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Cyclin-dependent kinase 5 promotes the growth of  
tongue squamous cell carcinoma through the microRNA  

513c-5p/cell division cycle 25B pathway and is associated  
with a poor prognosis

Yixuan Li, PhD 1,2,3; Fan Yao, PhD1,2,3; Zan Jiao, PhD1,2,3; Xuan Su, PhD1,2,3; Tong Wu, PhD1,2,3; Jin Peng, PhD1,2,3;  

Zhongyuan Yang, PhD1,2,3; Weichao Chen, MD1,2,3; and Ankui Yang, MD1,2,3

BACKGROUND: The objective of this study was to investigate the role and molecular mechanism of cyclin-dependent kinase 5 (CDK5) in 

regulating the growth of tongue squamous cell carcinoma (TSCC). METHODS: The authors used multiple methods to detect the levels of 

CDK5 expression in samples of TSCC and to explore the relation between CDK5 expression and various clinicopathologic factors. In vivo 

and in vitro cell experiments were performed to detect the proliferation, invasion, and migration of TSCC cells with CDK5 knockdown or 

overexpression. These studies verified that CDK5 regulates the occurrence and development of TSCC cells through the microRNA 513c-

5p/cell division cycle 25B pathway. RESULTS: An elevated level of CDK5 expression in TSCC tissues was identified as an independent 

risk factor affecting TSCC growth and patient prognosis. Patients who had TSCC with low levels of CDK5 expression had a higher survival 

rate than those with high levels. Knockdown of CDK5 reduced the proliferation, migration, and invasion of TSCC cells both in vitro and in 

vivo. In addition, the authors observed that CDK5 regulated the growth of TSCC through the microRNA 513c-5p/cell division cycle C25B 

pathway. CONCLUSIONS: CDK5 functions as an oncogene in TSCC and might serve as a molecular marker for use in the diagnosis and 

treatment of TSCC. Cancer 2022;128:1775-1786. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American 

Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, 

which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modi-

fications or adaptations are made. 

LAY SUMMARY: 

•	Tongue squamous cell carcinoma (TSCC) is 1 of the most common malignant tumors of the head and neck, and the survival rate of 

patients with tongue cancer has been very low.

•	Therefore, it is important to study the molecular mechanism of TSCC progression to identify biomarkers that can be used to improve 

its clinical diagnosis and treatment.

•	Cyclin-dependent kinase 5 (CDK5) is an atypical member of the cyclin-dependent kinase family and is involved in regulating the cell 

cycle.

•	Changes in the cell cycle are of great significance for the occurrence and development of tumor cells; and, in recent years, increasing 

evidence has suggested that CDK5 exists in a disordered state in cancer cells.

•	 In this study, the authors demonstrate that CDK5 functions as an oncogene in TSCC and might serve as a molecular marker for use in 

the diagnosis and treatment of TSCC. 

KEYWORDS: cell division cycle 25 B (CDC25B), cyclin-dependent kinase 5 (CDK5), microRNA 513c-5p (miR513c-5p), tongue cancer.

INTRODUCTION
Tongue squamous cell carcinoma (TSCC) is 1 of the most frequently diagnosed malignant tumors of the head and 
neck.1 Although the technology used to diagnose and treat TSCC has continuously improved in recent years, the 5-year 
survival rate of patients with TSCC has stagnated at 50%.2,3 Therefore, it is important to identify biomarkers for TSCC 
and to find new therapeutic targets that might improve the effectiveness of clinical treatment. Cyclin-dependent kinase 
5 (CDK5) is an atypical member of the cyclin-dependent kinase (CDK) family and is involved in regulating the cell 
cycle. The nucleoplasmic localization of CDK5 is very important for its many pathologic and physiologic functions.4-7 
Previous studies have demonstrated that an increased level of CDK5 target protein is a specific biomarker for cancer 
and is essential for regulating the growth and migration of tumor cells.8-13 There are 3 members of the cell division 
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cycle 25 (CDC25) protein family, namely, CDC25A, 
CDC25B, and CDC25C, all of which are directly or in-
directly involved in the transition of cells in G1/S, S, and 
G2/M phases and in controlling mitosis.14-16 MicroRNA 
513c-5p (miR513c-5p) is a newly discovered microRNA 
(miRNA) that is associated with tumorigenesis and de-
velopment. However, its clinical significance and mecha-
nism of action in head and neck tumors remain unclear.17

We examined the levels of CDK5 expression in 
TSCC tissues and cell lines and studied its effects on cell 
proliferation in vivo and in vitro; we also conducted a 
preliminary exploration of its possible pathways of ac-
tion. Our results indicate that CDK5 is involved in the 
occurrence and development of TSCC and could possibly 
serve as a new prognostic marker and molecular target for 
treating TSCC.

MATERIALS AND METHODS

Oncomine Database Analysis
Oncomine is currently the world’s largest oncogene 
chip database and integrated data mining platform. We 
searched the Oncomine database for information regard-
ing CDK5 expression patterns in TSCC.

Patient Data and Tissue Specimens
Fresh samples of TSCC and adjacent normal tissue (n = 8)  
were collected from patients undergoing tongue cancer 
surgery in Sun Yat-sen University Cancer Center. In total, 
136 surgical specimens were obtained. According to the 
International Union Against Cancer classification, all 
medical records obtained had a diagnosis of cancer of the 
anterior two-thirds of the tongue (tongue body), which 
is oral cancer. Cancer staging was performed according to 
the American Joint Commission on Cancer seventh edi-
tion tumor, node, metastasis (TNM) staging system.

Immunohistochemistry
All staining results were independently evaluated by 2 
pathologists under double-blind conditions. The pa-
thologists used a semiquantitative method that combined 
staining intensity and staining range to evaluate the re-
sults. The staining intensity and staining range scores of 
each tissue section were multiplied, and the final score 
was obtained. A total score ≤6 was considered to be low 
expression of CDK5, and a total score >6 was considered 
to be high expression of CDK5.

Cell Culture
A normal oral mucosal epithelial cell line (NOK) and 4 
human TSCC cell lines (SCC9, SCC15, SCC25, and 

Cal27) were used in this study. The cancer cell culture 
medium was high-sugar Dulbecco’s modified Eagle’s 
medium supplemented with 10% fetal bovine serum. 
Normal epithelial cells were cultured in minimal essential 
medium supplemented with 15% fetal bovine serum. All 
cell lines were cultured in a humidified 5% CO2 incuba-
tor at 37 °C.

Western Blot Analysis
Each sample was separated by electrophoresis performed 
on gel, and the protein bands were transferred onto a pol-
yvinylidene difluoride membrane. Next, the membrane 
was sequentially incubated with specific antibodies, and 
the immunostained protein bands were detected using an 
enhanced chemiluminescence method.

RNA Extraction and Quantitative 
Reverse Transcriptase-Polymerase Chain 
Reaction Analysis
An RNA Quick Purification kit was used to extract the 
total RNA from cells and tissues, and a Fast Reverse 
Transcription kit was used to generate endogenous com-
plementary DNA. Each quantitative reverse transcriptase-
polymerase chain reaction (PCR) analysis was performed 
in triplicate and using 2x Super SYBR Green qPCR 
Master Mix reagent. Gene expression was calculated using 
the 2−△△Ct method, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) served as an internal standard.

Development of Stable Cell 
Lines and Transfection Experiments With Small 
Interfering RNAs
The viral vectors used were pLVX-C-FLAG-mCMV-
ZsGreen-IRES-Puro and pLVX-shRNA2-Puro, both of 
which carry ZsGreen fluorescence and puro (puromycin) 
resistance gene markers. A lentivirus with a final virus titer 
of 1 × 108 transducing units per milliliter was isolated and 
transfected into SCC25, Cal27, SCC15, and SCC9 cells. 
Stable cells were identified by screening with puromycin 
at a concentration of 2 μg/mL for 2 weeks. SCC25-short 
hairpin CDK5 (shCDK5) and Cal27-shCDK5 cells with 
stable, low expression of CDK5 were transfected with 
small interfering CDC25B (si-CDC25B)/si-negative 
control (si-NC) and miR513c-5p mimics/miR513c-
5p-NC according to instructions.

Cholecystokinin-8 Assay for the Detection of 
Cell Proliferation
Five 96-well plates were seeded with suspended cells  
(100 μL per well), and 1 plate was removed every 12 
hours for measuring cell proliferation. Cholecystokinin-8 
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(CCK8) solution (10 μL) was added to each well and 
thoroughly mixed. Next, the absorbance of each well at 
450 nm was read with a microplate reader. After record-
ing the optical density measurements, 5 time points were 
used to create a cell growth curve.

Transwell Cell Migration Assay
Complete culture medium containing 20% fetal bo-
vine serum was added to each lower chamber of a 24-
well Transwell plate, and 150 to 200 µL of prepared 
cell suspension (5 × 105 cells/mL) was added to each 
upper chamber. After 24 hours of incubation, the non-
migrated cells in the chamber were removed with a cot-
ton swab, and the migrated cells on the bottom of the 
membrane were fixed with methanol and stained with 
crystal violet. The numbers of migrated cells in 5 ran-
domly selected high-power fields were counted under a 
microscope.

Clone-Formation Studies
Cells were inoculated into the wells of a 6-well plate 
(500 cells per well), which was then incubated for  
3 weeks. Next, the cell colonies in the plate were washed 
with phosphate-buffered saline (PBS) and then fixed 
with methanol for 60 minutes; after that, they were 
stained with crystal violet solution for 30 minutes and 
washed with PBS using the following formula: clone 
formation rate = cell inoculation survival rate = (the 
number of clones/the number of inoculated cells) × 
100%.

Cell Cycle Analysis
Cells were digested, washed, and then resuspended 
in PBS at a concentration of 1 × 106 cells/mL. Next,  
100 µL of the cell suspension was slowly added in a drop-
wise manner to −20 °C frozen alcohol, and the ruptured 
cells were frozen and fixed overnight. The ruptured cells 
were then centrifuged. After removing the supernatant, 
the cells were suspended in PBS and centrifuged. Finally, 
the cells were treated with propidium iodide/RNase,  
and the cell cycles were analyzed.

Subcutaneous Tumor Formation in Nude Mice
Female Balb/c-nu nude mice (6-7 weeks old; 18-22 g) 
were housed in the Animal Experimental Center of Sun 
Yat-sen University Cancer Center (specific pathogen free 
level). SCC25 cells (short hairpin [sh]NC and shCDK5 
cells) and overexpressing (OE) SCC15 cells (OE-NC 
and OE-CDK5 cells) were subcutaneously injected into 
the lower abdomen of mice (1 × 106 cells per mouse). 

Four weeks later, the mice were killed, and their tumors 
were measured and analyzed. Tumor volume was calcu-
lated as follows: tumor volume = one-half length × width 
squared.

Statistical Analysis
All statistical results were calculated using the soft-
ware package IBM Statistics for Windows, version 23, 
and a P value < .05 was considered to be statistically 
significant.

RESULTS

CDK5 Expression Was Up-Regulated in TSCC 
Tissue
A bioinformatics analysis performed using the Oncomine 
database showed that the levels of CDK5 miRNA expres-
sion in TSCC tissues were significantly higher than those 
in normal tissues (Fig. 1A-C).18-20 The results of Western 
blot analysis (Fig. 1D) and PCR (Fig. 1E) studies indi-
cated that the levels of CDK5 protein and miRNA in 8 
pairs of TSCC tissues were significantly higher than those 
in normal tissues (P < .05). An immunohistochemical 
analysis of the TSCC sections confirmed that CDK5 ex-
pression increased in conjunction with the tumor’s clini-
cal stage (Fig. 1G).

The Relation Between CDK5 Expression and 
Various Clinicopathologic Characteristics of 
Patients With TSCC
Immunohistochemical studies were performed on 
paraffin-embedded tissue sections from 136 patients with 
TSCC to detect CDK5 expression. The results showed 
that TNM stage and clinical stage were related to CDK5 
expression. There was no significant correlation between 
CDK5 expression and the age or sex of the patients 
(Table 1).

CDK5 Was an Independent Predictor of 
Prognosis for Patients With TSCC
Kaplan-Meier analysis demonstrated that the 3-year and  
5-year survival rates of patients who had TSCC with a low 
level of CDK5 expression were 88.2% and 77.9%, respec-
tively; the 3-year and 5-year survival rates of those who had 
TSCC with a high level of CDK5 expression were 57.1% 
and 50.3%, respectively; and the difference in survival rates 
between the 2 groups (low and high CDK5 expression) was 
statistically significant (Fig. 1F). Next, a single-factor Cox 
regression analysis was performed on all the clinicopatho-
logic parameters, and a multifactor Cox regression analysis 
was performed on the risk factors that had P values < .05. 
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The univariate Cox regression model analysis showed that 
T, N, and M classification; clinical stage; and CDK5 ex-
pression were all risk factors affecting the growth of TSCC. 
The multivariate Cox regression analysis identified CDK5 
expression and N stage as independent risk factors that af-
fected the growth of TSCC (Table 2).

CDK5 Promoted the Proliferation of TSCC Cells
Before constructing the stable strain, we tested for the ex-
pression of CDK5 in the 3 strains of TSCC cells used in 
our study. On the basis of those results, we selected the 
SCC25 and Cal27 cell lines for use in CDK5 knockout 
experiments because they showed relatively high levels 
of CDK5 expression. The SCC15 cell line, which had 
a relatively low level of CDK5 expression, was selected 
for use in CDK5 overexpression studies conducted in 
vivo and in vitro. Lentivirus was used to construct stable, 
CDK5 low-expressing cell lines (SCC25-shCDK5 and 
Cal27-shCDK5) and a CDK5 overexpressing cell line 
(SCC15-OE-CDK5) (Fig. 2A). The results of CCK8 as-
says demonstrated that, compared with the control group, 
the proliferative ability CDK5 knockout cells was sig-
nificantly decreased (Fig. 2B). The results of cell cloning 
experiments indicated that, compared with the control 
group, the number of colonies produced by the CDK5 
knockout cells was significantly reduced (Fig. 2C).

CDK5 Promoted the Migration of TSCC Cells
We used the Transwell migration assay to determine 
whether CDK5 affected the migration ability of TSCC 
cells. The results indicated that, compared with the con-
trol group, CDK5 knockdown caused a significant de-
crease in cell migration, whereas CDK5 overexpression 
caused an increase in cell migration (Fig. 2D).

CDK5 Regulated Cell Cycle Changes
Knockout of CDK5 resulted in an accumulation of cells 
in G1 phase: the percentage of G1 phase SCC25 cells 

Figure 1.  Cyclin-dependent kinase 5 (CDK5) is overexpressed in tongue squamous cell carcinoma (TSCC) tissue and is associated 
with a poor prognosis. (A-C) The levels of CDK5 in TSCC and adjacent normal tissue (ANT) were determined using the iOncomine 
database. CNS indicates central nervous system. (D) CDK5 protein expression in TSCC tissue and ANT was determined by Western 
blot analysis. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) served as a reference standard. (E) Polymerase chain 
reaction detection of CDK5 messenger RNA levels in 8 pairs of TSCC tissue and ANT is shown. (F) Representative images illustrate 
immunohistochemical results for 136 TSCC samples. (G) Kaplan-Meier analysis of overall survival is illustrated in 136 patients with 
TSCC stratified according to CDK5 expression.

TABLE 1.  Relation Between Clinical Characteristics 
of the Patients and Cyclin-Dependent Kinase 5 
Protein Expression

Variable
No. of 

Patients

CDK5 
Expression, 

No. of Patients

χ2 Statistic PLow High

Age, y 1.882 .170
≤55 68 38 30
>55 68 30 38

Sex 2.504 .114
Men 83 37 46
Women 53 31 22

T classification 5.647 .017a

T1 + T2 102 57 45
T3 + T4 34 11 23

N classification 49.142 <.001a

N0 82 61 21
N1 + N2 + 

N3
54 7 47

M classification 6.908 .009a

M0 126 67 59
M1 10 1 9

Clinical stage 25.176 <.001a

I + II 77 53 24
III + IV 59 15 44

Abbreviations: CDK5, cyclin-dependent kinase 5; M, metastasis; N, lymph 
node; T, tumor.
aThese P values indicate a statistically significant difference.

TABLE 2.  Cox Regression Analysis

Variable

Single-Factor Cox Regression Analysis Multivariate Cox Regression Analysis

95% CI HR P 95% CI HR P

Age 0.643-1.788 1.072 .79
Sex 0.378-1.146 0.658 0.14
T classification 1.072-3.156 1.839 .027a 0.849-2.905 1.570 .151
N classification 1.660-4.673 2.785 <.001a 1.054-5.886 2.491 .037a

M classification 1.095-5.385 2.429 .029a 0.431-2.454 1.029 .949
Clinical stage 1.063-2.968 1.777 .028a 0.221-1.141 0.502 .100
CDK5 expression 1.779-5.291 3.068 <.001a 1.196-4.601 2.346 .013a

Abbreviations: CDK5, cyclin-dependent kinase 5; CI, confidence interval; HR, hazard ratio; M, metastasis; N, lymph node; T, tumor.
aThese P values indicate a statistically significant difference.
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Figure 2.  Cyclin-dependent kinase 5 (CDK5) promotes tongue squamous cell carcinoma (TSCC) cell proliferation. (A) Right: 
Western blot analysis was used to detect CDK5 expression in TSCC cell lines and in a normal oral epithelial cell line. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) served as a control. Left: Western blot analysis revealed that CDK5 protein expression was 
downregulated in SCC25 and Cal27 cells and upregulated in SCC15 cells. GAPDH served as a control. sh-NC indicates short hairpin 
negative control. (B) Cholecystokinin-8 (CCK8) assays performed to detect TSCC cell proliferation revealed the absorbance at 
different time points at 450 nm (optical density [OD] 450). (C) Cell cloning experiments demonstrated that CDK5 overexpression 
promoted clone formation. (D) Cell migration experiments demonstrated that CDK5 overexpression promoted cell migration. 
(E) Flow cytometry analyses of the cell cycles of overexpressing CDK5 (OE-CDK5)–treated and sh-CDK5–treated cells and their 
respective negative control cells are illustrated. PE-A indicates phycoerythrin assay; PI-A, propidium iodide assay. (F) Xenograft 
tumors in nude mice after 28 days are shown. The mean volume and weight of xenograft tumors formed by OE-CDK5 and sh-CDK5 
cells and their respective negative control cells are indicated. All data are expressed as mean ± standard deviation values. A single 
asterisk indicates P < .05; double asterisks, P < .01.
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Figure 3.  Cell division cycle 25B (CDC25B) is a downstream gene affected by cyclin-dependent kinase 5 (CDK5). (A) Western 
blot analysis of key genes related to the cell cycle is illustrated. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) served as 
a control. sh-NC indicates short hairpin negative control. (B) Western blot analysis was used to detect CDK5 and CDC25B protein 
expression in SCC25-shCDK5 cells after knock-down of CDC25B. GAPDH served as a control. si-CDC25B indicates small interfering 
CDC25B; TSCC, tongue squamous cell carcinoma. (C) Western blot analysis was used to detect the expression of proteins related 
to the cell cycle in SCC25-shCDK5 cells. GAPDH served as a control. Mut indicates mutant; WT, wild type. (D) Polymerase chain 
reaction analysis of CDK5 and CDC25B messenger RNA expression is illustrated in overexpressing CDK5 (OE-CDK5) and sh-CDK5 
cells and their respective negative control cells. (E) After transfection with si-CDC25B or negative control (si-NC), the cell cycle of 
SCC25-shCDK5 cells was analyzed by flow cytometry. PE-A indicates phycoerythrin assay; PI-A, propidium iodide assay. All data 
points represent mean ± standard deviation values. A single asterisk indicates P < .05; double asterisks, P < .01.
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transfected with CDK5 shRNA increased from 21.45% 
to 42.32% and 24.24%, and the percentage of G1 
phase Cal27 cells increased from 19.53% to 53.16% 
and 50.23%. The proportions of cells in S phase de-
creased from 62.64% and 52.05% to 41.26%, 51.39%, 
21.42%, and 24.51%, respectively. At the same time, 
overexpression of CDK5 promoted the transition of 
cells from G1 phase to S phase. After transfection, 
the number G2 phase cells in each group did not sig-
nificantly change (Fig. 2E). These results showed that 
knockout of CDK5 could block the transition of cells 
from G1 phase to S phase.

Down-Regulation of CDK5 Inhibited Tumor 
Growth in Vivo
The SCC25sh-CDK5 cell line with low CDK5 expres-
sion and the SCC15OE-CDK5 cell line with CDK5 
overexpression were used for the in vivo studies. Our 
results indicated that shRNA-CDK5 could significantly 
inhibit the growth of tumor cells. Compared with the 
control group, the xenograft tumors obtained from mice 
injected with CDK5 knockout cells were smaller and 
lighter, whereas the xenograft tumors obtained from mice 
injected with CDK5 overexpressing cells were larger and 
heavier (Fig. 2F).

CDC25B Was the Downstream Gene Affected 
by CDK5
We used the STRING, Pathwaycommon, HitPredict, 
and GeneMANIA databases to search for and iden-
tify key genes that interact with CDK5 and affect the 
cell cycle. Those genes included CDKN1A, CDC25A, 
CDC25B, and CDC25C, of which CDC25B and 
CDK5 had the highest correlation. The results indi-
cated that knockout of CDK5 significantly increased 
CDC25B protein expression, whereas the levels of 
CDKN1A, CDC25A, and CDC25C expression did 
not significantly change (Fig. 3A). PCR results further 

confirmed that knockout of CDK5 led to an upregula-
tion of CDC25B messenger RNA expression in TSCC 
cells (Fig. 3D). When CDK5 was overexpressed, the 
opposite result occurred.

To verify the effect of CDC25B on cell cycle ar-
rest, we used siRNA to inhibit CDC25B expression in 
SCC25-shCDK5 cells (Fig. 3B). Flow cytometry results 
showed, that after transfection with CDC25B siRNA, 
the percentage of G1 phase CDK5 knockdown cells de-
creased from 49.03% to 24.97%, indicating that CDK5 
knockdown could change the cell cycle process and de-
pended on CDC25B (Fig. 3E). At the same time, the lev-
els of CDKN1A, CDC25A, and CDC25C proteins were 
not affected by transfection with CDC25B siRNA (Fig. 
3C). These results indicated that knockout of CDK5 
could block the cell cycle at the G1/S phase through the 
CDC25B pathway.

Overexpression of CDK5 Reversed the Inhibitory 
Effect of miR-513c-5p on the Growth of TSCC
We first used TargetscanHuman and MiRanda software 
to predict the miRNAs that might regulate CDK5 ex-
pression. Then, we used the Targetscan and Miranda 
databases to screen all of the above miRNAs that were 
differentially expressed at the same time (differential 
screening criteria: P value < .05 and fold-change ≥2). 
Those results indicated that the miRNA that was simul-
taneously differentially downregulated was miR513c-
5p. After screening the miRNAs, we checked the 
expression of miR513c-5p in TSCC tissues using the 
graph engine service data set. The results indicated that, 
compared with normal tissues, miR513c-5p expres-
sion was significantly downregulated in TSCC tissues  
(Fig. 4A). Next, we examined the expression of 
miR513c-5p in 8 pairs of TSCC tissue and adja-
cent normal tissue samples collected at our center. 
The results showed that, compared with normal tis-
sues adjacent to the cancer, the levels of miR513c-5p 

Figure 4.  Cyclin-dependent kinase 5 (CDK5) was identified as the downstream target gene of microRNA 513c-5p (miR-513c-5p). (A) 
A bioinformatics query of miR513c-5p expression in tongue squamous cell carcinoma (TSCC) tissues is illustrated. (B) Polymerase 
chain reaction (PCR) analysis was used to verify the expression of miR513c-5p in TSCC tissues. (C) Results of a dual luciferase (Luc) 
reporter experiment are illustrated. Mut indicates mutation; NC, negative control; Rluc, Renilla luciferin; WT, wild type. (D,E) PCR was 
used to detect miR513c-5p and CDK5 expression in TSCC cells transfected with miR513c-5p mimics. (F) Western blot analysis was 
used to detect CDK5 and cell division cycle 25B (CDC25B) protein expression in TSCC cells transfected with miR513c-5p mimics. (G) 
Cholecystokinin-8 (CCK8) assays were performed to detect the effect of miR513c-5p on the growth of TSCC cells. OD 450 indicates 
an optical density of 450 nm. (H) Flow cytometry was used to detect the effect of miR513c-5p on the cell cycle of SCC25 cells. PI-A 
indicates propidium iodide assay. (I) The miR513c-5p mimics and a CDK5 overexpression lentivirus were simultaneously transfected 
into SCC15 cells that were used for CCK8 assays. (J) Western blot analysis was performed to detect the levels of CDK5 and CDC25B 
proteins in SCC15 cells that had been transfected with miR513c-5p mimics and the CDK5 overexpression lentivirus separately or at the 
same time. All data points represent mean ± standard deviation values. A single asterisk indicates P < .05; double asterisks, P < .01.
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in TSCC tissues were significantly reduced (Fig. 4B). 
Furthermore, we performed a dual luciferase reporter 
assay, which verified that CDK5 was a downstream tar-
get gene of miR513c-5p (Fig. 4C). Our data also in-
dicated that, when miR513c-5p expression increased, 
the levels of CDK5 messenger RNA and protein signifi-
cantly decreased, and those changes were accompanied 
by an increase in CDC25B protein levels (Fig. 4D-F).

Next, we conducted CCK8 and flow-cytometry 
analyses. The CCK8 assays demonstrated that, com-
pared with the control group, in the experimental 
group of SCC25 and Cal27 cells treated with miR513c-
5p-mimics, the proliferative ability of cells was signifi-
cantly reduced (Fig. 4G). The flow cytometry studies 
showed that the proportion of SCC25 cells in G1 phase 
treated with miR513c-59 mimics in the experimental 
group increased from 25.57% to 45.75%, whereas the 
proportion of cells in S phase decreased from 68.04% 
to 48.63%, and there was no significant change in the 
proportion of cells in G2 phase (Fig. 4H). Subsequently, 
we conducted a reversion experiment in which SCC15 
cells were simultaneously transfected with miR513c-5p 
mimics and the CDK5 overexpressing lentivirus. Our 
results showed that, when CDK5 was overexpressed, 
the proliferative activity of SCC15 cells was signifi-
cantly increased (Fig. 4I), and the inhibitory effect of 
miR513c-5p on the growth of TSCC cells was reversed. 
Moreover, Western blot analysis confirmed that, when 
miR513c-5p overexpression in SCC15 cells became 
increased, CDK5 protein levels decreased, CDC25B 
protein levels increased, and overexpression of CDK5 
could reverse the expression of CDC25B protein when 
miR513c-5p levels were increased (Fig. 4J). The above 
results indicated that CDK5 was the downstream target 
gene of miR513c-5p.

DISCUSSION
Our experimental results demonstrate that the levels of 
CDK5 in TSCC cells were higher than those in normal 
cells, and a high level of CDK5 expression was related 
to a poor prognosis for patients with TSCC. Previous 
studies indicated that, in patients with breast cancer, 
nonsmall cell lung cancer, liver cancer, or nasopharyn-
geal carcinoma, CDK5 overexpression was significantly 
associated with a poor prognosis and a low 5-year sur-
vival rate, whereas knockdown of CDK5 produced the 
opposite effects.18-21 Those findings support our cur-
rent results and confirm that CDK5 functions as an 
oncogene.

We knocked out CDK5 expression in a TSCC cell 
line and observed that the viability, clonality, migration, 
and invasiveness of the cells in vitro were significantly re-
duced, and the transition of the cells from G1 to S phase 
was slowed, causing a large number of cells to remain in 
G1 phase. The opposite results were obtained in the same 
cell line when CDK5 was overexpressed. Subsequently, 
the regulatory effect of CDK5 on tumor growth was fur-
ther verified in a mouse tumor transplantation model. 
Studies conducted by Zhang et al21 and Wang et al22 
showed that, when CDK5 expression was knocked down, 
the proliferation and migration abilities of nonsmall 
cell lung cancer cells in vitro were significantly reduced, 
and the tumor formation ability of the cells in vivo was 
also significantly reduced. Those results confirmed that 
CDK5 plays an important role in the occurrence and de-
velopment of tumors.

First, CDK5 is closely related to drug resistance. 
In patients with cervical cancer, the CDK5/cyclin I 
complex is associated with cisplatin resistance; and, 
when CDK5 is inhibited, the cancer cells can regain 
their sensitivity to chemotherapy drugs.23,24 Previous 
studies confirmed that the combined use of a CDK5 
inhibitor and paclitaxel can help prevent the develop-
ment of paclitaxel resistance and improve the efficacy 
of paclitaxel.25 Second, studies have demonstrated that 
CDK5 is involved in initiating the DNA damage re-
sponse. When cells are exposed to ultraviolet rays and 
other radiation, CDK5 upregulates p35 and p25 expres-
sion through the Egr1 promoter and thus activates the 
DNA damage pathway.26 At the same time, CDK5 also 
plays an important role in the angiogenesis of tumor 
cells. CDK5 expression in endothelial cells is regulated 
by the proliferation-promoting angiogenic factor (basic 
fibroblast growth factor) secreted by tumor cells, and 
angiostatin can reduce CDK5 expression and cause 
cell apoptosis.27 In addition, CDK5 is also involved in 
tumor cell proliferation,28 epithelial-mesenchymal tran-
sition,13 cytoskeleton regulation,14 and other processes 
that are of great significance for cell growth. Finally, 
CDK5 also plays an important role in the phosphoryla-
tion process. Zhou et al29 observed that, in nonsmall cell 
lung cancer, CDK5 activates the FAK/AKT signaling 
pathway to promote tumor angiogenesis. In medullary 
thyroid carcinoma, the retinoblastoma protein controls 
the transition of cells from G0/G1 phase to S phase by 
isolating transcription factor E2F, thereby altering the 
cell cycle.30 In prostate cancer, CDK5 interacts with Ser-
727 in transcription activator 3 and phosphorylates the 
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transcription factor androgen receptor, which is a prereq-
uisite for cell proliferation.31,32 Some literature suggests 
that an investigation of specific processes performed 
by CDK5 phosphorylation dual-specific phospha-
tase CDC25 family members (including CDC25A-
CDC25C) is crucial for identifying factors that lead to 
the occurrence and development of TSCC, and we plan 
to investigate those processes in future studies.

CDC25B is an important cell cycle regulator needed 
for the activation of CDKs.33 Previous studies demon-
strated that CDC25B is involved in regulating cell cycle 
changes in nonmelanoma skin cancer, triple-negative 
breast cancer, colorectal cancer, and other tumors34-38; 
however, there have been no literature reports concerning 
the role played by CDC25B in head and neck tumors. 
Our results suggest that regulation of the TSCC cell cycle 
by CDK5 is CDC25B-dependent, and CDC25B is a 
downstream gene affected by CDK5. However, follow-up 
studies are needed to identify specific phosphorylation 
pathways and sites.

Few studies have investigated the miR513c-5p gene, 
which is upstream of CDK5. However, studies of liver 
cancer and cervical cancer have indicated that a low level 
of miR513c-5p expression is related to higher rates of 
local tissue invasion, lymphatic metastasis, and distant 
metastasis.14,39,40

In summary, the miR513c-5p/CDK5/CDC25B 
axis in TSCC cells may be highly regulated. As an on-
cogene, CDK5 drives the occurrence and development 
of TSCC tumors and might serve as a biomarker for 
diagnosing TSCC and a molecular target for treating 
the disease.
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