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Abstract

Background: In hepatocellular carcinomas (HCCs), frequent alelic loss on
chromosome 1p has been reported. Using linkage analysis on multiplex families, a
HCC-susceptibility locus has been mapped to a broad region of chromosome
1p32.2-36.1.

Materials and Methods: Here we have used a positional candidate gene strategy,
based on association mapping with single nucleotide polymorphisms (SNPs) on 19
candidate genes within the linked region among 240 families with HCC, followed by
a case-control analysis involving an independent set of 855 cases and 875 controls.
Significance of the association was assessed by the false-discovery rate q value,
which accounts for multiple testing.

Results: In the family sample, we observed ésignificant association between HCC
and five single-nucleotide polymorphlsms (SNPs) in"a haplotype block by using the
pedigree disequilibrium test. SNP 13, Iocated in the 3'.untranslated region (UTR) of
the retinoblastoma binding protéin 4 (RBBP4) gene, showed the strongest evidence
(nominal P=0.0047; empirical P:d.0025; g=0.0188). Further case-control analysis
confirmed the genetic association between SNP13 and HCC, and identified additional
two SNPs in the same haplotype block. The C alele (minor alele) of SNP13
conferred an increased risk for HCC (odds ratio [95% confidence interval]: 1.36
[1.11-1.65] for heterozygotes; 1.29 [0.90-1.84] for homozygotes ). SNP13 and two
neighboring SNPs fell on a common haplotype (‘C-A-C' at SNP13-SNP14-SNP15),
which was also associated with an increase risk of HCC.

Conclusion:

SNP13 was consistently associated with HCC in both family and case-control sample.

Key words. Positional candidate gene approach ~ family study - case-control
study -~ association study ~ HCC susceptibility gene
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumor
worldwide (1). Persistent viral infections with hepatitis B virus (HBV) and/or
hepatitis C virus (HCV) have been well documented as the most important etiol ogical
factors for HCC (2). In Taiwan where HCC incidence is high, the annual
age-standardized incidence rate and mortality rate of HCC are 37.99 and 26.93 per
10° people, respectively (3). The population-attributable risk percentage was estimated
as approximately 70% for HBV surface antigen (HBSAQ) carrier status in Taiwan (4).
Other environment risk factors, such as alcohol drinking, cigarette smoking, and
dietary exposure to aflatoxins, have aso been implicated in the etiology of HCC (5).
They occur widely, and may modulate the risk of :-developing HCC associated with
hepatitis virus infection (6, 7). |

Besides environmental risk factors,'x:t__igmi.ly history, has also been associated with
an increased risk for HCC. According to a previous large-scale cohort study of 4808
male HBV surface antigen (HB;Ag). carriers,. a first-degree family history of HCC
was statistically significantly associated with the incidence of HCC even after
controlling other potential confounders (8). This finding suggests a rationale for
studying the genetic component of HCC.

There have been many candidate gene association studies carried out with the
use of the case-control study design. These include genes involved in the metabolism
of xenobiotic carcinogens (9-12), androgen signaling (13), immunity (14), DNA
repair (15), tumor-suppressor function (16), and liver regeneration (17). However,
only alimited number of functional genetic variants as far have been identified to be
associated with HCC. This highlights the importance of finding additional

susceptibility genes by use of explorative approaches.



Genome-wide association (GWA) is increasingly a method of choice for
systematic evaluation of genetic variants in complex disease (18). GWA studies are
attractive because they do not rely on a prior knowledge of gene function. However,
cost is dill prohibitive for this approach. Linkage analysis and subsequent
identification of causal genetic variants by association mapping provide an alternative
approach.

Loss or gain of DNA fragments is critical in the pathogenesis of cancer. Using
the Genome Imbalance Map (GIM) agorithm, which simultaneously detects DNA
copy number alterations and loss of heterozygosity (LOH) events, it has been reported
that gains of 1q, 5p, 5q, 6p, 79, 89, 179 and 20q, and LOH of 1p, 4q, 69, 8p, 10q, 13q,
16p, 16g and 17p were significantly associated with HCC (19-22). Among these
common genetic alterations; over 30% of reported HCCs display allelic loss on
chromosome 1p. Tumor with this deleti og_@owed an association with the early stage
of liver carcinogenesis, suggesting a b-i’bl.ogical role ‘for this deletion in tumor
development (23). The common 'LC_)'H region-was mapped to 1p35-36, which is the
consensus LOH locus in neuroblastomas(24,'25). LOH at 1p36 was associated with
age at diagnosis and high-risk disease features, such as metastatic disease,
unfavorable histopathology, and MYCN oncogene amplification in neuroblastoma
patients (26).

To pinpoint the HCC-susceptibility locus on chromosome 1p, a linkage study of
71 Taiwanese multiplex families has been performed. The positive linkage findings
appeared to be dispersed across 1p32.2-36.1 (27). In this region, there are 652
annotated genes (National Center for Biotechnology Information [NCBI]). The
linkage region is large, extending over the 28 Mb between D1S1622 and D1S2742.

Severa approaches have been undertaken to identify susceptibility genes located in



linkage regions (28). We used the positional candidate gene strategy involving both
family-based association analysis and case-control analysis. Candidate genes were
chosen on the basis of their proven or suggested functional involvement in the
pathogenesis of cancer. To our knowledge, of these, only mutY homolog (E. coli)
(MUTYH) (29) and v-myc myelocytomatosis viral oncogene homolog 1, lung
carcinoma derived (avian) (MY CL1) (30) have previously been tested for a genetic

association with cancer.



Materialsand Methods
Sudy Design

We initially used the family sample to identify SNPs associated with transmission
disequilibrium of HCC. Then an independent set of case-control sample was used to seek
supportive evidence for association findings discovered by the family sample.
Family data set

During 1997-2005, inpatients of HCC diagnosis at four mgor medical centers in
northern Taiwan (National Taiwan University Hospital, Chang-Gung Memorial Hospital,
Mackay Memorial Hospital, and Taipei Veterans Genera Hospital were recruited as
probands. The diagnostic criteria of HCC was confirmed by: [1] either histological or
cytological finding or [2] increased serum @ -fetoprotein (AFP) (= 400 ng/ml)
combined with at |east one positive image on sonography, .angiography, or/and computed
tomography. B>

Families were collected through family-;istory questi onnaire inquired from probands.
Family members of probands were iﬁfor-med about:the study, and those who were willing to
participate in this study by clinical evaluation and questionnaire interview were recruited.
There are 240 families in this data set, which consisted of 1,059 individuals (290 affected
and 769 unaffected individuals) from 166 singleton families and 74 multiplex families.
I ndependent case-control data sets

HBsAg positive, male HCC cases were selected from the database of proband
patients recruited from three hospitals: National Taiwan University Hospital,
Chang-Gung Memoria Hospital, and Taipei Veterans General Hospital. The source of
controls involved: [1] a cohort of male HBsSAg carries follow-up study (31), in which
subjects were recruited from Government Employee Center Clinics between 1988 and

1992 during regular health examinations and have been followed for incident HCC by



periodical clinical evaluate since 1997; [2] Outpatients who attended a specia clinic for
routine follow-up of HBsSAg carries at Chang Gung Memoria Hospital. An essential
inclusion criterion for eligible control subjects is ALT measured at two or more visits
with an interval between visits at least one year, and sustained ALT normality. The
control subjects were 1:1 frequency matched to case patients by sex, ethnic background
(depend on patients parental ethnicity) and birth year (within 5 years). There are 855
cases and 875 controlsin this data set.
Questionnaires and DNA collection

Personal information was collected from medical records and interviews, which
were carried out by trained research assistants. All participants signed informed consent
form, and were asked to donate a 10 mL of._ bleod sample and provide personal
information according to a structured guestionnaire; including items of socioeconomic
demographic characteristics, lifestyle habi.t.s;fg:q.pérsonal énd family medical histories of
major chronic diseases. A

Genomic DNA was extracted ff'ro_rh peripheral«white blood cells or buccal brush
samples (1145 cases and 1644 controls) by use.of QLAamp DNA Blood Mini kit (Qiagen,
Hilden, Germany) according to a standard protocol.
Positional candidate gene approach

The linkage region 1p32.2-36.1 is large, extending over 34.7 cM, which comprises

652 (115 found in OMIM (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim) record

(32)) annotated genes at NCBI website (http://www.ncbi.nlm.nih.gov). To identify the
HCC-susceptibility gene at 1p32.2-36.1, positional candidate genes were selected. These
genes were chosen by mining various database sources, including OMIM and

OncoDB.HCC (http://oncodb.hcc.ibms.sinica.edu.tw) (33), based on their expression in

the liver or their roles in carcinogenesis and/or hepatocellular carcinogenesis. A total of



19 candidate genes were thus selected (Table 1).
| dentification of SNPs

At thefirst discovery stage, we selected at least one SNP in the intragenic sequences
of each of the 19 candidate gene (Table 4). We identified SNPs with minor allele

frequencies (MAF) =0.1, that were both informative (i.e,, tagSNPs) and of high

functiona significance. SNPs with potential functions were selected from exonic/UTR

regions from NCBI website and/or from PupaSuite (http://pupasuite.bioinfo.cipf.es) (34).

We selected a second series of SNPs to validate the initia results upon finding
significant SNPs. SNPs investigated at this stage were tagSNPs selected through use of

QUIckSNP  (http://bioinformoodics.jhmi.edu/quickSNPpl) (35), PupaSuite and/or

HapMap (http://www.hapmap.org/) (36), based on r%30.8. Only SNPs with a MAF =

0.05 in Asian population were selected(Table 4)._ Finally, there were 11 tagSNPs selected.
Genotyping | “‘-=

SNP genotyping was used real-time polgz'fmerase chain reaction (PCR), which was
performed on ABI Prism 7900HT éequence detecti on system (Applied Biosystems). All
probes of SNPs were designed form custom TagMan® SNP genotyping assays. Each
real-time PCR reaction (5 pL in total) comprised 2 pL genomic DNA, 2.5 pL TagMan®
Universal PCR Master Mix Buffer, 0.08 pL TagMan probe, and 0.42 pL ddH.O.

Amplification was performed using the following conditions; 50 cycles of 50°C for 2

min, a 95°C for 10 min, at 95°C for 15s, and at 60°C for 1.5mins.

Genotypes were checked for Mendelian inheritance inconsistency using the
PedCheck software (37). Families with Mendelian inheritance inconsistencies were
dismissed from subsequent analysis.

Satistical analysis

Family-based study



Both the pedigree disequilibrium test (PDT) and family-based association test

(FBAT) were used. The PDT test was performed with the UNPHASED software version

2.404 (http://www.mrc-bsu.cam.ac.uk/personal /frank/software/unphased/) (38), while the
FBAT was carried out with the FBAT software version 1.7.3

(http://www.biostat.harvard.edu/~fbat/fbat.htm) (39). We used haplotype FBAT (HBAT)

(40) and UNPHASED software to examine associations between haplotypes and HCC.
For all association anayses in UNPHASED software, we calculated both nominal P
values and empirical P values that derived from 10000 simulating replicates. Significance
of the association was assessed by the false-discovery rate q value, which accounts for
multiple testing.

LD and R?

The Haploview software version A1 (http://wwwebroad.mit.edu/mpg/haploview/) (41)
was used to compute pair-wise Iinkag(;f '&L@_ui.librium. (LD) (measured as Pearson
correlation coefficient (r%) and predict hapl otype block. In.order to evaluate whether a set
of tagSNPs within a block we cﬁdse_h, the 'squared, correlation coefficient R.? were
calculated by use of the program tagSNPs.exe (42).

Case-control analysis
All SNPs were checked for Hardy-Weinberg equilibrium (HWE) in the control group

by use of the PowerMarker softwareversion 3.25 (http://statgen.ncsu.edu/powermarker/)

(43). The y*test and unconditional logistic regression model were used to analyze the

relationships between genotypes or haplotypes and HCC and to calculate the odds ratios
(ORs) and their 95% confidence intervals (Cls). All the analyses were conducted with use
of the SAS version 9.1 (SAS Ingtitute, Cary, NC) software package.

Joint Analysis

To increase dtatistical power and re-confirm association findings, we further



performed joint linkage and association analyses of a panel of 6 SNPs in the implicated

region using the software packages Linkage and Association Modeling in Pedigrees

(LAMP) version 0.0.9 (http://www.sph.umich.edu/csg/abecasis/lamp/index.html) (44)

and Pseudomarker version 1.0.5 (http://www.helsinki.fi/~tsuntun/pseudomarker/) (45).

In this analysis, the family sample and the case-control sample were combined.
Survival analysis

Survival was calculated from the date of hospital admission to the last reported
search for death entries (December 31, 2005) in the national death certification system.
Patients whose causes of death were not due to HCC or cirrhosis were censored in the
survival analysis. The Kaplan-Meler method was used to generate survival curves, and
the log-rank test (or Wilcoxon test) was used to compare survival curves between groups.
Hazard ratios (HRs) were calcul ated by use of the'Cex regression model with adjustment
for age, AFP level, number of lesions, cigérégtﬁze__éfﬁoki ng, énd alcohol consumption. Data

analysis was performed with the SAS version 91 (SAS Ingtitute, Cary, NC).



Results

Characteristics of study family

There were 166 singleton families and 74 multiplex families. The characteristics of
the 240 families are presented in Table 2. A total of 290 affected and 769 unaffected
individuals were genotyped. The median age at diagnosis of HCC was 44 (range: 16-73)
years. Among affected individuals, 87.9% were HBsAg positive and 11% were anti-HCV
positive. Among unaffected individuals, 37.8% were HBSAg positive and 3.6% were
anti-HCV positive. In addition to HBsAg positivity (P<0.0001) and anti-HCV positivity
(P<0.0001), affected individuals also had a significantly higher prevalence of smoking
(P<0.0001) and alcohal abuse (P<0.0001) (Table 2).
Characteristics of an independent set of case and control subjects

All subjects were HBsAg positive..The median_ age at diagnosis in cases was 51 years

(range: 18 — 73 years). Cases (78.1%) were slr;ghtly more likely than controls (73.1%) to
be Fukien Taiwanese (P=0.0172). Fifteen peréent of the cases had a first-degree relative
with HCC, while the correspondi ngff.igu.re is'only-6.2% in controls (P<0.0001). Like the
family sample, the prevalence of anti-HCV positivity (P<0.0001), cigarette smoking
(P<0.0001), and acohol consumption (P<0.0001) was significantly higher in the cases
than in the controls (Table 3).
Characteristics of SNPs

At the first discovery stage, a total of 25 SNPs with a MAF>0.05 were selected by

using in sglico anaysis of multiple websites, including PupaSuite, PolyPhen

(http://genetics.bwh.harvard.edu/pph/) (46) , and Sorting Intolerant From Tolerant (SIFT)

(http://blocks.fherc.org/sift/SIFT.html) (47). The selection of SNPs was prioritized on the

basis of potential function predicted. After laboratory analysis, Two SNPs (rs7264 and

rs3917980) were disregarded because of failing PCR. One (rs3134614) was excluded



from anaysis due to no polymorphism in our study population (Table 4). No SNPs
investigated were detected as departures from Hardy-Weinberg equilibrium by an exact
test in the family sample or case-control sample.
Family-based association analysis

Table 5 presents the results from FBAT and PDT with the use of al 33 SNPs
investigated. At the first stage of analysis with 22 SNPs, the PDT demonstrated strong
evidence of association with HCC for SNP13 (rs9851), located in the 3' untranslated
region (UTR) of the retinoblastoma binding protein 4 (RBBP4) gene (nominal P=0.0047,
empirical P=0.0025; g=0.0188). Weaker evidence of association was found for a second
SNP located within the 5’UTR of the aldo-keto reductase family 1 (AKR1A1) gene (for
SNP27: nominal P=0.0380; empirical P=0.0379). ._Tests based on FBAT generally yielded
lower level of significance (nominal P.values were.0.0343 and 0.0233 for SNP13 and
SNP27, respectively), although similar rw;xlté_gyeré observed.

Using al HapMap SNPs (httpiAwww.hapmap.ora/cai-perl/gbrowse/hapmap B36/)

with a MAF>0.05 derived from the Aéian samples (Figure 1), we found that SNP13
resides within a large haplotype block extending from 32.72 Mb to 32.86 Mb over an
interval of approximately 140 kb. To validate the initial association seen in the RBBP4
gene, we genotyped additional eleven tagSNPs in the implicated haplotype block, and
found that four other SNPs (SNP11, SNP14, SNP16, and SNP17) continued to show
evidence of association with HCC. Except one in RBBP4, three of these four
HCC-associated SNPs lie in the neighboring syncailin, intermediate filament 1 (SYNC1)
gene (Table 4).
Case-Control Study

To replicate the findings from the family-based association analysis, we tested 6

SNPs representative of the implicated haplotype block in a second sample involving a

10



total of 855 cases and 875 controls. Three SNPs (SNP13, SNP14, and SNP15) were
significantly associated with HCC. Notably, SNP13 was consistently associated with
HCC in both data sets, i.e., the family sample and the case-control sample (Table 6).
Joint analysis

Since analyzing one large data set has more power in detecting genetic association
for complex disease than is examining two smaller data sets separately as replication sets,
joint analysis with the six SNPs for the initial family sample and the independent
validation set of case-control sample combined was then performed. In the joint analysis,
SNP13 was highly significant, irrespective of using Pseudomarker (P=0.0021 for LD
under linkage; P= 0.0055 for joint linkage and LD) or LAMP (P=0.0086). Weaker
association was found for SNP15 (from Pseudom_arker: P=0.0158 for LD under linkage,
P= 0.0314 for joint linkage and LD;'from LAMP:.P=0.0570), which was in LD with
SNP13 (r*=0.60). For SNP14, while ho asoc[_qn on.with HCC was seen by Pseudomarker,
the LAMP method showed association with a-ﬁohi nal ‘P of 0.0340.
LD structure

Figure 2 illustrates the LD structure based onthe'6 SNPs genotyped for both data sets.

The 875 unrelated control subjects included in the case-control study were used for this
analysis. As can be seen, SNP13 was in LD with SNPs SNP11 (r’= 0.93), SNP12
(r*=0.55), and SNP15 (r’=0.60). This LD block extending from RBBP4 to SYNC1 and
overlapping the two genes.
Haplotype analysis

The results of haplotype analysis are presented in Table 8. Haplotypes 2C and 3C
were statistically significantly associated with HCC. The magnitude of the OR associated
with carrying one copy of HaplB-1C or Hap3C-3D was indistinguishable from that

associated with carrying the allele ‘C” for SNP13 (Table 6). We aso obtained a global P
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value for transmission disequilibrium of haplotypes within the same haplotype block of
0.7355 by the PDT (globa P=0.1324 from HBAT) (data not shown).
Survival analysis

Haplotype ‘C-A-C' a SNP13-SNP14-SNP15 was marginally significantly
associated with poor survival in the unselected cases that were included in the prior

case-control analysis and had a tumor size = 3 cm at hospital admission (P=0.0624).
After adjusting age (continuous variable), serum AFP level (=400 vs.>400 ng/mL),

number of lesions(solitary vs. multiple), cigarette smoking, and alcohol consumption, the
hazard ratio of disease specific mortality was 1.46 (95% Cl =1.00-2.13; P=0.0494) for
haplotype ‘C-A-C' as compared with other haplotypes. In contrast, no such association

was observed among unsel ected cases with atumor size> 3 cm (Figure 3).
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Discussion

The search of HCC-susceptibility genes has been largely limited to a candidate-
gene approach with the use of the case-control study design (11, 14, 17). The present
study is unique because we aimed to discover HCC-susceptibility gene(s) via a positional
candidate gene association study. Our study was motivated by a previous linkage study
using 37 microsatellite markers spanning 1p on 71 multiplex families. That study found
suggestive evidence of linkage in three regions: 1p35.3 (LOD score=4.14), 1p32.2-34.2
(LOD score=2.32), and 1p32.1 (LOD score=1.33) after adjusting for covariates including
age at onset, sex, HBV genotype, and/or HBV viral load (27).

By examining the associations between SNPs in 19 candidate genes which are
located within the linked region of 1p32.2-36.1 and HCC, we identified a SNP (rs9851)
in the 3'UTR of the RBBP4 gene aséociated with HCC. This association was initially
found by a family-based association stud)';;__-'g_/_v_hich can avoid bias due to population
stratification (48, 49). Following the initial study we attempted replication of the genetic
association of rs9851 with HCC in a caéecontrol study that comprised subjects with no
familia relationship between each other or with any of the families used in the family
sample. The case-control analysis yielded a consistent association, and estimated that
harboring the C allele of this SNP was associated with a 1.36 fold increase in the risk for
HCC.

SNP rs9851 maps to a 140 kb LD block containing four genes and sixty-three SNPs
with aMAF>0.05 listed in HapMap. In this LD block, four neighboring SNPs for rs9851
were also observed to be associated with HCC by the PDT. However, we have falled to
find an association between these SNPs and HCC in the case-control analysis, though we
identified two additional SNPs; one of which residesin the SYNCL1 gene.

The discovery of associations with different set of SNPs does not indicate

13



non-replication. Indeed, the association of disease with a single adlele in all data sets is
not a universal observation for complex diseases (50). Given that coverage of known
haplotypes encompassed 87% of alleles in the LD block, inconsistent results between
studies may be only due to the unequal power for different designs. Low-powered
attempts at replication conclude no evidence for association can be potentially misleading.
Thus, our finding of multiple significant SNPs identified within a same LD block either
with case-control study of unrelated subjects or with family-based association study adds
support to the hypothesis that there is probable existence of causal variantsin this region.
In this study, the most notable association with HCC was found for SNPs lying in or
flanking the 3 UTR of RBBP4 that overlaps SYNC1. Based on the gene-wide SNP
analyses, the FDR ¢ value for the associations f.pund in the RBBP4 gene ranged from
0.0188 to 0.0430, with 2 below the 0.2:thresholdRBBP4 was originaly identified as a
binding partner for the retinoblastoma proteiﬁug\_f)l, 52). Although itsrole in hepatocel lular
carcinogenesis has not been stressed in previo-ﬁ_s.investi gations, RBBP4 is a strong cancer
candidate gene because it has beenfs'ho_v'vn to be-invelved in severa areas of chromatin
metabolism, including nucleosome assembly ias well as histone modification, and other
important cellular processes (53, 54). Additionaly, it is suggested that RBBP4 regulates
cytoskeletal organization and morphology by increasing K-Ras activity and signaling
through mitogen-activated protein kinase (51). Expression of RBBP4 was found to be
dramatically reduced in cervical cancer-derived cells and human cervical cancer tissues.
Down-regulation of RBBP4 in cervical mucosa epithelial cellsis critical for determining
the transforming activity of human papillomavirus 16 in inducing cervical cancer (55).
We found that SNP rs9851 in the 3'UTR of RBBP4 gave the strongest evidence of
association with HCC. There was also some evidence of transmission disequilibrium with

SNPsthat werein LD with rs9851 in the PDT results or case-control analysis. Despite the

14



fact that rs9851 lies within a sequence conserved across different species, bioinformatic
prediction revealed that it did not have any known functions.

However, 3 UTR sequences are important for the regulation of transcript cleavage
and polyadenylation. Perturbations in 3'UTR-mediated regulation can lead to loss of
control over one or more genes (56). On the other hand, 3 UTRs are preferential target
sits for micro-RNA. Accumulating evidence suggests that genetic polymorphisms in the
JUTR may affect gene and protein expression. For example, a 3 UTR SNP in the
SLITRK1 gene strengthens an existing micro-RNA target binding site, thereby
amplifying the down-regulation of SLITRK1; this polymorphism has been associated
with Tourette syndrome (57).

Our study also has several limitations, First_, screening the candidate genes in the
linked region is substantial but not exhatigtive. Second, only one-to-two SNPs were used
at the discovery stage. Third, we|did nof-;;_ggfférm resequencing or type al of the
polymorphisms in the implicated LD block butlnstead relied on the LD between SNPs
a this location. Therefore, our stuﬁy _cbuld not-conclusively discount other genes or
genetic variants in 1p32.2-36.1, which may. Have contribution to the etiology of HCC.
Fourth, replication study is usually necessary for the confirmation of an association
finding. Only one of the 6 SNPs in the critical region was replicated in our data. This
finding suggests that a larger sample size would be required for reliable replication.
Finally, the case-control study was limited to men. Because there is a striking
male-to-female sex ratio of HCC incidence, it is worthwhile to examine the association

observed in this study among women.
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Table 1. Gene name and function of 19 candidate genesin this study

Gene

Comprehensive searching

Gene expression

Symbol Gene Name Known function (reference) i the liver Carcinogenesis ~ Microarray* OncoDB.HCC
Y es (reference) Yes (reference)  Yes(reference) Yes/ No Evidence
/ No / No / No
protein tyrosine phosphatase
PTP4A2 type VA, member 2 aregulator of cellular processes (58) Yes (59) Y es (60) No No
KHDRBS1 KH domain containing, RNA binding, |lator of cellul esses (61 Yes (61 Yes (62, 63 N Y Experiment
signal transduction associated 1 aregulator of cellular proc (61) es(61) es (62, 63) 0 es Xperimen
eukaryotic trandation initiation affects mRNA translation process _
EIF3I . . v No Yes (64) No Yes Experiment
factor 3, subunit | and protein synthesis (64)
affects chromati bly-and
RBBP4 retinoblastoma binding protein 4 s e rom. e No Yes (55, 65, 66) Yes (65) No
regulates Ras signal pathway(51)
fibronectin type Il e =
FNDC5 b 0. ec ype akind of cell adhesion melecules (67) Yes(67) No Yes Yes Stanford microarray
domain containing 5
polyhomeotic homolog 2 affects chromatin-assembly,
PHC2 ) ifi iquiti No Yes (68 Yes Yes Stanford microarr
(Drosophila) specifically mor}célél)alqumnates H2A (68) ay
colony stimulating factor function in cell surface adhesion'(69),
CSF3R o No Yes (70, 71) No No
3 receptor (granulocyte) or recognition processes (72)
dynein, axonemal, light a candidate gene for . .
DNALI1 ] i ] ) o No No Yes Yes Stanford microarray
intermediate chain 1 immotile cilia syndrome (ICS) (73)
v-myc myelocytomatosis viral oncogene essential factor in tumor
MYCL1 _ _ _ . No Yes (74-76) No No
homolog 1, lung carcinoma derived(avian) progression and development (77)
YBX1 Y box binding protein 1 Induces tumor progression and No Yes (78, 79) Yes (80) Yes Experiment

promotes cell growth (79)
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Tablel. (Continued)

Gene

Comprehensive searching

Gene expression

Symbol Gene Name Known function (reference) in the liver Carcinogenesis Microarray OncoDB.HCC
Y es (reference) Yes (reference)  Yes(reference) Yes/ No Evidence
/ No / No / No
cell division cycle 20 homolol i .
CDC20 V! K4 o g aregulator in the cell cycle (81) No Yes (82) Yes Yes Stanford microarray
(S. cerevisiae)
) an oxidative DNA damage
MUTYH mutY homolog (E. coli) ) No Y es (83-85) Yes (86) No
repair enzymes (87)
) . akind of antioxidant enzymes; .
PRDX1 peroxiredoxin 1 ; No Yes (88, 89) Yes Yes at least 3 array data
may affects cancer progression-(88;"90)
aldo-keto reductase family 1, akind of reduction of bioegenic
AKR1A1 o \ Yes(92) Yes(92) No No
member A1 (aldehyde reductase) and xenobiotic aldehydes (91) .
FAAH fatty acid amide hydrolase to hydrolysis of fatty acid amides (93):" ; Yes (93) Yes (94, 95) No No
cytochrome P450 (CYP), akind of CY P enzymes, which '
CYP4B1 family 4,subfamily B, affects drug metabolism and No Yes (96) No No
polypeptide 1 synthesis of cholesterol & lipids (97)
cytochrome P450, family 4, akind of CYP4A enzymes, which
CYP4A11 subfamily A, (CYP4A) involved in the metabolism of Yes (98) Yes(99) No No
polypeptide 11 medium- and long-chain fatty acids (100)
cyclin-dependent kinase inhibitor 2C . Stanford microarray
CDKN2C o aregulator of cellular processes (101) Yes (102) Yes (103-105) Yes Yes .
(p18, inhibits CDK4) Experiment
SCP2 sterol carrier protein 2 anintracellular lipid transfer protein (106)  Yes(107) ? Yes Yes at least 3 array data

* . Genes significantly up- or down-regulated in HCC microarray/proteomic reports,
1 : Refer to OncoDB.HCC website
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Table 2. Characteristics of study subjects in the family sample

Affecteds Unaffecteds
Pvalue
No. (%) No. (%)
No. of subjects 290 (27.4) 769 (72.6)
Age at diagnosis (years)
Median 44
Range 16-73
Age at recruitment (years) < 0.0001
Median 44.6 48.6
Range 17-77 13-82
Sex < 0.0001
Mae 249 (85.9) 312 (40.6)
Female 41 (14.2) 457 (59.4)
Ethnicity 0.3292
Fukien Taiwanese 219 (75.5) 551 (71.7)
Hakka Taiwanese 23 (7.9 77 (20.0)
Mainland 25 (8.6) 58 (7.5)
Other 23 (7.9) 83 (10.8)
HBsA(Q status . < 0.0001
Positive 255 = - (87.9) 287 (37.8)
Negative 3B 4 (12d) . 4713 (622
Missing q| == 9
Anti-HCV status ; < 0.0001
Positive 30 (11.0) 27 (3.6)
Negative 242 (89.0) 731 (96.4)
Missing 18 11
Smoking < 0.0001
Yes 147 (50.7) 222 (28.9)
No 143 (49.3) 545 (71.2)
Missing 0 2
Drinking < 0.0001
Yes 84 (29.0) 129 (16.8)
No 206 (71.0) 638 (83.2)
Missing 0 2
Alcoholism (= 80gm/day ) < 0.0001
Yes 34 (12.0) 17 (2.3)
No 250 (88.0) 727 (97.7)

Missing 6 25
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Table 3. Characteristics of study subjectsin case-control analysis

Cases (n=855) Controls ( n=875) Pvalue
No. (%) No. (%)
Ageat diagnosis (years)
Median 51
Range 18-73
Birth year 0.0578
<1940 205 (24.0) 170 (19.49)
1940-1949 266 (31.2) 270 (30.9)
1950-1959 229 (26.8) 276 (3L.5)
> 1960 155 (18.1) 159 (18.2)
Ethnicity 0.0172
Fukien Taiwanese 668 (78.2) 640 (73.2)
Hakka Taiwanese 97 (11.4) 102 (11.7)
Mainland 56 (6.6) 93 (10.6)
Other 34 (4.0) 40 (4.6)
First-degree relatives with HCC ; < 0.0001
Yes 130 (15.2) 54 (6.2)
No 725, (84.8) 821 (93.8)
Anti-HCV status = < 0.0001
Positive 9 4 | (94 98 (4.4)
Negative 761" (90.6) 836 (95.6)
Missing ¥ eld 1
Smoking : < 0.0001
Yes 560 (65.5) 309 (35.3)
No 295 (34.5) 566 (64.7)
Missing 0 0
Drinking < 0.0001
Yes 340 (39.8) 160 (18.3)
No 515 (60.2) 715 (81.7)
Missing 0 0
Alcoholism (= 80gm/day ) < 0.0001
Yes 107 (12.5) 16 (1.8)
No 746 (87.5) 857 (98.2)

Missing 2 2
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Table 4. Characteristics of 36 SNPs

Predicted function Tolerance index
SNP # dbSNP Gene Cytogentic Physical map . SIFT PolyPhen
rs number location location (bp) SNPtype Alleles MAF PupaSuit Score Predicted Score Predicted
D1S1622
D1S2832
1 rs646689 PTP4A2 1p35 32144613 3UTR AIG f(A) = 0.40 ESE / Mm cons.
2 rs12094507 KHDRBS1 1p32 32273802 Intron 4 AIG f(G) =0.37
3 rs3738002 KHDRBS1 1p32 32275017 Intron 4 AIT f(A) =0.18 Mm cons.
4  rs16834931 EIF3I 1p34.1 32462108 Intron 2 AIG f(G) =0.18
5 rs589034 EIF3I 1p34.1 32462444 Intron 3 AIG f(A) =0.34
6 rs6678903* ZBTB8 1p35.1 32835141 Intron 4 CIT f(C) =0.13
7 rs704887* ZBTB8 1p35.1 32838071 Intron 4 AIG f(A) = 0.42
8 rs704885* ZBTB8 1p35.1 32839178 3'UTR AIG f(A) =0.12
9 rs3954228* ZBTB8OS 1p35.1 32873402 Intron 1 CIT f(T)=0.14
10 rs2934766* RBBP4 1p35.1 32892180 Intron 2 AIG f(A) =0.13
11 rs359955*% RBBP4 1p35.1 32907361 Intron 6 A/C f(A) =0.22
12 rs359956* RBBP4 1p35.1 32907576 Intron 7 AlG f(A) =0.11
13 rs9851 RBBP4 1p35.1 32918329 3UTR CIT. “f(c)=0.26" Mm cons.
14 rs16835131* SYNC1 1p33.4-33 32921522 Intron 3 A/IG:* f(A)=0.10
15 rs697147* SYNC1 1p33.4-33 32924929 Intron 1 CIT f(C) =0.40
16 rs1482958* 32950652 intergenic CIT f(T) =.0.12
17 rs419145* 32951743 intergenic  ~~~,_ A/G—, f(A)=0:19
18 rs3480 FNDC5 1p35.1 33100752 5UTR ~LAIGH | f(G)=0.28 ESE
rs7264 (PCR failure) PHC2 1p34.3 33561969 3UTR =CI[T. f(T)=0.34 Mm cons.
19 rs5861 PHC2 1p34.3 33562107 3UTR | “AIC f(€) = 0.29 ESE / Mm cons.
rs3917980 (PCR failure) CSF3R 1p35-34.3 36709652 Exon 10/(synonymaous) ‘C/T || f(C) =0.16 ESE / Mm cons.
D1S255 \
20 rs11540746 DNALI1 1p35.1 37795903 Exon 2 (miSsense) C/[T | A4(T)=035 ESE 0.688 Benign
21 rs6619 DNALI1 1p35.1 37803283 3UTR CIT f(T).=0.47 ESE / Mm cons.
rs3134614 (al homozygous) MY CL1 1p34.2 40135641 Exon 2 (missense) G/G™4dl.homozygous ESE / Mm cons. 0.216 Benign
D1S2743
D1S3721
22 rs10789424 YBX1 1p34 42931077 Intron 2 AIG f(A) =0.38
23 rs12030724 YBX1 1p34 42932605 Intron 3 AIT f(T) =0.30 Mm cons.
24 rs710251 CDC20 1p34.2-33 43598899 Intron 7 AlC f(A) = 0.46 Triplex/Mm cons.
25 rs3219489 MUTYH 1p34.3-32.1 45570092 Exon 12 (missense) C/IG f(C) = 0.46 ESE 0.56 Tolerated 1.592 Probably damaging
26 rs17522918 PRDX1 1p34.1 45760161 5'UTR GIT f(T) =0.17
27 rs9147 AKR1A1l 1p33-32 45789274 5UTR CIT f(T)=0.35 Mm cons.
28 rs324420 FAAH 1p35-34 46643348 Exon 3 (missense) A/C f(A)=0.13 ESE / Mm cons. 0.49 Tolerated 1.319 Benign
29 rs4646487 CYP4B1 1p32 47051762 Exon 5 (missense) CIT f(C) = 0.50 ESE / Mm cons. 0.03 Damaging 1.423 Benign
30 rs2297809 CYP4B1 1p32 47055359 Exon 9 (missense) A/G f(A) =0.29 ESE / Mm cons. 0 Damaging 3.031 Probably damaging
31 rs9333049 CYP4A11 1p33 47167783 3UTR AlC f(A) = 0.11*
D1S197
32 rs12855 CDKN2C 1p32 51212681 3UTR CIT f(T) =0.11 ESE / Mm cons.
33 rs6657017 SCP2 1p32 53232049 3UTR AIG f(A) =0.36
D1S2742

*: A second series of 11 tagSNPs; 1: MAF information from CEPH; 1: MAF information from PGA-EUROPEAN-PANEL
8: ESE, exonic splicing enhancer; Mm con., Mus Musculus conserves regions.
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Table 5. Results of single locus analysis from FBAT and PDT

FBAT PDT

No. of Nomind TDT Sibships Nomind Empirica
SN Cene Allde MAF nformaive S ES) Va9  Z L. i NTT Affected _Undlfeted  pusie  puaud
families No. (%) No. (%) No. (%) No. (%)
SNP1 PTP4A2 A 0.37 130 131.0 1249 408 10 0.3334 54 042 45 03462 340 038 341 0387 0.7221 0.6968
SNP2 KHDRBS1L G 0.37 143 1170 1223 438 -08 0.4258 63 043 60 0411 310 0328 339 0358 0.2770 0.2613
SNP3 KHDRBS1L A 0.27 129 98.0 99.7 364 -03 0.7798 45 032 42 02058 238 0256 257 0277 0.4829 0.4633
SNP4 EIF3S2 G 0.26 125 96.0 97.1 368 -02 0.8539 4 03 44 02973 239 0258 252 0272 05762 0.6216
SNP5 EIF3S2 A 0.31 130 1150 1116 398 05 0.5881 4 031 42 02058 315 0342 286 031 0.1874 0.2066
SNP6* ZBTB8 C 0.10 67 38.0 37.0 173 02 0.8120 16 011 13 0.0915 82 0.09 93 0.102 0.6506 0.6696
SNP7* ZBTB8 A 0.48 136 1450 1439 431 0.2 0.8610 65 048 71 05221 477 0551 464 0536 0.7723 0.7419
SNP8* ZBTB8 A 0.18 101 70.0 65.7 276 08 0.4089 29 022 21 01615 135 0415 140 0156 0.8613 0.9033
SNP9* ZBTB8OS T 0.15 80 54.0 50.1 240 «-10 0.2991 23 016 26 01757 111 0121 121 0132 0.3797 0.4199
SNP10* RBBP4 A 0.13 8l 47.0 519 218 " 510 0.2953 24 . 016 23 01533 96 0102 117 0125 0.1635 0.1849
SNP11* RBBP4 A 0.27 127 86.0 97.9 313 -19 0.0521 43,031 47 03357 192 021 234 025 0.0215 0.0185
SNP12* RBBP4 A 0.19 106 66.0 67.7 287 /-0.37, 0.7468 3327024 28 02029 128 0148 146 0169 0.4347 0.3972
SNP13 RBBP4 C 0.27 119 82.0 94.7 36.0 | -21 .0.0343 41 031 43 03209 188 0209 244 0271 0.0047 0.0025
SNP14* SYNC1 A 0.09 53 25.0 32.7 143 . -20 0.0418 10 * 0.08 13 0.0985 49 0.055 74 0.082 0.0390 0.0332
SNP15* SYNC1 C 0.39 150 136.0 1445 490 " -1.2 0.2251 62042 62 04247 326 0352 367 039 0.0950 0.1046
SNP16* T 0.15 87 48.0 57.0 230 =19 0:0617 237016 27 01824 103 0111 133 0.143 0.0322 0.0283
SNP17* G 0.21 103 63.0 725 284 1+-1.8 0:0739 32,022 37 02569 157 0.169 188 0.202 0.0495 0.0414
SNP18 FNDC5 G 0.25 117 90.0 90.1 3B.7 . 00 09816 48 032 33 02171 182 0194 203 0216 0.7820 0.7552
SNP19 PHC2 C 0.22 111 71.0 825 342 =20 0:0486 28 019 37 02534 203 0211 212 0221 0.3982 0.4317
SNP20 DNALI1 T 0.41 124 121.0 1223 40 -02 0.8450 5 041 54 03913 341 0.38 347 0393 0.8696 0.9032
SNP21 DNALI1 T 0.46 136 1440 150.0 469 -09 0.3828 66 045 69 04726 411 0442 433 0466 0.3279 0.3465
SNP22 YBX1 A 0.40 138 1270 1319 46.2 -0.7 0.4677 51 035 61 04178 367 039 371 0394 0.5670 0.6032
SNP23 YBX1 T 0.31 120 1020 100.6 387 02 0.8246 50 036 40 02899 279 0306 289 0317 1.0000 1.0000
SNP24 CDC20 A 0.45 142 156.0 155.2 486 01 0.9033 76 049 77 04936 412 0427 395 041 0.5057 0.4748
SNP25 MUTYH C 0.40 126 1220 116.2 423 0.9 0.3738 57 045 46 03594 317 0398 300 0.377 0.2450 0.2813
SNP26 PRDX1 T 0.15 82 62.0 56.2 270 11 0.2666 23 017 18 01304 148 0157 135 0143 0.2511 0.2868
SNP27 AKR1A1 T 0.37 142 1400 1244 472 23 0.0233 64 043 47 03176 328 0377 293 0.337 0.0380 0.0379
SNP28 FAAH A 0.14 64 49.0 46.1 177 07 0.4939 7 006 13 01182 144 018 123 0154 0.3604 0.3410
SNP29 CYP4B1 T 0.20 85 61.0 56.0 22 11 0.2879 32 023 24 01714 157 0179 148 0169 0.3156 0.2919
SNP30 CYP4B1 A 0.23 95 63.0 65.4 285 -04 0.6575 34 028 26 02131 153 018 172 0202 0.5514 0.5839
SNP31 CYP4A1l A 0.10 66 25.0 355 166 -26 0.0097 8 006 19 01418 62 0067 69 0075 0.2120 0.1909
SNP32 CDKN2C T 0.11 61 36.0 39.7 166 -0.9 0.3688 12 008 16 01081 94 0101 94 0101 08111 0.8636
SNP33 SCP2 A 0.36 142 130.0 129.0 454 0.2 0.8764 46 036 41 03203 338 0376 330 0367 0.5811 0.6159
*: A second series of 11 tagSNPs 35
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Table 6. Single-locus analysisin 855 unrelated cases and 875 unrelated controls

Genotype-based Allele-based
SNP # Gene No. of No. of MAF
Cases Controls OR % Cl e Forien Fresese Cases Controls PuaLe
SNP10 RBBP4 0.3867 0.5354 0.4382 0.12 0.13 0.3762
GG 644 642 1.00
AG 173 186 093 (0.73117)
AA 16 20 0.78 (0.41-155)
SNP11 RBBP4 0.6366 0.8317 0.4742 0.29 0.28 0.6393
CC 397 422 1.00
AC 344 336 109 (0.89-133)
AA 63 67 100 (0.69-1.45)
SNP12 RBBP4 ..0.9683 02949 0.6587 0.19 0.19 0.9685
GG 526 543 1.00 =
AG 257 245 108 (0.881.34)
AA 23 31 077  (0.44-1.33) |
SNP13 RBBP4 0.0076 0.5405 0.0022 0.32 0.28 0.0089
TT 378 453 1.00
CT 399 353 136 (1.11-165)
CcC 73 68 129 (0.90-184)
SNP14 SYNC1 0.0793 0.5922 0.0492 0.11 0.10 0.0856
GG 638 687 1.00
AG 178 148 130 (1.02-1.65)
AA 5 7 077 (0.24-244)
SNP15 SYNC1 0.0284 0.2297 0.0264 041 0.38 0.0310
TT 280 333 1.00
CT 431 417 123 (0.99-1.78)
CcC 135 121 133 (1.00-178) 34




Table 7. Results from joint linkage and association analysis

Minor dlele frequency P vdue for
Gene and (MAF) Pseudomarker LAMP
SNP # SNP Affecteds  Undffecteds  Linkege LD under LD under LD and Linkege  Assodiation Other linked
type Linkage No linkage Linkage variants

RBBP4

SNP10' Intron 2 0.12 0.14 0.4874 1.0000 . 1.0000 1.0000 0.97 0.2800 0.93

SNP11' Intron 6 0.28 0.29 0.3368 0.9503 . 0.9132 0.7919 0.88 0.2800 0.59

SNP12' Intron 7 0.19 0.19 0.4708 0. 981§ .0.9787 0.9679 0.99 0.1010 0.69

SNP13' 3UTR 0.31 0.28 0.5000 0.002%= = | 0.0023 0.0055 1.00 0.0086 0.44
SYNC1 h _

SNP14' Intron 3 0.09 0.09 05000 - 08665 108665, = 09262 . 0.0340 :

SNP15' Intron 1 0.38 0.38 0.3203 | 0.0158 0.0144 0.0314 0.79 0.0570 0.77

*: The MAF of the affecteds is based on dl affecteds from singleton families, one randomly: selected affecteds from multiplex families(n=235);
the MAF of the unaffectedsis based on dl unaffecteds from singleton families, one randomly selected unaffecteds from multiplex families(n=226).
i: The MAF of the affecteds is based on dl affecteds from singleton families, one randomly selected affecteds from multiplex families(n=235) and al cases (n=855);
the MAF of the unaffecteds is based on al unaffecteds from sinaleton families. one randomlv selected unaffecteds from multiplex families(n=226) and al controls (n=875)
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Table 8. Haplotype analysisin the critical region extending from 32.783 Mb to 32.831 Mb

0 copy 1 copy 2 copies
SNP10 SNP11 SNP12 SNP13 SNP14 SNP15 case/ case/ case/
control R control OR(95% 1) control OR(95% 1)

RBBP4 gene

Hap 1A G A G T 64/70 10 388/339 1.25(0.87-181) 366/433 0.93(0.64-1.33)

Hap 1B G C G C 656/700 1.0 157/135 1.24 (0.96- 1.60) 5/7 0.76 (0.24-2.41)

Hap 1C G C A C 719/753 1.0 98/82 1.25(0.92-1.71) 7 0.15(0.02- 1.22)

Hap 1D A C A C 634/651") 10 169/178 0.98(0.77-1.24) 15/13 1.19 (056 - 2.51)
SYNC1 gene :

Hap 2A G C 405447 : 1~@= : 349/337 1.14(0.94-1.40) 67/69 1.07(0.75- 1.54)

Hap 2B G T 125/116 10! 418/405 0.96 (0.72-1.28) 278/332 0.78(0.58-1.05)

Hap 2C A C 643/699; 1.0 1731147 1.28 (1.00- 1.63) 5/7 0.78 (0.25-2.46)
RBBP4 + SYNC1 genes = 3

Hap 3A G A G T G C 645/685 10 144/143 1.07(0.83-1.38) 12/8 1.59 (0.65-3.92)

Hap 3B G A G T G T 128/121 10 423/402 1.00(0.75-1.32) 250/313 0.76 (0.56-1.02)

Hap 3C G C G C A C 631/689 10 165/140 129(1.00-165) 5/7 0.78(0.25-247)

Hap 3D G C A C G C 700/746 10 100/83 1.28(0.94-175) 7 0.15(0.02-1.24)

Hap 3E A C A C G C 619/644 10 168/179 098(0.77-1.24) 14/13 1.12(0.52-240)
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Table 9. Clinical features of case patients with HCC in case-control study

Variables Cases (n=855)
No. (%)
Vita status
Alive 197 23.04
Deceased
HCC 572 66.90
Liver cirrhosis 54 6.32
Other causes 32 3.74
Tumor size (cm)
=2 181 23.35
3-5 244 31.48
> 5 350 45.16
Missing 80..
No. of lesions
1 458 5511
2-3 p: 1059
= 4 285 34.30
Missing 24
AFP levels (ng/mL)
=20 104 12.29
21-200 175 20.69
201 - 400 69 8.16
401 - 1000 109 12.88
> 1000 389 45.98
Missing 9
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Figure 1. LD structure of all HapMap SNPs derived from the Asian samples. Pairwise r* values are color-coded: black, high r* values; white, low
2
r° values.
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Figure 2. D’ and r* between 6 SNPs genotyped (A) in the family sample and (B) in 875 unrelated controls subjects
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Figure 3. Cumulative survival according to tumor size and the presence or absence of haplotype ‘ C-A-C’
at SNP 13-15 (A) tumor size= 3cm (n=281) (B) tumor size>3cm (n=449)
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