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Background: Oral carcinoma, one of the most commonly diagnosed cancers, has a poor 

prognosis and low survival rate with treatment. In recent years, some studies reported the 

upregulation of miRNA-16 (miR-16) in the oral carcinoma, whereas some other studies con-

firmed the downregulation of miR-16. In the current study, we aimed to investigate the function 

of miR-16 in oral carcinoma.

Materials and methods: Cell proliferation assay was measured by MTT assay, quantitative real 

time polymerase chain reaction (qRT-PCR) was used to evaluate the expression of miR-16, and apop-

tosis was analyzed by flow cytometry. In addition, the expression of proteins was detected by Western 

blot. Moreover, xenograft tumor model was established to detect the effect of miR-16 in vivo.

Results: The results suggested that miR-16 was downregulated in the oral carcinoma tissues. 

Overexpression of miR-16 inhibited the growth and proliferation of oral squamous carcinoma 

cells (OSCCs) and induced apoptosis both in vitro and in vivo, which is due to the suppression 

of Wnt/β-catenin signaling pathway.

Conclusion: This study provides evidence that overexpression of miR-16 inhibits OSCC 

growth by regulating Wnt/β-catenin signaling. Our findings suggest that overexpression of 

miR-16 could be a potential approach for gene therapy of OSCC in future.
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Introduction
Oral carcinoma, one of the most commonly diagnosed cancers, has a poor prognosis 

and low survival rate with treatment. Some oral cancer presents highly migrated feature 

and led to the emergence of second primary tumor, which are the core reason for poor 

prognosis.1 In recent years, there has been an increasing focus on gene therapy, which 

has been applied in primary immunodeficiencies,2 hemoglobin disorders,3 coagulation 

disorder hemophilia B,4 inherited neurological disorders, and cancer immunotherapy.5–7 

However, gene therapy treatment for oral carcinoma has been seldom investigated.

MicroRNAs (miRNAs), a bunch of noncoding RNAs, are composed ~22 nucleotides, 

which play a role as posttranscriptional regulators of gene expression. miRNAs act 

as oncogenes or tumor suppressors to regulate pathogenesis of cancer.8–12 miRNA 

microarrays have demonstrated that abnormal miRNA expression may act as potential 

diagnostic and prognostic biomarkers for cancer. In addition, it is well known that 

miRNAs play critical role in many physiological processes by regulating the expression 

of apoptosis, differentiation, metabolism, and migration-related genes.13–15 More than 

30 miRNAs have been reported which involved in apoptosis, among them, miR-16 is 

reported as proapoptosis miRNA.16 Some studies reported that the expression of miR-16 
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was upregulated in cancer, conversely, other studies reported 

that the expression of miR-16 was downregulated.36,37,43 

Thereby, in the current study, we aimed to investigate the 

function of miR-16 in oral carcinoma.

The first gene that encoded a Wnt signaling component 

was identified from mouse tumor cells 30 years ago.17 The 

Wnt/β-catenin signaling directs fundamental processes, includ-

ing metazoan development and tissue homeostasis, whereas 

deregulation of Wnt signaling underlies numerous congenital 

disorders and carcinomas.18 In addition, Wnt signaling plays an 

essential role in regulating cell fate, proliferation, survival, and 

migration.19–21 Increasingly, reports reveal that miRNA regu-

lates cell differentiation, proliferation, and apoptosis. Many 

studies also reported that miRNA regulates the expression of 

Wnt signaling pathway. Zhu et al reported that upregulating 

miR-34a could decrease the expression level of Wnt/β-catenin 

to inhibit liver tumorigenesis.22–25 miR-218 is involved in 

cardiac stem cells (CSC) proliferation and differentiation via 

modulating Wnt signaling.23 Hence, in our study, we focused 

on the expression of Wnt/β-catenin signaling when regulated 

by miRNA in oral squamous carcinoma cells (OSCCs).

In the recent years, many studies investigated the 

expression of miR-16 in oral carcinoma, some reported that 

miR-16 was upregulated in some types of OSCCs, whereas, 

other studies reported that miR-16 was downregulated in 

OSCCs.26–28 To validate this discrepancy, we first detected 

the miR-16 expression level in 49 oral tissues and 44 normal 

tissues by quantitative real time polymerase chain reaction 

(qRT-PCR) assay.

Materials and methods
Clinical samples and cell culture
A total of 49 fresh tumor tissues and adjacent normal tissue 

samples were obtained from The First Affiliated Hospital of 

Xinjiang Medical University approved by the corresponding 

ethics committee. Written informed consent was obtained 

from patients whose tissue samples were used. The OSCC 

Cal-27 cell line was purchased from American Type Culture 

Collection (Manassas, VA, USA), which were maintained in 

RPMI-1640 (Thermo Fisher Scientific, Waltham, MA, USA) 

supplemented with 10% fetal bovine serum (Sigma-Aldrich 

Co., St Louis, MO, USA) and were incubated at 37°C with 

5% CO
2
 in a humidified atmosphere.

RNA isolation and qRT-PCR
The total RNA was isolated using TRIzol reagent (Thermo 

Fisher Scientific) according to the manufacturer’s instruc-

tion. Expressions of miR-16 in cell lines and patient tissue 

samples were detected using All-in-One™ miRNA qRT-

PCR Detection kit following the manufacturer’s protocol 

(Cat. No: AOMD-Q020; GeneCopoeia™,  Rockville, MD, 

USA). Polymerase chain reactions for each gene were per-

formed three times separately.

Transient and stable transfection
To establish transient and stable transfection, Cal-27 cells 

were incubated at a concentration of 1×105/mL for a day 

before transfection. Cal-27 cells were transfected with 

miR-16, inhibitor or controls (Genepharma, Guangzhou, 

China) using the Lipofectamine 2000 reagent (Thermo 

Fisher Scientific) according to manufacturer’s proto-

col. The efficiency of transfection was evaluated to be 

.80%. The mature types of miR-16 in the study were 

3′GCGGUUAUAAAUGCACGACGAU5′. After transfec-

tion, the cells were harvested for assays in 48 hours. Lenti-

miR-16 was constructed by pSin-EF2-puromcin lentiviral 

plasmid (Addgene, Cambridge, MA, USA) which can synthe-

size and clone the precursor sequence of miR-16. The empty 

pSin-EF2 vector (lenti-vector) was used as a control.

Observation of morphologic changes
The cells were seeded into six-well culture (Corning Incorpo-

rated, Corning, NY, USA) plates and transferred with miR-16 

or miR-Ctrl. After incubation for 24 hours, the cellular 

morphology was observed by phase contrast microscope 

(Olympus America Inc., Center Valley, PA, USA).

Cell viability assay
The cells were seeded into 96-well culture plates (Corning 

Incorporated) and cultured for 24 hours at 5% CO
2
 atmo-

sphere. Then miR-16 or miR-Ctrl was transfected into the 

cells. After incubation for another 24 hours, the cells were 

rinsed twice with ice-cold PBS and cultured with 100 mL 

of 0.5 mg/mL MTT (Thermo Fisher Scientific) solution. 

After 3 hours, the crystal was dissolved in 150 μL dimethyl 

sulfoxide and measured by a mirco-plate reader (Thermo 

Fisher Scientific), and the inhibition rate was calculated by 

the following formula:

	

Inhibitory ratio (%)
A A

A
490,control 490,sample

490,cont

=
−

100 ×
rrol 490,blank

A−
�

Cell apoptosis assays
Cell apoptosis was performed by Annexin V- Fluorescein iso-

thiocyanate (FITC)/Propidiumiodide (PI) Apoptosis Detection 
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kit (Pierce Biotechnology, Rockford, IL, USA). The cells that 

were cultured in six-well transfected plates with miR-16 or 

miR-Ctrl were detected with the kit. The cells were washed 

with PBS and collected after being labeled with Annexin-V-

FITC and PI (BD Biosciences, San Jose, CA, USA). Finally, the 

cells were analyzed by a flow cytometer (BD Biosciences).

In vivo xenograft tumor model
BALB/c null mice about 4–6 weeks old were obtained from Vital 

River (Beijing, China) and housed in barrier facilities on a 12 hour 

light and dark cycle. All animal experiments were approved by 

the First Affiliated Hospital of Xinjiang Medical University 

Institutional Animal Care and Use Committee. NIH Guidelines 

and Animal Welfare were strictly followed. For establishing 

xenograft tumor model, the cells transfected with lenti-miR-16 

or lenti-vector were subcutaneously inoculated in the right flank 

of the mice (3×106 cells/mouse). Every 5 days, tumor size was 

measured, and volumes were calculated. In another sister experi-

ment, the mice were subcutaneously injected with lenti-vector 

transfected cells and divided into two groups. One group was 

orally daily dosed with 10 mg/kg XAV-939, and the other group 

was dosed with vehicle. The mice were sacrificed after 25 days 

treatment, and the tumors were excised and collected.

Immunohistochemistry
Immunohistochemistry was handled as described previously 

with slight modification.29,30 The tissues were incubated 

overnight with anti-Wnt3a primary antibody (Abcam). After 

incubation with secondary antibodies, the sections were 

washed and mounted.

Western blotting assay
Some Cal-27 cells were transferred with miR-16 and then 

treated with R-spondin1; inhibition of Wnt signaling in the 

other cells was achieved by the addition of 5 mM tankyrase 

inhibitor XAV939. After incubated for 24 hours, both adher-

ent and floating cells were collected and lysed with Radio-

Immunoprecipitation Assay (RIPA) lysis buffer (Beyotime, 

Haimen, China) supplemented with Phenylmethanesulfonyl 

fluoride (PMSF) (1 mM) for 30 minutes. Then, the cells were 

centrifuged at 12,000× g for 10 minutes, and the supernatant 

was collected. The protein concentration was detected by the 

Bio-Rad protein assay reagent (Bio-Rad Laboratories Inc., 

Hercules, CA, USA). Equal amounts of the total protein were 

separated by 12% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) and transferred to Millipore 

Immobilon®-P Transfer Membrane (EMD Millipore, 

Billerica, MA, USA). The antibody of β-catenin, β-actin, 

APC, Axin-1, and horseradish peroxidase-conjugated second-

ary antibodies were obtained from Sigma Chemical (Perth, 

Australia). The expression levels of proteins were visualized 

by electro-chemiluminescence (Thermo Fisher Scientific).

Statistical analysis
To determine the statistical significance between groups, 

all results and data were detected by at least three separate 

experiments. All data were analyzed by analysis of variance 

by using SPSS software (version 13.0; SPSS, Chicago, IL, 

USA). *p,0.05 and **p,0.01 were considered statistically 

different or significantly different, respectively. All data are 

expressed as mean ± SD.

Results
miR-16 expression was downregulated 
in oral carcinoma tissues
The patient information was summarized in Table 1. The 

results showed that the average expression level of miR-16 

in oral carcinoma tissues was decreased compared with the 

normal tissues samples (Figure 1). These results indicated 

that miR-16 is downregulated in oral carcinoma and may be 

involved in oral carcinoma tumorigenesis and progression. 

The relative expression of miR-16 in Cal-27 cells (0.68) was 

also lower than normal human tissues.

miR-16 inhibited oral carcinoma cell 
growth via inducing apoptosis
The MTT and apoptotic assays were performed in order to 

evaluate the functions of miR-16 in oral carcinoma. The 

observation of morphology showed that the cells trans-

fected with miR-16 had a low viability and a remarkable 

nuclear fragmentation compared with that transfected with 

miR-Ctrl (Figure 2A). In addition, the results of MTT 

demonstrated the suppressive effect of miR-16 on cell 

proliferation (Figure 2B). The apoptotic assay showed that 

cells transfected with miR-16 have significantly increased 

cell apoptosis compared with control and cells transfected 

with miR-Ctrl (Figure 2C and D). These data revealed that 

miR-16 could inhibit oral carcinoma cell proliferation and 

tumor growth via inducing cell apoptosis.

miR-16 inhibits oral carcinoma cell 
growth in vivo
To evaluate the effect of miR-16 overexpression in vivo, 

the Cal-27 xenograft tumor model stably expressing miR-16 

(lenti-miR-16) or control empty vector (lenti-vector) 

was used. The results showed that the tumor formed by 
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lenti-miR16 cells had smaller volumes and lower weights 

than those formed by lenti-vector cells (Figure 3A–C). These 

data demonstrated that miR-16 could inhibit oral carcinoma 

cell proliferation and growth in vivo.

miR-16 downregulated the overexpression 
of Wnt/β-catenin signaling in Cal-27
RT-PCR analysis was performed to further detect the 

mechanism of progression of oral carcinoma. As shown in 

the results, the gene expression of Wnt3a was increased in 

tumor tissues compared with the normal tissues. However, 

the Bcl-2, CCND1, CCNE1, Bmi-1, and YAP-1 gene expres-

sions in tumor tissues had no obvious discrepancy compared 

with normal tissues (Figure 4A). In addition, the immuno-

histochemical and Western blotting analyses showed that the 

expression of β-catenin is decreased in the cells transfected 

with miR-16 compared with control or cells transfected 

with miR-16 inhibitor (Figure 4B and C). These results 

indicated that in Cal-27 cells, the Wnt/β-catenin signaling 

was activated, and we hypothesized that this signaling might 

be inhibited by miR-16.

miR-16 inhibited Cal-27 cell proliferation 
due to downregulation of Wnt/β-catenin 
signaling pathway
As shown in Figure 5A, miR-16 inhibited oral carcinoma 

cell growth in a time-dependent manner. Meanwhile, 

Wnt/β-catenin inhibitor XAV-939 also inhibited Cal-27 

growth. These results indicated that inhibition of Wnt/

β-catenin signaling pathway induced OSCC cells death. As we 

expected, the inhibitory effect of miR-16 on OSCC growth 

could be reversed by Wnt activator R-spondin 1 (Figure 5A). 

The results of Western blot indicated that the Wnt downstream 

proteins were overexpressed in the cells, which could be 

Table 1 Patient information

Patient 
no

Gender Age 
(years)

Disease 
stage

1 M 39 II
2 F 41 III
3 F 78 IV
4 F 67 III
5 M 56 II
6 M 81 II
7 F 45 0
8 M 44 I
9 M 78 III
10 F 61 IV
11 M 55 III
12 F 51 II
13 F 56 IV
14 F 38 I
15 M 32 II
16 M 67 III
17 F 68 IV
18 M 45 III
19 M 48 II
20 M 56 IV
21 F 54 III
22 F 53 II
23 M 41 I
24 M 43 III
25 M 78 III
26 F 45 II
27 F 51 I
28 M 58 III
29 M 66 III
30 F 61 II
31 F 41 III
32 F 44 III
33 M 65 II
34 F 41 III
35 M 56 II
36 F 67 II
37 F 31 III
38 M 44 II
39 M 33 II
40 F 56 IV
41 F 67 II
42 F 41 III
43 M 78 II
44 M 51 II
45 F 43 III
46 M 39 IV
47 M 51 III
48 F 57 IV
49 M 58 III

Abbreviations: M, male; F, female.

Figure 1 miR-16 is decreased in oral carcinoma tissues. The total RNA was isolated 
using TRIzol reagent from oral carcinoma tissues (n=49) and adjacent normal 
tissues (n=44). Relative miR-16 expression was detected using All-in-One™ miRNA 
qRT-PCR Detection kit. **p,0.01, normal tissues compared with tumor tissues.
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Figure 2 miR-16 inhibited oral carcinoma cells growth via inducing apoptosis. (A) Observation of morphologic change of transfected with miR-16 (200× magnification). 
(B) The cells were transfected with miR-16, or inhibitor for 1, 2, 3, and 4 days. Cell viability was measured by MTT assay. (C and D) Flow cytometric analysis of apoptotic 
cell ratios after PI and Annex-V staining. Data presented as mean ± SD, n=3. **p,0.01, miR-16 group compared with control group.

Figure 3 miR-16 inhibits oral carcinoma tumor growth in vivo. BALB/c null mice were subcutaneously injected with the oral squamous carcinoma cell with lenti-miR-16 or 
lenti-vector. (A) The tumor volumes of mice were measured every 5 days. (B and C) In the end of the study, the mice were sacrificed. Then, the tumors were excised from 
mice and weighted. Data presented as mean ± SD, n=8. *p,0.05, compared with lenti-vector group. **p,0.01.
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reversed by miR-16 transfection (Figure 5B and C). These 

data were consistent with the result of cell proliferation assay.

Suppression of Wnt/β-catenin signaling 
pathway inhibited Cal-27 xenograft 
tumor growth in vivo
To further determine the role of Wnt/β-catenin signaling 

pathway, we established Cal-27 xenograft tumor model 

using transfected lenti-vector cells. The mice were oral 

dosed with 10 mg/kg XAV939 daily for 25 days. The results 

showed that Cal-27 tumor growth was inhibited in vivo by 

using Wnt/β-catenin signaling pathway inhibitor XAV939 

(Figure 6A–C). The body weights of xenografts had no 

obvious changes between vehicle and treatment groups 

(Figure 6D). All these data indicated that miR-16 plays a 

role of anti-tumor and exerts this effect by suppression of 

Wnt/β-catenin signaling pathway. These results were con-

sistent with the result of cell proliferation assay.

Discussion
The poor prognosis of oral carcinoma is the major problem 

over the past 20 years.26,31 This study elucidated that miR-16 

can inhibit oral carcinoma proliferation and induce apoptosis 

via inhibition of Wnt signaling. Previous studies have dem-

onstrated that dys-regulated expressions of miRNAs were 

involved in OSCC proliferation, migration, and invasion.32–35 

In the present study, we identified that miR-16 expression 

level was significantly downregulated compared with normal 

tissue, demonstrating that miR-16 is involved in OSCC pro-

gression and tumorigenesis. miR-16 has been known as tumor 

suppressor, and the expression of miR-16 can affect cell 

proliferation, tumor apoptosis, tumor invasion and metastasis, 

and tumorigenicity. We further investigated its biological 

functions via transient or stable overexpression of miR-16 

in OSCC cells. The results showed that forced expression of 

miR-16 suppressed OSCC tumor growth in vitro and in vivo 

via inducing OSCC apoptosis. Our finding is consistent with 

Figure 4 Wnt3a mRNA and proteins expression level in oral squamous carcinoma cell. (A) RT-PCR analysis of Wnt3a, Bcl-2, CCND1, CCNE1, Bmi-1, and YAP-1 mRNA expression 
in tumor tissues and adjacent normal tissues. (B) The expression levels of Wnt3a in tumor tissues and adjacent normal tissues were analyzed by immunohistochemistry, 
magnification ×200. (C) The expression of β-catenin in cells that are transferred with miR-16 or inhibitor. Data presented as mean ± SD, n=3. **p,0.01, compared with 
adjacent normal tissues.
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the report of Coutinho-Camillo et al, and we confirm that 

miR-16 is a pro-apoptotic miRNA in OSCC.16,36

In the recent days, numerous studies focused on the 

underlying mechanism of miR-16 and cancer cells. Huang 

et al reported that miR-16 target Rictor to induce autophagy 

and enhance chemo-sensitivity of camptothecin in HeLa 

cells.37 Jiang et al considered that miR-16 upregulation 

could reduce CDK4 expression by repressing CCND1 and 

sensitize nasopharyngeal carcinoma cells to chemotherapy.38 

In addition, Wu et al reported that overexpression of miR-16 

inhibited the proliferation, invasion, and metastasis of HepG2 

cells via downregulation of PI3K/Akt signaling pathway.39 

Moreover, Liang et al reported that miR-16 is targeting 

FEAT to promote the apoptosis of human cancer cells.40 In the 

current study, we also focused on the underlying mechanism 

of miR-16 in the process of OSCC tumor growth inhibition. 

It is well known that several oncogenes have been identified 

to be targets of miR-16, including BCL-2, CCND1, CCNE1, 

WNT3A, Bmi-1, and YAP1.39–44 In this study, we detected 

the expression of these oncogenes, while only Wnt3A was 

increased in the tumor tissues compared with normal tissues. 

WNT3A is a ligand of Wnt/β-catenin signaling, bind to 

Frizzled and LRP5/6 families of coreceptors.45 Hence, these 

results indicated that Wnt signaling pathway is involved in 

miR-16-induced OSCC tumor growth inhibition.

In canonical Wnt signaling, β-catenin is an essential 

downstream transcriptional effector and a subunit together 

with the scaffold proteins Axin and APC and the kinases 

GSK3 to compose the destruction complex.46 In this study, 

miR-16 transfection decreased the expression level of 

β-catenin, this means inhibition of Wnt/β-catenin signaling 

could also inhibit OSCC proliferation. Meanwhile, Wnt 

downstream proteins were overexpressed in OSCC, which 

could be reversed by miR-16 transfection. Collectively, these 

results indicated that miR-16 suppressed Wnt/β-catenin sig-

naling to inhibit OSCC proliferation and induce apoptosis. 

However, the detailed interaction between miR-16 and 

Wnt/β-catenin signaling pathway is still unclear, and further 

investigations are needed.

Conclusion
In summary, this study provides evidence that overexpression 

of miR-16 inhibits OSCC cell growth by regulating Wnt/ 

β-catenin signaling both in vitro and in vivo. Our findings 

Figure 5 miR-16 inhibited oral squamous carcinoma cell proliferation via downregulation of Wnt/β-catenin signaling pathway. (A) The Cal-27 cells were transferred with 
miR-16, inhibitor, or treated with Wnt signaling pathway inhibitor XAV-939, or treated with miR-16 plus R-spondin1 for 1, 2, 3, and 4 days. Cell viability was measured 
by MTT assay. (B) The protein levels of β-catenin, APC, and Axin-1 were measured by (C) semi-quantification of the results of Western blotting. Data presented as 
mean ± SD, n=3.
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Figure 6 Suppressing of Wnt/β-catenin signaling inhibited oral carcinoma tumor growth in vivo. BALB/c null mice were subcutaneously injected with Cal-27 cells, which 
transfer with lenti-vector. The mice were orally dosed with vehicle or 10 mg/kg XAV-939 for 25 days. (A) The tumor volumes of mice were measured every 5 days. (B) In the 
end of the study, the mice were sacrificed and tumors were weighted. (C) The tumors were isolated from xenografts. (D) The body weights of xenografts were monitored 
every 5 days. Data presented as mean ± SD, n=8. *p,0.05 compared with lenti-vector group. **p,0.01.

suggest that overexpression of miR-16 could be a potential 

approach for gene therapy of OSCC in future.
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