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1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most common and rapidly fatal malignancies 
worldwide and has been ranked the second highest cancer killer in China since the 1990s, 
particularly in the eastern and southern areas, including the inshore area of the Yangtze 
River (1). Multiple risk factors are associated with HCC disease etiology, with the highest 
incidence in patients with chronic hepatitis B virus (HBV) and hepatitis C virus (HCV), 
although other factors such as genetic makeup and environmental exposure are involved 
(2~4). As a common malignant, solid tumor, HCC is characterized by fast infiltrating 
growth, early metastasis, high-grade malignancy, and poor therapeutic efficacy. It is a 
highly vascular tumor dependent on neovascularization and one of the most common and 
rapidly developing malignancies (5, 6). HCC treatment options are severely limited by the 

frequent presence of metastases (7～10, Fig.1).  
Multistep malignance of HCC progression with multigene alterations mostly accompany 
with chronic hepatitis and liver cirrhosis (11, 12). Hypoxia inducible factor-1 (HIF-1) is a 
basic-Helix–Loop–Helix Per-Arnt-Sim protein (bHLH-PAS) consisting of ┙ and ┚ subunits 
and a key transcription factor regulating cellular responses to hypoxia (13, 14), and can 
regulate neovascularization, activate expressions of many hypoxia-response genes, leading 
to closely associate with HCC ecosystem for tumor growth, infiltration, metastasis and 
prognosis (15~17). HIF-1┙ is an oxygen-dependent protein, which is degraded by poly 
ubiquitination and proteasomal degradation via the Von-Hippel-Lindau tumor suppressor 
protein under normoxic conditions (4, 18, 19). Here we briefly review the expression of rat 
hepatic HIF-1┙ and its gene during the malignant transformation of hepatocytes, the hepatic 
expression and circulating level of HIF-1┙ in patients with liver diseases for prospectively 
elucidating the relationship between HIF-1┙ level and the pathological features as well as 
the diagnosis and metastasis of HCC, and the effect of miRNA silencing HIF-1┙ gene on 
inhibition of HepG2 cell proliferation. 

2. HIF-1alpha expression and HCC development 

Hepatocarcinogenesis is a complex process requiring multiple factors and multiple steps. 
Chemical carcinogens can induce cancer development in liver cells in a short time, with 
 

www.intechopen.com



 
Targets in Gene Therapy 

 

226 

 

Fig. 1. HCC development and the role of hepatic HIF-1┙. A, Model for the development of 
hepatocyte malignant transformation and the role of HIF-1┙ during liver tumorigenesis. The 
gradual replacement of cells during normal physiologic turnover is accomplished by the 
proliferation of the differentiated liver cells, in response to various forms of liver injury to 
canceration. In contrast, when parenchymal cells are unable to proliferate (e.g., in response 
to hepatocyte toxins), rare cells associated with the bile ducts known as oval cells expand 
and then differentiate to restore liver mass. The alterations of many genes result in 
hepatocyte and oval cell proliferation and the development of HCC. B, The role of hepatic 
HIF-1┙. Regulation of the ┙-subunit is mediated by the oxygen dependent degradation 
domain (ODD), which contains two regulatory proline residues. Transcriptional activity of 
HIF-1 is facilitated by a N- vs. C-terminal transactivation domains (TAD-N vs. TAD-C) in 
HIF-1┙. B1, Under normoxia O2 is available and hydroxylation via FIH-1 and PHDs 
proceeds. FIH-1 hydroxylates Asn 803 in the C-TAD of HIF-1┙. This modification causes 
CBP/p300 to dissociate from HIF-1┙, thus repressing HIF-1 transcriptional activity. PHDs 
hydroxylate Pro 402 and Pro 564 within the ODD of HIF-1┙ thereby making it available for 
the binding of pVHL. pVHL forms a E3-ubiquitin ligase complex with co-factors which 
subsequently facilitates poly-ubiquitination of HIF-1┙ and thus degradation by the 26S 
proteasome. B2, Scheme of the proposed role of HBx in the HIF-1-mediated angiogenesis of 
HCC. HBx interacts and stabilizes HIF-1 through inhibition of the interaction between 
pVHL and HIF-1 and the ubiquitin (Ub)-dependent degradation. Subsequently, HBx 
activates the HIF-1-dependent transcription and leads to angiogenesis. Under hypoxia O2 is 
limited and PHDs as well as FIH are inactive. In turn HIF-1┙ accumulates associates with 
the ┚-subunit and upon recruitment of the co-factor p300 forms the transcriptionally active 
HIF-1 complex. Activation of genes that contain HIF-responsive elements (HRE) in their 
promotor region follows 
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large-scale RNA transcription. The total RNA content gradually increases, and in the 
precancerous lesion, this can be significantly different from normal tissues. Angiogenesis is 
necessary for solid tumors larger than 1×1 mm, or the tumor remains dormant and does not 
metastasize. As soon as the angiogenesis stage arrives, potent metastasis is exhibited at once. 
The expression of HIF-1┙ plays important roles in angiogenesis, tumor growth, invasion, 
and metastasis in different cancers. We have investigated the expression of HIF-1┙ and its 
gene at the early stage of hepatocarcinogenesis, and provided the first evidence to show that 
HIF-1┙ is activated in preneoplastic hepatocytes during the early stage of carcinogenesis 
and long before the development of HCC.  
 

 

Fig. 2. Appearance of rat liver and morphological changes of rat hepatocytes during 2-FAA-
induced hepatocarcinogenesis. A-D: liver appearance of control rats, at the early, middle, 
and late stages during the malignant transformation of hepatocytes ; E-H: corresponding 
histopathological images confirming normal tissue, hepatocyte degeneration, precancerous, 
changes and HCC (original magnification ×100), respectively.  

Forty-eight male Sprague-Dawley rats, 6 weeks old, weighing 150-160 g, were purchased 

from the Experimental Animal Center, Nantong University, China. All animals were treated 

according to the guidelines of Nantong University for the Care and Use of Laboratory 

Animals. The rats were randomly divided into 8 groups with 6 rats per cage. One group was 

selected as controls while the others made up the experimental groups. Among the 7 

experimental groups one served as a substitute for accidental deaths. All rats were fed with 

general grain, except that the grain of the hepatoma model rats contained 0.05% 2-fluorenyl-

acetamide (2-FAA, Sigma Chemical Co., USA). All rats were housed under bio-clean 

conditions. One control rat and one experimental rat were sacrificed every 2 weeks. All 

surgical procedures were conducted under deep ether anesthesia. Four ml of blood was 

drawn from the heart and anticoagulated with EDTA-K2. Plasma and karyocytes were 

separated and kept at -80 ℃ for further analysis. After washing off the blood, one liver 
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sample was fixed in 10% neutral buffered formalin and embedded in paraffin for 

pathological examination and immunohistochemical staining, and the rest were kept at -80 ℃ until use. 

The changes of liver appearance and the pathohistology of hepatocytes during 2-FAA-

induced rat HCC development are shown in Fig. 2. Apparent morphological changes (Fig. 

2A-D) were confirmed pathohistologically examination (Fig. 2E-H). No pathological 

changes of rat hepatocytes were found in normal controls (Fig. 2E). During 2-FAA-induced 

hepatocarcinogenesis, granule-like degeneration in the cytoplasm of hepatocytes occurred at 

the early stage of hepatocarcinogenesis, with a few large and dysmorphic nuclei 

(degeneration group, n=18, Fig. 2F). An increase in the number of cell layers of hepatic 

plates was observed at the middle stage, at which there were more than 3 cell layers in some 

foci. Thickened chromatin in the nucleus was found, and the ratio of nucleus versus 

cytoplasm was elevated (precancerous group, n=9, Fig. 2G). At the late stage, the normal 

structure of liver tissue was completely destroyed, hepatocytes were rearranged to be nest-

like and crudely cord-like, cellular nuclei were moderate in size and chromatinthickened, 

the ratio of nucleus versus cytoplasm was elevated, and the liver tissues were confirmed as 

highly differentiated (cancerous group, n=9, Fig. 2H). 

Immunohistochemical staining confirmed positive expression of HIF-1┙ as clear and brown 

particles, mainly located in the cytosol and nuclei, with no staining of the plasma membrane 

(Fig. 3). The positive staining was mostly located in the border of hepatic terminal portal 

venules or near the central veins (Fig. 2A). With carcinogenesis, the rate of HIF-1┙-positive 

expression increased and there was significantly higher intensity in the degeneration, 

precancerous, and cancerous groups than in the normal control (Table 1, P < 0.05), with a 

dynamically changing HIF-1┙ expression intensity. 

 
 

 

Fig. 3. Immunohistochemical staining with anti-HIF-1┙ in rat HCC. A: HIF-1┙-positive 
expression in cytoplasm and cell membrane (S-P, original magnification ×200) in HCC focus 
from rat hepatoma; B: HIF-1┙-negative expression, brown particles in cytoplasm and cell 
membrane (S-P, original magnification ×200) in control rats. 
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    Intensity of HIF-1┙ 

Group  n Positive (%)     
    - + ++ +++ 

Control  6 0 (0.0) 6 0 0 0 
Degeneration  18 14(77.8) 4 9 5 0 
Precancerous  9 8(88.9)* 1 2 5 1 
Cancerous  9 9(100)* 0 1 2 6 

<0.01, compared with the control group. 

Table 1. Comparative analysis of hepatic HIF-1┙ expression intensity at different stages of 
rat hepatocarcinogenesis 

Reverse-transcribed HIF-1┙ cDNA from hepatic HIF-1┙ mRNA during the malignant 
alteration of rat hepatocytes was amplified by nested-PCR, and the sizes of amplified 
fragments were identical to the original designed ones, i.e., the size of the PCR product was 
500 bp in the 1st PCR and 210 bp in the 2nd PCR (Fig. 4). The amplified fragments (210 bp) 
of the rat HIF-1┙ gene from the degeneration, the precancerous, and the cancerous livers 
were purified and confirmed by DNA sequencing. The alignments of their nucleotide 
sequences at the different stages of hepatocarcinogenesis by sequencing, and no alteration of 
the amplified gene fragment was found during the malignant alteration of rat hepatocytes. 
 

 

Fig. 4. Amplification and alteration of HIF-1┙ gene from rat hepatoma tissues. In order to 
obverse the alteration of HIF-1┙ at RNA level, HIF-1┙ mRNAs were synthesized to HIF-1┙ 
cDNA with random hexamers and moloney murine leukemia virus reverse-transcriptase, 
and detected with different primer pairs by nested PCR (210bp). The amplified positive 
fragments of HIF-1┙ gene were distinctly found in rat hepatoma tissues. HIF-1┙ mRNA in 
rat liver (Lanes. 1-4). Lane 1: control rat; lane 2: Degeneration rat; lane 3: precancerous rat; 
lane 4: HCC rat; marker: DNA molecular weight marker. 

The levels of total RNA and HIF-1┙ mRNA expression in rat liver tissues during the 

malignant alteration of hepatocytes are shown in Table 2. The expression of total RNA and 

HIF-1┙ mRNA with histological alteration of hepatocytes was observed in the rats after 

treatment with 2-FAA, progressing from granule-like degeneration to precancerous lesions 

to HCC. The levels increased markedly in the cancerous group and the precancerous lesion 

group, and the incidence of amplified HIF-1┙ mRNA dynamically increased as hepatocytes 
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changed from normal to granule-like denaturation to precancerous and cancerous lesions. 

Induction of HIF-1┙ mRNA expression was detected in all the liver tissues of the cancerous 

group and parts of the precancerous lesion and degeneration group, i.e., 44.4% in the 

hepatocyte degeneration group, 77.8% in the precancerous lesion group, and 88.9% in the 

HCC group. It was significantly higher in the cancerous group than in the degeneration and 

the control groups, and the precancerous lesion group was also significantly higher than the 

normal control. 

 

Group n Total RNA (μg/mg liver) HIF-1┙ mRNA (%) 

Control 6 1.58±0.49 0 (0.0) 
Degeneration 18 1.91±0.60 8 (44.4) 
Precancerous 9 2.00±0.21* 7 (77.8)* 
Cancerous 9 2.86±0.60* 8 (88.9)* 

*P<0.05, compared with the control group. 

Table 2. Dynamic alterations of total RNA and amplification of HIF-1┙ mRNA in liver 
tissues at different stages of rat hepatocarcinogenesis 

Nested PCR results revealed that HIF-1┙ mRNA was induced in hepatoma, precancerous 

and degenerative tissues, but was not expressed in normal tissues. During the course of 

cancer development, the levels of HIF1┙ mRNA in precancerous tissues were higher than in 

normal and degenerating tissues, and the levels of HIF-1┙ mRNA in HCC tissues were even 

higher than in precancerous tissues. The activation of HIF-1┙ gene transcription may 

participate in the signal transmission of cancer development. In the early stage, the 

expression of HIF-1┙ mRNA and HIF-1┙ was at low levels. In the advanced stage of cancer 

development, the expression of HIF-1┙ mRNA and HIF-1┙ was at high levels. The 

preneoplastic hepatic lesions showed increased levels of HIF-1┙ and HIF-1┙ mRNA 

compared with the normal liver. So the upregulation of hepatic HIF-1┙ protein synthesis 

and HIF-1┙ mRNA levels strongly suggest that HIF-1┙ participates in the development of 

HCC. The expression of HIF-1┙ gradually increased along with the histological changes, it 

was significantly higher in premalignant tissues than in the control group, and it may be 

related to the activation of signal pathways. 

The quantitative data of hepatic and circulating HIF-1┙ expression are shown in Table 3. 

The HIF-1┙ levels showed a tendency to increase with the histopathological changes: 

cancerous group > precancerous lesion group > hepatocyte degeneration group > control 

group. The levels were markedly higher in the cancerous and precancerous lesion groups 

than in the hepatocyte degeneration and normal control groups. As a result of its low 

molecular weight, HIF-1┙ is easily released into the blood, leading to a higher concentration 

there. Blood levels in the precancerous lesion group were higher than in the hepatocyte 

degeneration and normal control groups (P<0.05). The HIF-1┙ blood levels in the cancerous 

group were markedly higher than in any other group (P<0.05). An apparent positive 

correlation between the levels in blood and liver samples was found (r=0.474, P = 0.030). The 

expression level of HIF-1┙ gradually increased both in liver cells and blood. The increasing 

tendency of hepatic and circulating HIF-1┙ was synchronized, suggesting that the 

increasing expression of HIF-1┙ is closely related to the malignant transformation of 

hepatocytes.  
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Group n HIF-1┙ in blood (μg/mg NP) HIF-1┙ in liver (μg/mg) 

Control 6 206.3±18.6 9.8±2.9 
Degeneration 18 277.2±96.1 12.6±3.2 
Precancerous  9 401.6±178.8* 16.9±2.2* 
Cancerous 9 445.9±138.9* 23.5±8.7* 

*P<0.05, compared with the control group. 

Table 3. Quantitative analysis of HIF-1┙ dynamic expression in circulation and liver tissues 
at different stages of rat hepatocarcinogenesis 

Increasing evidence suggests that HIF-1 activation occurs in the early stages of 
carcinogenesis. HIF-1┙ genes are overexpressed in morphologically normal single cells, 
forming multicellular foci or microcysts similar to overt HCC. HIF-1┙ was also shown to be 
expressed in a few cells in ductal hyperplastic areas adjacent to invasive cancer, and their 
malignant counterparts. Furthermore, HIF-1┙ genes were shown to be overexpressed in 
hyperplastic and dysplastic lesions during multistage carcinogenesis. Recent new findings 
from several laboratories have implicated constitutive activation of the transcription factor 
NF-κB as one of the early key events involved in neoplastic progression of chronic liver 
disease. Further studies will permit us to analyze mechanism of human 
hepatocarcinogenesis and to know how to target HIF-1┙ sites or RNA interference-mediated 
suppression of HIF-1┙ expression for HCC therapy. However, the combination of the 
pathological features of HIF-1┙ expression and some of the biomarkers with high sensitivity 
and specificity for early HCC seems to be more practical so far. 

3. Expression difference in human HCC tissues 

The self-controlled HCC and para-cancerous specimens (2 cm to cancer) were collected from 
35 patients who underwent operations for liver cancer at the Affiliated Hospital of Nantong 
University. The specimens were immediately frozen in liquid nitrogen and kept at –85℃ 
until required. The patients included 28 men and 7 women, ranging in age from 22 to 70 
years. Prior written informed consent was obtained from all patients according to the World 
Medical Association Declaration of Helsinki, and the study received ethics board approval 
from the Affiliated Hospital of Nantong University. The histological types of all HCC 
specimens were graded in differentiation degrees as follows: well, 9; moderate, 12; and poor, 
14. Of these specimens, 20 showed single tumor tubercles and the rest multiple; 14 were 
stage II, 13 were stage III, and 8 were stage IV. Each specimen was analyzed by total RNA 
abstraction and pathologic examination. 
The expressions and cellular distribution of HIF-1┙ in HCC tissues and comparative 
analysis with their para-cancerous tissues are shown in Fig. 5. The positive HIF-1┙ was 
brown and granule-like, mainly presented in cytoplasm and few in nucleus, with obvious 
differences of HIF-1┙ positive expression intensity among different areas of tissues. HIF-1┙ 
staining in paracancerous tissues was showing significantly in the compressed hepatic cords 
and central veins. The intensity of HIF-1┙ expressions was significantly higher in 
paracancerous tissues than that in HCC, mainly due to more necrosis in the latter, 
representing that there is a very close relationship between high intensity of HIF-1┙ 
expressions and active proliferation or hypoxia microenvironment in paracancerous tissues. 
The distribution of positive cells was well-distributed and higher in adjacent areas of 
necrosis and tumor infiltration in HCC (Fig.5A), whereas it was showing significantly in the 
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compressed hepatic cords and the border of central veins in the para-cancerous tissues 
(Fig.5B). Moreover, the HIF-1┙ positive staining was significantly higher (P=0.017) in the 
para- cancerous group (100%, 35 of 35) than in the corresponding HCC group (80%, 28 of 
35). The intensity of hepatic HIF-1┙ expression was also higher in the para-cancerous tissues 
than in the HCC tissues (Z =4.728, P< 0.001, Table 4). 
 

 

Fig. 5. Immunohistochemical staining of HIF-1┙, total RNA levels and amplification of HIF-
1┙ mRNA in HCC or their paracancerous tissues. Hepatic HIF-1┙ expression with brown 

particles in cytoplasm and cell membrane，A, the HCC tissue; B, the para-cancerous tissue 
(S-P, original magnification × 200). C, the levels of total RNA expression in HCC or their 
paracancerous tissues; D, the HIF-1┙ mRNA was synthesized to HIF-1┙ cDNA and 
amplified by nested PCR (349 bp), Line 1, 2, the amplified fragment of HIF-1┙mRNA in 
HCC tissues; Line 3, 4, the amplified fragment of HIF-1┙mRNA in para-cancerous tissues; 
M, DNA marker with molecular weight standard. HCC, the hepatocellular carcinoma 
tissues; Para-HCC, the para-cancerous tissues. 

HCC is mostly characterized by uncontrolled growth of tumor cells. Increasing oxygen 
consumption results in hypoxic microenvironment. HIF-1┙ expression is significantly high 
in adjacent areas of necrosis and tumor infiltration. Many factors, such as hypoxia, 
oncogenes activation, inactivation of tumor suppressors, growth factors, inflammatory 
factors, can up-regulate HIF-1┙ expressions, directly or indirectly promoting more than 2 % 
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human genes transcriptions, which are all related to oxygen and energy metabolism. 
Productive nucleic acids metabolism, abnormal gene expressions, development of HCC are 
closely associated with surrounding vessels state and hypoxic conditions (20).  
 

    HIF-1┙ intensity 
Group n Positive (％) P value*    Z value P value* 

    － ＋ ＋＋ ＋＋＋   

HCC 35 28 (80.0) 0.017 7 21 7 0 4.728 0.000 
Para-HCC  35 35 (100)  0 10 18 7   

*P value vs the paracancerous tissue group; HCC, the hepatocellular carcinoma tissues. 

Table 4. The comparative analysis of HIF-1┙ expression intensity in HCC or their 
paracancerous tissues 

 

 

Fig. 6. Alignment of the amplified fragments of HIF-1┙ gene and homology analysis of their 
sequences. The HIF-1┙ mRNA from cancerous tissue and para-cancerous tissue of HCC 
patients was synthesized to HIF-1┙ cDNA and amplified by nested PCR (349 bp) and 
confirmed by sequencing. No mutation was found between HCC tissues and para-cancerous 
tissue. HIF-1┙: the cited sequence (349 bp, nt 2452-2800) of human HIF-1┙ genome 
(NM_001530); HCC, the amplified fragment of HIF-1┙ genome from HCC tissues; Para-
HCC, the amplified fragment of HIF-1┙ genome from their paracancerous tissues. 
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Hepatic total RNA was purified from human HCC or their para- cancerous tissues, the 
specific concentrations of total RNA were 12.4 ± 7.3 μg/mg wet liver in the HCC group, and 
53.8 ± 52.0 μg/mg wet liver in the para-cancerous group (Fig.5C), with significant difference 
between them (t = 3.05, P < 0.01). The final amplified fragment of hepatic HIF-1┙ gene was 
349 bp (Fig.5D), and the incidence was 85.7% in the HCC group and 100 % in the para-
cancerous group (P > 0.05). The amplified fragments of HIF-1┙ gene were confirmed by 
sequencing, with consistent completely with the cited sequence of human HIF-1┙ gene 
(Fig.6). The level of total RNA was obviously higher in paracancerous tissues than in HCC, 
indicating HIF-1┙mRNA involved in cell proliferation, neovascularization and metastasis 
and could be a prime target for gene therapy. 

4. Expression of circulating HIF-1α in HCC 

One hundred thirty-one of HCC patients, 30 of chronic hepatitis, 22 of acute hepatitis, and 
37 of cirrhosis were diagnosed at the Affiliated Hospital of Nantong University, Nantong, 
China, and 27 healthy people obtained from the Nantong Central Blood Bank as controls 
(Table 5). All cases were diagnosed by blood biochemical tests, with negative hepatitis viral 
markers (HBsAg, and anti–HCV antibody), normal alanine aminotransferase (ALT) levels, 
and B-ultrasonic examination. All samples (5 mL of peripheral blood) were collected in the 
morning and sera were separated at once. The serum AFP concentrations exceeded 50 μg/L 
were taken as a positive result. The diagnosis of HCC and viral hepatitis was based on the 
criteria proposed by Chinese National Collaborative Cancer Research Group (21) and at the 
Chinese National Viral Hepatitis Meeting (22), respectively.  
 

Group n 

Sex 

M/F 

Age 

(Year) 

HBsAg 

(+/-) 

AFP (μg/L) 

≤20 21-399 ≥400 

HCC 

LC 

CH 

AH 

NC 

131 

37 

30 

22 

27 

109/22 

16/21 

25/5 

17/5 

12/15 

33-85 

20-82 

18-63 

24-80 

26-69 

100/31 

23/14 

22/8 

10/12 

0/27 

20 

24 

18 

18 

27 

57 

11 

11 

4 

0 

54 

2 

1 

0 

0 

HCC, hepatocellular carcinoma; LC, liver cirrhosis; CH, chronic hepatitis; AH, acute hepatitis; NC, 
normal control. 

Table 5. Patients’ data in the present study 

The levels of circulating HIF-1┙ expression in 220 patients with liver diseases are shown in 
Table 6. The circulating HIF-1┙ level was increased, especially in patients with chronic liver 
diseases. If the cutoff value of serum HIF-1┙ level was >50 μg/L, the incidence of HIF-1┙ 
abnormality was 100 % in HCC, 89.2% in LC, 66.7 % in CH, none in AH or NC, respectively; 
And the cutoff values rise to 100 μg/L, the abnormality of circulating HIF-1┙ level was 
90.8% in HCC and 27.0% in LC, none in CH or AH or NC, respectively. The level of serum 
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HIF-1┙ in HCC patients was significantly higher (P < 0.001) than those in cases with benign 
liver diseases.  
The prognosis of HCC is poor, and early detection is of the utmost importance. Treatment 
options are severely limited by the frequent presence of metastases. Although the 
mechanisms of hepatocarcinogenesis have not been elucidated, a long-lasting inflammation 
induced by hepatitis virus infection is a definite risk for neoplastic degeneration and 
accumulation of genetic alterations. The fragments of circulating HIF-1┙ could be detected 
in all patients with HCC with extrahepatic metastasis; like circulating IGF-II, these results 
argue for growth factor–dependent HCC development and could provide novel markers of 
severity and prognosis for HCC. The present data indicate that the expression levels of 
serum HIF-1┙, Ang-2, and VEGF could be detected only in the peripheral blood of patients 
with HCC. 
 

Group n 

HIF-1┙ (μg/L) >50 μg/L 

n (%) 

>100 μg/L 

n (%) 
Ranges                  Mean ± SD 

HCC  

LC 

CH 

AH 

NC  

131 

37 

30 

22 

27 

57.5~208.5 

39.1~123.4 

38.0~96.4 

33.1~48.8 

20.3~31.9 

136.3 ± 28.8 

84.6 ± 25.9* 

58.8 ± 14.5*a 

37.6 ± 5.3*bc 

24.1 ± 3.3*de 

131(100) 

33(89.2) 

20(66.7)* 

0(0)* 

0(0)* 

119(90.8) 

10(27.0)* 

0(0)* 

0(0)* 

0(0)* 

*P < 0.001, vs the HCC group；aP < 0.001, vs the liver cirrhosis group (q = 4.39)；bP < 0.01 vs the chronic 

hepatitis group (q = 3.17)；cP < 0.001, vs the liver cirrhosis group (q = 7.31)；d P < 0.001, vs the chronic 

hepatitis group (q = 5.47)；eP < 0.001, vs the liver cirrhosis group (q = 9.99)；HCC, hepatocellular 

carcinoma; LC, liver cirrhosis; CH, chronic hepatitis; AH, acute hepatitis; NC, normal control. 

Table 6. Quantitative analysis of circulating HIF-1┙ level (mean ± SD) in patients with liver 
diseases 

The evaluation of serum HIF-1┙ and AFP levels for HCC diagnosis using the ROC curves is 
shown in Fig.7. The advantage of analyzing two markers over the whole range of 
sensitivities and specificities using the area (0.854 in AFP, 0.909 in HIF-1┙) under ROC 
curves indicated that the abnormality of serum HIF-1┙ level could be a useful seroloical 
marker for HCC diagnosis. 

5. Quantitative detection of VEGF and Ang-2 

The levels of serum VEGF and Ang-2 were detected and the concentrations were calculated 
using a standard curve generated with specific standards. Inter and intra-assay variances 
were lower than 10%. The levels of circulating VEGF and Ang-2 expression in patients with 
chronic liver diseases are shown in Table 7. Like circulating HIF-1┙ expression, the 
circulating VEGF and Ang-2 levels were increased in patients with chronic liver diseases, 
especially in HCC patients. If the cutoff value with >280 μg/L for VEGF and >35 μg/L for 
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Ang-2, the incidence of VEGF and Ang-2 were 87.0 % and 94.7 % abnormality in HCC, 12.7 
% and 2.9 % in LC, 13.3 % and 0% in CH, both none in NC, respectively.  
 

 

Fig. 7. The relationship between circulating HIF-1┙ and AFP levels and receiver operating 
characteristic (ROC) curves. A, the scatter diagram of circulating HIF-1┙ and AFP levels in 

HCC patients，and no significant relationship was found between circulating HIF-1┙ and 
AFP levels; B, ROC curves for circulating HIF-1┙ and AFP investigated markers for HCC. 
Sensitivity = true-positive rate; specificity = false-positive rate; and the area under ROC 
curves was 0.854 for AFP and 0.909 for HIF-1┙. Sensitivity and specificity were calculated 
according to the following formulas: Sensitivity = a/(a+c); and Specificity = d/ (b+d), where 
a = true-positive cases, b = false-positive cases, c = false- negative cases, and d = true-
negative cases. ROC curves were constructed by calculating the sensitivities and specificities 
at several cutoff points, and indicated that both of circulating HIF-1┙ and AFP level be 
useful molecular markers for HCC diagnosis. 

HCC is known to contain aberantly vascularized regions characterized by severe hypoxia. 
Hypoxia can stimulate cell proliferation, induce angiogenesis, accelerate invasion and is also 
responsible for treatment resistance in HCC. Activation of oncogenes or inactivation of 
tumor suppressors can change signaling pathway and up-regulate HIF-1┙ expression, 
leading to HIF-1┙ activation. Under hypoxic conditions it can be stabilized, binding to the 
specific sites of hypoxia-response target genes, regulating proliferation on transcriptional 
level and activating expression of many hypoxia-response genes, which are closely relevant 
with energy metabolism, angiogenesis, infiltration, metastasis and prognosis. The frequency 
of circulating HIF-1┙ and its diagnostic value increased with distal metastases of HCC 
hepatocytes. The pathological characteristics of serum HIF-1┙ associated with the levels of 
circulating VEGF and Ang-2 expression, the size of tumor and extra-hepatic metastasis, and 
but not to patients’ gender, age, and AFP level. 
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Group n 

 VEGF (μg/L)   >280 μg/L    Ang-2 (μg/L)   >35 μg/L 

Mean ± SD      n (%)       Mean ± SD    n (%) 

HCC 

LC 

CH 

NC 

131 

37 

30 

27 

462.7±119.2   114(87.0)      40.8±3.5    124(94.7) 

216.3±54.5*    6(16.2)*      25.5±5.8*    1(2.7)* 

160.9±98.2*    4(13.3)*      20.9±7.1*     0(0)* 

 140.9±54.5*     0(0)*        17.4±2.6*     0(0)* 

*P < 0.001, vs the HCC group；HCC, hepatocellular carcinoma; LC, liver cirrhosis; CH, chronic 

hepatitis; NC, normal control. 

Table 7. The levels of circulating VEGF and Ang-2 expression in patients with chronic liver 
diseases 

6. Clinicopathological features of HIF-1α expression  

The clinicopathological characteristics of circulating HIF-1┙ expression in HCC patients are 
shown in Table 8. Significant difference was found between high HIF-1┙ expression and 
tumor size (P=0.007) or HCC with extra-hepatic metastasis (P< 0.001), but not with patients’ 
gender, age, or AFP level. There was a very close relationship between circulating HIF-1┙ 
level and VEGF (r=0.937, P <0.001) or Ang-2 (r= 0.933, P < 0.001), suggesting that high 
expression of HIF-1┙ associated with HCC metastasis and poor prognosis. 
Clinical pathological features of HIF-1┙ expression indicated that HIF-1┙ expression 
intensity and positive rate was lower in HCC than in paracancerous tissues, which were in 
accordance with total RNA. HIF-1┙ positive rate was associated with tumor diameter, 
because they were usually singles, enveloped, well-differentiated, more diplonts and less 
heteromorphism when tumors were small. With tumors swelling, the biological 
characteristics have changed, developed into the opposite. Therefore, the invasion is 
strengthened, and tumor blood supply can not satisfy growth demand. HBx and HIF-1┙ are 
presented in cytoplasm in HCC. Moreover, HBx can up-regulate HIF-1┙ under normoxia or 
hypoxia, reinforce HIF-1┙ transcriptional activity via MAPK pathway, increase HIF-1┙ 
protein levels, induce neovascularization and contribute to metastasis. No correlation was 
found between HIF-1┙ and HBsAg positive in HCC and further studies whether it 
associates with HBV replication are required. 

7. Effect of miRNA silencing HIF-1α gene on HCC 

In order to investigate the effect of miRNA silencing HIF-1┙ gene on inhibition of HepG2 
cell proliferation. Recently, we constructed the eukaryotic expression plasmids of HIF-
1┙miRNA and report gene containing hypoxia-reponse element. After HepG2 cells 
transfection with plasmid, the expression of HIF-1┙ gene and protein were determined by 
real time-PCR or Western blotting. The expressions of HIF-1┙, VEGF, and Ang-2 were 
quantitatively detected by ELISA. The alterations of cell cycles and apoptosis rate were 
quantitatively measured by flow cytometry or Annexin V-FITC/PI double dyeing assay. 
At 72h After HepG2 cell transfection with HIF-1┙miRNA, the down- regulation of HIF-1┙ 
was 87% at mRNA or 56% at protein level, and the decreasing of target gene was 46% in the 
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report gene, 54% in VEGF and 36% in Ang-2, respectively. The apoptotic ratio of HepG2 cells 
was 22.46 ± 0.61% (P < 0.01), and the cell cycle changed greatly at the ratio of G1 
(61.49±1.12%) and S phase (22.40± 0.58%, P < 0.01). After the cells combined with 

doxorubicin, the apoptotic ratio increased to 36.99 ± 0.88%. The ratio of G1 and S phase were 
upregulated to 65.68 ± 0.91% and 19.47 ± 1.34%. HIF-1┙miRNA or / and doxorubicin can 
regulate the growth cycle, promote apoptotic and inhibit proliferation of HepG2 cells. 
 

Group          n       HIF-1┙(μg/L)           t value  P value      

HCC 

Sex         Male 

Female 

Age         ≥ 50y 

<50y 

Tumor size   ≥ 5.0 cm 

<5.0 cm 

AFP(μg/L)   ≥ 400.0 

< 400.0 

HBsAg       Positive 

Negative 

EHT         Yes 

No 

131 

109 

22 

98 

33 

53 

78 

53 

78 

100 

31 

49 

82 

136.3 ± 28.8 

137.4 ± 28.7 

130.7 ± 29.0 

133.7 ± 30.1 

143.2 ± 24.0 

144.4 ± 26.3* 

130.8 ± 29.2 

136.9 ± 25.8 

135.9 ± 30.7 

137.9 ± 29.6 

129.2 ± 25.5 

152.5 ± 21.5** 

126.6 ± 28.3 

 

1.009 

 

1.702 

 

2.721 

 

0.201 

 

1.712 

 

5.522 

 

0.315 

 

0.091 

 

0.007 

 

0.841 

 

0.089 

 

0.000 

*P < 0.01, vs the tumor size less than 5㎝ group; **P < 0.001, vs the non- extrahepatic metastasis group; 

HCC, hepatocellular carcinoma; EHT, Extra- hepatic metastasis. 

Table 8. The pathological characteristics of HIF-1┙ levels (mean ± SD) in sera of HCC 
patients. 

8. Perspectives 

HCCs exhibit numerous genetic abnormalities as well as epigenetic alterations including 
modulation of DNA methylation (23, 24). Molecular factors are involved in the process of 
HCC development and metastasis (25~27). Recent findings from several laboratories have 
implicated constitutive activation of the transcription factor NFkappa B as one of the early 
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key events involving in neoplastic progression of the liver. Further studies will permit us to 
analyze mechanism of human hepatocarcinogenesis and pay attention to these areas 
(28~31). However, the hepatic HIF-1┙ expression is associated with development and 
prognosis of HCC, and circulating HIF-1┙ level is a useful molecular marker in HCC 
diagnosis, and monitor prognosis (32~36). HIF-1┙ expression in hepatic tissues plays an 
important role in development and prognosis of HCC. HIF-1┙, as an initial hypoxia 
moderator, should be a promising molecular-target for the development of anti-HCC agents 
(37~40). The intensity of HIF-1┙ expressions was significantly higher in paracancerous 
tissues than in HCC, mainly due to more necrosis in the latter, representing that there is a 
very close relationship between high intensity of HIF-1┙ expressions and active metabolism 
or hypoxia microenvironment in paracancerous tissues and HIF-1┙ could be a molecular-
target for gene therapy (41, 42).  

9. Acknowledgments 

Our studies were supported in part by Grants-in-Aid from the Natural Science Foundation 
(BK2008187), and from the Medical Science (H200925) of Jiangsu Province, China. 

10. References  

[1] Tang ZY. Small hepatocellular carcinoma: current status and prospects. Hepatobiliary 
Pancreat Dis Int. 2002; 1(3): 349-353.  

[2] Raza SA, Clifford GM, Franceschi S. Worldwide variation in the relative importance of 
hepatitis B and hepatitic C viruses in hepatocellular carcinoma: a systematic 
review. Br J Cancer 2007, 96: 1127-1134. 

[3] Hui KM. Human hepatocellular carcinoma: Expression profiles-based molecular 
interpretations and clinical applications. Cancer Lett 2009, 286: 96-102. 

[4] Feo F, Frau M, Tomasi ML, Brozzetti S, Pascale RM. Genetic and epigenetic control of 
molecular alterations in hepatocellular carcinoma. Exp Biol Med (Maywood). 2009; 
234(7): 726-736.  

[5] Liu LP, Liang HF, Chen XP, Zhang WG, Yang SL, Xu T, et al. The role of NF-kappaB in 
Hepatitis b virus X protein-mediated upregulation of VEGF and MMPs. Cancer 
Invest. 2010; 28(5): 443-451.  

[6] Dong ZZ, Yao DF, Wu W, Yao M, Yu HB, Shen JJ, et al. Delayed hepatocarcinogenesis 
through antiangiogenic intervention in the nuclear factor-kappa B activation 
pathway in rats. Hepatobiliary Pancreat Dis Int. 2010; 9(2): 169-174.  

[7] Yao DF, Dong ZZ, Yao M. Specific molecular markers in hepatocellular carcinoma. 
Hepatobiliary Pancreat Dis Int. 2007; 6(3): 241-247.  

[8] Whittaker S, Marais R, Zhu AX. The role of signaling pathways in the development and 
treatment of hepatocellular carcinoma. Oncogene. 2010; 29(36): 4989–5005.  

[9] Schmid T, Zhou J, Brüne B. HIF-1 and p53: communication of transcription factors under 
hypoxia. J Cell Mol Med, 2004; 8(4): 423-431. 

[10] Moon EJ, Jeong CH, Jeong JW, Kim KR, Yu DY, Murakami S, et al. Hepatitis B virus X 
protein induces angiogenesis by stabilizing hypoxia-inducible factor- 1alpha. 
FASEB J, 2004; 18(2): 382-384.   

www.intechopen.com



 
Targets in Gene Therapy 

 

240 

[11] Xie H, Song J, Liu K, Ji H, Shen H, Hu S, et al. The expression of hypoxia- inducible 
factor-1alpha in hepatitis B virus-related hepatocellular carcinoma: correlation with 
patients' prognosis and hepatitis B virus X protein. Dig Dis Sci 2008; 53: 3225-3233  

[12] Daskalow K, Pfander D, Weichert W, Rohwer N, Thelen A, Neuhaus P, et al. Distinct 
temporospatial expression patterns of glycolysis-related proteins in human 
hepatocellular carcinoma. Histochem Cell Biol 2009; 132: 21-31 

[13] Mabjeesh NJ, Amir S. Hypoxia-inducible factor (HIF) in human tumorigenesis. Histol 
Histopathol 2007, 22(5): 559-572.  

[14] Patiar S, Harris AL. Role of hypoxia-inducible factor-1alpha as a cancer therapy target. 
Endocr Relat Cancer 2006, 13: S61-75 

[15] Weidemann A, Johnson RS. Biology of HIF-1alpha. Cell Death Differ 2008, 15: 621- 
627.  

[16] Liao D, Johnson RS. Hypoxia: a key regulator of angiogenesis in cancer. Cancer 
Metastasis Rev 2007, 26: 281-290.  

[17] Copple BL, Bustamante JJ, Welch TP, Kim ND, Moon JO. Hypoxia-inducible factor-
dependent production of profibrotic mediators by hypoxic hepatocytes. Liver Int 
2009; 29: 1010-1021 

[18] Semenza GL. Regulation of oxygen homeostasis by hypoxia-inducible factor 1. 
Physiology (Bethesda) 2009; 24: 97-106  

[19] Brahimi-Horn C, Mazure N, Pouyssegur J. Signalling via the hypoxia- inducible factor-
1alpha requires multiple posttranslational modifications. Cell Signal 2005; 17: 1-9  

[20] Yao DF, Jiang H, Yao M, Li YM, Gu WJ, Shen YC, et al. Quantitative analysis of hepatic 
hypoxia-inducible factor-1alpha and its abnormal gene expression during the 
formation of hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int 2009; 8: 407-
413 

[21] The Liver Cancer Committee of Chinese Anticancer Association. Diagnostic criteria of 
primary hepatocellular carcinoma. Zhonghua Ganzang Bing Zazhi. 2000; 8: 135. [in 
Chinese] 

[22] The Group of Viral Hepatitis Research. The prevention and cure scheme of viral 
hepatitis. Zhonghua Ganzang Bing Zazhi. 2000; 8: 324-329. [in Chinese] 

[23] Qian J, Yao D, Dong Z, Wu W, Qiu L, Yao N, et al. Characteristics of hepatic igf-ii 
expression and monitored levels of circulating igf-ii mRNA in metastasis of 
hepatocellular carcinoma. Am J Clin Pathol. 2010; 134(5): 799-806. 

[24] Yao D, Jiang D, Huang Z, Lu J, Tao Q, Yu Z, Meng X. Abnormal expression of hepatoma 
specific gamma-glutamyl transferase and alteration of gamma- glutamyl 
transferase gene methylation status in patients with hepatocellular carcinoma. 
Cancer. 2000; 88(4): 761-769. 

[25] Yoo YG, Kong G, Lee MO. Metastasis-associated protein 1 enhances stability of 
hypoxia-inducible factor-1alpha protein by recruiting histone deacetylase 1. EMBO 
J 2006; 25: 1231-1241 

[26] Ripoli M, D'Aprile A, Quarato G, Sarasin-Filipowicz M, Gouttenoire J, Scrima R, et al. 
Hepatitis C virus-linked mitochondrial dysfunction promotes hypoxia- inducible 
factor 1alpha-mediated glycolytic adaptation. J Virol 2010; 84: 647-660  

[27] Cummins EP, Berra E, Comerford KM, Ginouves A, Fitzgerald KT, Seeballuck F, et al. 
Prolyl hydroxylase-1 negatively regulates IkappaB kinase-beta, giving insight into 

www.intechopen.com



Mechanism of Hypoxia-Inducible Factor-1alpha Over- Expression  
and Molecular-Target Therapy for Hepatocellular Carcinoma 

 

241 

hypoxia-induced NFkappaB activity. Proc Natl Acad Sci USA 2006; 103: 18154-
18159  

[28] Walmsley SR, Print C, Farahi N, Peyssonnaux C, Johnson RS, Cramer T, et al. Hypoxia-
induced neutrophil survival is mediated by HIF-1alpha-dependent NF-kappaB 
activity. J Exp Med 2005; 201: 105-115 

[29] Shin DH, Li SH, Yang SW, Lee BL, Lee MK, Park JW. Inhibitor of nuclear factor-kappaB 
alpha derepresses hypoxia-inducible factor-1 during moderate hypoxia by 
sequestering factor inhibiting hypoxia-inducible factor from hypoxia-inducible 
factor 1alpha. FEBS J 2009; 276: 3470-3480 [PMID: 19456861]  

[30] van Uden P, Kenneth NS, Rocha S. Regulation of hypoxia-inducible factor- 1alpha by 
NF-kappaB. Biochem J 2008; 412: 477-484 

[31] Buchler P, Reber HA, Tomlinson JS, Hankinson O, Kallifatidis G, Friess H, et al. 
Transcriptional regulation of urokinase-type plasminogen activator receptor by 
hypoxia-inducible factor 1 is crucial for invasion of pancreatic and liver cancer. 
Neoplasia 2009; 11: 196-206 

[32] Hamaguchi T, Iizuka N, Tsunedomi R, Hamamoto Y, Miyamoto T, Iida M, et al. 
Glycolysis module activated by hypoxia-inducible factor 1alpha is related to the 
aggressive phenotype of hepatocellular carcinoma. Int J Oncol 2008; 33: 725-731  

[33] Forooghian F, Das B. Anti-angiogenic effects of ribonucleic acid interference targeting 
vascular endothelial growth factor and hypoxia- inducible factor-1alpha. Am J 
Ophthalmol 2007; 144: 761-768 

[34] Nasimuzzaman M, Waris G, Mikolon D, Stupack DG, Siddiqui A. Hepatitis C virus 
stabilizes hypoxia-inducible factor 1alpha and stimulates the synthesis of vascular 
endothelial growth factor. J Virol 2007; 81: 10249-10257 

[35] Dong ZZ, Yao DF, Yao M, Qiu LW, Zong L, Wu W, et al. Clinical impact of plasma TGF-
beta1 and circulating TGF-beta1 mRNA in diagnosis of hepatocellular carcinoma. 
Hepatobiliary Pancreat Dis Int. 2008; 7(3): 288- 295. 

[36] Lee TK, Poon RT, Yuen AP, Ling MT, Wang XH, Wong YC, et al. Regulation of 
angiogenesis by Id-1 through hypoxia-inducible factor-1alpha-mediated vascular 
endothelial growth factor up-regulation in hepatocellular carcinoma. Clin Cancer 
Res 2006; 12: 6910-6919  

[37] Zhu H, Chen XP, Luo SF, Guan J, Zhang WG, Zhang BX. Involvement of hypoxia-
inducible factor-1-alpha in multidrug resistance induced by hypoxia in HepG2 
cells. J Exp Clin Cancer Res 2005; 24: 565-574  

[38] Wada H, Nagano H, Yamamoto H, Yang Y, Kondo M, Ota H, et al. Expression pattern 
of angiogenic factors and prognosis after hepatic resection in hepatocellular 
carcinoma: importance of angiopoietin-2 and hypoxia- induced factor-1 alpha. 
Liver Int 2006; 26: 414-423  

[39] Yao DF, Wu XH, Zhu Y, Shi GS, Dong ZZ, Yao DB, et al. Quantitative analysis of 
vascular endothelial growth factor, microvascular density and their 
clinicopathologic features in human hepatocellular carcinoma. Hepatobiliary 
Pancreat Dis Int. 2005; 4(2): 220-226. 

[40] Wu W, Yao DF, Yuan YM, Fan JW, Lu XF, Li XH, et al. Combined serum hepatoma-
specific alpha-fetoprotein and circulating alpha- fetoprotein-mRNA in diagnosis of 
hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int. 2006; 5(4): 538-544.  

www.intechopen.com



 
Targets in Gene Therapy 

 

242 

[41] Kulshreshtha R, Davuluri RV, Calin GA, Ivan M. A microRNA component of the 
hypoxic response. Cell Death Differ 2008; 15: 667-671  

[42] Takahashi Y, Nishikawa M, Takakura Y. Inhibition of tumor cell growth in the liver by 
RNA interference-mediated suppression of HIF-1┙ expression in tumor cells and 
hepatocytes. Gene Ther 2008, 15: 572-582.  

www.intechopen.com



Targets in Gene Therapy

Edited by Prof. Yongping You

ISBN 978-953-307-540-2

Hard cover, 436 pages

Publisher InTech

Published online 23, August, 2011

Published in print edition August, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book aims at providing an up-to-date report to cover key aspects of existing problems in the emerging

field of targets in gene therapy. With the contributions in various disciplines of gene therapy, the book brings

together major approaches: Target Strategy in Gene Therapy, Gene Therapy of Cancer and Gene Therapy of

Other Diseases. This source enables clinicians and researchers to select and effectively utilize new

translational approaches in gene therapy and analyze the developments in target strategy in gene therapy.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Dengfu Yao, Min Yao, Shanshan Li and Zhizhen Dong (2011). Mechanism of Hypoxia-Inducible Factor-1alpha

Over- Expression and Molecular-Target Therapy for Hepatocellular Carcinoma, Targets in Gene Therapy,

Prof. Yongping You (Ed.), ISBN: 978-953-307-540-2, InTech, Available from:

http://www.intechopen.com/books/targets-in-gene-therapy/mechanism-of-hypoxia-inducible-factor-1alpha-

over-expression-and-molecular-target-therapy-for-hepato



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


