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INTRODUCTION 

Cyclooxygenase-2 (COX-2) is not expressed constitutively, but 

is induced rapidly by both inflammatory and mitogenic stimuli, 

resulting in increased prostaglandin (PG) synthesis in inflamed 

and neoplastic tissues.1 COX-2 overexpression has been reported 

in various types of cancers, based on these pathogeneses. Several 

studies have also suggested a relationship between the progres-

sion of chronic liver disease and hepatocarcinogenesis. Angiogen-

esis is essential for carcinogenesis and is induced directly by vas-

cular endothelial growth factor (VEGF), leading to tumor growth 

and metastasis.2 Ischemic changes stimulate angiogenesis in the 

cirrhotic liver and in hepatocellular carcinoma (HCC). Hypervascu-

lar tumors are a key to the hypothesis that VEGF is overexpressed 
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relative to the stage of liver disease and hepatocarcinogensis. 

For the early detection and prevention of the progression of liver 

disease, an exact understanding of the relationship between COX-

2 and VEGF expression in liver disease is essential. However, their 

roles in the progression of chronic liver disease and hepatocarcino-

genesis are not clearly understood. Here, we assessed the degree 

of COX-2 and VEGF expression in chronic hepatitis, liver cirrhosis, 

and HCC, to investigate the association between COX-2 and VEGF 

in the progression of chronic liver diseases.

MATERIALS AND METHODS

Materials

US-guided fine-needle liver biopsies were obtained from 168 

patients between October 2003 and October 2009. They consist-

ed of 95 cases of chronic hepatitis (56 hepatitis B virus, HBV; 39 

hepatitis C virus, HCV), 38 cases of liver cirrhosis (22 HBV, 5 HCV, 

6 alcohol, and 5 others), and 35 cases of HCC (26 HBV, 2 HCV, 1 

alcohol, and 6 others). Pathological diagnosis was confirmed by 

an expert hepatopathologist. In chronic hepatitis and cirrhosis, 

the presence of inflammation, fibrosis and cirrhotic regenerative 

nodules was confirmed, respectively. The histological classification 

of HCCs was as follows: 6 low grade (well-differentiated type) and 

29 high grade (moderately differentiated, poorly differentiated, 

and undifferentiated).

The clinical characteristics of the types of liver disease are sum-

marized in Table 1. Informed consent was obtained from each 

patient or family member. This study was approved by the institu-

tional review board of Soonchunhyang University, Seoul Hospital, 

Seoul, Korea.

COX-2 immunohistochemical staining

Biopsy samples were fixed in 10% neutral formalin and embed-

ded in paraffin. Tissue sections were deparaffinized in xylene for 

at least 20 min and hydrated sequentially in 100%, 95%, 90%, 

and 80% ethanol solutions. After rinsing with water for 5 min, 

the sections were pretreated with ethylenediaminetetraacetic 

acid (EDTA) buffer (pH 6.0) for 12 min using a microwave antigen 

retrieval procedure. After rinsing, endogenous peroxidase activ-

ity was blocked by treatment with 3% hydrogen peroxide for 20 

min. A primary mouse monoclonal antibody against COX-2 (1:100; 

Cayman Chemical, Ann Arbor, MI, USA) was applied to the sec-

tions for 1 h at room temperature. After rinsing with phosphate-

buffered saline (PBS), the slides were incubated with a secondary 

antibody for 10 min at room temperature and rinsed with PBS. The 

sections were incubated in tertiary anti-horseradish peroxidase 

(HRP) conjugate for 10 min, rinsed in PBS, and incubated with di-

aminobenzidine (DAB) for a further 10 min. After counterstaining 

with Meyer’s hematoxylin, the slides were mounted with Crystal 

Table 1. Clinical characteristics of the patients according to the type of liver disease

CH (n = 95) LC (n = 38) HCC (n = 35)

Age (years)  42.2±12.8  52.1±9.8  57.1±10.7

Gender (M/F) 66/29 26/12 33/2

Etiology

    CHB 56 22 26

    CHC 39 5 2

    Alcohol 0 6 1

    Others 0 5 6

ALT, IU/L  138.2±186.5  72.5±69.4  68.9±87.4

AST, IU/L  220.5±335.2  65.5±69.8  48.3±36.4

T-bil, mg/dL  1.2±2.4  1.4±1.1  1.2±1.5

Albumin, g/dL  4.1±0.4  3.7±0.6  3.6±0.5

PLT, ×103/mm3  210.1±80.0  134.7±56.7  158.0±83.2

Creatinine, mg/dL  1.0±1.8  1.5±2.2  0.9±0.2

PT, INR  1.1±0.1  1.3±0.2  1.2±0.1

CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HB, chronic hepatitis B; CHC, chronic hepatitis C; ALT, alanine aminotransferase; AST, 
aspartate transaminase; T-bil, total bilirubin; PLT, platelet; PT, prothrombin time; INR, international normalized ratio.
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Mount® (Biomeda, Foster City, CA, USA). Colon cancer tissue was 

used as a positive control. The colon cancer tissue for the negative 

control slide was processed in the same way, except that PBS was 

used instead of the primary antibody.

VEGF immunohistochemical staining

Tissue sections were deparaffinized in xylene for more than 20 

min and sequentially hydrated in 100%, 95%, 90%, and 80% 

ethanol solutions. After rinsing with water for 5 min, the sections 

were pretreated with EDTA buffer (pH 8.0) for 20 min using a 

microwave antigen retrieval procedure. After rinsing, the endog-

enous peroxidase activity was blocked by treatment with 3% H2O2 

for 20 min. The primary mouse monoclonal antibody against VEGF 

(Santa Cruz, U.S.A.), diluted to 1:300 strength, was applied to the 

sections for 1 h at room temperature. After rinsing with PBS, the 

slides were incubated with secondary antibody for 10 min at room 

temperature and rinsed with PBS. The sections were incubated 

in tertiary anti-HRP conjugate for 10 min, rinsed in PBS, and in-

cubated with DAB for 10 min. After counterstaining with Meyer’s 

hematoxylin, the slides were mounted with Crystal mount® (Biom-

eda, CA, USA).

Fibrosis and immunohistochemical staining 
scores

All stained biopsy samples were reviewed and interpreted by 

an expert hepatopathologist. Histological fibrosis staging was 

assessed using Ishak’s system.3 The COX-2 and VEGF immunohis-

tochemical staining scores were assessed using the scoring system 

of Qiu et al4 based on the sum of two parameters: intensity and 

distribution. As per the scoring system of Qiu et al,4 the inten-

sity of COX-2 staining in the tissue was scored on a scale of 0-3 

(0=negative staining, 1=weakly positive staining, 2=moderately 

positive staining, and 3=strongly positive staining; Fig. 1). Trace 

staining intensity and less than 5% positive cells were interpreted 

as negative; only definite dark brown staining was counted. The 

percentage of positive cells in each specimen was estimated and 

scored on a scale of 0-4 (0=negative, 1=positive staining in 

≤25% of cells counted, 2=positive in >25% and ≤50%, 3=posi-

tive in >50% and ≤75%, and 4=positive in >75%). For each 

section, the sum of these two parameters was determined; the 

combined scores for low COX-2 expression were between 0 and 

5, while high COX-2 expression scores were 6 or 7. For VEGF im-

munohistochemical staining, dark brown granular staining in the 

cytoplasm of hepatocytes was considered a positive finding. Stain-

ing intensity was graded as negative and trace (grade 0), weak 

(grade 1), medium (grade 2), and strong (grade 3), following Chen 

et al (Fig. 2).5 Low VEGF expression scores were 0 or 1, and high 

VEGF expression scores were 2 or 3.

Statistical analysis

Student’s t-tests were used to compare the COX-2 and VEGF 

Figure 2. Immunohistochemical findings of VEGF expression. (A) 0 (negative; mag. ×100), (B) 1 (weak; mag. ×200), (C) 2 (moderate; mag. ×200), 
and (D) 3 (strong; mag. ×200). VEGF, vascular endothelial growth factor.

a B c d

Figure 1. Immunohistochemical findings of COX-2 expression. (A) 0 (negative; mag. ×100), (B) 1 (weak; mag. ×200), (C) 2 (moderate; mag. ×200), 
and (D) 3 (strong; mag. ×200). COX-2, cyclooxygenase-2.

a B c d
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expression scores between each pair of diseases. The chi-square 

test was used to compare the percentage of high scores for COX-

2 (COX-2 ≥6) and VEGF (VEGF ≥2) expression between each pair 

of diseases. Pearson’s correlation coefficient was used to examine 

the correlation between COX-2 and VEGF and the correlation 

between both COX-2 and VEGF and the fibrosis stage. Data are 

presented as the mean±standard deviation (SD). Statistical signifi-

cance was accepted when P<0.05.

RESULTS

COX-2 expression

The mean COX-2 expression score in chronic hepatitis, cirrhosis, 

HCC was 3.3±1.9, 4.2±1.7, and 3.8±2.3, respectively. Subgroup-

ing with HCC into low-grade HCC, and high-grade HCC, the mean 

COX-2 expression score in chronic hepatitis, cirrhosis, low-grade 

HCC, and high-grade HCC was 3.3±1.9, 4.2±1.7, 5.5±1.0, and 

3.4±2.4, respectively (Fig. 3). The COX-2 expression scores in cir-

rhosis and low-grade HCC were significantly higher than in chronic 

hepatitis (chronic hepatitis vs. cirrhosis, P=0.016; chronic hepatitis 

vs. low-grade HCC, P=0.008). The COX-2 expression in low-grade 

HCC tended to be higher than in cirrhosis, but not significantly 

(P=0.084). Expression scores in high-grade HCC were significantly 

lower than in low-grade HCC (P=0.004). A significant difference 

was not observed between the high-grade HCC group and the 

chronic hepatitis group (P=0.782).

The mean high expression COX-2 score (6-7) in all of the tissue 

samples, without grouping was 6.3±0.5, mean low expression 

COX-2 score (0-5) in all of the tissue samples was 3.1±1.8. The 

percentage of high COX-2 expression scores in chronic hepatitis, 

cirrhosis, and HCC was 9.4, 23.6, and 25.7%, respectively. The 

high COX-2 expression scores in cirrhosis and HCC were signifi-

cantly higher than in chronic hepatitis (chronic hepatitis vs. cirrho-

sis, P=0.03; chronic hepatitis vs. HCC, P=0.017).

VEGF expression

The mean COX-2 expression score in chronic hepatitis, cirrhosis, 

HCC was 0.8±0.8, 1.5±0.7, 1.7±1.1, respectively. With subgroup-

ing with HCC into low-grade, and high-grade, the mean VEGF ex-

pression score in chronic hepatitis, cirrhosis, low- and high-grade 

HCC was 0.8±0.8, 1.5±0.7, 1.8±0.9, and 1.6±1.1, respectively (Fig. 

4). The VEGF expression scores in cirrhosis (P<0.001), and high-

grade HCC (P=0.011) were significantly higher than in chronic 

hepatitis. The mean high expression VEGF score (2-3) in all of the 

tissue samples, without grouping was 2.2±0.4, mean low (0-1) 

expression VEGF score in all of the tissue samples was 0.49±0.5. 

The percentage of high VEGF expression scores in chronic hepati-

tis, cirrhosis, and HCC were 26.3, 52.6, and 65.7%, respectively. 

The high VEGF expression scores in cirrhosis and HCC were signifi-

cantly higher than in chronic hepatitis (chronic hepatitis vs. cirrho-

sis, P=0.004; chronic hepatitis vs. HCC, P<0.001).

COX-2 and VEGF expression according to fibro-
sis stage

The mean score for fibrosis expression in both the chronic hepa-

titis and the cirrhosis group, without grouping, was 3.62±1.8. In 

Figure 3. Immunohistochemical expression of COX-2 among the 
four liver-disease groups. CH, chronic hepatitis; LC, liver cirrhosis; HCC, 
hepatocellular carcinoma; LG, low-grade HCC; HG, high-grade HCC. 
*P<0.05.
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Figure 4. Immunohistochemical expression of VEGF in the four 
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same group, the mean expression score for COX-2 was 3.58±1.9, 

that for VEGF was 1.05±0.8. The mean expressions of COX-2 and 

VEGF according to the fibrosis grade score were as follows: fibro-

sis grade 0, COX-2=0±0, VEGF=0±0; grade 1, COX-2= 1.5±1.5, 

VEGF=0.33±0.8; grade 2, COX-2=3.08±1.7, VEGF=0.62±0.8; 

grade 3, COX-2=3.91±1.8, VEGF=1.13±0.8; grade 4: COX-

2=4.67±1.2, VEGF=1.67±0.8; grade 5, COX-2=4.31±1.4, VEGF 

=1.56±0.8; grade 6: COX-2=4.47±1.8, VEGF=1.59±0.9. There 

was a significant association between both COX-2 and VEGF ex-

pression levels and the stage of fibrosis in chronic hepatitis and 

cirrhosis (COX-2: r=0.430, P<0.001, VEGF: r=0.476, P<0.001). 

In chronic hepatitis group, the mean score for fibrosis expres-

sion was 2.75±1.3, and the mean expression score for COX-2 was 

3.33±1.9, that for VEGF was 0.87±0.9. The mean expressions 

of COX-2 and VEGF according to the fibrosis grade score were 

as follows: fibrosis grade 0, COX-2=0±0, VEGF=0±0; grade 1, 

COX-2=1.35±1.5, VEGF=0.18±0.5; grade 2, COX-2=3.04±1.8, 

VEGF=0.60±0.8; grade 3, COX-2=4.03±1.7, VEGF=1.13±0.8; 

grade 4: COX-2=4.50±1.2, VEGF=1.63±0.9; grade 5, COX-

2=4.17±1.6, VEGF=1.33±0.8; grade 6: COX-2=5.00±1.4, 

VEGF=1.00±0.0.   

In cirrhosis group, the mean score for fibrosis expression 

was 5.86±0.42, and the mean expression score for COX-2 was 

4.21±1.73, that for VEGF was 1.5±0.7. The mean expressions 

of COX-2 and VEGF according to the fibrosis grade score were 

as follows: fibrosis grade 4, COX-2=6±0, VEGF=2±0; grade 5, 

COX-2=4.67±1.5, VEGF=2.33±0.6; grade 6, COX-2=4.18±1.7, 

VEGF=1.42±0.7.

Correlation between COX-2 and VEGF expres-
sion

There was a positive correlation between COX-2 and VEGF ex-

pression levels in chronic hepatitis group (r=0.665, P<0.001), cir-

rhosis group (r=0.668, P<0.001), HCC group (r=0.603, P<0.001), 

and all of the tissue samples, without grouping (r=0.648, 

P<0.001) (Fig. 5).

Survival rate according to COX-2 and VEGF 
expression

The rate of survival was lower in high COX-2 group and high 

VEGF group than in low COX-2 group and low VEGF group, re-

spectively. Kaplan-Meier survival curve showed that there was a 

definite difference in overall survival between two groups accord-

ing to COX-2 and VEGF level (the specific value are shown in Figs. 

6, 7). The median follow-up time was 37.2 months (range, 1.7 to 

104.8 months), and 5 patients were lost to follow-up.

DISCUSSION

We examined COX-2 and VEGF expression using immunohisto-

chemical staining in liver tissues of patients with chronic hepatitis, 

cirrhosis, and HCC.

For COX-2, the cirrhosis and the low-grade HCC group showed 

significantly higher COX-2 expression compared to the chronic 

hepatitis group. The expression scores in high-grade HCC were 

significantly lower compared to the low-grade HCC. Chronic in-

flammation and related fibrosis have long been recognized as risk 

Figure 6. Survival rate according to COX-2 expression. COX-2, 
cyclooxygenase-2.
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factors for the development of cancer, and COX-2 is thought to 

mediate the subsequent liver damage.6 Accordingly, the effects of 

COX-2 overexpression on the progression and hepatocarcinogen-

esis of chronic liver disease have been studied.4,7 Koga et al dem-

onstrated that COX-2 was overexpressed in chronic hepatitis, liver 

cirrhosis, and early well-differentiated HCC and suggested that 

COX-2 plays a role in the early stages of hepatocarcinogenesis, 

which as a consequence may be related to HCC differentiation.8 

Recent studies have revealed COX-2 overexpression in hepatitis, 

cirrhosis, and HCC;9,10 however, whether there is correlation be-

tween the progression of chronic liver disease and COX-2 remains 

unclear. In experimental study, COX-2 expression is upregulated 

in serum-starved hepatic stellate cell (HSC) forming extracellular 

matrix deposition, such as collagen. Mallat et al suggested HSC 

migration and proliferation in chronic liver disease stimulated by 

platelet-derived growth factor (PDGF) are associated with COX-

2 induction and increased prostaglandin E2 production.11 In the 

present study, we demonstrated a definite difference between 

chronic hepatitis compared to each cirrhosis group and low-grade 

HCC, confirming previous studies. However, the differences be-

tween chronic hepatitis and high-grade HCC were not statistically 

significant, as reported by Koga et al.8 Koga presented a hypoth-

esis to explain why COX-2 is overexpressed in low-grade HCC 

but not in high-grade HCC, suggesting that COX-2 plays a role in 

hepatocyte differentiation and the initiation of early hepatocar-

cinogenesis via the activation of the TGF-alpha/EGFR system; we 

believe our results support this hypothesis.

For VEGF, the cirrhosis group and each of the HCC grade groups 

expressed significantly more VEGF than the chronic hepatitis 

group. There was also a significant difference between the chronic 

hepatitis and the high-grade HCC group, a trend not observed in 

COX-2 expression. VEGF is a specific stimulator of endothelial cell 

proliferation in many human cancers, and is the most potent tu-

mor angiogenic factor. Shi et al summarized VEGF overexpression 

and its hypothesized role in liver disease (including acute hepatitis, 

chronic hepatitis, liver cirrhosis, and primary and secondary HCC) 

as well as its inflammatory role in hepatitis, its fibrotic role in cir-

rhosis, and its neovascular role in carcinogenesis.12 Subsequently, 

Jerzy et al suggested that VEGF serum and receptor levels reflect 

the degree of impairment of hepatic function in liver cirrhosis.13 

Further studies have examined the role of VEGF in the progression 

of chronic liver disease and carcinogenesis.14-16 Continuous VEGF 

expression throughout the course of HCC, proven by our results, 

supports the findings of these previous studies. With respect 

to molecular mechanism, Uematsu suggested hypoxia-induced 

angiogenesis through transcriptional activation of VEGF during 

hepatocarcinogenesis and cirrhotic change.17 But exact mechanism 

remained unclear so far.

In the present study, both COX-2 and VEGF were correlated 

with the fibrosis stage or Ishak’s score, in chronic hepatitis and 

cirrhosis. Recently, there have been conflicting reports concerning 

both COX-2 and VEGF in fibrosis.18 The exact mechanism of action 

is unclear and additional studies investigating the roles of COX-2 

and VEGF in the progression of fibrosis are required.

We also observed an overall positive correlation between COX-

2 and VEGF expression levels in chronic hepatitis, cirrhosis, HCC 

group and all of the tissue samples. In addition to inflammation 

and related fibrosis, a correlation between COX-2 and angiogen-

esis, which is an essential process in tumor progression mediated 

by VEGF, has been reported in many studies of various tumors.19 

COX-2 and VEGF overexpression has also been demonstrated 

in HCC, which is a highly malignant tumor characterized by ac-

tive neovascularization.20 Nevertheless, this correlation does not 

explain the exact mechanisms involved. Toomey et al reported 

that the correlation may not be causative, but that COX-2 and 

VEGF share an uncertain common regulatory pathway.19 Further 

studies have suggested that parts of the mechanism include the 

COX-2/VEGF-dependent pathway.21 In experimental study using 

human hepatocelluar carcinoma inoculated nude mice, expression 

levels of both genes and proteins of COX-2 and VEGF by reverse 

transcription polymerase chain reaction and western blot were 

decreased in interferon-alpha-2b treatment group than in control 

group. With this study, we can presume COX-2 correlate with 

Figure 7. Survival rate according to VEGF expression. VEGF, vascular 
endothelial growth factor.
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VEGF, in directly.22 The fact that low COX-2 and VEGF expression 

group survived longer than high COX-2 and VEGF expression 

group was demonstrated in our result. This is meaningful because 

our result suggested expression degree of COX-2 and VEGF as 

prognostic factor related with chronic liver disease progression.

The present study is associated with our previous study on the 

overexpression of COX-2 in the progression of hepatic fibrosis.23 

Here we have also demonstrated that both COX-2 and VEGF are 

overexpressed in the progression of chronic liver disease, and that 

there is a correlation between them and, possible prognostic role 

of them. To the best of our knowledge, this is the first study to 

show positive correlations between COX-2 and VEGF in tissues of 

chronic hepatitis, cirrhosis, and HCC using immunohistochemical 

staining.

A limitation of this study is that a cross-sectional study cannot 

demonstrate a causal relationship for the high COX-2 and VEGF 

expression in advanced fibrosis, cirrhosis, and hepatocellular car-

cinoma. Secondly, size of low-grade HCC group is small compared 

with other groups. We think this fact may have an effect on our 

statistical result. Finally, about difference of survival rate, we did 

not consider other confounding factors can affect survival rate 

except COX-2 and VEGF expression rate. 

In conclusion, COX-2 and VEGF expression were significantly 

higher in cirrhosis and low-grade HCC than in chronic hepatitis, 

and were correlated with the stage of fibrosis. There was a signifi-

cant correlation between COX-2 and VEGF expression. In addition, 

there was a significant correlation between high COX-2 and VEGF 

expression score and survival. Thus, COX-2 and VEGF may play 

roles in the progression of liver disease and hepatocarcinogenesis 

via an unresolved mechanism. Further study is needed to clarify 

these relationships.

Conflicts of Interest
The authors have no conflicts to disclose.

 

REFERENCES

1. Verburg KM, Maziasz TJ, Weiner E, Loose L, Geis GS, Isakson PC. 

Cox-2-specific inhibitors: definition of a new therapeutic concept. 

Am J Ther 2001;8:49-64.

2. Wu T. Cyclooxygenase-2 in hepatocellular carcinoma. Cancer Treat 

Rev 2006;32:28-44.

3. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et 

al. Histological grading and staging of chronic hepatitis. J Hepatol 

1995;22:696-699.

4. Qiu DK, Ma X, Peng YS, Chen XY. Significance of cyclooxygenase-2 

expression in human primary hepatocellular carcinoma. World J 

Gastroenterol 2002;8:815-817.

5. Chen ZB, Shen SQ, Ding YM, Wang WX, Tao JP, Liang LJ, et al. The 

angiogenic and prognostic implications of VEGF, Ang-1, Ang-2, and 

MMP-9 for hepatocellular carcinoma with background of hepatitis 

B virus. Med Oncol 2009;26:365-371.

6. Morinaga S, Yamamoto Y, Noguchi Y, Imada T, Rino Y, Akaike M, et 

al. Cyclooxygenase-2 mRNA is up-regulated in cirrhotic or chronic 

hepatitis liver adjacent to hepatocellular carcinoma. J Gastroenterol 

Hepatol 2002;17:1110-1116.

7. Pazirandeh S, Khettry U, Gordon FD, Resnick RH, Murray JE, Sheth 

SG. Cyclooxygenase-2 expression in hepatocellular carcinoma, 

cirrhosis and chronic hepatitis in the United States. Dig Dis Sci 

2007;52:220-227.

8. Koga H, Sakisaka S, Ohishi M, Kawaguchi T, Taniguchi E, Sasatomi 

K, et al. Expression of cyclooxygenase-2 in human hepatocel-

lular carcinoma: relevance to tumor dedifferentiation. Hepatology 

1999;29:688-696.

9. Mohammed NA, Abd El-Aleem SA, El-Hafiz HA, McMahon RF. Dis-

tribution of constitutive (COX-1) and inducible (COX-2) cyclooxygen-

ase in postviral human liver cirrhosis: a possible role for COX-2 in 

the pathogenesis of liver cirrhosis. J Clin Pathol 2004;57:350-354.

10. Yu J, Hui AY, Chu ES, Cheng AS, Go MY, Chan HL, et al. Expression 

of a cyclo-oxygenase-2 transgene in murine liver causes hepatitis. 

Gut 2007;56:991-999.

11. Mallat A, Gallois C, Tao J, Habib A, Maclouf J, Mavier P, et al. 

Platelet-derived growth factor-BB and thrombin generate positive 

and negative signals for human hepatic stellate cell proliferation. 

Role of a prostaglandin/cyclic AMP pathway and cross-talk with 

endothelin receptors. J Biol Chem 1998;273:27300-27305.

12. Shi B, Wang X, Yang Z. Vascular endothelial growth factors and 

liver diseases. Hepatogastroenterology 2001;48:1145-1148.

13. Jaroszewicz J, Januszkiewicz M, Flisiak R, Rogalska M, Kalinowska 

A, Wierzbicka I. Circulating vascular endothelial growth factor and 

its soluble receptors in patients with liver cirrhosis: possible asso-

ciation with hepatic function impairment. Cytokine 2008;44:14-17.

14. Aucejo F, Kim R, Zein N, Quintini C, Uso TD, Lopez R, et al. Vascular 

endothelial growth factor receptor 2 expression in non-tumorous 

cirrhotic liver is higher when hepatoma is beyond Milan criteria. 

Liver Transpl 2009;15:169-176.

15. Perugorria MJ, Latasa MU, Nicou A, Cartagena-Lirola H, Castillo 

J, Goñi S, et al. The epidermal growth factor receptor ligand am-

phiregulin participates in the development of mouse liver fibrosis. 

Hepatology 2008;48:1251-1261.

16. Mas VR, Maluf DG, Archer KJ, Yanek KC, Fisher RA. Angiogenesis 



294

Clin Mol Hepatol
Volume_18  Number_3  September 2012

http://www.e-cmh.orghttp://dx.doi.org/10.3350/cmh.2012.18.3.287

soluble factors as hepatocellular carcinoma noninvasive markers for 

monitoring hepatitis C virus cirrhotic patients awaiting liver trans-

plantation. Transplantation 2007;84:1262-1271. 

17. Uematsu S, Higashi T, Nouso K, Kariyama K, Nakamura S, Suzuki 

M, et al. Altered expression of vascular endothelial growth factor, 

fibroblast growth factor-2 and endostatin in patients with hepato-

cellular carcinoma. J Gastroenterol Hepatol 2005;20:583-588.

18. Tu CT, Guo JS, Wang M, Wang JY. Antifibrotic activity of rofecoxib 

in vivo is associated with reduced portal hypertension in rats with 

carbon tetrachloride-induced liver injury. J Gastroenterol Hepatol 

2007;22:877-884.

19. Toomey DP, Murphy JF, Conlon KC. COX-2, VEGF and tumour angio-

genesis. Surgeon 2009;7:174-180.

20. Tang TC, Poon RT, Lau CP, Xie D, Fan ST. Tumor cyclooxygenase-2 

levels correlate with tumor invasiveness in human hepatocellular 

carcinoma. World J Gastroenterol 2005;11:1896-1902.

21. Yoshida S, Amano H, Hayashi I, Kitasato H, Kamata M, Inukai M, et 

al. COX-2/VEGF-dependent facilitation of tumor-associated angio-

genesis and tumor growth in vivo. Lab Invest 2003;83:1385-1394.

22. Cao B, Chen XP, Zhu P, Ding L, Guan J, Shi ZL. Inhibitory effect of 

interferon-alpha-2b on expression of cyclooxygenase-2 and vascu-

lar endothelial growth factor in human hepatocellular carcinoma in-

oculated in nude mice. World J Gastroenterol 2008;14:6802-6807.

23. Jeong SW, Jang JY, Lee SH, Kim SG, Cheon YK, Kim YS, et al. 

Increased expression of cyclooxygenase-2 is associated with the 

progression to cirrhosis. Korean J Intern Med 2010;25:364-371.


