITGAV. Additionally, the tumor-promoting effects of FN1,
ITGB1 and ITGAV were efficiently attenuated by co-overex-
pression of miR-9–3p.

In summary, we first uncovered the anti-tumor role of miR-9–
3p including suppressing cell proliferation, migration and invasion
via downregulating FN1, ITGB1, ITGAV and inactivating EMT
process. With multiple targets involving with the progression of
NPC, miR-9–3p is of considerate interest to serve as a novel target
in the clinic treatment of NPC.
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