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Abstract: Background: The mutation of von Hippel-Lindau (VHL) tumor suppressor gene is closely related with tu-
morigenesis of renal clear cell carcinoma (RCCC). Ki67 is a specific cell nuclear antigen closely related with the cell 
cycle, generally appearing in the stages S, G2 and M of the cell amplification process, and it can emphasize the 
specific state of cell amplification very accurately. This study was to determine the mutation of VHL gene in RCCC, 
and explore its correlation to overexpression of Ki67. Methods: The specimens of RCCC and adjacent normal renal 
tissue from 60 patients were collected after surgery. Total RNA and genomic DNA were extracted from each sample. 
Variant exons in VHL gene were amplified by polymerase chain reaction (PCR) and sequenced, and DNA hyper-
methylation was detected by restriction analysis. Reverse transcription-PCR (RT-PCR) and Western blot were used 
to detect the expression of Ki67. RESULTS: Of the 60 specimens, 50 (83.3%) had various VHL gene mutations, 14 
(23.3%) had more than 1 kind of gene mutation. Of the 57 cases of exon mutation of VHL gene, 17 (29.8%) were 
located in exon 1, 26 (45.6%) in exon 2, and 14 (24.6%) in exon 3. The expression of Ki67 in the 50 cases with VHL 
gene mutation was increased to 3-15 (5.85±1.54) times that of normal controls (P < 0.01). Conclusion: There are 
variant mutations of VHL gene in RCCC, which may lead to overexpression of Ki67.
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Introduction

The out-of-control of cell proliferation is the 
most significant characteristic of generation of 
tumor. The Ki67, as a positive cell cycle factor, 
is related with the generation and development 
of many tumors. Renal Clear Cell Carcinoma is 
the most common malignant tumor of kidney 
[1, 2], and its pathogenesis has not been 
defined. Von Hippel-Lindau (VHL) gene is an 
important cancer suppressor gene cloned by 
Latif et al. [3], which plays an important role in 
the generation of Renal Clear Cell Carcinoma. 
When VHL gene is deactivated due to the loss 
of DNA sequence of it-self, mutation or exces-
sive methylation, the expression and control of 
many downstream related genes will be disor-
dered, and the normal cell physiological pro-
cess and cell cycle will be disturbed, so as to 
promote the generation of tumor [4]. In this 
research, each exon of VHL gene of Renal Clear 
Cell Carcinoma was subject to DNA sequencing 
in detail, and the expression of Ki67 was ex- 
pressed in mRNA and protein level, which was 

aimed to explain the influence of VHL gene in 
Renal Clear Cell Carcinoma on Ki67, so as to 
provide an experimental basis for the genera-
tion mechanism of kidney cancer.

Materials and methods

Material and reagent

The study of 60 cases of renal clear cell carci-
noma tissue were surgical specimens which 
come from the second affiliated hospital of 
Nanjing medical university in 2012~2014 (both 
were diagnosed by histologic examination). DNA 
extraction kit and PCR Primers were purchased 
from Shanghai biological engineering co., LTD.; 
TRIzol was bought from U.S. The Gibco BRL 
company; Taq polymerase were bought from 
TaKaRa Japanese company; Mouse anti Ki67 
antibodies were bought from NeoMarker Inc 
company in the United States; Biotin HuaEr and 
alkaline phosphatase coupling of biotin affinity 
were element from the Vector companies in the 
United States.
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PCR proliferation and sequencing of each exon 
of VHL gene

The genome DNA in the lesion tissue and nor-
mal cancerous peripheral tissue was extracted 
according to the DNA instructions of DNA 
extraction kit. Take 50 mg specimen of each 
group and mix it with 200 μl TE into turbid liq-
uid, add 20 μg RNaseA at 37°C for 30 min; then 
add 50 μg Proteinase K at 37°C for 1 h, and 
finally add 400 μl lysate and place it at 65°C for 
15 min and oscillate it occasionally. Add 600 μl 
chloroform, oscillate it gently at 1 × 104 r/min 
and centrifuge it for 5 min and then take the 
supernatant. Add precipitation liquid in the 
supernatant and place it statically for 2 min 
after even mixing, centrifuge it at 1 × 104 r/min 
for 5 min to remove the supernatant. Add 100 
μl 1.2 mol/L NaCl solution, shake it gently until 
it is completely dissolved. After adding 300  
μl absolute alcohol, place it in -20°C for 10  
min, centrifuge it at 1 × 104 r/min for 5 min to 
remove the alcohol, and then resin it once with 

Detection of over-methylation in VHL gene 

The excessive methylation-sensitive restriction 
enzyme (MSRE) cleavage cancer tissue genome 
DNA was taken as the template for PCR amplifi-
cation. Meanwhile, enzyme-free (only contain-
ing cleavage buffer system) blank control group 
was set and the genome DNA of normal cleav-
age tissue is set as the negative control. The 
specific steps were shown in the literature. 
After amplification, observe whether there was 
target fragment under the UV lamp, and judge 
whether there is methylation in the cleavage 
process. No large-fragment loss of VHL gene 
was detected in this experiment (because this 
needed Southern blot, and the inflammatory 
cell mixed in the specimens would have a bias 
effect on the result).

Detection of expression level of Ki67 with RT-
PCR

In 60 fresh specimens, take about 50 mg lesion 
tissues and normal peripheral tissues, and 
soak them in 1 ml TRIzol at 4°C overnight, and 
mix them into homogenate on the next day, 
until they present chyle completely. According 
to the instruction of reagent, extract total RNA 
in conventional method, transcribe mRNA into 
cDNA with TaKaRa AMV Reverse Transcriptase 
XL (2 μg RNA every 20 μl system), keep the 
obtained cDNA at -20°C. During RT-PCR detec-
tion, take 2 μl cDNA for generation in 20 μl  
system, see Table 1 for the primers and anneal-
ing temperature of Ki67 and β-actin. The reac-
tion product is subject to electrophoresis in  
1% Agarose (containing 0.5 mg/L Ethidium 
Bromide, EB), and half-quantitative analysis 

Table 1. PCR primers of von Hippel-Lindau (VHL) gene

Gene Primer sequence Annealing tem-
perature (°C) Length

VHL exon1 5’-CATCTTCTGCAATCGCAGTC-3’ 55 175
5’-GGCTTCAGACCGTGCTATCG-3’

VHL exon2 5’-ACCGGTGTGGCTCTTTAACAACC-3’ 60 227
5’-TCAAGTGGTCTATCCTGTACTTAC-3’

VHL exon3 5’-TGTCACTGAGGATTTGGTTTTTGC-3’ 60 250
5’-AAAGCTGAGATGAAACAGTGTAAG-3’

Cyclin D1 5’-GTGAAGTTCATTTCCAATCCGC-3’ 57 167
5’-GGGACATCACCCTCACTTAC-3’

β-actin 5’-ACTCTTCCAGCCTTCCTTCC-3’ 60 313
5’-ACTCGTCATACTCCTGCTTGC-3’

70% alcohol, after drying, dis-
solve it with appropriate TE. 
Take 100 ng genome DNA 
specimens, and carry out PCR 
amplification with the primer 
of each exon of VHL gene, see 
Table 1 for the primers and 
annealing temperature. The 
number PCR cycle is 35. The 
amplified product was se- 
quenced by Shanghai Sheng- 
gong Bioengineering Co., Ltd., 
and the sequencing result of 
the cancer tissues and nor-
mal tissues is compared.

Figure 1. Mutation hot spot located in exon 2 of von 
Hippel-Lindau (VHL) gene. The hot point of mutation 
in thymine (ATT-TTT) cluster region.
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was made on the optical density of each elec-
trophoresis strip.

Detection of expression level of Ki67 with 
Western blot

Take 100 mg specimens of each group, cut 
them into pieces fully, grind them into minced 
pattern and place them in 1 ml RIPA protein 
lysate for full pyrolysis. The formulas of lysate 
contain NP-40, SDS and other protein denatur-
ants as well as PMSF and Aprotinin etc. Detect 
the protein content in the specimens with 
Bradford method, dilute the protein content of 
all specimens into equal concentration. Take 
15 μl protein specimens to evenly mix with 15 
μl loading buffer (boiled water batch 15 min), 
load the specimens to SDS-PAGE and conduct 
electrophoresis in 10 mA for about 4 h. After 
electrophoresis, remove the gel, transform the 
protein strip electrically into nitrocellulose film, 
80 V for about 2 h, place the nitrocellulose in 
the closed liquid at 4°C overnight. On the next 
day, add anti-mouse Ki67, biotinylation second 
antibody (respectively 1.5 h), alkaline phospha-
tase-coupled biotin avidin successively, oscil-
late them with shaker for full reaction and 
mutual combination, finally, add chromogenic 
substrate to develop the color on nitrocellulose 
film under the catalysis action of alkaline 
phosphatase.

Detection method

The specimens were all fixed in 4% formalde-
hyde solution, with conventional paraffin-
embedded sections, antigen repair with micro-
wave method, two-step method of immunohis-
tochemistry and DAB color development. Ki67 
counting standard: the counting in this experi-

ment adopts Ki67 labeling index (Ki67 LI), each 
specimen was observed under the low-magnifi-
cation microscope (10 ×), and the representa-
tive Ki67 staining positive field was determined, 
10 fields were selected, and then 100 tumor 
cells of each field under the high-magnification 
microscope (40 ×) were counted to calculate 
the total number of Ki67 positive cells, i.e. the 
Ki67 labeling index. Result judgment criteria: 
the cell nucleus stained with brown was taken 
as the positive cell, in each stained section, 10 
representative fields were first selected with 
low-magnification microscope (× 10), and then 
the proportion of positive cells in all cells in 
each field was counted with high-magnification 
microscope (× 40), and < 10% was negative (-), 
and > 10% positive (+).

Statistical analysis

Statistical analyses were performed using the 
SPSS 16.0 software (SPSS, Chicago, IL, USA). 
All semi-quantitative detection experiments 
were repeated three times, the data to mean + 
s said. By paired t-test and Pearson correlation 
analysis method, for statistical data process-
ing, with P < 0.05 is significant difference.

Results

Mutation of VHL gene in Renal Clear Cell 
Carcinoma

In 60 patients of Renal Clear Cell Carcinoma, 
there were 50 (83.3%) had various mutation of 
VHL gene, and 12 patients even had above 2 
genetic mutations, including 11 cases with 
excessive methylation, 23 cases with frame-
shift mutation, 16 cases with missense muta-
tion, 2 cases with interpolation or deficiency of 

Table 2. The principal mutation sites of VHL gene in renal clear cell carcinoma
Nucleotide Codon Number Mutation type Protein change
385 58 5 Hypermethylation

1 Nonsense (C→A) Arg→Arg
578 122 2 Missense (C→A) Ala→Glu
642 143 1 Frame shift (del C)

Missense (C→G) Asp→Glu
652 147 5 Frame shit (delA or Fragment deletion) Trucation
653-657 147/148 6 Frame shift (del T or ins T) Trucation
686 158 1 Missense (T→A) Leu→Glu/Pro

Missense (T→C)
Arg: Argnine; Ala: Alanine; Glu: Glutamic; Asp: Aspartic; Leu: Leucine; Pro: Proline.
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genetic sequence in reading frame and 5 cases 
with nonsense mutation. In the mutation of 
code sequence, there were 17 cases (29.8%) 
located in exon No.1, 26 cases (45.6%) located 
in exon No.2, and 14 cases (24.6%) located in 
exon No.3. It can be seen that No.2 exon was 
the relatively concentrated area of genetic 
mutation, and the thymine (ATT-TTT) cluster 
region (Figure 1) was the hot point of mutation, 
and the 147 and 148-digit isoleucine and phe-
nylalanine of pVHL were coded. In all muta-
tions, there were 5 cases located in No.652 
nucleotide, and 6 cases in nucleotide No.653-
657, accounting for 19.3% of the total muta-
tions (Table 2).

Ki67 expression

In the 50 cases with VHL genetic mutation,  
the expression level of Ki67 was significantly 
changed. According to RT-PCR and Western 

blot half-quantitative detection (Figures 2, 3), 
the changed amplitude was 3-15 times, with an 
average of (5.85±1.54) means (P < 0.01). In 
the 10 cases with wild type of VHL gene 
sequence, there were 6 cases (60%) with Ki67 
expression level changed, but the changed 
amplitude was less than the amplitude of cases 
with VHL genetic mutation, which was 1.5-3 
times, with average (1.88±0.76) times, and the 
difference was statistically significant (P < 
0.05).

Relation between grading and staging of Renal 
Clear Cell Carcinoma and Ki67 expression

Pathological analysis was made on all 60 cases 
of tumor tissues, and it was found that the 
expression level of Ki67 increased with the 
increasing of pathological grading of Renal 
Clear Cell Carcinoma, with a significant correla-
tion (P < 0.05), and the difference of Grades, II 
and III was significant (P < 0.05). Between the 
low staging group (I-II) and high staging group 
(III-IV), the expression level of Ki67 was also 
significantly different (P < 0.05) (Table 3).

Discussion

VHL gene was located in 3p26-3p25, with 3 
exons, including 3570 adenines, 3314 cyto-
sines, 3560 guanines, 4098 thymines and 1 
other. 2 monomer forms constituted mRNA, 
and the open reading frame consisting of 854 
nucleotides coded the protein pVHL of 284 
amino acid residues [5]. pVHL could form tetra-
mer compounds pVHL-BC-Cul-2 with Elongin B, 
Elongin C and Cullin-2, and this process was of 
importance to the inhibition of formation of in 
vivo tumor [6]. pVHL compound was helpful for 
the biological function of E3 ubiquitin protease, 
and the process of ubiquitin-dependent protein 
degradation with the proto-oncogene product 
as the target protein [7]. In this research, 42 
cases had VHL gene mutation and 8 cases with 
above 2 genetic mutations, indicating that the 
mutation, deficiency, reorganization or abnor-
mal methylation would make the genetic carri-
ers have the possibility of suffering many organ 
tumors. pVHL has an extremely important phys-
iological function: control the activation and 
degradation of HIF-1α [8]; control the blocking 
of cell cycle [9], control the combination capac-
ity of cell to the fibronectin and the synthesis 
capacity of extracellular matrix [10], achieve 
the transcription and then regulation of many 

Figure 2. Expression of Ki67 mRNA detected by re-
verse transcription-polymerase chain reaction (RT-
PCR). Lane M: marker; lanes 1 and 2: normal con-
trols; lanes 3 and 4: wild-type VHL gene; lanes 5 and 
6: mutated VHL gene.

Figure 3. Expression of Ki67 protein detected by 
Western blot. 1, 2: wildtype group; 3, 4: normal 
group; 5, 6: mutation group.

Table 3. The levels of Ki67 mRNA in different 
TNM stages of renal clear cell carcinoma
Group N Levels of Ki67 mRNA
Stage I 14 0.670±0.053**
Stage II 19 1.205±0.518**
Stage III 21 1.358±0.549**
Stage IV 16 3.145±0.780**
**P < 0.05 between any two groups.
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downstream target cells by influencing the sta-
bility of mRNA [11]. The complex down-stream 
regulation role of genetic expression product 
made the cancer phenotype caused by VHL 
genetic mutation present diversified character-
istics. In the sequencing result of this experi-
ment, different exons of VHL gene had different 
forms of genetic mutations, which might have 
different influences on VHL genetic functions. It 
was deducted that the family VHL syndrome 
generated the clinical manifestation of differ-
ent symptoms.

At present, there are not many researches on 
Ki67. Ki67 is a specific cell nuclear antigen 
closely related with the cell cycle, generally 
appearing in the stages S, G2 and M of the cell 
amplification process, and it can emphasize 
the specific state of cell amplification very 
accurately. Positively related with the cell activ-
ity, it is used as the evidence and mark of can-
cer cell and tumor ethology. The domestic and 
foreign researches have shown that when the 
tumor begins to be separated or the grading of 
histology is deepened, it represents that the 
cancer cell has a strong growth and reproduc-
tive capacity, and the Ki67 positive expression 
and capacity will be higher. The latest scientific 
research progress is reflected in the fact that 
great progress has been made in the genetic 
clinical application, and that there are many 
reports on the genetic treatment of Ki67. When 
Ki67 is excessively expressed, it will disturb  
the normal cell cycle regulation system. This 
research finds that VHL genetic mutation has a 
particularly significant influence on Ki67 tran-
scription and translation, and the Ki67 expres-
sion level of mutant VHL Renal Clear Cell 
Carcinoma, whatever in mRNA or protein level, 
is far higher than the VHL Renal Clear Cell 
Carcinoma of normal control and wide type. 
Therefore, we deduce that Ki67 is the down-
stream molecular of VHL gene, and is regulated 
by VHL gene in a certain extent.

VHL gene might cause the expression out-of-
control of mRNA of Ki67, which reflects the 
occurrence mechanism of Renal Clear Cell 
Carcinoma from aspect, and it can be taken as 
the target molecular of the tumor treatment. In 
this research, half-quantitative detection was 
made to Ki67 in mRNA and protein level, and it 
was found that whether VHL gene is mutant,  
its Ki67 expression level will rise, therefore, we 

think that VHL gene does not influence the 
starting and prolonging of Ki67 transcription, 
and VHL regulates the expression of Ki67  
horizontally before transcription. The detailed 
mechanism is to be further explained. In this 
research, it is preliminarily explained that the 
occurrence of Renal Clear Cell Carcinoma is 
closely related with VHL, and the expression 
level of Ki67 is of significant correlation with 
the tumor grading and staging.
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