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The role of miR-21 in proliferation and invasion capacity 
of human tongue squamous cell carcinoma in vitro
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Abstract: Tongue squamous cell carcinoma is one of the most common cancers, which has the highest incidence 
in oral maxillofacial malignant tumors. MiR-21 may promote tumorigeness by down-regulating tumor suppressing 
genes and/or controlling the genes for cell differentiation and apoptosis, and it has been identified as the most 
expressive and unusual in a number of profiling experiments. The study shows there are high expressions of miR-21 
in tongue squamous cell carcinoma cell lines (Tca8113 and its high metastatic lines), especially in high metastatic 
lines. miR-21 silencing could suppress the capacity of proliferation, migration and invasion, arrest the cell cycle 
and induce apoptosis of tongue squamous cell carcinoma cell lines (Tca8113 and its high metastatic lines). All the 
results indicate that miR-21 will probably open a new path to the gene therapy for oral squamous cell carcinoma.
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Introduction

It was found in our previous study that micro 
ribonucleic acid-21 (miR-21) was highly ex- 
pressed in the tissues of oral squamous cell 
carcinoma, tongue squamous cell carcinoma 
cell line Tca8113 and its high metastatic line, 
and the overexpression was especially signifi-
cant in the high metastatic line [1]. This sug-
gested that miR-21 may have cancer promoting 
effect in the oral squamous cell carcinoma. 
Micro ribonucleic acid (miRNA) is able to regu-
late the expression of downstream target 
genes. In many tumors, the involvement of the 
highly expressed miR-21 in the differentiation, 
proliferation and apoptosis of the cells is most-
ly through regulation of the expression of the 
genes related to proliferation, apoptosis, migra-
tion, and invasion, so as to play a part in pro-
moting the genesis and development of the 
tumors [2].

In this study, the sequences of sense-miR-21 
oligonucleotide (sense-miR-21) and antisense-
miR-21 oligonucleotide (AS-miR-21) for mature 
miR-21 were designed, and the sense- and 
antisense-miR-21 oligonucleotide sequences 

modified with 2’O-Me were transfected through 
liposome transfection into Tca8113 cells and 
their high metastatic lines, to establish the in 
vitro tongue squamous cell carcinoma model, 
and to detect the change of miR-21 expression 
in the cells after transfection using the real-
time fluorescence quantitative polymerase 
chain reaction (real-time PCR). The changes of 
cell reproductive capacity, cell cycle, early cell 
apoptosis, cell migration and invasion were 
detected using methyl thiazolyl tetrazolium 
(MTT), flow cytometry, Annexin V cell early apop-
tosis detection, scarification test and Transwell 
test, respectively, to explore the influence of 
AS-miR-21 on the biological properties of cell 
line of human tongue squamous cell carcinoma, 
and perform analysis on the regulation function 
of miR-21, so as to find the new target for the 
treatment of oral squamous cell carcinoma.

Materials and methods

Cell line and cell culture

Human tongue squamous cell carcinoma 
Tca8113 cell line and its high metastatic cell 
line were established and provided by Oral 
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Tumor Biology Laboratory of Shanghai Jiaotong 
University. The cells of Tca8113 and its high 
metastatic line were routinely thawed, pas-
saged, and cultured in the incubator at 37°C 
and 5% CO2. The cells in the logarithmic growth 
phase, which had a 0.2% Trypan Blue resisting 
rate >95%, were selected to perform the sub-
sequent experiments.

Synthesis of small interfering RNA (siRNA) oli-
gonucleotide sequence 

The human miR-21 sequence was obtained 
based on the miRNA gene sequence provided 
in microRNA database (http://www.sanger.ac.
uk), and the corresponding antisense oligonu-
cleotide sequence and random control 
sequence (i.e., nonsense control sequence, 
scr-miR) were designed in accordance with the 
principle of sequence complementation, and 
analysis was performed using BLAST software. 
The artificially synthesized oligonucleotide 
sequence, which was modified with 2’O-Me, 
was synthesized by Shanghai GenePharma Co., 
Ltd. sense-miR-21 sequence: 5’-UAGCUUAUCA 
GACUGAU-GUUGA-3’; AS-miR-21 sequence: 
5’-GUCAACAUCA-GUCUGAUAAGCUA-3’; scr-miR 
sequence: 5’-AAGG-CAAGCUGACCCUGAAGU- 
3’.

Transfection with siRNA oligonucleotide

1 OD of each lyophilized powder of AS-miR-21, 
sense-miR-21 and scr-miR oligonucleotide was 
transfected in cells in accordance the instruc-
tion for Oligomer-Lipofectamine TM 2000. 

The transfection efficiency of siRNA oligonucle-
otide and miR-21 was measured by following 
experiment. The fluorescence quantity of the 
cells at 24 and 48 h after simultaneously trans-
fected with miRNA inhibitor NC-FAM and miRNA 
NC-FAM under the same conditions as sense-
miR-21, AS-miR-21 and scr-miR nonsense con-
trol sequence was first determined using 
Inverted fluorescence microscope, to calculate 
the ratio of the number of cells expressing fluo-
rescence in the light field vs. the number of 
cells in the dark filed of the same area in order 
to determine the transfection efficiency. The 
total RNA of transfected cells was extracted by 
Trizol method, and the real-time PCR was per-
formed in accordance with miR-21 Hairpin-it 
TM miRNAs qPCR Quantitation Kit protocol to 
detect the expression of miR-21 after the cells 

were transfected with siRNA oligonucleotide 
using U6 as the internal reference. The differ-
ence of the gene miR-21 expression between 
the experimental group and the control group 
was 2-ΔΔCt, ΔΔCt = (Ct miR-21 - CtU6) experimental group - 
(Ct miR-21 - CtU6) control group.

MTT assay

5 × 103 cells were seeded into a 96-well plate 
and the wells were transfected with sense-
miR-21, AS-miR-21 and scr-miR nonsense con-
trol oligonucleotide sequence. After the cells 
were adhered and transfected, the plates were 
routinely incubated for 24, 48 and 72 h and 
MTT test was performed. Each group of cells 
was cultured in quintuplicate, and each well 
was added with MTT solution and the culture 
was continued for 4 h. Each well was added 
with 150 mL of dimethyl sulfoxide (DMSO), 
shaken for 10 min on the shaker at a low speed 
to allow the crystal sufficiently dissolved. 
Meanwhile, 4 zero wells free of cells (for medi-
um, MTT, and DMSO groups) were set. The 
absorbance A values of each well were mea-
sured with a microplate reader, and the prolif-
eration rate of tumor cells = A value of trans-
fected cells/A value of blank control cells × 
100%.

Flow cytometry assay

Each group of cells was tested in triplicate at 
24, 48 and 72 h after the cells were transfect-
ed with 3 oligonucleotide sequences. The cells 
were washed with PBS and digested with pan-
creatin, and 500 mL PI was added away from 
light for 30 min. Then, it was placed into the 
flow cytometer to analyze the cell cycle.

Cells which have been apoptotically induced 
were taken at 24, 48 and 72 h after cell trans-
fection to perform the test in triplicate. The 
cells were washed with PBS and digested with 
pancreatin. Annexin V conjugated ApopNexin 
fluorescein isothiocyanate (FITC)/PI was added 
and incubated for 15 min at room temperature 
away from light. The cell apoptosis was detect-
ed with flow cytometer at the excitation wave-
length of 488 nm and emission wavelength of 
530 nm. 

Cell migration assay

The straight transverse lines were evenly drawn 
across the wells at intervals of 0.5-1 cm in the 
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back side of multiwell plate with marker pen. 
The cells were seeded into the multiwell plate 1 
d before 3 oligonucleotide sequences were 
transfected, and cultured in antibiotics-free 
medium. After the cells growing to over 90% 
confluence, the medium was aspirated and the 
perpendicular letter “+” was drawn with sterile 
small Tip on the central cell area of each well. 
Each well was added with transfection mix-
tures, and homogenized. The cell migration at 
0, 24 and 48 h was observed.

Invasion assay

The Transwell assay was carried out 24 h after 
the cells were transfected with 3 oligonucle-
otide sequence. The test was carried out in 
24-well plate in triplicate, and the detailed pro-
cedures were as follows. Each transwell well 
was added with 300 mL of warmed serum-free 
medium, and the substrate layer was rehumidi-
fied at room temperature for 2 h. The cells were 
added into the up compartment of the tran-
swell, and cultured for 24 h. The invaded cells 
at the bottom of the upper compartment was 
stained and photographed.

Statistical analysis

All data was analyzed using SPSS 10.0 soft-
ware package. The analysis was performed 
using one-way analysis of variance. P<0.05 was 
significant difference.

Results

Expression of miR-21 in tumor cells 

The expression of miR-21 in the cells after the 
cells of Tca8113 and its high metastatic line 

were transfected with 3 different oligonucle-
otide sequences was shown in Table 1. The 
expression of miR-21 in the cells was signifi-
cantly upregulated after 2 cell lines were trans-
fected with sense-miR-21; the expression of 
miR-21 was significantly downregulated after 
transfected with AS-miR-21; the expression of 
miR-21 in the group transfected with control 
sequence was not significantly changed. These 
results suggested that the single strand oligo-
nucleotide sequence with high transfection 
efficiency and modification of 2’O-Me plays a 
role in the regulation of expression level of miR-
21 in the cells.

Effect of miR-21 on tumor cell proliferation  

The results of cell proliferation rate detected by 
MTT assay at 0 and 24 h after the cells of 
Tca8113 and its high metastatic line were 
transfected with oligonucleotide sequence 
were shown in Figure 1 and Table 2. At 0 and 
24 h, the difference among each group was not 
statistically significant (P>0.05).

Effect of miR-21 on tumor cell cycle 

After detection by flow cytometry, the differ-
ence of cell cycle at 48 h after the cells of 

Table 1. MiR-21 expression in Tca8113 and 
high metastasis cells transfected with differ-
ent oligomers by real-time PCR assay (x±s)

Group Tca8113 cellsΔ High metastatic 
Tca8113 cells#

Blank control 1.00±0.00 1.00±0.00
Scr-miR 1.93±0.11 1.21±0.32
Sense-miR-21 65.68±13.71* 21.76±0.40
AS-miR-21 0.45±0.05** 0.15±0.03**
Compared with the blank control group (i.e., untrans-
fected group), *P<0.005 (Upregulation), **P<0.05 
(Downregulation); the overall comparison among 4 
groups: Tca 8113 cells, ΔF = 67.11, P = 0.00; Tca8113 
high metastatic line, #F = 4253.8, P = 0.00.

Figure 1. Cell proliferation rate of Tca8113 and high 
metastasis cells transfected with different oligomers 
by MTT assay. A. Cell proliferation rate of Tca8113 
cells transfected with different oligomer by MTT as-
say; B. Cell proliferation rate of high metastasis 
Tca8113 cells transfected with different oligomer by 
MTT assay.
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Tca8113 and its high metastatic line were 
transfected with different oligonucleotides was 
the greatest and was representative. Thus, the 
cell cycle at 48 h after transfection was select-
ed for the discussion. As shown Figure 2 and 
Table 3, after the cells of Tca8113 and its  
high metastatic line were transfected with 
As-miR-21, the proportion of cells in phase G0/
G1 was increased, and the proportion of cells in 
phase S was decreased. Compared with the 

cells in the blank control, scr-miR and sense-
miR-21 groups, the proportion of the change of 
cell cycle was statistically significant (P<0.05), 
suggesting that the cell cycle was blocked in 
phase G0/G1.

Effect of miR-21 on tumor cell apoptosis 

After apoptosis of the cells of Tca8113 and its 
high metastatic line transfected with different 

Table 2. Cell proliferation rate of Tca8113 cells and high metastasis cells transfected with different 
oligomer by MTT assay

Cell line Group Proliferation Rate (
_
x±s) (%) F P

0 h 24 h 48 h 72 h
Tca8113 Control 100 100 100 100 0 1

Scr-miR 93.23±13.17 96.60±23.90 89.80±5.60 86.10±10.70 0.42 0.72
Sense-miR-21 100.4±10.97 108.0±26.50 102.20±2.10 109.86±7.90 0.46 0.72

AS-miR-21 90.97±3.50 83.50±10.60 64.40±0.10* 58.00±5.20** 19.05 0.00***
F 1.49 1.5 43.9 50.17
P 0.26 0.25 0 0

High metastasis cell line Control 100 100 100 100 0 1.00
Scr-miR 95.00±4.85 81.10±11.57 96.20±9.65 99.70±25.43 1.68 0.21

Sense-miR-21 101.60±5.03 103.50±7.58 103.90±7.79 107.80±13.53 0.42 0.74
AS-miR-21 94.40±6.62 72.50±12.59* 63.00±8.34** 56.20±11.37*** 13.92 0.00

F 2.8 12.73 32.7 11.47
P 0.1 0 0 0

Figure 2. Cell cycle distribution of Tca8113 and high metastasis cells transfected with different oligomers.
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the healing of cells in the sense-
miR-21 group was significantly 
sped up, and the healing was 
completed at 48 h; however, the 
cells in the As-miR-21 group did 
not significantly migrate. Based 
on the healing of scratch of the 
cells of Tca8113 high metastatic 
line, the cells in the blank control 
group, scr-miR group and sense-
miR-21 group significantly migrat-
ed at 48 h, and their scratch was 
close to healing, while the cells in 
the AS-miR-21 group did not  
significantly migrate. Based on 
Figure 4, the migration speed of 
the cells of Tca8113 high meta-
static line was significantly higher 
than that of the Tca8113 cells, 
and the healing speed of scrat- 
ch was significantly increased. 
These results suggested that 
overexpression of miR-21 may 
promote in vitro migration capac-
ity of Tca8113 and its high meta-
static line, whereas the transfec-
tion with AS-miR-21 inhibited the 
expression of miR-21, and the 
migration capacity of the cells 
was also inhibited.

oligonucleotides were tested with ApopNexin 
Annexin V FITC Apoptosis kit, the difference at 
48 h of transfection was the most significant, 
indicating that 48 h was the optimum time of 
early apoptosis. Its apoptosis was shown in 
Figure 3 and Table 4, cell apoptotic rate of 
As-miR-21 group was significantly increased 
and the difference with other groups was sta-
tistically significant (P<0.05); whereas the dif-
ferences among other 3 groups were not  
statistically significant (P>0.05) after paired- 
comparisons.

Effect of miR-21 on tumor cell migration ca-
pacity 

The healing in the scarification test at different 
time points (0, 24 and 48 h) after the cells of 
Tca8113 and its high metastatic line transfect-
ed with different oligonucleotides was shown in 
Figure 4. Based on the analysis of healing of 
Tca8113 cell scratch, the cells in the blank con-
trol group and scr-miR group significantly 
migrated, but the scratch had not been healed; 

Measurement of the cell invasion capacity by 
Transwell test

The results of Transwell test were shown in 
Figure 5 and Table 5. In the cells of Tca8113 
and its high metastatic line, the number of cells 
invaded across ECM in the group transfected 
with sense-miR-21 was significantly higher than 
that of the other groups, whereas the number 
of invaded cells in the AS-miR-21 group was 
much lower than that of other groups, and the 
difference was statistically significant (P<0.05); 
suggesting that the invasion capacity of the 
cells transfected with AS-miR-21 was signifi-
cantly inhibited.

Discussion

Currently, the common strategy used in the 
miRNA function investigation is to establish the 
cell model with high expression of target miRNA 
in the cells with low or without target miRNA 
expression, for example, transfection with miR-
21 precursor to allow high expression of miR-

Table 3. Cell cycle distributions of Tca8113 and high metasta-
sis cells transfected with different oligomers after 48 h

Cell line Group
Cell cycle/% c2 

value
P 

valueG0/G1 G2 S
Tca8113 Blank control 66 11 23 14.42 0.025

Scr-miR 60 15 25
Sense-miR-21 59 16 25

AS-miR-21 73 12 15
High metastasis Blank control 70 7 23 18.84 0.005

Scr-miR 70 8 22
Sense-miR-21 61 19 20

AS-miR-21 79 6 15

Table 4. Cell apoptosis percentage of Tca8113 and high metas-
tasis cells transfected with different oligomers after 48 h

Cell line Group Apoptosis percentage 
(
_
x±s) (%) F P

Tca8113 Control 0.98±0.45 15.97 0.002
Scr-miR 0.95±0.21

Sense-miR-21 0.23±0.15
AS-miR-21 42.80±16.80*

High metastasis Control 3.70±1.05 32.17 0.00
Scr-miR 3.40±0.36

Sense-miR-21 3.93±0.31
AS-miR-21 7.47±0.15*

*P<0.05.
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21 to promote the proliferation, migration and 
invasion and the invasion of the cells of colon 
carcinoma [3-5], while in the cells with high 
expression of target miRNA, its expression is 
inhibited using antisense oligonucleotide modi-
fied with different chemical methods to investi-
gate the biological function of target miRNA in 
the cells [6-8]. A couple of common issues 
should be noted. At first, the overexpression of 
miRNA and expression inhibition resulted from 
transfection with synthetic oligonucleotide 
must be validated. The validation for AS-miR-21 
transfection in this study was divided into 2 
parts: one part was to determine the transfec-
tion efficiency, and the results showed that the 
transfection efficiency was up to above 80% at 
24 h after transfection; another was to mea-
sure the expression of miR-21 in the cells trans-
fected with AS-miR-21 using real-time PCR, and 
the results showed that the expression of miR-
21 in the cells of Tca8113 and its high meta-
static line transfected with oligonucleotide 
sequences was different. This expression dif-
ference was embodied by: the expression of 
miR-21 was significantly upregulated after 2 
cell lines were transfected with sense-miR-21; 
while the expression of miR-21 was significantly 
downregulated after the 2 cell lines were trans-
fected with AS-miR-21; the expression of miR-
21 was not significantly changed in the cells 
transfected with the control sequence. This 

suggested that the single strand oligonucle-
otide sequence which had higher transfection 
efficiency and was modified with chemical syn-
thetic 2’O-Me could play a role in the regulation 
of expression level of miR-21 in the cells. 
Secondly, the overexpression of simulated body 
of double strand miRNA could result in the syn-
ergetic effect of RNA induced silence complex 
(RISC) and the functional activity of “passen-
ger” strand. For some miRNA, the structure of 
the “correct” strand with active function was 
simple and clear; for other miRNAs, their unex-
pected “passenger” strands were more stable 
and more active. In the experiments, the author 
had considered this issue, and had effectively 
prevented the occurrence of above circum-
stances by designing and synthesizing single 
strand sense-miR-21 and AS-miR-21 sequence 
through modification with 2’O-Me, successfully 
transfecting cells, and regulating the expres-
sion of miR-21 in the cells. Finally, the titer of 
antisense oligonucleotide sequence, as the 
inhibitor of miRNA, was varied with its specific-
ity [9-11]. In this study, transfection with miR-
21 antisense oligonucleotide sequence was 
used to lower the expression level of miR-21 in 
Tca8113 and its high metastatic line, and 
found that the expression of miR-21 in the cells 
transfected with AS-miR-21 was significantly 
decreased, indicating that As-miR-21 was tar-
get specific to the decrease of miR-21 level in 
the tongue squamous cell carcinoma.

Figure 3. Cell apoptosis percentage of Tca8113 and high metastasis cells transfected with different oligomers.
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This study employed MTT test to determine the 
change of cell proliferation rate before and 

after the cells of Tca8113 and its high meta-
static line were transfected with AS-miR-21. 

Figure 4. Cell migration capacity of Tca8113 and high metastasis cells transfected with different oligomers. 
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current research results of miR-21 in 
neuroglioma, liver cancer, and breast 
cancer, etc. AS-miR-21 could block 
the transfected tongue squamous car-
cinoma cells at phase G0/G1 through 
direct acting on the genes related to 
cell proliferation and cycle, so as to 
effectively interfere with the mitosis 
process of tumor cells. Through 
Annexin V apoptosis test, this study 
found that the apoptosis of the cells of 
Tca8113 and its high metastatic line 
was significantly increased at 48 h 
after transfected with AS-miR-21, indi-
cating that AS-miR-21 induces early 
apoptosis through inhibiting the effect 

The results showed that the proliferation rate of 
Tca8113 and its high metastatic line was sig-
nificantly decreased, indicating that miR-21 
could play a role in promoting the cell prolifera-
tion of tongue squamous cell carcinoma, 
whereas AS-miR-21 could effectively inhibit its 
proliferation. These results could, from a cer-
tain extent, reflect that the mitosis of tongue 
squamous carcinoma cells could be inhibited 
by AS-miR-21. The results of the change of cell 
cycle of the cells transfected with AS-miR-21 
analyzed by flow cytometer showed that the 
cells at phase G0/G1 increased after the 
Tca8113 and its high metastatic line was trans-
fected, meanwhile, the proportion of the cells 
at phase S was decreased, indicating that the 
proliferation activity of the cells was decreased 
after transfection. This is consistent with the 

of miR-21 in the tongue squamous carcinoma 
cells. It also indicated that miR-21 was closely 
related to cell apoptosis, and might directly or 
indirectly influence the activity of apoptotic 
pathway. The healing of scratch cells of 
Tca8113 and its high metastatic line at differ-
ent time points (0, 24, 48 h after transfection) 
was studied using the scarification test. The 
results showed that the cell healing in sense-
miR-21 group was significantly sped up, while 
the cells in AS-miR-21 group did not significant-
ly migrate. This indicated that overexpression 
of miR-21 could promote the in vitro migration 
ability of Tca8113 cells, while transfection with 
AS-miR-21 could inhibit the expression of miR-
21, so as to inhibit the migration ability. One of 
the important steps is the invasion and cross-
ing through ECM. This depends, to a great 

Figure 5. Invasion ability of Tca8113 and high metastasis cells transfected with different oligomers by Transwell 
assay.

Table 5. Cell invasion ability of Tca8113 and high metasta-
sis cells transfected with different oligomers after 48 h

Cell line Group Cell number via 
ECM (

_
x±s) F P

Tca8113

Control 94.33±12.34 110.9 0.00
Scr-miR 99.33±5.86

Sense-miR-21 163.00±9.54*
AS-miR-21 31.00±6.08**

High metastasis

Control 131.67±5.86 194.3 0.00
Scr-miR 123.00±5.20

Sense-miR-21 188.67±12.90**
AS-miR-21 39.33±2.52*

*P<0.05, **P<0.05.



miR-21 silencing suppress tongue squamous carcinoma

4563 Int J Clin Exp Pathol 2015;8(5):4555-4563

extent, on the enzymolysis of a series of tissue 
barriers such as all types of collagen, laminin, 
and fibronectin, etc [12-15]. The results of this 
study showed that after the cells of Tca8113 
and its high metastatic line were transfected 
with AS-miRNA-21, the number of cells invaded 
to the ECM was significantly decreased com-
pared with other groups. This indicated that the 
invasion ability was inhibited. Considering the 
important role of matrix metalloproteinases 
(MMP) in the invasion process of tumors, the 
author inferred that the mechanism of 
AS-miR-21 inhibiting the invasion of tongue 
squamous carcinoma cells may be brought 
about through regulation of the proteins of 
MMP family related to invasion.
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