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Hepatitis C virus (HCV) infection is a major risk factor for developing hepatocellular carcinoma (HCC), a life-threatening sequel.
However, the factors that affect disease progression to HCC have not been thoroughly elucidated.

Genetic polymorphisms in pro-inflanmatory cytokines, the interleukin-1 (IL-1) family (L-1p and IL-1ra) and twmor necrosis
factor-o (TNF-o), were studied in 274 Japanese patients with chronic HCV infection and 55 healthy individuals, using standard
polymerase chain reaction-based genotyping techniques. The association between these polymorphisms and disease status was evaluated,
while controlling for confounding clinical variables.

The proportion of HCC patients with the IL-13-31 T/T (55%, odds ratio to C/C was 2.63, p=0.009) genotype was higher than that
with the T/C (44%, odds ratio to C/C was 1.64, p=0.149) and C/C genotypes (35%). The IL-1B-31 and -511 loci were in near-complete
linkage disequilibrium, and the IL-18-511/-31 haplotype C-T was significantly associated with the presence of HCC (odds ratio of 1.51,
7=0.02). Polymorphisms in the TNF-a. gene were not associated with disease. A multivariate analysis revealed that the IL-18-31 T/T
genotype, alpha-fetoprotein >20 pg/L, presence of cirthosis, male sex, and age >60 years were associated with the presence of HCC, at
odds ratios of 3.73 (T/T vs. C/C), 4.12, 4.03, 3.89, and 3.27, respectively.

In conclusion, IL-18-31 genotype T/T and IL-18-511/-31 haplotype C-T are associated with the presence of
HCC in Japanese patients with chronic HCV infection.
F—0—F
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INTRODUCTION

It has been estimated that more than 170 million people worldwide, about 3% of the world’s population, are chronically infected
with hepatitis C virus (HCV).! The majority of individuals with persistent infection develop chronic hepatitis, which can progress to
cirthosis™® or hepatocellular carcinoma (HCC).* Recent epidemiological data clearly show a significant increase in the incidence of HCC,
even in developed countries The risk for developing HCC increases with the severity of inflammation and fibrosis® %" However, the
host genetic factors that affect the clinical outcome remain unclear.

Cytokines, as products of the host response to inflammation, play an important role in defense against viral infections. However,
in HCV infection, they may play a prominent role in liver damage.">® Interleukin-1f (IL-1B) and tumor necrosis factor (TNF)- are key
cytokines in the inflammatory response.*'> During inflammation, IL-1B mediates the immune response by inducing the expression of
many other genes, either by initiating their transcription or by stabilizing their mRNA,; these important genes include proinflammatory
cytokine genes such as TNF-c..'® In fact, serum levels of both cytokines are elevated in patients with chronic hepatitis C,'™® suggesting their
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role in mflammation of the liver,

Several polymorphisms of the IL-1 gene that are thought to affect IL-1f production have been reported*? In Caucasians
infected with Helicobacter pylori, the IL-18-31C/IL-13-511T haplotype and the IL-1RN (encodes interleukin 1 receptor antagonist, IL-1ra)
allele 2 (IL-IRN*2) have been associated with an increased risk of gastric cancer?*”' IL-1RN*2 has been related to enhanced IL-1p
producu'on,22 inflammatory bowel disease, 2?* and autoimmune diseases> %

Six diallelic polymorphisms in the TNF-o promoter region, which are thought to affect TNF-o. production, have been reported, at
positions -1031, -863, -857, -376, -308, and -238.1*""2 A variety of infectious diseases and inflammatory disorders are associated with the
TNF-0.-308 allele.'” In a British population, the TNF-c.-308A allele was associated with susceptibility to type 1 autoimmune hepatitis*
This polymorphism in liver transplantation donors influences the inflammatory response to HCV re-infection of grafis and causes
accelerated graft injury.*® Moreover, it was recently reported that the -376 allele, which affects OCT-1 binding to the TNF-c promoter
region, was associated with increased susceptibility to cerebral malaria® Polymorphisms at -1031, -863, and -857 have been positively
associated with susceptibility to Crohn’s Disease and its location®

In this study, we evaluated the association between these genetic polymorphisms and the development of HCC.

PATIENTS AND METHODS
Patients
Of consecutive Japanese patients with chronic HCV infection who consulted the outpatient clinic of the University of Tokyo
Hospital between November 2000 and January 2001, we studied 274 patients (172 men and 102 women, 25 to 79 years old, with a median
age of 61 years) whose genomic DNA was available after obtaining written informed consent for genotyping. As controls, 55 healthy
Japanese volunteers (48 men and 7 women, 24 to 53 years, with a median age of 31 years) without any history of liver disease were
enrolled in the study after obtaining informed consent. We also obtained approval from the institutional ethics commiitiee.

All patients were positive for HCV antibody by the second-generation enzyme immunoassay (Ortho Diagnostics, Tokyo, Japan),
and HCV RNA was measured using the Amplicor HCV assay version 1 (Roche, Tokyo, Japan), all patients were negative for hepatitis B
surface antigen (Abbott Laboratories, North Chicago, IL). HCV genotypes were determined using a genotyping assay (SRL Laboratory
Co., Tokyo, Japan). Any patient with an ethanol intake of 80 g/day or above for more than 10 years was considered to have a positive
history of alcohol abuse. The following clinical parameters of patients were obtained at the time of whole-blood collection: age, gender,
history of blood transfusion, serum albumin level, serum total bilirubin level, serum alanine aminotransferase (ALT) level, serum alpha
fetoproten (AFP) leve), prothrombin time, platelet count, and serum viral load measured by the Amplicor-HCV monitor assay (Roche).
Liver biopsies were performed in 180 patients within 6 months, and diagnosis of liver cirrthosis was made based on liver histology
according to the criteria of Desmet™® and Scheuer et al® In patients without biopsy specimens, diagnosis of cirrhosis was based on the
presence of clinical manifestations of portal hypertension (e.g., varices, encephalopathy, or ascites), biochemical abnormalities (elevated
serum bilirubin, decreased serum albumin, or prolonged prothrombin time), and obvious morphological change of the liver detected by
hepatic imaging (e.g., ultrasonography, computed tomography, arteriography, or magnetic resonance imaging). Diagnosis of HCC was
made by several imaging modalities and confirmed histologically by sonography-guided fine needle biopsy specimens in all 125 patients.

Al patients were proved not to have other cancers in an initial screening examination.

Polymorphism Genotyping

Genomic DNA was extracted from 100 l of whole blood using a SepaGene kit (Sanko Junyak, Tokyo, Japan) according to the
manufacturer’s instructions. Extracted DNA was dissolved in 20 pl of Tris-HCI buffer (10 mM, pH 8.0) containing 1 mM EDTA, and
stored at -30°C until use. The biallelic polymorphisms for IL-18 and TNF-o. were determined by direct sequencing of an amplified gene
fragment of each gene.

To determine -31 C/T polymorphisms of the IL.-13 promoter, a 240-bp fragment of the IL-1p promoter was amplified by the
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polymerase chain reaction (PCR) using extracted genomic DNA as a template. PCR was performed as previously described” using Ready--
To-Go PCR beads (Amersham Pharmacia Biotech, Uppsala, Sweden) and primers L-1B-31-F (sense primer, nt -134 to -115, 5~AGA AGC
TTC CAC CAA TAC TC-3") and L-1B-31-R (antisense primer, nt 485 to +104, 5~AGC ACC TAG TTG TAA GGA AG-3). The
thermocycling conditions were as follows: 94°C for 10 min; then 5 cycles of 94°C for 30 s, 65°C for 30 s, and 72°C for 30 s, then 30 cycles
of 94°C for 30 s, 60°C for 30's, and 72°C for 30 s, then 5 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s. For single-nucleotide
polymorphism (SNP) determination, direct sequencing was performed bi-directionally using 10 ng of QIAquick Spin (Qiagen, Hilden,
Germany)-purified PCR product, either the sense or antisense PCR primer, and the BigDye Terminator Cycle Sequencing Ready Reaction
(PE Applied Biosystems, Foster City, CA), followed by detection on an AB] 310 automated sequencer (PE Applied Biosystems) >

To determine -511 C/T polymorphisms of the IL.-18 promoter, a 155-bp fragment of the IL-1p promoter was amplified using the
same protocol used to determine IL-18-31 polymorphisms with the primers L-1B-511-F (sense primer; nt -600 to -581, 5-GCC TGAACC
CTG CAT ACC GT-3) and L-1B-511-R (antisense primer, nt -465 to -446, 5“GCC AAT AGC CCT CCC TGT CT-3"). Then, SNP was
determined as mentioned above.

To determine the variable number tandem repeat polymorphism in intron 2 of IL-1RN, this site was amplified using the protocol
for determining IL-1p -31 and -511 polymorphisms with primers L-1B-RN-F (sense primer, nt +12472 to +12488, 5-CCC CTC AGC
AAC ACT CC-3") and L-1B-RN-R (antisense primer, nt +12897 to +12913 in allele 1 genotype, 5“GGT CAG AAG GGC AGA GA-3).
After amplification, the amplicon was visualized on a 12.5% polyacrylamide gel with appropriate size markers. Five alleles were assigned
based on amplicon size: allele 1 (4 repeats) 442 bp, allele 2 (2 repeats) 272 bp, allele 3 (3 repeats) 357 bp, allele 4 (5 repeats) 532 bp, and
allele 5 (6 repeats) 627 bp,

To determine -238 G/A, -308 G/A, and -376 G/A polymorphisms of the TNF-o. promoter, a 691-bp fragment was amplified by
PCR similarly using primers TNFA-1 (sense primer, nt -584 to -566, 5“GCT TGT CCC TGC TAC CCG C-3") and TNFA-2 (antisense
primer, nt +88 to +106, S-GTC AGG GGA TGT GGC GTC T-3"). The thermocycling conditions were as follows: 94°C for 10 min; then
35 cycles of 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min; then 72°C for 10 min. For SNP determination, direct sequencing was
performed bi-directionally using the sequencing primers TNF-forward-472/TNF seq-452 (sense primer, nt 472 to 452, 5“TTT TCC CTC
CAA CCC CGT TT-3") and TNF-reverse-138 (antisense primer, nt -157 to -138, 5“TTC TGT CTC GGT TTC TTC TC-3).

To identify -857 G/A; -863 G/T, and -1031A/G polymorphisms of the TNF-a promoter, a 1042-bp fragment of the TNF-
a promoter was amplified using the same protocol to determine the three proximal polymorphisms of TNF-cusing primers TNF-2-F
(sense primer, nt ~1229 to -1209, 5-GCT TGT GTG TGT GTG TCT GG-3") and TNF-2-R (antisense primer, nt —207 to —188, 5-GGA
CAC ACA AGC ATC AAG GG-3"). SNP was determined as mentioned above, using the sequencing primers TNF-2-F (sense primer, nt
-1229 to —1209, 5~GCT TGT GTG TGT GTG TCT GG-3'j and TNF-2-seq (antisense primer, nt —781 to —761, 5TGT GGC CAT ATC
TTCTTAAA-3).

Statistical analysis

We calculated the statistical power required to detect the effect of an SNP on the risk of harboring HCC using a multivariate
logistic regression model including other known risk factors for HCC. The SNP status was assigned a continuous value of X =0, 1, or 2,
which represent homozygous for an allele, heterozygous, and homozygous for a different allele, respectively. The required sample size, »,
for the multivariate logistic regression analysis was calculated using the following formula:*

1n=Zan+ 215 TP(L - P (1 -R)]
where Z, is the upper u” percentile of the standard normal distribution, P is the proportion of patients with HCC when X
= 1 (we used 0.44 from Table 3), B* is the effect size of an SNP, and R’ is the multiple correlation coefficient relating X
with the other covariates (we used 0.009 from our data), which were the following four factors, based on previous
studies: the presence of cirrhosis, male sex, high serum AFP level, and older age.***®* When the effect size of an SNP was

assumed to be 0.69, which corresponds to an odds ratio of 2, the required sample size was 75 or 100 for statistical powers
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of 80 or 90%, respectively. When the effect size of an SNP was assumed to be 1.39, which corresponds to an odds ratio
of 4, the required sample size was 18 or 25 for statistical powers of 80 or 90%, respectively. Based on these calculations,
our sample size was sufficient when the odds ratio of an SNP exceeds 2.

Fourteen clinical parameters (Table 1) were evaluated to determine an association with the presence of HCC using the #test, the
Meann-Whitney U-test, and the x? test. The association between the genotype of each locus and the presence of HCC was evaluated using
the %* test. The Cochran-Armitage test was used to test for trend. Possible confounding effects among these variables were adjusted using a
multivariate logistic regression model, and odds ratios and 95% confidence intervals were calculated. A two-tailed p<0.05 was considered
significent. All these data analyses were performed using SPSS ver. 10.0 (SPSS Inc., Chicago, fL, 1999). Hardy-Weinberg equilibrium of
alleles at individual loci was evaluated using the program HWE (fip:/linkage.rockefeller.edu/sofiware). The haplotype frequencies for pairs
of alleles were estimated using the software EH for estimating haplotype frequencies (fip:/linkage.rockefelleredw/sofiware). Linkage
disequilibrium coefficients D*=D/Dyn o mac Were calculated using the program 2BY?2 (fip:/linkage.rockefelleredu/software).

RESULTS
Patient characteristics
As shown in Table 1, there was no significant difference in alcohol abuse, history of blood transfusion (BTF), time from BTF,
HCV genotype, or viral load between the patients with and without HCC. In patients with HCC, age, the proportion that were male, the
proportion of patients with cirthosis, serum total bilirubin level, serum ALT level, and seram AFP level were higher, and serum albumin
level, prothrombin time, and platelet count were Jower than in patients without HCC.

Polymorphisms in the J1L-1 and TNF-a. genes

The alleles at the individual IL-1f, IL-1RN, and TNF-o loci were in Hardy-Weinberg equilibrium in both patients and controls
(»>0.15 for all loci except TNF-t-857, p>0.30 for the IL-1p loci, data not shown). The genotype frequencies in the patients without HCC
were similar to those of healthy controls (Table 2). The proportion of the T/T genotype of IL-1B-31 in patients with HCC (36%) was higher
than in patients without HCC (25%) and healthy controls (20%) (Table 2). Of the patients with IL-18-31 T/T, C/T, and C/C genotypes, 55,
44, and 35% had HCC, respectively. Having a T allele gradually increased the proportion of patients with HCC (p=0.02). The IL1-B-31
genotypes T/T and C/T increased the risk of harboring HCC compared to genotype C/C with odds ratios of 2.63 (95% CI: 1.27-5.43,
p=0.009) and 1.64 (95% CI: 0.84-3.19, p=0.149), respectively. The attributable risks of IL-1B-31 genotype T/T to C/T and T/T to C/C were
9 and 20%, respectively.

The frequency of the IL-1f-31 allele T in patients with HCC (61%) was higher than that in patients without HCC (51%), with an
odds ratio of 1.49 (95% CI: 1.10-2.33, p=0.02). Significant linkage disequilibrium was observed between the IL-1B-31 and -511 loci with
linkage disequilibrium coefficients of near 1.00 (complete linkage disequilibrium, data not shown). In both patients and controls, the major
haplotypes of IL-1-511/-31 were C-T and T-C. The estimated frequency of the IL-1B-511/-31 C-T haplotype in the patients with HCC
(61%) was higher than in the patients without HCC (50%) with an odds ratio of 1.51 (95% CI: 1.01-2.01, p=0.02), which was nearly the
same as that of the IL-1B-31 allele.

For other loci, including IL-1RN and six polymorphic sites of the TNF-c promoter gene, there was no difference between the
patients with HCC and those without HCC (Table 2). For IL-1RN and the six loci of the TNF-a promoter gene, we found no association
with the presence of HCC.

Factors associated with presence of HCC in HCV-infected patients

TheIL-1B-31 genotype (7=0.04), age >60 years (p<0.001), male (p=0.002), the presence of cirrhosis (p<0.001), serum alburnin level <3.9
g/dL (p<0.001), total bilirubin >0.7 mg/dL, (7=0.04), AL T >80 U/L (p=0.043), AFP >20 ug/L (p<0.001), prothrombin time <70%
(p<0.001), and platelet count <12.5x 10 juL. (p<0.001) were significantly associated with the presence of HCC by the” test. To evaluate
the effect of the IL-1B-31 polymorphism on the presence of HCC, a stepwise multivariate logistic regression analysis was performed using
these fourteen variables. Five variables (IL-1§8-31, serum alpha fetoprotein level, presence of cirthosis, male, and age) were included in the
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final model with odds ratios of 3.73 (T/T vs. C/C), 4.12 (>20 pg/L vs. <20 pg/L), 4.03 (presence vs. absence), 3.89 (male vs. female), and
3.27 (age>60 vs. <60 years) (Table 3), respectively.
DISCUSSION

In this study, we identified a presumed genetic marker for susceptibility to hepatocarcinogenesis in patients with chronic HCV
infection. Our results showed an effect of the I.-1B-31 polymorphism on the association with HCC, after controlling for other confounding
clinical parameters. In our result, the genotype frequencies in patients with cirrhosis, but without HCC, were similar to those in patients
without cirrhosis and HCC (the frequencies of the IL-1p-31 T/T genotype in these two groups were 24 and 25%, respectively), suggesting
that this polymorphism is not as strongly associated with the presence of cirrhosis.

Our results showed that the proportion of patients with HCC gradually increased from IL-1p-31 genotype C/C to C/T to T/T. In
addition, IL-18-31 allele T was significantly associated with the presence of HCC. Based on these results, we can assume a codominant
model, that is, one T allele increases the risk of having HCC, and two T alleles further increase the risk.

We showed that IL-1B-31 nd -511 were in near-complete linkage disequilibrium, as observed previously,**"* indicating that
one or both of these loci may functionally affect HCC development in patients with chronic HCV infection. The IL-1-31 polymorphism,
which mvolves a TATA box, is reported to affect lipopolysaccharide-induced IL-1B production by modifying DNA-protein interactions 2%
It is an attractive hypothesis that the IL-18-31 T allele enhances IL-1f production in the liver, and induces hepatocyte damage that may
finally lead to HCC development. However, El-Omar et al. reported that the T allele was inversely cormrelated with the risk of gastric
cancer.®? IL-18-511 might also be associated with hepatocarcinogenesis, although it does not alter DNA-protein binding activity.® Thus,
the implications of IL-1f genetic polymorphism in HCC development require further functional analysis. IL-1p is also reported to atterruate
interferon-induced antiviral activity,® and is assumed to be closely associated with the pathogenesis of chronic hepatitis C.  Conversely, we
must consider the possibility that TL-18-31 and -511 are simply in a state of linkage disequilibrium with another unknown functional locus.

A homozygous IL-1RN allele 2 (IL-IRN*2) is observed in 10 to 30% of the Caucasian population, and the 2/2 genotype is
associated with hypochlothydria and gastric cancer®? By contrast, we found that the IL-1RN*2 allele was less common in Japanese
individuals (heterozygotes; 5 to 9%, homozygote; 0 to 2%).

It has been reported that in Japanese patients with alcoholic liver disease, IL-1p-511T/T (i.e, —31C/C) is found significantly more
frequently in patients with cirrhosis (15.6%) than in those without cirthosis (9.2%).* However, we found no association between the IL-18
genotype and cirrhosis using logistic regression analysis. This may be explained by the difference in the pathogenesis of C-viral and
aleoholic cirthosis.

There is accumulating genefic evidence on the progression of HCC, which involves mutations in p53 or p-catenin, " loss of
heterozy gosity,®** and hypermethylation of the 14-3-3 sigma gene.** However, none of these factors fully explain its pathogenesis, due to
the multistep and heterogeneous nature of hepatocarcinogenesis. Recently, genetic polymorphisms of the uridine S-diphosphate-
glucuronosyltransferase (UGT1A7) gene were found to be associated with HCC in Germany. ¥’

The serum albumin, total bilirubin, and alanine aminotransferase levels, and the prothrombin time and platelet count affected the
presence of HCC in the univariate analysis. However, these parameters did not remain factors in the multivariate model, due to the marked
confounding effect of the parameter ‘presence of cirthosis’. Although alcohol intake is well known to increase the risk of HCC, we did not
find any association between alcohol intake and HCC. This may be because there were fewer alcoholics in our cohort compared to other
studies

In our final multivariate logistic regression model, the odds ratios of covariates other than IL-18-31, AFP, presence of cirthosis,
sex, and age, were similar to those of previous studies****** When we introduced interaction terms between IL-18-31 and the other
covariates in our model, none of them significantly improved the fit of the model, indicating that the IL-18-31 genotype has an independent
effect on the presence of HCC.
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Some TNF-o. polymorphisms enhance the production of TNF-a, and are associated with a variety of infectious diseases and
inflammatory disorders!® However, we could not find any association between TNF-a polymorphisms and the presence of HCC.
Therefore, we concluded that IL-18-31 genotype T/T and IL-1B-511/-31 haplotype C-T were associated with susceptibility to HCC in
Japanese patients with chronic HCV infection.

Despite the limitations of a cross-sectional study, our analyses showed an obviously prominent effect of the IL-18-31 T/T
genotype and IL-18-511/-31 haplotype C-T on the risk of HCC. Since many patients are referred to our hospital for the treatment of HCC,
our study population may be biased towards having HCC or cirrhosis. However, our multivariate mode! included most of the previously
reported risk factors for HCC plus IL-1f polymorphism. This implies that our result can be generalized to the Japanese population. The
uncertainty of the odds ratios arising from the study design might be resolved in a subsequent controlled frial. Nonetheless, it is noteworthy
that the association between genetic polymorphism and HCC was completely independent of the presence of cimhosis. This IL-1p-31
genotype host factor might be used as a marker to identify a subgroup at higher risk of HCC in Japanese patients with chronic HCV
infection.
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