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ABSTRACT. The aim of this study was to investigate the effects of the 
vascular endothelial growth factor (VEGF)/VEGF receptor (VEGFR)/
K-ras signaling pathways on miRNA21 levels in hepatocellular 
carcinoma tissues in rats. Eighteen male Sprague-Dawley rats were 
randomly divided into normal control, model, and VEGF blocking agent 
groups (N = 6/group). The expression of VEGF mRNA, K-ras protein, 
and miRNA21 increased significantly (P < 0.05) in the model group 
compared with the normal control group, and decreased dramatically 
in the VEGF blocking agent group compared to the model group. The 
expression of VEGFR mRNA in the model group was higher than that 
of the control group, and the expression of VEGFR mRNA in the VEGF 
blocking agent group was significantly higher than that of the control 
group (P < 0.05). Statistically, there was no difference between the 
expression of VEGFR mRNA for the VEGF blocking agent group and 
the model group (P > 0.05). Finally, the expression of the miRNA21 
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gene in the VEGF blocking agent group was higher than in the control 
group, and there was a significant statistical difference noted; Pearson’s 
correlation analysis demonstrated that the expression of K-ras protein 
was positively correlated with miRNA21 in the experimental groups 
(P = 0.001). The above results showed that the VEGF/VEGFR/K-ras 
signaling pathway might promote the occurrence and development 
of hepatocellular carcinoma cells through regulating expression of 
miRNA21, which has potential clinical value for the development 
of therapies against biological targets and determining prognosis for 
patients with hepatocellular carcinoma.
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INTRODUCTION

The growth, invasion, and metastasis of malignant tumor cells depend on the growth 
of blood vessels in tumors. Activation of signaling transduction pathways of vascular endothe-
lial growth factor (VEGF) and its receptor (VEGFR) can stimulate the proliferation and migra-
tion of endothelial cells, playing an important role in the occurrence, development, invasion, 
and metastasis of hepatocellular carcinoma (HCC) (Meng et al., 2013). MicroRNA (miRNA) 
is a type of endogenous non-coding single chain RNA reaching a length of 20-22 nucleotides 
(nt). Investigations have found abnormal, positive miRNA expression in human HCC tissues 
(Hu et al., 2013). The present study explores the effects of VEGF/VEGFR/K-ras-related sig-
naling pathways on miRNA21 levels in HCC tissues in rats. Here, we utilized the hepatoma 
rat model in order to provide both theoretical and experimental bases for the occurrence and 
development of HCC and the development of a biological therapy target.

MATERIAL AND METHODS

Ethics statement

This study was approved by the XinXiang University Animal Care and Use Committee.

Establishment of a rat model of HCC

Eighteen male Sprague-Dawley (SD) rats (150-180 g body weight) were used in this 
experiment. Animals were provided by the Experimental Animal Center of Henan Province. 
The rat models of HCC were established according to the method reported by Futakuchi et 
al. (1999). Twelve SD rats were administered 70 mg/kg diethylnitrosamine aqueous solution 
intragastrically once a week for 18 weeks. The 12 rats were randomly divided into group B, 
the hepatocellular carcinoma model group (Figure 1), and group C, the VEGF blocking agent 
group, with six rats in each group. For group C, 0.003 mL/g VEGF blocking agent was admin-
istered by intraperitoneal injection once every two weeks for four continuous weeks from the 
10th week. Group A, the normal control group, was composed of six rats (Figure 2). The rats 
in every experimental group were terminated in the 18th week. Once deceased, a piece of liver 
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tissue from each rat was collected and kept in liquid nitrogen. The frozen tissues were stored 
in refrigeration at -80°C.

Figure 1. Representative hematoxylin and eosin staining of the hepatocellular carcinoma model group (200X).

Figure 2. Representative hematoxylin and eosin staining of the normal control group (200X).
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RNA extraction and fluorescence quantitative real-time polymerase chain reaction 
(RT-PCR) analysis

Fluorescence quantitative RT-PCR (ABI 7500) was used to detect the expression level 
of VEGF, VEGFR, and miRNA21. Total RNA was extracted from tissue samples using Trizol 
reagent (Invitrogen) according to the manufacturer instructions. Two microgram RNA was 
reversely transcribed using the TransScript and cDNA Synthesis Kit (CWbio Co. Ltd.). PCR 
primers were designed and synthesized by the Beijing Sainuobo Biotechnology Center (Bei-
jing, China). β-actin was used as an internal control for normalization. The sequences of the 
PCR primers were: VEGF: forward 5'-CCG TCC TGT GTG CCC CTA ATG-3' and reverse 
5'-CGC ATG ATC TGC ATA GTG ACG TTG-3'; VEGFR: forward 5'-GTG AGC GAT GTG 
GAA GGA GGC-3' and reverse 5'-CGA TGA ATG CAC TTT CTG GAG GA-3'; β-actin: 
forward 5'-TGG AGT CTA CTG GCGTCTT-3' and reverse 5'-TGTCATATTTCTCGTG-
GTTCA-3'. The primer for human hsa-miR-21-5p was 5'-TAG CTT ATC AGA CTG ATG 
TTG A-3' and for miRNU6-2 (internal U6) was: 5'-CTG CGC AAG GAT GAC ACG C-3'. 
Reaction conditions were performed at 95°C for 10 min, and then at 95°C for 15 s followed 
by 60°C for 60 s, for 45 cycles. Each reaction was repeated three times. Ultra SYBR Mix-
ture (with ROX) (CWbio Co. Ltd.) was used in the amplification reaction. The differences in 
mRNA expression were compared using the relative quantitative method: normal liver tissue 
served as a control; thus, relative expression of a gene based on cycle threshold (Ct) could 
be calculated using the Ct value of the internal gene. The equation is: ΔΔCt = (Cttarget gene - 
CtACTB) hepatocellular carcinoma tissue - (Ctobjective gene - CtACTB) liver tissue in the control group, 
and values of 2-∆∆Ct were calculated.

Detection of K-ras expression by Western blot

Tissue samples were cut into pieces and incubated with lysis buffer at 4°C overnight. 
Concentrations of proteins were determined by the Coomassie brilliant blue staining method. 
An equal amount of protein was taken from each group; polyacrylamide gel electrophoresis 
was used for protein separation, and the gels were then transferred to polyvinylidene fluoride 
membrane. Dried skimmed milk solution was employed in blocking the membranes for 4 h, 
and membranes were incubated with the anti-K-ras primary antibody (Santa Cruz Technol-
ogy, Santa Cruz, CA, USA) overnight at 4°C at a dilution of 1:20,000. The following day, the 
membranes were incubated with the secondary antibody at room temperature for 2 h. Devel-
oping (enhanced chemiluminescent), exposure, film scanning, and quantitative analysis were 
conducted. The gray value for each band was determined using the Image-J image analysis 
software (National Institutes of Health, Bethesda, MD, USA). The relative value of objective 
protein normalized to GAPDH was recorded. Each sample was repeated 3 times, and the aver-
age value was calculated.

Statistical analysis

The SPSS 13.0 statistical software (SPSS, Chicago, IL, USA) was used to process 
data, which are reported as means ± standard deviation. The relationship between the expres-
sion of K-ras and miRNA21 was analyzed using Pearson’s correlation analysis. P ˂ 0.05 indi-
cated a statistically significant difference.
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RESULTS

VEGF and VEGFR mRNA expression in HCC tissues in each group

The relative expression of VEGF mRNA in the model group was significantly in-
creased (P < 0.05) compared to that of the control group. The relative expression of VEGF 
mRNA in group C was significantly lower than that of group B (P < 0.05); the relative expres-
sion of VEGFR mRNA in group B was significantly greater than that of group A (P < 0.05). 
In addition, there was no significant change in the relative expression of VEGFR mRNA 
between the VEGF blocking agent group and the model group (P > 0.05). Statistical differ-
ences existed in the relative expression of VEGFR mRNA between groups C and A (P < 0.05) 
(Table 1 and Figure 3).

Group   VEGF 2-△△Ct VEGFR 2-△△Ct

Control group (A) 0.85 ± 0.16bc  0.78 ± 0.13bc

Model group (B)     4.9 ± 0.988ac 4.45 ± 1.18a

VEGF blocking agent group (C) 1.93 ± 0.39ab 4.08 ± 1.21a

Values are reported as means ± standard deviation; N = 6. aP < 0.05 vs control group; bP < 0.05 vs model group; cP 
< 0.05 vs VEGF blocking agent group.

Table 1. Quantitation of VEGF and VEGFR mRNA expression of in each group (2-△△Ct).

Figure 3. Detection of expression levels. Fluorescence quantitative reverse transcription polymerase chain 
reaction (RT-PCR) analysis was used to show the relative mRNA expression levels of VEGF (A), VEGFR (B), and 
miRNA21 (C) in the three groups. Group A = control group; Group B = hepatocellular carcinoma model group; 
Group C = VEGF blocking agent group.
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Expression of K-ras protein in HCC tissues in each group

Compared with that of the control group, the expression of K-ras in the HCC model 
group was significantly increased (P < 0.05); the expression of K-ras protein in the hepato-
carcinoma tissues in the VEGF blocking agent group was significantly lower than that in the 
HCC model group (P < 0.05); and the expression of the K-ras protein in the VEGF blocking 
agent group was higher than in the control group, and the differences were significant (P < 
0.05) (Table 2 and Figure 4).

Group K-ras/GAPDH

Control group (A) 0.54 ± 0.08bc

Model group (B) 0.85 ± 0.12ac

VEGF blocking agent group (C) 0.67 ± 0.09ab

Values are reported as means ± standard deviation; N = 6. aP < 0.05 vs control group; bP < 0.05 vs model group; cP 
< 0.05 vs VEGF blocking agent group.

Table 2. Relative expression of K-ras protein in each group by Western blot.

Figure 4. Western blot analysis showing the expression of the K-ras protein in the tissues of three groups. A. Western 
blot image. B. Quantitation of bands in A. K-ras expression was normalized to GAPDH levels. Group A = control 
group; Group B = hepatocellular carcinoma model group; Group C = VEGF blocking agent group.

A

B
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Expression level of miRNA21 in HCC tissues of each group

The relative expression of the miRNA21 gene in the model group was greater than 
that in the control group (P < 0.05); the relative expression of the miRNA21 gene in the VEGF 
blocking agent group was lower than in the model group (P < 0.05). The relative expression of 
the miRNA21 gene in the VEGF blocking agent group was greater than in the control group, 
and the differences were of statistical significance (P < 0.05) (Table 3 and Figure 3).

Group miRNA21 2-△△Ct

Control group (A) 1.27 ± 0.21bc

Model group (B) 5.50 ± 0.86ac

VEGF blocking agent group (C) 3.18 ± 0.33ab

Values are reported as means ± standard deviation; N = 6. aP < 0.05 vs control group; bP < 0.05 vs model group; cP 
< 0.05 vs VEGF blocking agent group.

Table 3. Quantitation of miRNA21 expression of in each group (2-△△Ct).

Relationship between the expression of K-ras protein and miRNA21in HCC tissues

Pearson’s correlation analysis demonstrated that the relative expression of K-ras pro-
tein in liver tissues for each experimental group was positively correlated with the relative 
expression of miRNA21 (r = 0.913, P = 0.001).

DISCUSSION

HCC is one of the most common malignant tumors found across the globe. It is a mul-
tiple blood supply malignant tumor. Recent research has identified VEGF signal transduction 
systems closely related with cell growth, differentiation, proliferation, apoptosis, invasion, and 
metastasis in most eukaryotic cells. The VEGF signal transduction pathway is a tumor recur-
rence and metastasis-promoting pathway composed of the VEGF superfamily, the VEGFR, sig-
nal proteins, and a nuclear transcription factor (Sitohy et al., 2012; Terme et al., 2013).

VEGF is a strong angiogenesis factor in vivo, and its receptor belongs to the tyrosine 
kinase receptor family. The VEGF family is comprised primarily of VEGFR-1, -2, and -3 
(Mehnert et al., 2010). The interaction between VEGF and its receptor activates a series of 
cellular signals-transduced cellular pathway that promotes the migration and proliferation of 
newly produced endothelial cells in vessels surrounding tumor tissues, eventually leading to 
the formation and proliferation of vessels (Shibuya, 2011). This study demonstrates that the 
relative expression of VEGF and VEGFR genes in the HCC model group was significantly 
greater than that of the control group. After application of the VEGF blocking agent, the rela-
tive expression of VEGF mRNA significantly decreased, while the change of the relative ex-
pression of the VEGFR gene was not obvious compared with that of the model group. These 
data indicate that the VEGF-related signal pathway plays an important role in carcinogenesis, 
development, metastasis, and invasion.

Studies in recent years have shown that chronic hepatitis B, chronic alcoholic intoxi-
cation, and other pathogenic factors can promote overexpression of growth factors of the liver 
cell membrane surface such as VEGF, platelet-derived growth factor-β, and their receptors. 
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The interaction of the overexpressed growth factors with their receptors activates the cell sig-
nal transduction pathway for receptor tyrosine kinases. The carboxyl residue of the tyrosine 
kinase receptor is phosphorylated, leading to guanine nucleotide exchange factor binding with 
the phosphorylated tyrosine residues, resulting in excessive activation of Ras kinase (Aravalli 
et al., 2008; Berasain et al., 2012). The activated Ras inhibits cell apoptosis and promotes cell 
survival through downstream-activated signaling pathways, and eventually leads to abnormal 
cellular proliferation and the formation of tumors. Ras family proteins include N-, H-, and 
K-ras. K-ras is the most important signal transducer in the VEGF-related signal transduction 
pathway, and is also a recognized oncogene. This study suggests that the expression of K-ras 
in the HCC model group showed a significant increase as compared with the control group. 
After application of the VEGF blocking agent, the expression of K-ras protein in rat HCC 
tissues was significantly lower than in the HCC model group, suggesting that the abnormal 
expression of K-ras signal transduction protein is related to abnormal proliferation, invasion, 
and growth of HCC cells and to other malignant features as well.

miRNAs are recently discovered small endogenous non-protein coding RNAs. Fur-
ther studies revealed that every miRNA has a host of target genes, which are involved in 
cell proliferation, apoptosis, tumorigenesis, and metastasis (Schmittgen, 2008; Giordano and 
Columbano, 2013). Recent studies have demonstrated that the expression levels of miRNAs 
in various tumor tissues can be up- or downregulated to varying degrees. As many miRNA 
target genes are involved in the signal transduction pathways of tumors, this finding indi-
cates that miRNAs may be defined as a new group of oncogenes or tumor suppressor genes, 
which are closely related to the occurrence and development of tumors and which can regulate 
tumor growth, apoptosis, invasion, metastasis, and angiogenesis in tumor tissues (Ahmed, 
2007; Lages et al., 2012). Jiang et al. (2008) found that there were 19 miRNAs, including 
miRNA223, -196, and -21, in HCC tissues and peficancerous tissues of patients with HCC. 
Research performed on miRNAs from human HCC tissues also illustrated that the expression 
of miRNA21 was extremely high, and this high expression was associated with the enhanced 
proliferation, migration, and invasion of HCC cells, and other biological malignant behaviors 
(Meng et al., 2007). The results of the present study demonstrated that the relative expression 
of the miRNA21 gene in the HCC model group was significantly higher than that of the con-
trol group, and the relative expression of miRNA21 in the VEGF blocking agent group was 
lower than that of the model group, indicating that higher expression of miRNA21 is closely 
related to HCC pathogenesis. Simultaneously, correlation analysis showed that the signal 
transduction K-ras protein in the VEGF-related signaling pathway was positively correlated 
with miRNA21, further suggesting that the VEGF/VEGFR/K-ras signaling pathway might 
contribute to carcinogenesis, invasion, and metastasis by regulating miRNA21 expression.

In conclusion, highly specific expression of miRNA21 controlled by the VEGF/
VEGFR/K-ras signaling pathway provided further evidence that disruption of the cancer 
occurrence, development, and metastasis-related signaling pathways in HCC could 
downregulate the expression of genes that promote the growth and metastasis of tumor cells 
and play anti-tumors roles, providing a multiplicity of biological therapeutic targets for HCC. 
In addition, due to the multiple targets and heterogeneity of miRNAs, there might be some 
potential regulatory mechanism loops between the VEGF/K-ras-related signaling pathways and 
miRNA21. However, how VEGF/K-ras-related signaling pathways and miRNA21 may affect 
mutual regulation remains unclear and the exact mechanisms still need further investigation.
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