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Abstract

AIM: To determine fibrosis progression and hepatocellular
carcinoma (HCC), using simultaneous gene expression
analysis.

METHODS: Total RNA samples were extracted from liver
biopsies from 19 patients with hepatitis C virus (HCV)
infection and 3 patients without HCV infection. Among
the 19 HCV-infected patients, 7 and 12 patients had grade
F1-2 and F3-4 fibrosis, respectively. Of the 12 patients
with F3-4 fibrosis, 8 had HCC. Gene expression in the
liver samples was determined using an oligonucleotide
microarray. The following comparisons were performed:
normal livers vs HCV-infected livers; F1-2 vs F3-4; and
F3-4 with HCC vs F3-4 without HCC. Genes that were
differentially expressed between these groups were
identified based on signal-to-noise ratios.

RESULTS: In the HCV-infected livers, genes involved in
immune responses were highly expressed. Expression
levels of genes for plasma proteins and drug-metabolizing
enzymes were decreased and those of genes involved in
the cell cycle and oncogenesis were increased in the F3-4
cases as compared to the F1-2 cases. Among the F3-4
cases, genes involved in carbohydrate metabolism tended
to be more highly expressed in patients with HCC than in
patients without HCC.

CONCLUSION: We identified genes that are associated
with fibrosis progression and hepatocarcinogenesis. This
information may be used to detect increased carcinogenic
potential in the livers of patients with HCV infection.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) infection causes chronic hepatitis,
which can lead to life-threatening sequelae, citrhosis and
hepatocellular catrcinoma (HCC)!. The progression of
chronic hepatitis C infection involves various cellular and
molecular mechanisms, including cellular infiltration,
remodeling, apoptosis and the interferon system®. Alterations
in the expression of genes associated with immune responses
to HCV have been reported in studies using peripheral blood
mononuclear cells derived from patients with fulminant
hepatitis or with hepatitis C treated with interferon?. The gene
expression patterns, associated with adenomatous hyperplasia
in hepatocatcinogenesis, have also been reported™. In
addition, candidate markers for HCC, which include the
overexpression of [Z4ANGLT and the genes for glypican 3
and serine threonine kinase 15, have been reported®™. These
genomic approaches to identify the molecular mechanisms
of HCV-related liver diseases have contributed to
improvements in disease diagnosis and treatment.

In this study, we used simultaneous gene expression
analysis to elucidate genes with altered expression in the
livers of patients with chronic HCV infection, with particular
emphasis on genes related to fibrosis progression and HCC.

MATERIALS AND METHODS

Patients

We evaluated 19 patients (mean age, 57 years; range, 23-74
years; 9 males, 10 females) with chronic HCV infection
who were admitted to the University of Tokyo Hospital
for treatment of chronic hepatitis or HCC. All of the
patients were positive for anti-HCV antibody, as assessed
by the second-generation enzyme immunoassay (Ortho
Diagnostics, Tokyo, Japan), and/or for HCV-RNA, as
detected using the Amplicor HCV assay, version 1 (Roche,
Tokyo, Japan). All of the patients were negative for hepatitis
B surface antigen (Abbott Laboratories, North Chicago, IL).
No individual had an ethanol intake of =80 g/d for more
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than 10 years, i.e., none of the patients had a history of
alcohol abuse. As controls, we included 3 patients (mean
age, 77 years; range, 69-85 years; 1 male, 2 females) with
metastatic liver tumors but without HCV-associated chronic
liver disease. Fine-needle liver biopsy specimens were obtained
from all the patients and fibrotic staging was determined by
liver histology according to the internationally recognized
scale®: FO, no fibrosis; F1, mild fibrosis; F2, moderate
tibrosis; F3, severe fibrosis; and F4, cirrhosis. Diagnosis of
HCC was made by several imaging modalities and
confirmed histologically from sonography-guided fine-
needle biopsy specimens. The staging of HCC was based
on the Japanese classification system. The following clinical
parameters of the patients were recorded at the time of
blood sampling: age, gender, levels of serum albumin, total
bilirubin, alanine aminotransferase (ALT), gamma-glutamyl-
transpeptidase (GGT) and prothrombin time. In the initial
screening examination, the patients showed no signs of any
other disease that might cause liver fibrosis. Written informed
consent was obtained from each patient according to the
Helsinki Declaration. We also obtained approval for this
study from the institutional ethics committee.

Microarray analysis

Gene expression was determined using an oligonucleotide
microarray of 3 800 genes (Atlas array; Clontech, Palo Alto,
CA). Total RNA samples were extracted from biopsy
specimens of the non-tumorous or non-cirrhotic ‘background’
liver tissues using the ISOGEN RNA Extraction Kit
(Nippon-Gene, Tokyo, Japan), according to the manufacturer’s
instructions. The quality of the total RNA was assessed
from the ratio between the 28S and 18S ribosomal RN As
after agarose gel electrophoresis.

Semi-quantitative RT-PCR

To validate our microarray results, we carried out semi-
quantitative RT-PCR for the cytochrome P450 (CYP) 2C8
gene (CYP2CS8) using SuperScript One-Step RT-PCR with
Platinum Taq (Invitrogen, Carlsbad, CA), according to the
manufacturer’s instructions. The following primers were
used: for CYP2CS, 5-TCCCTGTCTGAAGAATGCT-3’
(sense) and 5’-GCAGTGACCTGAACAACTCTC-3’
(antisense); and for GAPDH, 5-ACCACAGTCCATGCC
ATCAC-3’ (sense) and 5-TCCACCACCCTGTTGCTGTA-
3’ (antisense). The number of PCR cycles was optimized
for each gene to ensure product intensity within the linear
phase of amplification. The PCR products were separated
by electrophoresis on 1.5% agarose gels and visualized under
UV light after ethidium bromide staining, We determined
the mean band densities using a Scion Image beta 4.02 (Scion
Corp., MA, USA) imaging analysis system and calculated
the levels of CYP2C8 expression relative to those of the
GAPDH gene for each sample. The Pearson correlation
coefficient was calculated to examine the relationship
between the gene expression levels obtained from the
microattray analyses and those assessed by RT-PCR.

Data analysis
To evaluate significance in the analysis of the clinical parameters,
one-way ANOVA and Kruskal-Wallis tests were applied for

the continuous variables and Fishet’s exact test was used
for the categorical data. Two-tailed P-values were calculated.

Each of the microarray measurements was normalized
globally, and a variation filter (max-min >100 units; max/
min >3) was applied. Genes that were expressed differentially
between the groups were selected using the signal-to-noise ratios
(group 1 mean-group 2 mean)/(gtoup 1 SD+group 2 SD).
We used a significance level of P<0.05 in the random
permutation test.

RESULTS

Patient characteristics

Among the HCV-infected patients, 7 cases had grade F1 or
F2 (F1-2) fibrosis and 12 cases had grade F3 or F4 (F3-4)
fibrosis. Among the patients with F3-4 fibrosis, 8 had
HCC (Table 1). With regard to patients with HCC, 3, 2
and 3 cases were stage I, II and I1I, respectively. In the
older patients, relatively advanced liver disease, i.c., the
presence of fibrosis and HCC, was observed (P = 0.01).
The serum albumin levels (P = 0.023) and prothrombin
times (P = 0.045) were significantly decreased in patients
with advanced liver disease. There were no significant
differences in the levels of serum bilirubin and ALT among
the patients with HCV infection as compared with the
subjects without HCV infection.

Table 1 Clinical characteristics

Normalliver F1,2 F34HCC- F34HCC+ P

n=3 n=7 n=4 n=8
Age 77 47 53 68 0.010"
Sex (male/female) 1/2 5/2 0/4 4/4 0.1492
Albumin 4.2 43 3.6 3.6 0.023°
Prothrombin time (%) 79 83 63 66 0.045°
Bilirubin 0.6 0.7 1.0 0.8 0.379°
ALTHCC stageI/II/III 18 75 72 78 0.200°
3/2/3

'One-way ANOVA, *Fisher’s Exact Test; *Kruskal-Wallis test, P-values were
calculated only in HCV-infected cases.

Correlation of changes in gene expression with the progression
of HCV-associated liver disease

A number of genes involved in immune responses IFNA16,
IFNAS, F3, IL2RA, TNFSFS8, TNFSF9 and CCR7; e.g., the
interferon, interleukin, tumor necrosis factor superfamilies
and chemokine receptor-related genes) were highly expressed
in the livers of patients with HCV infection as compared to
the levels in the livers of patients without HCV infection
(Figure 1). These findings suggest the induction of changes
in gene expression by HCV infection.

In the HCV-infected livers with grade F3-4 fibrosis, the
expression levels of genes that encode plasma proteins (e.g.,
albumin and apolipoprotein) and drug-metabolizing enzymes
(e.g., the aldo-ketoreductase and cytochrome P450 families)
were decreased in comparison with the levels in livers with
grade F1-2 fibrosis, which suggests a correlation between
impaired liver function and the progression of liver fibrosis
(Figure 2). On the other hand, genes involved in the cell
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Figure 1 Genes expressed differentially between livers without HCV and HCV-infected livers. The red and blue colors indicate relative extent
of gene overexpression and underexpression, respectively, with darker colors indicating larger differences. HCV, hepatitis C virus; HCC,
hepatocellular carcinoma; IFNA, interferon alpha; F, coagulation factor; IL2RA, interleukin 2 receptor alpha; TNFSF, tumor necrosis factor
super family; CCR7, chemokine (C-C motif) receptor 7; IGFBP3, insulin-like growth factor-binding protein 3; PDK4, pyruvate dehydrogenase
kinase 4; RPLPO, ribosomal protein large 0; CYP2C19, cytochrome P450 2C19; FABP1, fatty acid binding protein 1; COL, collagen.

cycle and oncogenesis (e.g., serine/threonine kinases) were
highly expressed in the livers of patients with F3-4 fibrosis
as compared to the levels in livers of patients with F1-2
tibrosis. These findings indicate the hypercarcinogenic state
of livers with advanced fibrosis.

Among the FF3-4 patients, genes involved in carbohydrate
metabolism (e.g., glucosidase) tended to be more highly
expressed in cases with HCC than in cases without HCC,
suggesting that livers with HCC are in a hypermetabolic
state (Figure 3).

Validation of microarray data by RT-PCR
The semi-quantitative RT-PCR data for CYP2C§ showed a

tendency to correlate with the microarray data, with a Pearson
correlation coefficient (P-value) of 0.775 (P = 0.123).

DISCUSSION

Liver fibrosis in chronic HCV infection progresses in a
stepwise manner from hepatitis to cirrhosis'". In this study,
we evaluated the sequential alterations in hepatic gene
expression relative to the progression of liver disease in
patients with chronic HCV infection. Through these analyses,
we identified genes that are potentially associated with fibrosis
progtession and hepatocarcinogenesis. The genes that we
selected for further analysis are consistent with the stepwise
progression of HCV-related chronic liver disease and may
represent biomarkers and/or therapeutic targets for HCV-
related liver diseases.

In this study, we used disease status-based comparisons

to identify genes that discriminated the clinically important
stages of disease such as liver fibrosis and HCC. In the
compatisons of cases with and without HCV infection, genes
that were associated with inflaimmation and immune
responses were identified, reflecting the direct consequences
of active hepatitis caused by chronic HCV infection. Thus,
our results are consistent with those reported previously!'?.

Many cirrhosis-associated sequelae are related to
impaired protein synthesis in the liver; they include
abnormalities both in blood coagulation and in the
maintenance of colloid osmotic pressure. In our analysis,
these changes were paralleled by changes in the gene
expression profiles. In addition to protein synthesis-related
genes, genes associated with lipid metabolism (APO) and
drug-metabolism showed decreased expression in livers with
advanced cirrhotic fibrosis (F3-4). In HCV-related HCC, it
has been hypothesized that the accumulation of carcinogens
in the liver owing to the impaired expression of enzymes
involved in drug metabolism is one of the causes of
hepatocarcinogenesis'*'*. Our results are consistent with
this hypothesis. It remains possible that our results merely
reflect decreased numbers of hepatocytes in each biopsy
specimen owing to the increased formation of fibrous septa.
However, even a decrease in the bulk expression of these
genes owing to accumulation of fibrous septa might cause
the aforementioned cirrhosis-associated sequelae.

In the compatison of the livers with F3-4 fibrosis with
and without HCC, it was possible to evaluate the HCC-
related differences in gene expression, as the amount of
tibrous septa contained in the biopsy specimens should be
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Figure 2 Genes expressed differentially between livers with F1-2 and F3-4 fibrosis. The red and blue colors indicate relative extent of gene
overexpression and underexpression, respectively, with darker colors indicating larger differences. GPCR, G protein-coupled receptor; HCC,
hepatocellular carcinoma; B2M, beta-2-microglobulin; GRP25, G protein-coupled receptor 25; ADH1C, alcohol dehydrogenase 1C; AKR1D1,
aldo-keto reductase 1D1; CYP2CS8, cytochrome P450 2C8; ALB, albumin; FABP1, fatty acid binding protein 1; APO, apolipoprotein; NEO,
neogenin homolog; ADMR, adrenomedullin receptor; GNG5, guanine nucleotide binding protein (G protein) gamma 5; ARL7, ADP-ribosylation
factor-like 7; ARHGAPG6, Rho GTPase activating protein 6; STK, serine/threonine kinase; GAA, glucosidase alpha acid; NR5A2, nuclear receptor
subfamily 5A2; PGR, progesterone receptor; PRS2, protease serine 2; ACCN2, amiloride-sensitive cation channel 2; HOXC6, homeo box C6.

similar in the two groups. Although the differences that
we detected in this study were subtle, they suggest that
the presence of HCC may be deduced from specimens
taken from the non-tumorous ‘background’ liver tissue. In
addition, the changes in gene expression may reflect the
hypercarcinogenic state of livers with HCC. Assuming that
the existence of HCC changes the gene expression profile
of the background liver tissue, this type of analysis may
be useful for testing of residual and/or recurrent HCC
after radical treatment, such as surgical resection and/or
percutaneous ablation.

As the results of fine-needle biopsy-based diagnoses of
fibrosis ate often ambivalent, we separated the patients into
two groups, F1-2 and F3-4, in order to select genes that
were associated with the progression of liver fibrosis.
However, it was difficult to identify small differences between
these two groups owing to inadequate discrimination of
cell types as a result of the variability of the cell populations
in the biopsy samples. This problem might be overcome by
using surgical specimens in further analyses. In addition, it
might be possible to calibrate biopsy specimen data using
surgical specimen data in future analyses of biopsy
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Figure 3 Genes expressed differentially between F3-4 cases with and without HCC. The red and blue colors indicate relative extent of gene
overexpression and underexpression, respectively, with darker colors indicating larger differences. HCC, hepatocellular carcinoma; H2AFX,
H2A histone family member X; GAA, glucosidase alpha acid; PFKFB1, 6-phosphofructo-2-kinase/fructose-2, 6-biphosphatase 1; IDUA,
iduronidase alpha L; MMPL1, matrix metalloproteinase-like 1; ATP4B, ATPase H+/K+ exchanging beta polypeptide.
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specimens in clinical practice. Our study also has the
limitation of a small sample size, which should be resolved
in future studies. In addition, the size of the microarray
used was not sufficient for genome-wide screening. Thus,
large-scale analyses should be performed in the future.

In summary, we identified genes associated with fibrosis
progression and hepatocarcinogenesis in patients with chronic
HCV. Using this information, we hope, in the future, to be
able to detect increased carcinogenic potential in the livers
of patients with HCV infection.
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