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miR-1271 inhibits OSCC cell growth and metastasis by targeting ALK
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Aberrant expression of miR-1271 plays prominent roles in progression of several cancers. However, the role of miR-1271 in 
oral squamous cell carcinoma (OSCC) has not been elucidated. The expression levels of miR-1271 and anaplastic lymphoma 
kinase (ALK) were measured by qRT-PCR in OSCC tissues and cell lines. The effects of miR-1271-mediated ALK on growth 
and metastasis of OSCC cells, transfected with miR-1271 with or without ALK plasmid, were assessed using MTT, colony 
formation, migration and invasion assays. Moreover, the target relationship between miR-1271 and ALK was assessed us-
ing luciferase reporter assay, western blotting and qRT-PCR. We found that miR-1271 was significantly decreased in OSCC 
tissues and cell lines. Overexpression of miR-1271 suppressed cell proliferation, colony formation, migration and invasion 
of OSCC cells. Furthermore, ALK was identified as a target of miR-1271, ALK overexpression remarkably attenuated the 
tumor suppressive effects of miR-1271 on OSCC cells. In addition, ALK was inversely correlated with miR-1271 expression 
in OSCC tissues. Taken together, our findings indicate that miR-1271 acts as tumor suppressor in OSCC and might be used 
as an therapeutic target for the development of treatment for OSCC.
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Oral cancer is one of the most frequent solid cancer 
worldwide [1], and oral squamous cell carcinoma (OSCC) 
constitutes approximately 90% of oral cancers. Despite the 
improvements in therapeutic modalities, the 5-year survival 
rate of OSCC patients is still around 65% [1]. OSCC is a com-
plex genetic disorder, and previous studies have identified that 
several dysregulated genes were related to the progression 
of OSCC, but the molecular mechanism of OSCC remains 
unclear. Thus, it is urgent to investigate new target for OSCC 
treatment.

MicroRNAs (miRNAs) are important members of noncod-
ing RNAs (ncRNAs) that suppress target gene expression by 
binding to the 3’-untranslated regions (3’-UTRs) to participate 
in intra-cellular post-transcriptional regulation [2, 3]. Aber-
rant miRNA expression has also been frequently reported in 
numerous tumors such as lung cancer [4], pancreatic cancer 
[5], oral cancer [6], and hepatocellular carcinoma [7]. Recent 
evidence has suggests that miRNAs play essential roles in 
tumor cell biological processes, including cell proliferation, 
differentiation, migration, and invasion [8-10]. miR-1271 is 
an important member of miRNAs in several cancers, while 

the roles of miR-1271, as a oncogene or tumor suppressor, 
remains controversial [11-13].

In this study, we found that miR-1271 was decreased in 
OSCC clinical tissues and cell lines, and miR-1271 acted as 
a tumor suppressor. Anaplastic lymphoma kinase (ALK) was 
identified as a target of miR-1271 in OSCC cells, and the tumor 
suppressive effects of miR-1271 on OSCC cells was attenuated 
by ALK overexpression. In addition, ALK was inversely cor-
related with miR-1271 in OSCC tissues.

Materials and methods

Tissue samples, cell lines, and transfection. A total of 
20 OSCC tissue samples and matched normal tissues were 
surgically obtained from our department between February 
2013 to July 2014. The patients were 12 men and 8 women, 
with a mean age of 57 years (range, 29-78). Tissues were snap-
frozen in liquid nitrogen. No patients received chemotherapy 
or radiotherapy prior to surgery. Both tumor and non-tumor 
tissues were stained with H&E and confirmed by two experi-
enced pathologists. The research was approved by the Hospital 
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Ethical Committee and informed consent was obtained from 
each patient prior to the study.

Human OSCC cell lines Tca-8113(Ninth People’s Hospital, 
Shanghai Second Medical University) were grown in RPMI 
1640 medium and SCC-4(American Type Culture Collection, 
ATCC) were cultered in Dulbecco’s modified Eagle’s medium 
(DMEM). HEK 293T cells were also cultured in DMEM me-
dium. All the media were supplemented with 10% fetal bovine 

serum(FBS), 50 U/ml penicillin and 50 U/ml streptomycin at 
37°C under 5% CO2. Cell transfection was performed using 
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer’s instructions.

Vector construction. The ol igonucleot ides  of 
pre-miR-1271 sence(5’-AATTCCACCCAGATCAGTGCTT-
GGCACCTAGCAAGCACTCAGTAAATATTTGTTGAGT-
GCCTGCTATGTGCCAGGCATTGTGCTGAGGGCTA-3’) 
and anti-sence(5’-AGCTTAGCCCTCAGCACAATGCCT-
GGCACATAGCAGGCACTCAACAAATATTTACTGAGT-
GCTTGCTAGGTGCCAAGCACTGATCTGGGTGG-3’) 
were synthesized and cloned into pLL3.7 plasmid. The 
oligonucleotides of wild-type ALK 3’-UTR (ALK-Wt) 
sence(5’-CGTCACGTTTTGTTTTGTGCCAACC-3’),anti-
sence(5’-TCGAGGTTGGCACAAAACAAAACGTGAC-
GAGCT-3’) and mutation of ALK 3’-UTR (ALK-Mut) 
sence(5’-CGTCACGTTTTGTTTTCAGCGTTCC-3’), 
anti-sence(5’- TCGAGGAACGCTGAAAACAAAACGT-
GACGAGCT-3’) were synthesized and cloned into pcDNA3.1 
plasmid with luciferase reporter gene. The pcDNA3.1-ALK 
was generated by using the following primers: forward:5’-
C G T C A C G T T T T G T T T T G T G C C A A C C - 3 ’  a n d 
reverse:5’-TCGAGGTTGGCACAAAACAAAACGTGAC-
GAGCT-3’.

RNA extraction and quantitative real time PCR 
(qRT-PCR). Total RNA was isolated by TRIzol Reagent 
(Invitrogen,CA, USA). miR-1271 was reversely transcribed 
into cDNA by special RT-primer(5’-GTCGTATCCAGT-
GCGTGTCGTGGAGTCGGCAATTGCACTGGATAC-
GACTGAGTGC-3’). The qRT-PCR was performed using 
a SYBR Premix Ex Taq™ II (TaKaRa) on ABI 7900. The 
primers for miR-1271 were forward:5’-ATCCAGTGCGT-
GTCGTG-3’, reverse: 5’-TGCTCTTGGCACCTAGCAA-3’; 
ALK were forward:5’-CTCAGCGAGCTGTTCAGTTG-3’, 
reverse:5’-GGAGAAGGCATGTTTGTTGG-3’. U6 and 
β-actin were used to normalize miRNA and mRNA, respec-
tively. Relative quantitation was calculated using the 2-ΔΔCt 
method. 

Cell proliferation assay (MTT assay). Cells (4000) were 
seeded in 96-well plates and cultured for 24h in normal condi-
tions. Then cells were transfected with pre-miR-1271 plasmid 
or the control plasmid(miR-CN). The (3-4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay was 
performed at 24, 48 and 72h, respectively. A 20μl of MTT 
solution was added and incubated for 4h at 37°C, then the 
supernatant was discarded and replaced with 150μl Dimethyl 
sulfoxide(DMSO). OD490 was measured using a microplate 
spectrophotometer.

Colony formation assay. Post-transfected cells were seeded 
into 12-well plates at a density of 2000 cells/well, incubated 
for two weeks, and then were stained with 0.5% crystal violet 
for 30 min. The pictures were obtained by using computer 
software.

Cell migration and invasion assays. For migration assay, 
the 5×105 cells were seeded into the upper chamber, and 500μl 

Figure 1. Down-regulation of miR-1271 in OSCC tissues and cell lines.
A, The expression of miR-1271 in OSCC tissues and normal tissues was 
measured by qRT-PCR. B, The expression of miR-1271 in OSCC cell 
lines SCC-4, Tca-8113, and normal oral mucosa cells was measured by 
qRT-PCR. Experiments were performed in triplicate. ##p < 0.01 compared 
with miR-CN.
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Figure 2. miR-1271 suppressed the growth of OSCC cells.
A, The expression level of miR-1271 was analyzed by qRT-PCR in SCC-4 and Tca-8113 cells transfected with pre-miR-1271 or miR-CN. B, MTT assay of 
SCC-4 and Tca-8113 cells transfected with pre-miR-1271 or miR-CN. C, Colony formation of SCC-4 and Tca-8113 cells transfected with pre-miR-1271 
or miR-CN. Experiments were performed in triplicate. #p<0.05, ##p < 0.01 compared with miR-CN.
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complete medium was added to the bottom chamber. Cells 
on the top surface of the membrane were removed using cot-
ton swabs, and the migrated cells on the lower surfaces were 
fixed with 95% ethanol, and stained with 0.1% crystal violet. 
Matrigel-coated transwell were used for invasion assay. cells 
which had invaded to the lower surface of membrane were 
fixed, stained, and counted. Four random fields were captured 
for each chamber.

Luciferase reporter assay. HEK-293T cells were co-
transfected with Wt or Mut of ALK and miR-1271 or miR-CN. 
Twenty-four hours after transfection, HEK-293T cells were 

harvested, and luciferase activity was assayed using a Dual-
Luciferase Reporter Assay kit (Promega, Wisconsin, WI, 
USA).

Western blotting. Twenty-four hours after transfec-
tion, total protein was extracted from treated cells with 
RIPA buffer(Sigma-Aldrich). Then proteins were separated 
by 10% SDS-PAGE gel and transferred to polyvinylidene 
difluoride (PVDF) membrane (Millipore, MA, USA). The 
membrane was first incubated with specific primary anti-
ALK(CatalogNo:60321-1-Ig, Proteintech Group Inc.), then 
with secondary antibody labeled with HRP and detected by 
chemiluminescence. The intensity was measured by ImageJ 
software. The protein level was normalized to β-actin.

Statistical analysis. Data were expressed as mean ± SEM 
from at least three independent experiments. SPSS 13.0 analy-
sis software was used for the statistic analysis. The differences 
between the two groups were analyzed using a Student’s t-
test (two-tailed). A P-value<0.05 was considered statistically 
significant.

Results

miR-1271 was downregulated in OSCC tissues and cell 
lines. qRT-PCR was used to detect the expression of miR-1271 
in 20 OSCC tissues and two OSCC cell lines. Data showed 
that miR-1271 was significantly decreased in OSCC compared 
with normal tissues(P=0.001, Fig. 1A). Similarly, miR-1271 
was dramatically downregulated in SCC-4 and Tca-8113 cells 
compared with normal oral mucosa cells(P=0.002, P=0.004, 
respectively, Fig. 1B).

miR-1271 inhibited proliferation and colony forma-
tion of OSCC cells. MTT and colony formation were used 
to determine the effects of miR-1271 on OSCC cells. Firstly, 
the expression of pre-miR-1271 plasmid was identified by 
qRT-PCR (Fig. 2A). Then we found that pre-miR-1271 over-
expression remarkably decreased the proliferation of SCC-4 
and Tca-8113 cells compared with miR-CN group (P<0.05 
,Fig. 2B). Consistent with above results, pre-miR-1271 
overexpression significantly suppressed colony formation of 
SCC-4 and Tca-8113 cells (P=0.003, P=0.004, respectively, 
Fig. 2C).

miR-1271 suppressed migration and invasion of 
OSCC cells. To investigate the role of miR-1271 for the 
metastasis of OSCC cells, pre-miR-1271 or miR-CN was 
transfected into OSCC cells and migration and invasion 
assays were performed. As shown in Fig. 3A and B, we 
found that overexpression of pre-miR-1271 dramatically 
suppressed migration and invasion in SCC-4 and Tca-8113 
cells compared with miR-CN group (P=0.001, P=0.006, 
respectively).

ALK was a target of miR-1271. To investigate the target 
of miR-1271 in OSCC, TargetScan 6.2 (http://www.targetscan.
org/) was used. ALK contained the potential binding sites 
of miR-1271(Fig. 4A). Luciferase activity assay showed that 
pre-miR-1271 overexpression significantly inhibited the Wt 

Figure 3. miR-1271 suppressed OSCC cell migration and invasion.
A, Migration assay of SCC-4 and Tca-8113 cells transfected with pre-miR-
1271 or miR-CN. B, Invasion assay of SCC-4 and Tca-8113 cells transfected 
with pre-miR-1271 or miR-CN. Experiments were performed in triplicate. 
##p < 0.01 compared with miR-CN.
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but not the Mut luciferase activity of ALK in HEK-293T cells 
(P=0.006, Fig.4B). In addition, overexpression of pre-miR-
1271 significantly inhibited mRNA and protein levels of ALK 
(P<0.005, Fig. 4C, D).

Restoration of ALK attenuated the effects of miR-1271. 
We further explored whether ALK overexpression could 
reverse the tumor-suppressive effects of miR-1271 on OSCC 
cells. The expression level of ALK was confirmed by qRT-PCR 
and western blotting(Fig. 5A, B). Furthermore, as shown in 
Fig. 5C, D, E, F, MTT assay, colony formation, migration and 
invasion showed that ALK overexpression remarkably at-
tenuated the tumor suppressive effects of miR-1271 on OSCC 
cells(P<0.05).

ALK was inversely correlated with miR-1271 in OSCC. 
Expression of ALK in 20 OSCC tissues was examined by 
qRT-PCR. As shown in Fig. 6A, the expression of ALK was 
significantly increased in OSCC tissues compared with normal 

tissues (P< 0.001). Moreover, ALK mRNA level was inversely 
correlated with miR-1271 level in OSCC tissues (r=-0.925, 
P<0.001, Fig. 6B).

Discussion

In this study, we revealed a tumor-suppressive role of miR-
1271 in OSCC. In addition, we identified ALK as a direct target 
of miR-1271 in OSCC cells. The overexpression of ALK could 
attenuate suppressive effects of miR-1271 on OSCC progres-
sion. Moreover, ALK was inversely correlated with miR-1271 
in OSCC tissues.

Accumulating evidence suggests the crucial role of miRNAs 
in OSCC progression. For example, miR-206 was found to be 
significantly downregulated in OSCC tissue samples and cell 
lines, and upregulation of miR-206 could reduce cell prolif-
eration, invasion, and migration and promote cell apoptosis 

Figure 4, ALK was a direct target of miR-1271
A, The potential miR-1271 targeting site in ALK 3’-UTR and the mutated sequences. B, HEK-293T cells were co-transfected with pre-miR-1271 or 
miR-CN with ALK-Wt or ALK-Mut and the luciferase activity was assayed. C-D, The mRNA and protein levels of ALK were analyzed by qRT-PCR and 
western blotting. Experiments were performed in triplicate. ##p < 0.01 compared with miR-CN.
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Figure 5. ALK overexpression attenuated the effects of miR-1271.
A, Expression of ALK mRNA was measured by qRT-PCR in SCC-4 cells transfected with ALK overexpression plasmid. B, ALK protein level was detected 
by western blotting in SCC-4 cells transfected with ALK plasmid. C, MTT assay. D, Colony formation assay. E, Migration assay. F, Invasion assay of 
SCC-4 cells with pre-miR-1271 with/without ALK plasmid. Experiments were performed in triplicate. ##p < 0.01 compared with miR-CN.
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through targeting K-Ras in vitro [14]. In contrast, miR-146a 
was increased in OSCC tissues, and overexpression of miR146a 
significantly increased in vitro oncogenic phenotypes as well 
as during xenograft tumorigenesis and OSCC metastasis by 
targeting IRAK1, TRAF6 and NUMB [15]. miR-1271 has been 
reported to be involved in the carcinogenesis of several cancers, 
miR-1271 was significantly decreased in gastric cancer tissues 
and cell lines. Overexpression of miR-1271 inhibited prolifera-
tion of SGC7901/DDP cells, and sensitized SGC7901/DDP 
cells to DDP-induced apoptosis by repressed the protein levels 

of IGF1R, IRS1, mTOR, and BCL2[11]. Nurul-Syakima et al. 
[13] found that the expression of miR-1271 was up-regulated 
in head and neck cancers from Malaysia. Our studies revealed 
that the expression of miR-1271 was significantly down-
regulated in OSCC tissues and cells, which were in line with 
a previous studies [11, 12]. Forced expression of miR-1271 
suppressed proliferation, colony formation, migration and 
invasion, suggesting the tumor suppressive roles of miR-1271 
in OSCC.

ALK is a member of the insulin receptor family of receptor 
tyrosine kinases and its expression is normally restricted to the 
nervous system [16]. Activated ALK could inhibit apoptosis and 
promote the proliferation through activation of down-stream 
PI3K/Akt and MAPK signalling pathways [17]. Accumulating 
evidence suggests that ALK was increased in a variety of tumors, 
including lung cancer [18], neuroblastoma [19], pancreatic 
cancer [20] and glioblastoma [21]. Martinengo et al. found that 
under hypoxic conditions ALK directly regulated the abun-
dance of hypoxia-inducible factors (HIFs) in both anaplastic 
large cell lymphoma and non-small cell lung carcinoma. In 
addition. Seystahl et al. reported that TGF-β regulates VEGF 
release in an ALK-5-dependent manner involving SMAD2, 
SMAD3, and SMAD1/5/8 signaling in glioma cells [21]. In 
this study, we identified that ALK was a target of miR-1271 in 
OSCC cells, and ALK overexpression remarkably attenuated 
the tumor suppressive effects of miR-1271 on OSCC cells. 
Furthermore, ALK was inversely correlated with miR-1271 in 
OSCC tissues.

In conclusion, we, for the first time, demonstrated that 
miR-1271 was significantly decreased in OSCC, and miR-1271 
suppressed tumor growth and metastasis of OSCC cells by 
targeting ALK. miR-1271 might serve as a novel diagnostic 
marker and therapeutic target for OSCC.
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