
Cell Physiol Biochem 2014;34:1536-1546
DOI: 10.1159/000366357
Published online: October 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1536

Tian et al.: Hypoxia Promotes Hepatocarcinoma Progression and Metastasis 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

1421-9778/14/0345-1536$39.50/0

Original Paper

 Copyright © 2014 S. Karger AG, Basel

Accepted: July 10, 2014

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to 
the online version of the article only. Distribution permitted for non-commercial purposes only.

Liver Cancer Institute, Zhongshan Hospital, Fudan University; Key Laboratory of 
Carcinogenesis and Cancer Invasion, Ministry of Education, 180 Fenglin Road, Xuhui 
District, Shanghai 200032 (China) and Minhang District Central Hospital, 
170 Xinsong Road, Minhang District, Shanghai 201199 (China)
Tel. +86-021-54237681, Fax +86-021-64037318, E-Mail xiajinglin@fudan.edu.cn

Prof. Jinglin Xia 

Hui Tiana    Peixin Huanga   Zhiying Zhaoa   Wenqing Tanga   Jinglin Xiaa,b

 
aLiver Cancer Institute, Zhongshan Hospital, Fudan University; Key Laboratory of Carcinogenesis and 
Cancer Invasion, Ministry of Education, Shanghai Medical College, Fudan University, bMinhang District 
Central Hospital, Shanghai, China

Background/Aims: Hypoxia promotes the progression and metastasis of hepatocellular 

chemokines involved in tumor growth, angiogenesis and metastasis. Methods: The role 

granulocyte chemotactic protein-2 (GCP-2)/CXCL6, a CXC ELR+ chemokine, in HCC cells, and 

and invasion of HCC cells in vitro, and this effect was suppressed by an anti-CXCL6 antibody. 
Results: 
and metastasis is mediated by its direct interaction with the pro-angiogenic chemokine CXCL6. 
CXCL6 expression was associated with poor prognosis of HCC patients. Conclusion: 
promotes HCC progression and metastasis by upregulating CXCL6 transcription in HCC cells, 
providing a potential novel therapeutic target for the treatment of HCC.
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Hepatocellular carcinoma (HCC) is one of the most common cancers and the third leading 
cause of cancer related death worldwide [1]. Despite advances in the early detection of HCC 
and the development of various combination treatments including surgery, radiotherapy 
and chemotherapy, the prognosis of patients with HCC remains poor. Most patients are in an 

show a positive response to therapy [2]. The overall 5-year survival rate is low because of 
the high incidence of recurrence and metastasis after hepatic resection [3], underscoring the 

studies showed that hypoxia promotes HCC invasion and progression in association with the 

Hypoxia plays a critical role in cancer and hypoxia inducible factors are important 
mediators of the hypoxic response [6]. The HIF-1 heterodimer complex, which contains two 

of target genes under conditions of hypoxia [8]. In cancer, intratumoral hypoxia associated 

proliferation, angiogenesis, and by activating survival pathways [12]. 

family, which is characterized by the presence of four conserved cysteine residues near the 

the secretion of proteases such as matrix-metalloproteinase-9 (MMP-9) from its granules 

mediate their chemotactic and angiogenic activities [18]. In the present study, we show that 

Our results shed light on the role of hypoxia in the pathogenesis and progression of HCC and 
suggest a potential new target for the treatment of patients with HCC.

Ethics statement
Ethical approval was obtained from Zhongshan Hospital research ethics committee.

samples in this research.

Patients and tissue specimens
Primary HCC samples (n=129) were obtained between June 2005 and December 2009 from patients 

who had undergone curative hepatectomy and were diagnosed with abdominal lymph node metastases 

Cell culture

http://dx.doi.org/10.1159%2F000366357


Cell Physiol Biochem 2014;34:1536-1546
DOI: 10.1159/000366357
Published online: October 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1538

Tian et al.: Hypoxia Promotes Hepatocarcinoma Progression and Metastasis 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Immunohistochemistry
Immunohistochemical staining was performed using the avidin-biotin peroxidase complex method 

and counter-staining with Mayer’s hematoxylin. Negative controls were performed by omitting the primary 
antibodies.

RNA isolation and qRT-PCR

the Ct). The sequences of the primers used 

Western Blot Analysis

were detected using enhanced chemiluminescence.

Cell migration and invasiveness assays

5

and repeated twice.

using CsCl gradient centrifugation.
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Luciferase reporter vector construction
Genomic DNA from normal human livers was used as a template to amplify the promoter of the CXCL6 

reporter gene of a pGL3 basic vector (Promega, Madison, WI). To generate the pGL3-CXCL6-Mut construct, 

site-directed mutagenesis using a CXCL6 promoter (-803) luciferase reporter as the template.The resulting 
plasmids harboring various lengths of the CXCL6 promoter or a mutant promoter were transfected into 

vector transfected cells.

Chromatin immunoprecipitation (ChIP)

sonicated chromatins prepared from HCC cell lines. Pre-immune IgG was used as a control. 

Statistical analysis

exact test was used to compare qualitative variables and the Student’s t test was used for quantitative 

CXCL6 expression and the clinicopathological features of HCC patients was observed except 
for TNM stage and microvascular invasion, which were positively correlated with CXCL6 

the control liver cell line Chang Liver. For hypoxic culture conditions, the cells were incubated 
2 2 2

(Fig. 1C).

downregulation of CXCL6 expression in all cell lines (Fig. 2C). 
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Fig 1. -
regulated in human hepatocarci-

immunohistochemistry images of 
human HCC sections stained for 

-
patocarcinoma cell lines and the 

-

-
in expression in HCC cell lines and 

was used as the loading control.

Fig. 2. 
-

CXCLC6 promoter was screened and promoter-luciferase constructs were generated based 

vector control transfected cells (Fig. 3B). The results showed luciferase activity in the 
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to the promoter of CXCL6 and activates its transcription.

assays were performed after hypoxia induction in the low and high metastatic potential 

migration of HCC cells, whereas treatment with an anti-CXCL6 antibody reversed this effect 

of cells invading into the lower surface of the Transwell membrane, and treatment with an 

expression. 

obtained from patients who had undergone curative hepatectomy and were diagnosed with 

Fig. 3. 

-

-
pendent experiments.
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abdominal LNMs. The clinicopathological characteristics of the 129 patients are included 

(n=62) expressing groups. Patients with high CXCL6 expression showed a greater number of 
tumors, more frequent microvascular invasion and higher tumor grade (P<0.01).

Disease free survival and recurrence probability were compared in these groups during 

CXCL6 levels were associated with decreased overall survival and an increased probability 

Fig. 4. -
on and invasion of HCC cells in vi-
tro in a CXCL6 dependent manner. 
(A) Wound healing assays show-

-

absence of an anti-CXCL6 antibo-
dy. (B) Transwell assays showing 

cells in the presence or absence of 
an anti-CXCL6 antibody. The num-

in normoxia or hypoxia and anti-
CXCL6 antibody were calculated 
using crystal violet staining. The 
average of six random microsco-

SD of three independent experi-

shown.
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of recurrence (Fig. 5A and B) (P

F) CXCL6 expressing tissue samples.

the migration of tumor cells to invade the walls of blood vessels and enter organs [19]. Among 

chemotaxis is affected by oxygen availability and the effect of hypoxia and hypoxia inducible 
factors in the regulation of metastasis has been investigated extensively. In the present 

progression and metastasis of HCC is at least partly mediated by the regulation of CXCL6 

malignant transformation of hepatocytes suggests that it plays a role in hepatocarcinogenesis 

Fig. 5. CXCL6 upregulation in HCC is correlated with poor prognosis. Disease-free survival (A) and recur-
rence probability (B) after surgery were compared between HCC patients with high CXCL6 expression  
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angiogenesis and metastasis via the upregulation of vascular endothelial growth factor 

and their ligands was examined by Muller et al., who showed that the role of hypoxia in 

metastatic homing of tumor cells to organs expressing high levels of its ligand SDF1 [25]. 

cancer, non-small cell lung cancer and prostate cancer [25, 28, 29]. In small cell lung cancer, 

aggressiveness and prognosis of different cancers.

in the pathogenesis and progression of several malignancies including breast cancer, 
gastrointestinal tumors and prostate cancer [19, 32, 33]. CXCL6 inhibition suppressed tumor 

angiogenic effect of CXCL6 is correlated with the intratumoral expression of MMP-9, and the 
release of MMP-9 as a result of neutrophil degradation promotes tumor invasion through 
the degradation of the extracellular matrix [35]. Similar results were reported for other 

effects through the upregulation of MMP-9 [36], providing a possible mechanism mediating 
the effect of CXCL6 on metastasis. 

migration and invasion was dependent on CXCL6, and overexpression of CXCL6 in HCC tissues 
was correlated with poor prognosis. Similar results were reported in a study examining the 
role of CXCL5 in HCC, which showed a strong correlation between the expression of the 

of CXCL6 in HCC is not fully understood. 

invasion in vitro in a CXCL6 dependent manner, and CXCL6 expression was correlated 
with poor prognosis, suggesting that it could serve as a potential therapeutic target for the 
treatment of HCC.
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small hepatocellular carcinoma in patients with preserved liver function: Implications for a strategy of 

induces epithelial-mesenchymal transition via activation of snai1 by hypoxia-inducible factor -1alpha in 

promotes hepatocellular carcinoma metastasis by way of up-regulating hypoxia-inducible factor 1alpha 

elements in the aldolase a, enolase 1, and lactate dehydrogenase a gene promoters contain essential 

10 Mojsilovic-Petrovic J, Callaghan D, Cui H, Dean C, Stanimirovic DB, Zhang W: Hypoxia-inducible factor-1 
(hif-1) is involved in the regulation of hypoxia-stimulated expression of monocyte chemoattractant 

granulocyte chemotactic protein (gcp-2) from human tumor cells. In vitro and in vivo comparison with 

hepatic hypoxia-inducible factor-1alpha and its abnormal gene expression during the formation of 
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