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Introduction

Liver cancer is one of the most common ma-
lignancies and the third leading cause of cancer 
mortality in the world. It is well established that 
the survival of patients with liver cancer is asso-
ciated with the ability of cancer cells to invade 
surrounding tissue and vessels. So far, its patho-
genesis and exact molecular mechanism are not 
entirely clear yet. It has been reported that liver 
cancer may be affected by both environmental 
and individual factors1,2. 

Hypoxia-inducible factor-1α (HIF-1α) and tu-
mor metastasis suppressor gene (KISS-1) are re-
cently-discovered genes that are closely related to 
tumor metastasis3,4. HIF-1α has been found to be 
increased in a variety of human malignancies, le-
ading to an increased capacity for metastasis and 
an unfavorable prognosis5, while KISS-1 gene has 
been found to be a metastasis suppressor gene 
in human melanoma and breast carcinoma cells 
without affecting tumorigenicity6,7. However, the 
relationship between HIF-1α as well as KISS-1 
expression and the development and progression 
of liver cancer, has not been well-defined. 

We aimed to demonstrate the expressions of 
HIF-1α and KISS-1 in patients with liver cancer 
and elucidate their relationship.

Patients and Methods

Tumor Tissue Collection
Specimens were collected from the liver tissue 

paraffin blocks in 2008-2015. Tissues were resected 
in the operations in our hospital, and these speci-
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mens received 10% formaldehyde fixation and pa-
raffin embedding. 30 paraffin block specimens of 
patients diagnosed via postoperative histopatholo-
gic examination as liver cancer receiving surgical 
resection in our hospital were collected, including 
18 males and 12 females aged 30-62 years. In ad-
dition, 20 normal liver tissue specimens provided 
by Liver Transplantation Center of our hospital 
were used as the control group, including 11 ma-
les and 9 females aged 31-45 years. This study was 
approved by the Ethics Committee of Zhongshan 
Hospital of Traditional Chinese Medicine. Signed 
written informed consents were obtained from all 
participants before the study.

Main Reagents
Bicinchoninic acid (BCA) protein quantifica-

tion kit (Beyotime, Shanghai, China); TRIzol to-
tal RNA extraction kit (Tiangen, Beijing, China); 
RT-PCR reverse transcription kit (Tiangen, Bei-
jing, China); DAPI (4’6-diamidine-2-phenylindo-
le), anti-actin (β-Actin), anti-HIF-1α, anti-KISS-1 
monoclonal antibodies and immunofluorescence 
secondary antibody (Cell Signaling Technology, 
Danvers, MA, USA).

Immunofluorescence
Normal liver tissues and liver cancer tissues were 

fixed with 10% formaldehyde for 48 h, routinely 
embedded in the paraffin and finally made into 5 
μm-thick sections. Paraffin sections were dewaxed 
via xylene, dehydrated via alcohol in gradient con-
centrations and repaired via antigen. Then, sections 
were rinsed with 0.01 M polybutylene succinate 
(PBS) (pH7.4) for 3 times (5 min/time), and sealed in 
a 10% BSA (bovine serum albumin) wet box at 37°C 
for 30 min. The fluorescence-labeled antibodies di-
luted appropriately (1:70) were dropped onto the 
sections, and sections were placed in a wet box over-
night at 4°C. After being washed with PBS (pH7.4) 
for 3 times (5 min/time), the fluorescence secondary 
antibodies (diluted at 1:100) were dropped onto the 
sections in a dark place, and sections were incubated 
for 2 h in a wet box at 37°C. After being washed 
with PBS (pH7.4) for 3 times (5 min/time), sections 
were stained with 4’,6-diamidino-2-phenylindole 
(DAPI) for 15 min in a dark place. Finally, sections 
were sealed via buffered glycerol, observed and 
photographed under the upright fluorescence micro-
scope (Nikon Eclipse E 800, Tokyo, Japan).

RT-PCR Analysis
The appropriate number of meningioma tis-

sues and normal brain tissues were quickly 

transferred to 1 mL TRIzol reagent (Thermo 
Scientific, Waltham, MA, USA) to make them 
into homogenate via full tissue grinding, and 
the homogenate was placed at room temperatu-
re for 5 min. After the specimen was split com-
pletely, it was centrifuged at 12000 g at 4°C for 
5 min and the supernatant was carefully taken 
out. Chloroform was added into the superna-
tant, which was placed at room temperature for 
5 min; next, it was centrifuged at 12000 g at 
4°C for 15 min and the supernatant was care-
fully taken out. The same volume of isopropa-
nol was added into the supernatant, and after it 
was placed at room temperature for 10 min, it 
was centrifuged at 12000 g at 4°C for 10 min 
and the precipitate was taken out. 75% ethanol 
was added to wash the RNA precipitate. Fi-
nally, RNas-free water was added to dissolve 
the precipitate completely. Then, the ratio of 
OD260/OD280 was measured and RNA concen-
tration was detected. Finally, the stepwise am-
plification was performed based on the primer 
sequence template shown in Table I according 
to the instructions and the reaction products re-
ceived the RT-PCR analysis.

Western Blotting Analysis
The chronic pancreatitis tissues, pancreatic 

cancer tissues and normal pancreatic tissues 
were washed with ice saline. Operations were 
performed according to the instructions of who-
le protein extraction kit. Immunoprecipitation 
lysates (IP) – including phenylmethylsulfonyl 
fluoride (PMSF) and protease inhibitor – were 
added and tissues were placed on ice for full 
tissue grinding. Then, the tissue homogenate 
was centrifuged at 12000 g at 4°C for 10 min. 
The supernatant was taken and centrifuged at 
12000 g at 4°C for 20 min. The supernatant 
was taken again. The protein in supernatant 
was quantified according to the instructions of 
protein kit, and the protein specimen contai-
ning the same amount of total protein was ad-
ded into each well, followed by sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) under 220 V constant voltage un-
til the bromophenol blue reached the bottom 
of gel. Based on the molecular weight of target 
protein, the gel was cut and the isolated protein 
was transferred onto the polyvinylidene fluoride 
(PVDF) membrane. The protein-coated PVDF 
membrane was sealed with 5% skim milk pow-
der on the shaking table at room temperature 
for 3 h and the primary antibody (1:1000) was 
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added for incubation at 4°C overnight. After 
the membrane was fully washed with TTBS 
(10 min/time, 3 times), the secondary antibo-
dy (1:2000) was added for incubation at room 
temperature for 1 h. After the membrane was 
washed with Tris-Tween-Buffer-Saline (TTBS) 
(10 min/time, 3 times), electrochemilumine-
scence (ECL) color-developing solution was 
dropped for color development.

Statistical Analysis
The experimental data were presented as mean 

± standard deviation (Mean ± SD), and the expe-
rimental results received the statistical analysis 
using SPSS17.0 statistical software (SPSS Inc. 
Chicago, IL, USA). t-test was used for the compa-
rison of means between the two groups, and One-
way ANOVA test followed by LSD (Least Signi-
ficant Difference) was used for the comparison 
between groups. p-value was used for pairwise 
comparison. p<0.05 suggested that the difference 
was statistically significant.

Results

Observation of Pathological Conditions 
Via Hematoxylin Eosin (HE) Staining

HE stained sections of normal liver tissues and 
liver cancer tissues were used to investigate the 
differences of specimens in pathology. Compared 
with normal liver tissues, the structure of liver 
cancer tissues was damaged, accompanied with 
fibrous connective tissue hyperplasia, severe fatty 
degeneration of liver cells around the central veins, 
different sizes of peripheral liver cells, hydropic 
degeneration and swelling and inflammatory cell 
infiltration in liver cell necrotic zone. As shown in 
Figure 1, normal liver tissues and liver cancer tis-
sues were significantly different in histopathology. 

Detection of HIF-1α and KISS-1 Expressions 
in Normal Liver Tissues and Liver Cancer 
Tissues Via Immunofluorescence Assay

As shown in Figure 2, HIF-1α was little expres-
sed in normal pancreatic tissues, but greatly 

Table I. RT-PCR primer sequence of HIF-1α and KISS-1 mRNA

 Gene name  Primer sequence 

HIF-1α 5’-3’ GTCGGACAGCCTCACCAAACAGAGC
 3’-5’ GTTAACTTGATCCAAAGCTCTGAG
KISS-1 5’-3’ ACCTGCCGAACTACAACTGG
 3’-5’ TCCCTTAGCCCTACGTCCC
β-actin 5’-3’ GAGCCGGGAAATCGTGCGT
 3’-5’ GGAAGGAAGGCTGGAAGATG

Figure 1. HE staining results of normal liver tissues and liver cancer tissues (×200).
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expressed in liver cancer tissues. However, KISS-
1 was greatly expressed in normal liver tissues 
but little expressed in liver cancer tissues. The 
results revealed that HIF-1α and KISS-1 play im-
portant roles in the development and progression 
of liver cancer.

RT-PCR Results
The total RNA was extracted from the normal 

liver tissues and liver cancer tissues and received 
RT-PCR. The results showed that the expression 
of HIF-1α in liver cancer tissues was significantly 
higher than that in normal liver tissues, but the 
expression of KISS-1 in liver cancer tissues was 
significantly lower than that in normal liver tis-
sues (Figure 3A).

Protein Expressions of HIF-1α and KISS-1 
in Normal Liver Tissues and Liver Cancer 
Tissues 

Results of Western blotting showed the protein 
expressions of HIF-1α and KISS-1 in normal li-
ver tissues and liver cancer tissues. As shown in 
Figure 3B, HIF-1α protein was highly expressed 
in liver cancer tissues, which was far higher than 

that in normal liver tissues. KISS-1 protein was 
highly expressed in normal liver tissues.

Discussion 

Liver cancer is one of the most common mali-
gnant tumors in China with a very high malignan-
cy8. Liver cancer can be divided into the following 
two types: primary liver cancer and secondary 
liver cancer, the former of which is dominated in 
China, and hepatic cell carcinoma occupies the lar-
gest proportion. Liver cancer is characterized by a 
high morbidity and high mortality, which is a kind 
of malignant disease harming human health9,10. 
According to data, the surgical resection is the 
only one effective treatment method for patients 
with primary liver cancer to obtain the possibility 
of long-term survival, but most patients with liver 
cancer have been in middle and advanced stage 
when diagnosed, significantly limiting the radical 
resection11,12. It can be seen that the treatment of 
liver cancer is still a worldwide problem. So, se-
arching safe and effective means of treating liver 
cancer is extremely urgent. Through the research 

Figure 2. Expressions of HIF-1α and KISS-1 in normal liver tissues and liver cancer tissues (×200).
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on liver cancer in recent years, we found that se-
arching genes closely related to liver cancer and 
appropriately interfering in these genes may beco-
me new ideas and directions of treatment of liver 
cancer. HIF-1α is a kind of key regulatory factor re-
gulating the intracellular oxygen metabolism in the 
body13. Under aerobic conditions, HIF-1α can bind 
to ubiquitin ligase via hydroxylation, degrading 
HIF-1α in the body14. In the absence of oxygen, 
HIF-1α cannot be effectively hydroxylated, thus 
increasing its content. When the content of HIF-1α 
is increased, HIF-1α can be involved in the genetic 
transcription of a variety of malignant tumors, hel-
ping to maintain the energy metabolism of tumor 
cells and angiogenesis15. Studies have shown that 
the inhibition of HIF-1α expression under hypoxia 
is a new effective way to treat tumors. In the process 
of rapid growth of tumor cells, the rapid prolifera-
tion of malignant tumor cells leads to intracellular 
hypoxia16. HIF-1α overexpression can be found in a 
variety of tumors, and HIF-1α is involved in the tu-
mor growth, infiltration and metastasis17. KISS-1 is 
a kind of tumor metastasis suppressor gene that in-
cludes four exons, whose initial coding product is a 
hydrophilic protein with the size of 145 amino acid 
residues18-20. KISS-1 is expressed correspondingly 
in a variety of tumor tissues, and is also closely re-
lated to the tumor growth, infiltration and metasta-
sis21. Although there are some reports on KISS-1 in 
a variety of tumors, such as gastric cancer, breast 
cancer and kidney cancer, there are few reports on 
KISS-1 in liver cancer. At present, the relevant stu-
dies on KISS-1 are only at the protein expression 

level, but there are few studies at the gene level22,23, 
especially the studies on combination of HIF-1α 
and KISS-1 and correlation analysis. In this study, 
the expressions of HIF-1α and KISS-1 in normal 
liver tissues and liver cancer tissues were studied 
to investigate the roles and significance of HIF-1α 
and KISS-1 in liver cancer.

Conclusions

We showed that HIF-1α was highly expressed in 
liver cancer tissues, and KISS-1 was highly expres-
sed in normal liver tissues. Results of RT-PCR and 
Western blotting showed that the expressions of 
HIF-1α and KISS-1 in normal liver tissues had 
statistically significant differences compared with 
those in liver cancer tissues (p<0.01). This paper 
suggested that the study on HIF-1α and KISS-1 
expressions can provide a new theoretical basis for 
investigating the mechanism of tumor infiltration 
and metastasis and provide a new direction for the 
diagnosis and treatment of liver cancer.
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