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miR-98 suppresses tumor cell growth and metastasis 
by targeting IGF1R in oral squamous cell carcinoma
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Abstract: Increasing evidences indicate that dysregulation of miRNAs contributes to the pathogenesis of oral squa-
mous cell carcinoma (OSCC). However, little is known about the potential role of miR-98 in OSCC. Here, we found 
that miR-98 was downregulated in OSCC tissues and cell lines. Overexpression of miR-98 inhibited proliferation, 
colony formation, migration, and invasion of OSCC cells. IGF1R was identified as the potential target of miR-98 using 
dual luciferase assay, qRT-PCR and western blot. Furthermore, restoration of IGF1R remarkably reversed the tumor-
suppressive effects of miR-98 on OSCC cells. Moreover, miR-98 expression was inversely correlated with IGF1R 
expression in 19 cases of OSCC. These findings suggest that  miR-98 inhibits cancer cell growth and metastasis by 
direct targeting IGF1R, implicating miR-98 as a novel potential therapeutic target for OSCC.
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Introduction

Oral cancer is frequently the most common 
type of head and neck cancers in terms of inci-
dence and mortality, and oral squamous cell 
carcinoma (OSCC) accounts for 95% of all oral 
cancer cases. Despite recent advances in diag-
nosis, surgery and chemotherapy strategy, the 
5-year survival rate for OSCC is still quite low 
[1-3]. Therefore, it is urgent to elucidate the 
molecular mechanisms underlying tumorigene-
sis and progression of OSCC to identify novel 
markers for the diagnosis and treatment for 
OSCC. Recently, emerging evidences demon-
strate that deregulation of microRNAs (miRNAs) 
can also contribute to OSCC development by 
influencing cell growth, apoptosis, migration, or 
invasion except for the multiple genetic and epi-
genetic changes to protein coding genes in 
OSCC [4].

miRNAs are a class of small noncoding RNAs 
that are approximately 20 nucleotides in length, 
which could regulate gene expression post-
transcriptionally through base pairing with the 
3’-untranslated region (3’-UTR) of target mRNAs 
[5]. Accumulating evidence shows that abnor-

mal miRNAs can function as oncogenes or 
tumor suppressors in the initiation and progres-
sion of various cancers, including OSCC [4, 5]. 
For instance miR-21 [6], let-7b [7], and miR-31 
[8], have been proved to contribute to the 
growth and metastasis of OSCC. miR-98 func-
tions as a tumor suppressor in some cancers 
[9, 10], but the detailed role of miR-98 in OSCC 
is unclear.

In this study, we investigated the expression 
level of miR-98 in OSCC tissues and cell lines. 
Furthermore, we explored the role and underly-
ing molecular mechanism of miR-98 on the car-
cinogenesis of OSCC by targeting the Insulin-
like growth factor 1 receptor (IGF1R).

Materials and methods

OSCC tissues and cell culture

19 samples of primary OSCC tissues and paired 
normal tissues were obtained from our hospi-
tal. Fresh samples were snap frozen inliquid 
nitrogen immediately after resection and stored 
at -80°C. The present study was approved by 
the ethics committee of School and Hospital of 
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Stomatology, Wenzhou Medical University. Wri- 
tten informed consent was obtained from each 
patient.

OSCC cell lines SCC-25 and Tca-8113 were 
obtained from ATCC and Ninth People’s Hos- 
pital, Shanghai Second Medical University, 
respectively. HEK 293 cell line was obtained 
from the Institute of Biochemistry and Cell 
Biology at the Chinese Academy of Sciences. All 
cells were cultured in Dulbecco’s MEM (Invi- 
trogen, Carlsbad, CA, USA). All the media were 
supplemented with 10% fetal bovine serum 
(FBS, PAA) at 37°C under 5% CO2.

Plasmid construction and transfection

The oligonucleotides of pre-miR-98 sence (5’- 
AATTCAGGATTCTGCTCATGCCAGGGTGAGGTAG- 
TAAGTTGTATTGTTGTGGGGTAGGGATATTAG- 
GCCCCAATAGAAGATAACTATACAACTTACTACT- 
TTCCCTGGTGTGTGGCATATTCAA-3’) and anti-
sence (5’-AGCTTTGAATATGCCACACACCAGGGA- 
AAGTAGTAAGTTGTATAGTTATCTTCTAATTGGGGC- 
CTAATATCCCTACCCCACTTCAATACAACTTACTAC- 
CTCACCCTGGCATGAGCAGAATCCTG-3’) were 
synthesized (Sangon Biotech, Shanghai, China) 
and cloned into pcDNA6.2-GW plasmid. IGF1R 
cDNA was purchased from Sino Biological Inc. 
(Beijing, China). The complimentary sites in 
3’UTR of IGF-1R (wild-type IGF1R/IGF1R-wt, 
sence: 5’-CTTCACAAGCCTCCTGTACCTCAGC-3’, 
anti-sense: 5’-TCGAGCTGAGGTACAGGAGGCTT- 
GTGAAGAGCT-3’) and mutation (mutation of 
IGF1R/IGF1R-mt, sense: 5’-CTTCACAAGCCTC- 
CTGTAGGAGAGC-3’; antisense: 5’-TCGAGCTCT- 
CCTACAGGAGGCTTGTGAAGAGCT-3’) for miR-98 
were synthesized and cloned into pmirGLO 
plasmid at Sac 1 and Xho 1 sites (Promega). 
Cell transfection was performed using Lipo- 
fectamine 2000 (Invitrogen) according to the 
manufacturer’s instructions.

RNA preparation and quantitative real time 
PCR (qRT-PCR)

Total RNA was isolated using Trizol (Invitrogen, 
Carlsbad, CA, USA). miR-98 was reversely tran-
scribed into cDNA by special RT-primer (5’- 
GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAA- 
TTGCACTGGATACGACAACAATA-3’). The quanti-
tative real-time PCR (qRT-PCR) was performed 
using a SYBR Green mix (Takara, Tokyo, Japan) 
on ABI 7900 (ABI, Foster City, CA, USA). The fol-
lowing primers were used: miR-98 forward: 
5’-ATCCAGTGCGTGTCGTG-3’, reverse: 5’-TGCT- 

TGAGGTAGTAAGTTG-3’. IGF1R forward: 5’-TTAA- 
AATGGCCAGAACCTG-3’, reverse: 5’-ATTATAACC- 
AAgCCTCCCAC-3’. U6 and β-actin were used as 
control. Data were normalized using the 2-ΔΔCT 
method relative to U6 and β-actin. Each assay 
was repeated in triplicate.

Cell proliferation assay

The cells were plated in 96-well plates at 3000 
cells/well. The (3-4,5-dimethylthiazol-2-yl)-2,5- 
diphenyl-tetrazolium bromide (MTT) assay was 
performed at 24, 48 and 72h, respectively. A 
20 μl of MTT solution was added and incubated 
for 4 h at 37°C, then the supernatant was dis-
carded, and 150 μl Dimethyl sulfoxide (DMSO) 
was added to each well. Optical density (OD) 
was measured at 492 nm in a microplate 
spectrophotometer.

Colony formation assay

2000 transfected cells were seeded into 12- 
well plate, 2 weeks later, Colonies were fixed 
and stained with 0.5% crystal violet for 15 min. 
Then the clones were counted and normalized 
to the control group under a microscope.

Migration and invasion assays

1×105 transfected cells were plated into cell 
culture inserts with microporous filters (BD, 
U.S.) coated with (invasion) or without (migra-
tion) Matrigel. After 24 h incubation at 37°C, 
Cells remained on the upper surfaces of the 
membranes were removed using cotton swabs, 
cells adhering to the lower membrane were 
fixed and stained with 0.1% crystal violet and 
imaged using microscope. All experiments were 
repeated for three times.

Luciferase reporter assay

The IGF1R-wt or IGF1R-mt and pre-miR-98 were 
co-transfected into HEK-293 cells. Forty-eight 
hours after transfection, cells were harvested 
and luciferase activity was measured using 
Dual-Luciferase Reporter Assay System (Pro- 
mega). Experiments were repeated three times 
independently.

Western blot

Cells were washed twice with cold PBS and 
lysed on ice in RIPA buffer (Beyotime, Shanghai, 
China). Protein was loaded and seperated by 
10% SDS-PAGE gel and transferred onto PVDF 
membrane. The membranes were blocked with 
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5% non-fat milk in Tris-buffered saline Tween-
20 (TBST) for 0.5 h at room temperature and 
incubated with specific primary antibodies 
overnight at 4°C. Then with secondary antibod-
ies labeled with HRP and detected by ECL.

Statistical analysis

Data are expressed as mean ± SD, and ana-
lyzed using SPSS 13.0. The differences be- 
tween groups were analyzed using one-way 
ANOVA or non-paired t test. The correlation 
between miR-98 expression and IGF1R mRNA 
expression was measured by Pearson’s correla-
tion. P < 0.05 was considered as statistically 
significant.

Results

miR-98 is downregulated in OSCC tissue 
samples and cell lines

To study the expression of miR-98 in OSCC, we 
measured the expression of miR-98 in 19 pairs 
of OSCC and matched normal tissues using 
qRT-PCR. As shown in Figure 1A, the miR-98 
was significantly decreased in OSCC tissues 
compared with the adjacent normal tissues 
(P=0.005). Furthermore, the expression of miR-
98 was also downregulated in Tca-8113 and 
SCC-25 cell lines compared with the normal 
epithelial cells (Figure 1B, P=0.003, P=0.005).

miR-98 suppresses the growth of OSCC cells

To ascertain the functional effect of miR-98 on 
growth. We firstly transfected OSCC cells with 
pre-miR-98. The expression of miR-98 was 
measured by qRT-PCR, 24 h after transfection. 
We found that the miR-98 was significantly 
increased by in transfected Tca-8113 and SCC-
25 cells (Figure 2A, P=0.001, P=0.003). MTT 
assay was used to examine the proliferation of 
OSCC cells, overexpression of miR-98 sig- 
nificantly suppressed proliferation of Tca-8113 
and SCC-25 cells compared with the control 
group (miR-Ctrl) (Figure 2B, P<0.05). Similarly, 
miR-98 overexpression substantially suppre- 
ssed colony formation of Tca-8113 and SCC-25 
cells (Figure 2C, P=0.008, P=0.004).

miR-98 suppresses OSCC cell migration and 
invasion

To explore the function of miR-98 in the regula-
tion of cell migration and invasion. Tca-8113 
cells were transfected with pre-miR-98 or miR-
Ctrl, after 24 h, as shown in Figure 3, overex-
pression of miR-98 dramatically suppressed 
tumor cell migration in Tca-8113 cells com-
pared with miR-Ctrl group (P=0.011, P=0.009).

IGF1R is a target of miR-98 in OSCC cells

To uncover the mechanism by which miR-98 
suppresses OSCC cell growth and invasion, 

Figure 1. miR-98 is downregulated in OSCC tissues and cell lines. A. Relative expression level of miR-98 in 19 pairs 
of OSCC tissue samples and paired normal tissues was analyzed using qRT-PCR. B. Relative expression of miR-98 
in two OSCC cell lines (Tca-8113 and SCC-25 cells) and the normal epithelial cells. U6 was used as an endogenous 
control. Data are mean ± SD of three independent experiments. *P<0.05, **P<0.01.
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TargetScan 6.2 was used. IGF1R was predicted 
to be a target of miR-98. Wild type or the mutat-
ed IGF1R 3’-UTR sequences (IGF1R-wt/IGF1R-
mt) were amplified and sub-cloned into the 

luciferase reporter vector (Figure 4A). Luci- 
ferase activity assay showed that miR-98 sig-
nificantly inhibited the WT but not the Mt lucif-
erase activity of IGF1R in HEK-293 cells (Figure 

Figure 2. Ectopic expression of miR-98 inhibits growth of OSCC cells. A. The relative expression level of miR-98 in 
Tca-8113 and SCC-25 cells were determined by qRT-PCR after transfection with pre-miR-98 or miR-Ctrl. U6 was 
used as an endogenous control. B. The proliferation was determined by MTT assay after transfection with pre-
miR-98 or miR-Ctrl. C. The capacity of colony formation was determined by colony formation assay after transfection 
with pre-miR-98 or miR-Ctrl. Data are mean ± SD of three independent experiments. *P<0.05, **P<0.01.
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4B, P=0.007). Furthermore, the mRNA level of 
IGF1R was decreased after transfection with 
pre-miR-98 using qRT-PCR (Figure 4C, P< 

0.001). Consistent with this result, overexpres-
sion of miR-98 significantly inhibited IGF1R 
expression using western blot (Figure 4D).

Figure 3. Ectopic expression of miR-98 inhibits migration and invasion of OSCC cells. The migration (A) and inva-
sion assays (B) of Tca-8113 cells transfected with pre-miR-98 or miR-Ctrl. Experiments were performed in triplicate. 
*P<0.05, **P<0.01 compared with control.

Figure 4. IGF1R is a target of miR-98 in OSCC cells. A. Bioinformatics analysis of the predicted interactions of miR-
98 and its binding sites within the 3’-UTR of IGF1R. B. HEK-293 cells were co-transfected with pre-miR-98/miR-Ctrl 
with wt/mt 3’-UTR of IGF1R. Relative luciferase activity was assayed. C. The relative expression level of IGF1R in Tca-
8113 cells were determined by qRT-PCR after transfection with pre-miR-98 or miR-Ctrl. U6 was used as an endoge-
nous control. D. The protein level of IGF1R in Tca-8113 cells were determined by western blot after transfection with 
pre-miR-98 or miR-Ctrl. Data represents the mean ± SD of three independent experiments. *P<0.05, **P<0.01.
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IGF1R is involved in miR-98 mediated suppres-
sion of OSCC growth and metastasis

We further investigated whether restoration of 
IGF1R could reverse the tumor-suppressive 
effects of miR-98. Firstly, the effect of IGF1R 

overexpression was confirmed by qRT-PCR 
(Figure 5A, P<0.001) and western blot (Figure 
5B). Then, our results demonstrated that IGF1R 
overexpression significantly attenuated the 
tumor suppressive effects of miR-98 using MTT 
assay, colony formation, migration and invasion 

Figure 5. miR-98 suppresses OSCC progression partially by targeting IGF1R. The relative expression level of miR-98 
in Tca-8113 cells were determined by qRT-PCR (A) and western blot (B) after transfection with IGF1R plasmid. U6 
and β-actin was used as an endogenous control, respectively. Tca-8113 cells were co-transfected with pre-miR-98 or 
miR-Ctrl with IGF1R plasmid. MTT (C), colony formation (D), migration (E), and invasion (F) assays were performed. 
Data represents the mean ± SD of three independent experiments. *P<0.05, **P<0.01.
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(Figure 5C-F, P<0.01, P=0.002, P=0.001, P= 
0.008).

miR-98 is inversely correlated with IGF1R 
expression in OSCC tissues

Expression of IGF1R in 19 OSCC tissues was 
examined by qRT-PCR. As shown in Figure 6A, 
the expression of IGF1R was significantly 
increased in OSCC tissues compared with the 
adjacent normal samples (P<0.001). In addi-
tion, the level of IGF1R mRNA expression was 
inversely correlated with that of miR-98 OSCC 
tissues (Figure 6B, r=-0.921, P<0.001).

Discussion

Emerging data have documented that miRNAs 
are frequently deregulated in various types of 
cancers, which indicates that miRNAs may 
plays an essential role in OSCC tumorigenesis 
and progression. miR-98 was an tumor sup-
pressive miRNA and decreased in different 
human cancers [9, 10]. Aberrant expression of 
miR-98 could contribute to the initiation and 
progression of tumors. Ting HJ et al. [11] found 
that miR-98 was transcriptionally induced by 
1α,25-dihydroxyvitamin D(3) (1,25-VD) in pros-
tate cancer cells, knockdown of miR-98 sup-
pressed 1,25-VD anti-growth effect and overex-
pression of miR-98 suppressed the prostate 
cancer cells growth via inducing G2/M arrest. 
In addition, in glioma tissues, miR-98 was sig-

nificantly reported to lower than that in normal 
brain tissues, forced expression of miR-98 
accelerated the inhibition of glioma cell inva-
sion by targeting gene HMGA2 [12]. In this pres-
ent study, we demonstrated that miR-98 was 
significantly downregulated in OSCC samples 
and human OSCC cell lines. Furthermore, over-
expression of miR-98 inhibited cell prolifera-
tion, migration, and invasion of OSCC cells, 
which provides important evidence in support 
of miR-98 functioning as a tumor suppressor in 
OSCC.

In addition, we identified that a oncogenic gene, 
IGF1R, was a target of miR-98. IGF-1R is a 
transmembrane receptor tyrosine kinase, 
which could bind to adaptor molecules and 
then trigger phosphatidylinositol 3-kinase 
(PI3K)/Akt and mitogen-activated protein 
kinase (MAPK) signaling pathways to regulate 
oncogenic transformation, growth and survival 
of cancer cells [13, 14]. Accumulating evidence 
suggests that IGF1R is frequently overex-
pressed in many cancers, and plays a positive 
role in tumorigenesis [7, 15, 16]. Gao et al. indi-
cated that overexpression of IGF-1R was nega-
tively associated with histological differentia-
tion of OSCC patients, and triggered the PI3K 
and MAPK pathways to accelerated OSCC cells 
proliferation both in vivo and in vitro [7]. 
Furthermore, IGF1 was recombined to magnet-
ic iron oxide nanoparticles (IONPs) to develop 
the theranostic IGF1-IONP-Dox for targeted 

Figure 6. IGF1R is inversely correlated with miR-98 in OSCC. A. Relative expression level of IGF1R in 19 pairs of 
OSCC tissue samples and paired normal tissues was analyzed using qRT-PCR. β-actin was used as an endogenous 
control. Data represents the mean ± SD of three independent experiments. B. IGF1R mRNA level was inversely cor-
related with miR-98 level in OSCC tissues. *P<0.05, **P<0.01.
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delivery of therapeutic agents into IGF1R 
expressing drug resistant tumor cells and tumor 
associated stromal cells [17]. Here, we found 
that miR-98 suppressed IGF1R expression, and 
overexpression of IGF1R could dramatically 
attenuated the tumor suppressive effects of 
miR-98 in OSCC cells. Furthermore, IGF1R was 
inversely correlated with miR-98 in OSCC sam-
ples, these findings suggest that oncogenic 
IGF1R may be involved in progression of OSCC.

In conclusion, the present study showed that 
miR-98 was significantly downregulated in 
OSCC tissues and cell lines. Overexpression of 
miR-98 suppressed growth and metastasis of 
OSCC cells by targeting IGF1R. These findings 
suggest that miR-98 may serve as a predictor 
for prognosis and a therapeutic target for OSCC 
patients.
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