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Introduction 
 

Oral squamous cell carcinoma (OSCC) is the 
most common malignant tumor in the mouth (1). 
In 2012, it caused 145,000 deaths worldwide, and 
accounted for 77% of the burden in underdevel-

oped areas (2). The 5‑year survival rate of OSCC 

patients is ~50%. Lymph node metastasis and 
distant metastasis are the main causes of the high 

mortality of OSCC (3, 4). The biological function 
of cells plays an important role in the pathogene-
sis of OSCC (5). 

miRNAs, a group of non‑coding RNAs consisting 

of 19‑25 nucleotides in length, regulate many key 

biological functions, including cell proliferation, 
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differentiation and apoptosis (6‑8). Therefore, the 

abnormal expression of miRNA may be related to 
the occurrence and development of tumors. miR-

NAs can be functionally classified into proto‑ or 

anti‑oncogenes, which are abnormally expressed 

in different cancers. These cancer miRNAs pro-
mote uncontrolled cell proliferation and survival, 
inhibit differentiation or induce invasion by pro-
moting inappropriate cellular processes, thereby 
participating in the occurrence and development of 

tumors (9). miR‑92b is highly expressed in hepa-

tocellular carcinoma, osteosarcoma and glioma, in-
dicating that it plays a role in promoting cancers 

(10‑12). However, there are only few studies on the 

expression of miR‑92b in OSCC and its effect on 

the biological function of cells. 
Therefore, in this study, the expression of 

miR‑92b in tumor and normal tissues of OSCC 

rats was investigated. The effect of miR‑92b on 

the proliferation and apoptosis of CAL‑27 cells 

was explored by MTT and flow cytometry, to 
provide a basis for further studying the regulation 

mechanism of miR‑92b in OSCC, to understand 

the pathogenesis, as well as provide some refer-
ences for the treatment and prognosis of OSCC. 
 

Materials and Methods 
 

Rat grouping and modeling 
The study was performed in Qingdao Stomato-
logical Hospital, Qingdao, China on December 

2018. A total of 30 healthy Wistar rats aged 6‑8 

weeks, including 15 males and 15 females, were 
randomly divided into the OSCC group (n=15) 
with an average body weight of 213.23±10.96 g, 
and the normal control group (n=15) with an 
average body weight of 208.23±12.31 g. Rats 
were purchased from Cavens Lab Animal Co., 
Ltd. (Changzhou, China), with the animal certifi-

cate number of SCXK (Su) 2011‑0003. They 

were separately reared in cages at a room temper-

ature of 23‑25 ˚C and a humidity of 55‑62%, 

and were free to drink. Modeling experiments 
were performed on them after 1 week of adaptive 
feeding.  

The study was approved by the Ethics Commit-
tee of Qingdao Stomatological Hospital (Qing-
dao, China). 
All rats were banned from water and fasted for 
10 h before modeling. Rats in the control group 
were provided with food and sufficient water. 
Rats in the OSCC group were modeled with 

4‑nitroquinoline 1‑oxide (4‑NQO) (Shanghai 

Yubo Biotechnology Co. Ltd., Shanghai, China; 

item no. ZSG‑442683). Sterile distilled water was 

used to dilute the 4‑NQO to a concentration of 

5 g/l. The 4‑NQO solution (1 ml) was applied to 

the oral jaw mucosa every 2 days for 28 weeks. 
The body weight, mental and activity status of rats 
in the two groups were observed and recorded 
during the modeling. After 28 weeks, all rats were 
tumorigenic. Rats were injected with 10% chloral 
hydrate at a dose of 3 ml/kg for anesthesia. They 
were anesthetized with ether and sacrificed by cer-
vical dislocation. Their tumors were removed to 
obtain the tumor and normal tissues. The expres-
sion level of miR- 92b in the tissues was detected. 
 

Cell culture and transfection  

OSCC cell line CAL‑27 (Shenzhen Biowit Bio-

tech Co., Ltd., Shenzhen, China; item no. C0039) 
was placed in DMEM culture liquid (Shanghai 
Xinyu Biotechnology Pharmaceutical Co., Ltd., 

Xinyu, China; item no. 19‑0040‑100) containing 

10% fetal bovine serum. Culture conditions were 
5% CO2 and 37 ˚C. Passage was carried out when 

the cells were adherently grown to 80%‑90%. 

Lipofectamine 2000 (Shanghai Hengfei Biotech-
nology Co., Ltd., Shanghai, China; item no. 
11668027) was used for trans-fecting cells in the 
logarithmic growth phase. The specific steps fol-
lowed were strictly in accordance with the proto-

col. CAL‑27 cells were divided into miR‑92b 

inhibitor, miR‑NC and blank groups. 
 

RT‑qPCR detection of miR‑92b expression 
level in tumor and normal tissues of rats 
Rat tumor tissues (100 mg) were taken and ho-
mogenized. TRIzol lysate (1 ml) (LabGene, 

Guangzhou, China; item no. LGTQ‑001‑x) was 
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added to separate total RNA from tissues. After 
extraction, 1.5% agarose gel electro-phoresis was 
used for analyzing RNA integrity, and ultraviolet 
spectrophotometer (BMD Labservice, Nanjing 
China; item no. GeneQuant 1300) was used for 
detecting the purity and concentration of the ex-
tracted RNA. A260/A280 value between 1.8 and 
2.0 was considered to meet the experimental re-
quirements. Total RNA (2 µg) was taken to syn-
thesize cDNA in accordance with the instruc-
tions of Takara SYBR® PrimeScript™ RT- PCR 
kit (PCR fluorescence quantification kit and RT 
kit were purchased from Takara Biotechnology 
Co., Ltd., Dalian, China). Then, 2 µl of products 

were subjected to PCR cycle according to the 
manufacturer's instructions. Conditions were 

pre‑denaturation at 94˚C for 10 min, dena-

turation at 94 ˚C for 30 sec, denaturation at 55 ˚C 
for 45 sec, extension at 72 ˚C for 45 sec, for 40 
cycles, and then extension at 72 ˚C for 5 min af-
ter the cycles. U6 was used as a reaction internal 
reference. The procedure was repeated 3 times. 

2‑∆Cq was used to calculate the expression level 

of miR‑92b in tumor and normal tissues of rats 

(13). Primers were synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China) (Table 
1).

 

Table 1: miR‑92b primer and internal reference sequences 
 

Genes upstream primers Downstream primers 

miR‑92b 5'‑CCAAGGTGAACCCAACTCCCCA

GC‑3' 

5'‑ATGCCCGAAGTCCTCCCAGACC‑3' 

U6 5'‑CTCGCTTCGGCAGCACA‑3' 5'‑AACGCTTCACGAATTTGCGT‑3' 

 
MTT detection of cell proliferation 

After transfection (48 h), CAL‑27 cells were pre-

pared into single‑arranged cell suspension, and 

routinely inoculated with a 96‑well cell culture 

plate. When they grew adherently, 15 µl of MTT 
solution (Beijing Huamaike Biotechnology Co., 
Ltd., Beijing, China; item no. T107801) at a con-
centration of 5 g/l were added to each well and 
continuously cultured at 37˚C for 4 h, with the 
supernatant containing impuri-ties aspirated. Di-
methyl sulfoxide (150 µl) (Shanghai Shifeng Bio-
technology Co., Ltd., Shanghai China; item no. 
A5852) formulation was added, placed on a hori-
zontal shaker and shaken for 15 min. A CLARI-
Ostar microplate reader (Hong Kong Boqi Tech-
nology Co., Ltd., Hong Kong, China) was used to 
measure the OD value at a wavelength of 570 
nm, at 0, 12, 24, 48 and 72 h, and the growth 
curve was plotted. 
 
Flow cytometry detection of apoptosis 
Annexin V- FITC/PI apoptosis kit was pur-
chased from Nanjing KeyGen Biotech Co., Ltd. 
(Nanjing, China). After transfection (48 h), CAL-
27 cells were prepared into single -arranged cell 

suspension, and washed 2-3 times with pre-
cooled PBS (Shanghai Lianmai Bioengineering 
Co., Ltd., Shanghai, China; item no. LM0221A). 
After centrifugation, at 200 x g for 5 min at 20˚C, 
500 µl of 1X combination buffer were added to 
resus-pend the cells. Then, 5 µl of Annexin V-
FITC and 5 µl of PI staining solution were add-
ed, and incubation followed for 15 min in the 
dark, after mixed evenly. FACSCanto™ II flow 
cytometer [Exsson (Beijing) Technologies Co., 
Ltd., Beijing, China] and Kaluza 2.0 software 
(Beckman Coulter, Atlanta, USA) was used to 
detect the apoptosis rate. The experiment was 
repeated 3 times. 
 
Statistical analysis 
SPSS 19.0 softeware (IBM Corp., Armonk, NY, 
USA) was used for the statistical analysis of the 
experimental data. Measurement data were ex-
pressed as mean ± standard deviation. Independ-

ent t‑test was used for the comparisons between 

two groups. One-way analysis of variance, fol-
lowed by Bonferroni post hoc test, was carried 
out for the comparisons among multiple groups. 
GraphPad Prism 6 (GraphPad Software, Inc., La 
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jolla, CA, uSA) was used to generate the pictures. 
P<0.05 was considered to indicate a statistically 
significant difference. 
 

Results 
 
Modeling results  
There were no significant differences in the sex 
and age of rats between the two groups before 
modeling. Thirteen rats were successfully mod-
eled in the OSCC group, while the remaining 2 
rats died unexpectedly due to scuffle during the 
modeling. The modeling success rate was 
86.67%. At the beginning of modeling, there was 
no significant difference in the body weight of 
rats between the two groups. In the late stage of 
modeling, rats in the OSCC group had low spir-
its, accompanied by hair loss, slow movement, 
sudden slow weight gain, and even weight loss. 
Rats in the control group grew well. During the 
modeling, there was no abnormal change in the 
oral cavity of rats in the control group, with pink, 
soft and elastic tongue. At the 8th to 15th weeks, 
some rats in the OSCC group showed white 
spots on their tongue, which gradually increased, 
and the back of the tongue became rough. At the 

17th‑18th weeks, most of rats in the OSCC 

group developed mucosal edema, white patches 
on the tongue accompanied by blood and loose 
teeth. At the 20th week, all rats in the OSCC 
group had different degrees of ulceration and 
new organisms began to appear. At the 24th 
week, all rats were sacrificed, and the ulceration 
area and new organisms increased in size. The 
ulceration was mainly concentrated in the base of 
the tongue of rats, but also appeared in other 
sites in the tongue. 
 

Expression level of miR‑92b in tumor and 
normal tissues 

The results of RT‑qPCR showed that the expres-

sion level of miR‑92b was significantly higher in 

tumor tissues than that in normal tissues, with a 
statistically significant difference (P<0.001) (Ta-
ble 2 and Fig. 1). 
 

Table 2: Expression level of miR-92b in tumor and 
normal tissues 

 

Group n miR‑92b 

Tumor tissues 13 3.46±1.21 
t  7.685 
P  <0.001 

 

 
 

Fig. 1: Expression level of miR‑92b in tumor and 

normal tissues. The results of RT‑qPCR showed that 

the expression level of miR‑92b was significantly 

higher in tumor tissues than that in normal tissues 
(*P<0.001) 

 

Expression level of miR‑92b in miR‑92b in-

hibitor, miR‑NC and blank groups 

CAL‑27 cells were transfected with miR‑92b 

inhibitor. The results of RT‑qPCR showed that 

there was a statistically significant difference in 

the expression level of miR‑92b among miR‑92b 

inhibitor, miR‑NC and blank groups (P<0.05). 

There was no significant difference in the expres-

sion level of miR‑92b between miR‑NC and 

blank groups.  

The expression level of miR‑92b was significant-

ly lower in the miR‑92b inhibitor group than that 

in the miR‑NC and blank groups (P<0.05) (Ta-

ble 3 and Fig. 2). 
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Table 3: Expression level of miR‑92b in each group 

of cells after transfection 

 

Group miR‑92b 

Blank group 3.46±1.01 

miR‑NC group 3.32±1.15 

miR‑92b inhibitor group 1.01±0.37a,b 

F 6.871 
P 0.028 

P<0.05, compared to the blank group; bP<0.05, com-

pared to the miR‑NC group 

 

 
 

Fig. 2: Expression level of miR‑92b in blank, 

miR‑NC, and miR‑92b inhibitor groups. The expres-

sion level of miR‑92b was significantly lower in the 

miR‑92b inhibitor group than that in the miR‑NC 

group (#P<0.05) and blank group (*P<0.05) 

 

Effect of miR‑92b on proliferation of CAL‑27 
cells 
The results of MTT showed that the proliferation 

ability of CAL‑27 cells was significantly lower in 

the miR‑92b inhibitor group than that in the 

miR‑NC and blank groups (P<0.05) (Fig. 3). 

 

Effect of miR‑92b on apoptosis of CAL‑27 
cells 
The results of flow cytometry showed that there 
was a statistically signifi-cant difference in the 

apoptosis rate of CAL‑27 cells among the 

miR‑92b inhibitor, miR‑NC and blank groups 

(P=0.026). 
 

 
 

Fig. 3: Effect of miR-92b on proliferation of CAL-27 
cells 

The proliferation ability of CAL-27 cells was signifi-
cantly lower in the miR-92b inhibitor group than that 

in the miR-NC group and the blank group 

 
There was no significant difference in the apop-

tosis rate of CAL‑27 cells between miR‑NC and 

blank groups. The apoptosis rate of CAL‑27 cells 

was significantly higher in the miR‑92b inhibitor 

group than that in the miR‑NC and bl ank 

groups, with a statistically significant difference 
(P<0.001) (Table 4 and Fig. 4). 
 

Table 4: Effect of miR‑92b on apoptosis of CAL‑27 

cells 
 

Group Apoptosis rate (%) 

Blank group 6.68±1.49 

miR‑NC group 7.17±1.47 

miR‑92b inhibitor 

group 

13.32±3.61a,b 

F 7.077 
P 0.026 

aP<0.001, compared to the blank group; bP<0.001, 

compared to the miR‑NC group 
 

Discussion 
 

Oral cancer is the sixth most common cancer in 
the world (14), with >500,000 new patients diag-
nosed each year (15). >90% of oral tumors are 
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OSCC (16). Despite the advances in treatment, 
the incidence and mortality of OSCC has not 
been significantly improved over the past 20 
years (17). 
 

 
 

Fig. 4: Effect of miR‑92b on apoptosis of CAL‑27 

cells. The apoptosis rate of CAL‑27 cells was signifi-

cantly higher in the miR‑92b inhibitor group than 

that in the miR‑NC group (#P<0.05) and blank 

group (*P<0.05) 

 
The ingestion of alcohol, tobacco and betel nut 
and the infection of human papillomavirus 

(18‑20) are considered risk factors for the ab-

normal expression of genes, and the occurrence 
and development of OSCC (21, 22). In recent 
years, biomedical research has increasingly fo-
cused on the relatively small amount of miRNAs 
(23). 
In this study, an OSCC rat model was established 

through the 4‑NQO method. The expression 

level of miR‑92b was significantly higher in tu-

mor tissues of rats than that in normal tissues, 
with a statistically significant difference. The ex-

pression level of miR‑92b is significantly higher 

in human OSCC tumor tissues than that in adja-
cent normal tissues, which is basically consistent 
with our findings (24). In this study, the expres-

sion of miR‑92b in CAL‑27 cells was downregu-

lated by transfecting miR‑92b inhibitor. The ex-

pression level of miR‑92b and the prolif-eration 

ability of CAL‑27 cells were significantly lower in 

the miR‑92b inhibitor group than those in the 

miR‑NC and blank groups, but the apoptosis 

rate of CAL‑27 cells was significantly higher in 

the miR‑92b inhibitor group than that in the 

miR‑NC and blank groups. miR‑92b inhibitor 

can inhibit the proliferation, migration and inva-
sion of glioma cells, and promote their apoptosis 

(25). miR‑92b significantly inhibits the prolifera-

tion, migration and invasion of NSCLC cells (26), 
consistent with our research results. 

In the present study, downregulation of miR‑92b 

significantly inhibited the proliferation ability of 

CAL‑27 cells, and significantly increased their 

apoptosis ability. However, due to limited fund 
support in this study, only one cell line was stud-

ied, with a lack of research on miR‑92b‑related 

signaling pathways. This investigation has clearly 
defined the direction of future research study. 

The specific pathogenesis of miR‑92b on OSCC 

remains to be further studied. 
 

Conclusion 
 

MiR‑92b is highly expressed in OSCC. After 

miR‑92b is downregulated by transfecting cells, 

the expres-sion level of miR‑92b is significantly 

lower in the miR‑92b inhibitor group than that 

in the miR‑NC and blank groups. miR‑92b in-

hibitor can inhibit the proliferation of CAL‑27 

cells and promote their apoptosis, which pro-
vides certain references for clinical treatment and 
is expected to be a potential target for treating 
OSCC. 
 

Ethical considerations 
  
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors. 
 

 

http://ijph.tums.ac.ir/


Xu et al.: Expression, Proliferation and Apoptosis of miR‑92b in … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        485 

Acknowledgements  
 
No funding was received in this study.  
 

Conflict of interests 
 
 The authors declare that there is no conflict of 
interest. 
 

References 
 

1. Cao ZG, Li CZ (2006). A single nucleotide pol-

ymorphism in the matrix metalloproteinase‑1 

promoter enhances oral squamous cell carci-
noma susceptibility in a Chinese population. 

Oral Oncol, 42: 32‑38. 

2. Ferlay J, Soerjomataram I, Dikshit R et al (2015). 
Cancer incidence and mortality worldwide: 
Sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer, 136: 

E359‑E386. 

3. Taghavi N, Yazdi I (2015). Prognostic factors of 
survival rate in oral squamous cell carcinoma: 
Clinical, histologic, genetic and molecular 

concepts. Arch Iran Med, 18: 314‑319. 

4. Liu CJ, Liu TY, Kuo LT et al (2008). Differential 
gene expression signature between primary 
and metastatic head and neck squamous cell 

carcinoma. J Pathol, 214: 489‑497. 

5. Uesugi A, Kozaki K, Tsuruta T et al (2011). The 

tumor suppressive microRNA miR‑218 tar-

gets the mTOR component Rictor and inhib-
its AKT phosphorylation in oral cancer. Can-

cer Res, 71: 5765‑5778. 

6. Fendler A, Jung K (2013). MicroRNAs as new 
diagnostic and prognostic biomarkers in uro-

logical tumors. Crit Rev Oncog, 18: 289‑302. 

7. Schickel R, Boyerinas B, Park SM, Peter ME 
(2008). MicroRNAs: Key players in the im-
mune system, differentiation, tumorigenesis 

and cell death. Oncogene, 27: 5959‑5974. 

8. Chen F, Hu SJ (2012). Effect of microRNA‑34a 

in cell cycle, differ-entiation, and apoptosis: A 

review. J Biochem Mol Toxicol, 26: 79‑86. 

9. Yen YC, Shiah SG, Chu HC et al (2014). Recip-

rocal regu-lation of microRNA‑99a and insu-

lin‑like growth factor I receptor signaling in 

oral squamous cell carcinoma cells. Mol Can-
cer, 13: 6. 

10. Zhuang LK, Yang YT, Ma X et al (2016). Mi-

croRNA‑92b promotes hepatocellular carci-

noma progression by targeting Smad7 and is 

mediated by long non‑coding RNA XIST. 

Cell Death Dis, 7: e2203. 
11. Zhou Z, Wang Z, Wei H, Wu S, Wang X, Xiao J 

(2016). Promotion of tumor proliferation, 

migration and invasion by miR‑92b in target-

ing RECK in osteosarcoma. Clin Sci (Lond), 

130: 921‑930. 

12. Wang K, Wang X, Zou J et al (2013). miR‑92b 

controls glioma proliferation and invasion 

through regulating Wnt/beta‑catenin signal-

ing via Nemo‑like kinase. Neuro‑oncol, 15: 

578‑588. 

13. Mohelnikova-Duchonova B, Oliverius M, Hon-
sova E, Soucek P (2012). Evaluation of refer-
ence genes and normalization strategy for-
quantitative real-time PCR in human pancre-

atic carcinoma. Dis Markers, 32: 203‑210. 

14. Vigneswaran N, Williams MD (2014). Epidemio-
logic trends in head and neck cancer and aids 
in diagnosis. Oral Maxillofac Surg Clin North 

Am, 26: 123‑141. 

15. Chen YJ, Chang JT, Liao CT et al (2008). Head 
and neck cancer in the betel quid chewing ar-
ea: Recent advances in molecular carcinogen-

esis. Cancer Sci, 99: 1507‑1514. 

16. Jian SL, Hsieh HY, Liao CT et al (2013). Gα12 
drives invasion of oral squamous cell carci-

noma through up‑regulation of proinflam-

matory cytokines. PLoS One, 8: e66133. 
17. Bagan JV, Scully C (2008). Recent advances in 

Oral Oncology 2007: Epidemiology, aeti-
opathogenesis, diagnosis and prognostication. 

Oral Oncol, 44: 103‑108. 

18. Albuquerque R, López‑López J, Marí‑Roig A, et 

al (2011). Oral tongue squamous cell carci-
noma (OTSCC): Alcohol and tobacco con-

sumption versus non‑consumption. A study 

in a Portuguese population. Braz Dent J, 22: 

517‑521. 

19. Kuo YB, Li YS, Chan EC (2015). Rapid identifi-
cation of HPV 16 and 18 by multiplex nested 

PCR‑immunochromatographic test. J Virol 

Methods, 212: 8‑11. 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 49, No.3, Mar 2020, pp. 479-486 

 

486                                                                                                        Available at:    http://ijph.tums.ac.ir  

20. Hsieh CH, Chang JW, Hsieh JJ et al (2011). Epi-
dermal growth factor receptor mutations in 
patients with oral cavity cancer in a betel nut 

chewing‑prevalent area. Head Neck, 33: 

1758‑1764. 

21. Reis PP, Tomenson M, Cervigne NK et al 
(2010). Programmed cell death 4 loss increas-
es tumor cell invasion and is regulated by 

miR‑21 in oral squamous cell carcinoma. Mol 

Cancer, 9: 238. 
22. Li C, Fan J, Song X et al (2013). Expression of 

angiopoietin‑2 and vascular endothelial 

growth factor receptor‑3 correlates with lym-

phangiogenesis and angiogenesis and affects 
survival of oral squamous cell carcinoma. 
PLoS One, 8: e75388. 

23. Garzon R, Marcucci G, Croce CM (2010). Tar-
geting microRNAsin cancer: Rationale, strat-
egies and challenges. Nat Rev Drug Discov, 9: 

775‑789. 

24. Liu Z, Diep C, Mao T et al (2015). Mi-

croRNA‑92b promotes tumor growth and 

activation of NF‑κB signaling via regulation 

of NLK in oral squamous cell carcinoma. On-

col Rep, 34: 2961‑2968. 

25. Song H, Zhang Y, Liu N et al (2016). miR‑92b 

regulates glioma cells proliferation, migration, 
invasion, and apoptosis via PTEN/Akt sig-

naling pathway. J Physiol Biochem, 72: 201‑211. 

26. Lei L, Huang Y, Gong W (2014). Inhibition of 

miR‑92b suppresses nonsmall cell lung can-

cer cells growth and motility by targeting 

RECK. Mol Cell Biochem, 387: 171‑176. 

 

 

http://ijph.tums.ac.ir/

