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INTRODUCTION 
 

Squamous cell carcinoma of the oral cavity (OSCC) is a 

frequently encountered malignancy, notable for its high 

rate of recurrence. Despite recent progress in diagnosis 

and treatment, the 5-year overall survival (OS) has  

only marginally improved to 50–60%. However, the 

prognosis remains dismal for patients with advanced 

stage disease, with a survival rate of only 30–40%  

[1–3]. In locally advanced OSCC, the main cause of 

death is local and distant tumor recurrence. Therefore,  

it is crucial to diagnose recurrence early in advanced 

OSCC. Identifying molecular markers that predict 

disease prognosis and recurrence would be beneficial in 

this context. 

 
Receptor tyrosine protein kinase KDR, also known as 

VEGFR2, is a key player in cell proliferation. It belongs 

to the EGFR family of receptor tyrosine kinases, 

which play a crucial role in regulating cell growth  

and division. KDR is often overexpressed in cancer 

cells, leading to uncontrolled cell growth and tumor 

development. Therefore, understanding the mechanisms 

of KDR regulation is crucial for developing effective 

cancer treatments [4]. KDR amplification has been 

detected in several malignant tumors [5–8]. In addition, 
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ABSTRACT 
 

Objective: The objective of this research was to investigate the part played by KDR and miRNAs in the 
development and prognosis of oral squamous cell carcinoma (OSCC). 
Methods: The gene and protein expression of KDR in OSCC cell lines and a normal human oral epithelial 
keratinocyte cell line were detected using real-time PCR and western blot analysis. We evaluated the impact of 
KDR on the proliferation, metastasis, and migration of OSCC cells using the MTT assay and colony formation 
assay in the CAL27 cell line. Data on OSCC were retrieved from the TCGA-HNSC and GEO databases, and we 
identified miRNAs that were differentially expressed between OSCC and normal tissue samples. Furthermore, 
we predicted their potential target mRNAs. miR-424-5p was identified as a regulator upstream of KDR 
expression, and dual luciferase reporter assays confirmed binding between KDR and miR-424-5p. 
Results: KDR overexpression was observed in OSCC samples from various databases. These findings were 
further validated through in vitro experiments, which established that elevated KDR levels enhance the 
proliferative potential of OSCC cells. Moreover, miR-424-5p was found to counteract the tumorigenic effects of 
KDR in OSCC cells, suppressing their proliferation, invasion, and metastasis capabilities. 
Conclusions: Our research suggests that miR-424-5p and KDR might serve as valuable diagnostic and prognostic 
markers, as well as potential therapeutic targets, in OSCC. 
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the genetic analysis of OSCC and lymph node 

metastasis samples has revealed that the KDR gains, 

due to both amplifications and polysomes, were 

prevalent in the OSCC samples [9, 10]. There is also 

evidence that the heterodimerization of KDR causes 

the autophosphorylation of tyrosine residues within  

the cytoplasmic domain of the heterodimer, which 

subsequently initiates various signaling pathways that 

promote tumorigenesis [11]. Therefore, the treatment 

against KDR has been recognized as a reliable approach 

in multiple cancers, particularly breast cancer [11–13]. 

It has been observed that trastuzumab resistance occurs 

in patients who have lost KDR [14–16]. In addition, 

despite the identification of targetable KDR aberrations 

in OSCC, certain OSCC cell lines exhibited low levels 

of KDR expression [16]. Given the contradictory 

findings, it is crucial to reevaluate the role of KDR  

in OSCC, which was the objective of the present 

study. 

 

Endogenous non-coding RNAs of a length of nucleo-

tides, known as micro-RNAs, have the ability to 

regulate the expression of target genes. This regulation 

occurs through complementary pairing with the target 

gene’s 3′-untranslated region (3′UTR), leading to either 

mRNA degradation or translational inhibition [17].  

It plays a vital role in various biological processes, 

including cancer metastasis and cell apoptosis [18]. 

Despite the increasing focus on micro-RNAs and their 

regulation of gene expression, research on KDR 

regulation in OSCC remains limited. However, miR-

424-5p is currently being extensively studied as it  

is known to play complex roles in various cancers  

[17–19]. A study has reported the role of miR-424-5p  

in OSCC based on bioinformation analysis. According 

to the report, miR-424-5p may regulate ERBB4 [20]. 

However, there is no additional supporting evidence 

regarding the function of miR-424-5p in OSCC. 

Therefore, the current study also aims to explore the 

potential role of miRNAs in the development and 

progression of OSCC. 

 

The aim of our research is to use bioinformatics 

analysis to explore the regulation to the expression of 

KDR in OSCC by miR-424-5p and lay a foundation of 

the further research value. 

 

MATERIALS AND METHODS 
 

Bioinformatics analysis 

 

The miRNA expression data were retrieved from  

the GSE115000 dataset, which is stored in the  

GEO database (https://www.ncbi.nlm.nih.gov/geo/). To 

identify miRNAs that were differentially expressed 

(DEmiRNAs), the SVA package was used for batch 

correction. In order to identify differentially expressed 

mRNAs (DEmiRNAs), the edgeR package (criteria: 

|logFC| >2.5, padj < 0.05) was used to compare 

differences between the normal group and the tumor 

group. Additionally, mRNA profiles were obtained for 

both normal samples (n = 44) and oral squamous cell 

carcinoma (OSCC) samples (n = 520) from the TCGA-

GA clinical database (https://portal.gdc.cancer.gov/).  

A volcano plot was generated using the R package 

‘cluster profiler’ to visualize the expression patterns of 

the DEmRNAs. The edgeR package was also used to 

analyze DEmRNAs between the normal and tumor 

groups, with criteria of a change in expression greater 

than 1 log (|logFC| > 1) and a significant p-value of less 

than 0.05 (padj < 0.05). The binding sites of these 

DEmiRNAs on their target mRNAs were predicted 

using miRDB, TargetScan, and microT databases. 

Kaplan-Meier analysis was conducted to assess survival 

based on the expression levels of these identified 

DEmiRNAs and their target mRNAs. Furthermore, 

potential upstream miRNAs that regulate KDR 

expression were predicted using data from miRDB, 

TargetScan, and microT databases. 

 

Cell lines and culture 

 

The OSCC cell lines HN4, HN6, HB96, and CAL27, as 

well as the normal human oral epithelial keratinocyte 

cell line HIOEC, were kindly provided by Shanghai 

Ninth People’s Hospital, which is affiliated with 

Shanghai Jiaotong University School of Medicine. 

Cells were grown in Dulbecco’s modified Eagle 

medium (DMEM; Sigma, St. Louis, MO, USA) 

containing 10% fetal bovine serum (Gibco, Carlsbad, 

CA, USA). The cells were incubated at 37°C in a  

5% CO2 atmosphere. Cells from passages 2 to 4 were 

used for the experiments. 

 
Cell transfection 

 
To investigate the impact of miR-424-5p and KDR,  

we seeded cells in 12-well plates at a density of  

2 × 105/well. We obtained the necessary reagents, 

including normal control (NC) mimics, miR-424-5p 

mimics, NC-overexpression vectors, and KDR-over-

expression vectors, from Genomeditech (Shanghai, 

China). Using Lipofectamine 3000 (Thermo Fisher 

Scientific Inc., Waltham, MA, USA), we transfected 

these into GA cell lines according to the manufacturer’s 

instructions. Additionally, we obtained the mimic 

miR-424-5p sequence and si-KDR from Sangon 

Technologies (Shanghai, China), which we then 

inserted into plasmids. The transfection concentrations 

were 100 nM for mimic NC and miR-424-5p mimic, 

50 nM for si-NC and si-KDR, and 0.5 μg/well for 

plasmid of oe-NC and oe-KDR. 

https://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
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RNA extraction and qRT-PCR analysis 

 

The manufacturer’s instructions were followed to obtain 

total RNA using the Axygen RNA Miniprep Kit 

(Axygen, USA) two days after transfection. For each 

sample, 1000 ng of total RNA was used in the reverse 

transcription and subsequent Rt-qPCR procedures. These 

procedures were based on previous related research  

[11]. The reactions were carried out using the Light 

Cycler96 Real-Time PCR System (Roche, Ltd., Basel, 

Switzerland). The human primer sets used were as 

follows: human KDR: forward, 5-ggtgatctttgggatcctca-3 

and reverse, 5-accttcgccttcctcagctc-3; human GAPDH: 

forward, 5-ccagcccatcatcctgcct-3 and reverse, 5-

cctgcgcacaccaccgatcttg-3. 

 

Colony formation assay 

 

The colony formation assay was used to estimate cell 

proliferation. After 48 h of transfection, 1 × 103 cells 

were seeded on 6-well plates and incubated at 37°C  

for 9 days. The cell colonies were fixed with 5% 

paraformaldehyde, and 10 min later, the cell colonies 

were stained with 0.5% crystal violet. The number of 

colonies was calculated with the ImageJ Software. 

 

Statistical analysis 

 

GraphPad Prism 6.0 (Graphpad Software Inc., San 

Diego, CA, USA) was used for statistical analysis. All 

values are presented as the mean ± standard deviation. 

Differences between the experimental and control 

groups were evaluated using Student t-test. Results  

for multiple group comparisons were analyzed using 

Scheffe’s test and one-way analysis of variance 

(ANOVA) with the SPSS 22.0 software (SPSS Inc., 

Chicago, IL, USA). Pearson χ2 test was used to analyze 

the relationship between expression of miR-424-5p and 

KDR. Differences were determined to be significant at 

P < 0.05, P < 0.01, or P < 0.001, as indicated for each 

experiment. 

 

Availability of data and materials 

 

The datasets used and/or analyzed during the current 

study are available from the corresponding author on 

request. 

 

RESULTS 
 

Association of high KDR expression with poor 

prognosis of OSCC 

 

Analysis of mRNA expression data in the TGCA-GA 

dataset demonstrated that higher KDR expression was 

associated with lower survival in patients (Figure 1A, 

1B). Survival analysis according to tumor grade showed 

poor OS in patients with high KDR expression (Figure 

1B). The risk analysis indicated a higher risk rate  

of mortality of patient with higher KDR expression 

(Figure 1C). Moreover, qRT-PCR and western blot 

results showed that the OSCC cells had higher KDR 

expression than the HOK cells (Figure 1D). 

 

Suppression in OSCC cell proliferation and 

immigration by down-regulating KDR expression 

 

Downregulation of mRNA expression of KDR was 

performed by transfection of shRNA 1-3 on CAL27 

cells (Figure 2A). Downregulation of KDR resulted  

in a decreasing in immigration (Figure 2B), colony 

formation (Figure 2C), proliferation (Figure 2D). 

 

KDR as a target gene of miR-424-5p 

 

A total of 19349 DEmiRNAs and DEmRNA that were 

differentially expressed between the OSCC and normal 

tissue samples were identified (Figure 3A). From the 

downregulated DEmiRNAs, the potential upstream 

miRNAs of KDR were predicted using the miRDB, 

TargetScan, and microT databases, and from the 76 

upregulated miRNAs that overlapped between these 

three databases, miR-424-5p was selected (Figure 3A). 

In agreement with these findings, miR-424-5p expression 

was lower in the OSCC cell lines than in the normal cell 

line (Figure 3B) and indicated a worse prognosis 

(Figure 3C). Moreover, qRT-PCR and western blot 

results showed that the OSCC cells had lower miR- 

424-5p expression than the HOK cells (Figure 3D). 

TargetScan was used to explore the binding regions 

between miR-424-5p and KDR (Figure 3E). According 

to the results of the dual luciferase reporter gene  

assay, the miR-424-5p mimic effectively downregulated 

luciferase activity in KDR-WT cells (Figure 3F). These 

results confirm that KDR gene expression was down-

regulated by miR-424-5p in OSCC cells. 

 
Inhibition of KDR-induced OSCC cell proliferation 

by miR-424-5p overexpression  

 
Transfection of CAL27 cells with the miR-424-5p 

mimic resulted in significant downregulation of KDR 

expression (Figure 4A). Further investigation was 

conducted to explore the effects of miR-424-5p 

expression on KDR in cell functions. Compared with 

control group, the results of immigration (Figure 4B), 

colony formation (Figure 4C), invasion (Figure 4D) 

assays showed that the overexpress KDR induces 

proliferation, cell viability ability and mimic miR- 

424-5p reverses the function of KDR. Our results 

demonstrated that miR-424-5p inhibits biological 

function. 
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Figure 1. Expression of KDR and its association with survival in OSCC. (A) KDR expression data from the TCGA-OSCC dataset. (B) 

Survival curves based on KDR expression data and tumor grade from the TCGA-OSCC dataset. (C) Lasso Cox regression analysis of core 
circadian clock genes in OSCC. (D) mRNA expression of KDR in the normal cell line HOK and the OSCC cell lines HN6, HB96, CAL27, and HN4. 
(n = 3 in each group) *P < 0.05 **P < 0.01. 

 

 
 

Figure 2. KDR upregulation-induced proliferation, viability, and invasion of OSCC cells. (A) mRNA downregulation of KDR in the 

CAL27 cell line mediated by the si-KDR 1-3 plasmid (n = 3 in each group). (B) Immigration of CAL27 cells determined by the wound healing 
assay (n = 3 in each group). (C) Proliferation of CAL27 cells determined by the colony formation assay (n = 3 in each group). (D) Proliferation 
of CAL27 cells determined by the MTT assay (n = 3 in each group). *P < 0.05 **P < 0.01. 
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Figure 3. miR-424-5p-induced downregulation of KDR. (A) A volcano map of the differentially expressed miRNAs and mRNAs (n = 19349) 

identified between the normal samples and the OSCC samples based on data from the GEO dataset. (B) miR-424-5p expression data from the 
TCGA-OSCC dataset. (C) Survival curves based on miR-424-5p expression data and tumor grade from the TCGA-OSCC dataset. (D) Expression of 
miR-424-5p in the HOK cell line and OSCC cell lines. (n = 4 in each group). (E) TargetScan predicts the binding site between miR-424-5p and 
promoter of KDR. (F) Dual luciferase reporter gene assay showing the targeted binding of miR-424-5p and KDR. *P < 0.05 **P < 0.01. 

 

 
 

Figure 4. Effect of miR-424-5p on the proliferation, invasion, and viability of OSCC cells induced by KDR overexpression. (A) 

KDR expression in CAL27 cells with mimic-nc or mimic-miR-424 plasmid. (B) Immigration of CAL27 cells determined by the wound healing 
assay (n = 3 in each group). (C) The MTT assay was used to determine the cell viability at 24 h, 48 h, and 72 h. (n = 3 in each group). (D) 
Invasion of CAL27 cells determined by the wound healing assay (n = 3 in each group). *P < 0.05 **P < 0.01. 
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DISCUSSION 
 

Our research demonstrates that upregulation of KDR 

promotes metastasis and proliferation in OSCC. 

Additionally, our findings show that miR-424-5p has a 

regulatory effect on KDR expression in OSCC cells. 

 

KDR is well known as a biomarker of breast cancer and 

has shown promising effects as a treatment target in 

clinical trials [14, 15, 20–22]. Recently, amplification 

and overexpression of KDR was reported in a subset  

of OSCC specimens [16, 23, 24]. However, the 

relationship between KDR expression and OSCC 

prognosis has not been explored based on clinical data. 

Our findings fill in this gap by analyzing relevant 

TCGA-GA mRNA datasets to demonstrate that there 

are significant differences in KDR expression between 

normal tissue and OSCC tissue. Additionally, the  

role of KDR in OSCC was confirmed by Kaplan- 

Meier survival analysis based on the TCGA-OSCC 

dataset, as higher KDR expression was associated with 

poorer survival. Moreover, overexpression of KDR  

by means of plasmid transfection demonstrated that 

KDR significantly induces the proliferation, migration, 

and invasion abilities of OSCC cells. 

 

In this study, using bioinformatics analysis, we identified 

miR-424-5p as one of the miRNAs involved in the 

upstream regulation of KDR expression. We also found 

that miR-424-5p had target binding sites on KDR and a 

relatively high expression level in OSCC. Our findings 

further demonstrate that miR-424-5p could suppress the 

proliferation and metastasis of OSCC cells by inhibiting 

KDR expression. In accordance with our findings, miR-

424-5p has been found to play a regulatory role in other 

cancers too [25, 26]. For example, Wen et al. reported 

that miR-424-5p suppresses lung adenocarcinoma by 

binding with SNHG17 [27], and in renal cancer, miR-

424-5p was found to regulate MMP14 expression by 

binding with circPTCH1 [28]. On the contrary, miR-424-

5p was found to elevate the expression of SRC, an 

oncogene, in ovarian cancer [29]. In this study, we were 

able to confirm that miR-424-5p functions in OSCC cells 

as an KDR regulator at the cellular level by reversing  

its effects on the proliferation of OSCC cells. As an 

exosomal miRNA derived from tumors, miR-424-5p 

could be a potential biomarker for the diagnosis of OSCC 

in the early stage. Based on these findings, in the future, 

we would like to explore the potential of the miR-424-

5p/KDR axis in the treatment of OSCC. It may give us  

a promising hint that the regulation of KDR could  

be released by the miR-424-5p and for the micro-RNA 

related drugs. 

 

To conclude, our findings reveal KDR and miR-424-5p 

as potential biomarkers for both diagnosis and prognosis 

prediction, and as therapeutic targets for improving the 

outcome of OSCC. Thus, future research on their 

potential in the diagnosis and treatment of OSCC is 

warranted. 
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