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Abstract

Human genetic variation is a determinant of recovery from an acute hepatitis C virus (HCV) infection,
but, to date, single nucleotide polymorphisms (SNPs) in a limited number of genes have been studied
with respect to HCV clearance. We determined whether SNPs in 112 selected immune-response
genes are important for HCV clearance by genotyping 1536 SNPs in a cohort of 343 persons with
natural HCV clearance and 547 persons with HCV persistence. PLINK and Haploview software
packages were used to perform association, permutation, and haplotype analyses stratified by
African-American (AA) and European-American (EA) race. Of the 1536 SNPs tested, 1426 were
successfully genotyped (92.8%). In AAs, we identified 18 SNPs located in 11 gene regions that were
associated with HCV outcome (empirical p-value < 0.01). In EAs, there were 20 SNPs located in
eight gene regions associated with HCV outcome. Four of the gene regions studied (TNFSF18,
TANK, HAVCR1 and IL18BP) contained SNPs with empirical p-values < 0.01 in both of the race
groups.

Conclusion—In this large-scale analysis of 1426 genotyped SNPs in 112 candidate genes, we
identified four gene regions that are likely candidates for a role in HCV clearance or persistence in
both AAs and EAs.
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Introduction

Methods

Hepatitis C virus (HCV) infection results in viral persistence in the majority of cases, but
approximately 30% of individuals mount an immune response that successfully eliminates
infection (1,2). The factors required for generating this effective immune response are largely
unknown but such information could lead to the development of more effective therapeutics
and vaccinations. Since host genetic variation is a determinant of the immune response,
comparing host genetic differences in immune response genes between those with HCV
clearance and persistence could provide clues to these factors. Several studies have
demonstrated genetic differences in immune response genes in those who have mounted a
successful HCV-specific immune response compared to those who did not (3-7). These studies
have used a candidate gene approach in which polymorphisms in one or a few genes are studied
for an association with outcome. Since HCV clearance is likely to be polygenic, i.e. involving
many genes, studying a few genes at a time limits the number of discoveries. Alternative
approaches are now available to screen a large number of genes rapidly using small quantities
of DNA.

One approach is to perform a genome-wide scan where single nucleotide polymorphisms
(SNPs) at regular intervals through the entire genome are examined. The advantages of this
approach are that a priori knowledge about pathogenesis is not needed since candidate genes
do not need to be specified and that selection bias in gene selection does not occur. The
disadvantage is that it is expensive and that SNP coverage within each gene is more limited,
S0 associations within important candidates may be missed. The costs of such an approach can
be decreased by studying pools of people, but then the ability to construct haplotypes, which
are groups of SNPs that are in the same chromosomal region and inherited together, is lost.
The second approach is to test many candidate genes simultaneously incorporating large-scale
genotyping technologies to examine SNPs. The hits from this large-scale candidate gene
approach can focus the gene or gene region for further exploration.

In order to determine whether selected immune-response genes are important for HCV
clearance, we used the candidate gene approach and large-scale genotyping methods to test
1536 variants in 112 candidate immune-response genes throughout the genome. These genes
were tested in a consortial cohort with well-defined HCV clearance and persistence.

Study population

The subjects in the cohort were participants in one of the following studies: (i) AIDS Link to
Intravenous Experience (ALIVE) study (300 subjects), which is an ongoing study of 2,921
injection drug users enrolled in Baltimore, MD, from February 1988 to March 1989, as
previously described (8); (ii) Multicenter Hemophilia Cohort Study (MHCS) (320 subjects),
which is a prospectively-followed cohort of patients with hemophilia, von Willebrand disease,
or arelated coagulation disorder from 16 comprehensive hemophilia treatment centers enrolled
between 1982 and 1986, as previously described (9); (iii) a cohort of blood donors throughout
the United States (85 subjects); (iv) an HCV clinic cohort in Portland, Oregon (11 subjects);
(v) Women’s Interagency Health Study (WIHS) (60 subjects), which is a cohort of female
injection drug users, described previously (10);and (vi) Hemophilia Growth and Development
Study (HGDS) (115 subjects), which is a continuing study of 333 children and adolescents
with hemophilia, von Willebrand disease, or other coagulation disorder enrolled between
March 1989 and May 1990, as previously described (11).

Prior HCV infection was established by detection of HCV antibody (anti-HCV) by enzyme
immunoassay (EIA) and recombinant immunoblot assay (RIBA). Individuals with HCV
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recovery had anti-HCV (confirmed by RIBA) and undetectable HCV RNA in serum or plasma
without any HCV therapy. Persistently infected individuals had anti-HCV and HCV RNA in
serum or plasma prior to any HCV therapy. For each individual with HCV clearance we
matched one or two individuals with HCV persistence from the same cohort based on ethnicity
and gender with the exception of the HCV clinic cohort from Portland which were all HCV
clearance subjects.

Informed consent for genetic testing was obtained from all participants and the study was
approved by the institutional review boards at all participating institutions.

Serologic testing

All serum or plasma specimens were stored at —70° C until testing. HIV type 1 (HIV-1)
antibody testing was done by EIA with reactive results confirmed as positive by Western
blotting as previously reported (8,9,12,13). Anti-HCV testing was done by Ortho HCV 2.0 or
3.0 EIA (Ortho Diagnostic Systems, Raritan, N.J.). HCV RNA was assessed by a branched
DNA (bDNA) assay (Quantiplex HCV RNA 2.0 assay; Chiron Corporation, Emeryville, CA),
qualitative HCV COBAS AMPLICOR system (COBAS AMPLICOR HCV; Roche
Diagnostics, Branchburg, N.J.) or by transcription-mediated amplification (Novartis,
Emeryville and Gen Probe, San Diego, CA.) Those subjects with a sample below the limit of
detection by the bDNA assay (potential subjects with HCV recovery) had another sample tested
with the qualitative COBAS, and their antibody status was confirmed by RIBA (RIBA 3.0)
(Novartis). All assays were performed according to the manufacturer’s specifications.

SNP Selection and Genotyping

The 112 candidate genes selected for this study were either known or hypothesized to be
involved in the immune response to HCV (Table 1). A Scientific Advisory Board selected
candidate genes based on their known or suspected role in the pathogenesis of HCV clearance
(see acknowledgement). A gene region, which was defined as the candidate gene plus 20 kb
of flanking sequence both 5 and 3’ to encompass regulatory regions, was determined for each
candidate gene. If the flanking sequence from one candidate gene contained another candidate
gene, the two gene regions were combined into one large gene region. Since the flanking
sequences were large, a gene region often contained genes not selected specifically for this
study. We initially selected all Phase | HapMap (www.hapmap.org) SNPs in each of these gene
regions. The goal of the the first phase of the International HapMap Consortium was to
genotype a common SNP every 5kb (14). Since our study population was comprised of both
European-American (EA) and African-American (AA) individuals, allele frequencies from
HapMap for both the Yoruba in Ibadan, Nigeria (YRI) and the Utah residents with ancestry
from northern and western Europe (CEU) datasets were considered during SNP selection. If a
SNP was in complete linkage disequilibrium (D’=1) with another SNP being tested in both the
CEU and YRI datasets, only one was included. Only SNPS with minor allele frequencies
(MAF) 5% in both the CEU and YRI datasets were considered.

Variants in each selected SNP were determined using the lllumina platform at the Johns
Hopkins Genetic Resources Core Facility (JHGRCF). As a quality control measure, 20 known
duplicates provided by JHGRCF and 20 blind duplicate samples from our test set were
included. The JHGRCF did not report any data from samples that failed genotyping or SNPs
that had: 1) poorly defined clusters, 2) excessive replicate errors, 3) more than 50% missing
data, or 4) all heterozygote genotype calls. For each SNP, the JHGRCF reported individual
raw data as well as allele frequencies.
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Statistical Analysis

Genotype quality analysis and filtering was done using PLINK. The criteria to exclude SNPs
from statistical analysis included 1) minor allele frequencies (MAF) < 5%, 2) > 10% missing
genotypes, and 3) deviation from Hardy Weinberg Equilibrium (HWE) (P-values < 0.001).

Population stratification is the presence of multiple ancestry groups in a study population that
can lead to type I or type Il errors due to inherent allele frequency differences. We used the
genomic control (GC) (15) procedure to correct for population stratification. This method is
based on the idea that under population stratification, the distribution of observed chi-squared
test statistics from association tests will be inflated by a genomic inflation factor (A) compared
to the true chi-squared distribution under the null hypothesis. A is calculated by dividing the
median of the observed chi-squared distribution by the median of the expected chi-squared
distribution (0.456). A X of 1.0 or less suggests there is no inflation due to stratification, so no
correction is made. Values greater than 1.0 suggest stratification is present and GC is applied
by dividing the observed test statistics by A. In candidate gene studies, A can be calculated using
a set of unlinked SNPs that are not related to the disease of interest. However, since we did not
choose SNPs specific for GC analysis, we used an alternative method to calculate A. In this
method, we started with the set of all successfully genotyped SNPs. We dropped SNPs if they
were in linkage disequilibrium with another SNP in the set (2> 0.5) or if they had an association
test P-value <0.05. These two groups of SNPs were not included because they would artificially
inflate A. This procedure was done for both the EA and AA data, resulting in a A for each group.
Individuals self-identified their ethnicity. This self-identification was accurate as determined
by a multidimensional scaling (MDS) analysis using the software program PLINK version 1.05
(http://pngu.mgh.harvard.edu/~purcell/plink/) (16) (Figure 1). Thus, samples self-identified as
EA or AA were analyzed separately. Samples that did not self-identify as one of these two race
groups were not included in this analysis (n=91).

Testing for association and Controlling Type 1 Error

Statistical analysis was performed in the software package PLINK. The allele frequencies of
HCV clearance and persistence subjects were compared and the odds of clearing HCV infection
were calculated for each SNP. Linkage disequilibrium (LD) in a genetic region was calculated
for SNPs with allelic association test P-values < 0.01. SNPs in LD (r2 > 0.5) were grouped
together as one signal.

Haplotype blocks were defined for all gene regions containing at least one SNP with an allelic
association test p-value < 0.05. Haploview (http://www.broad.mit.edu/haploview/haploview)
(17) was used to define the haplotype blocks using the “Solid spine of LD” algorithm. This

definition requires all SNPs within the haplotype block to be in strong LD (D’>0.8) with the
firstand last SNP in the block. Haplotypes were inferred in Haploview using an E-M algorithm.

To control the Type 1 error, we performed 25,000 permutations for every SNP. Permutation
testing calculates an empirical p-value by determining how frequently the association identified
would occur by chance. For each permutation, the case-control labels (phenotype) are shuffled
and the maximum chi-squared test statistic observed is compared to the experimental test-
statistics for each SNP. An empirical p-value is calculated that provides a pointwise estimate
for the significance of each SNP. Empirical p-values were calculated for every allelic
association and p-values <0.01 were considered statistically significant. In addition, for the
gene regions with at least one SNP meeting the pointwise p-value threshold of 0.01 for
statistical significance in both populations, we calculated a gene region specific empirical p-
value that accounted for the intra-correlation of SNPs and LD structure within the candidate
gene and potential Type 1 error (18). We performed these permutations using the max(T)
permutation procedure in PLINK.
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Power calculations were determined using the statistical program Quanto
(http://hydra.usc.edu/gxe/). Assuming a population-wide HCV clearance rate of 30%, this
study had 80% power to detect an associated SNP with a frequency of 20% and a relative risk
of >1.5 when the analysis was not stratified by race. For a race-stratified analysis, there was
80% power to detect an associated SNP with a frequency of 20% and a relative risk >1.7.

Study subjects

Data Quality

There were 352 individuals included in the AA group of whom 133 (37.8%) had HCV clearance
and 219 (62.2%) had HCV persistence. There were 441 individuals included in the EA group
of whom 169 (38.3%) had HCV clearance and 272 (61.7%) had HCV persistence (Table 2).
The 91 individuals in the ‘Other’ group were not used in this analysis because the racial
background of this group was very diverse including Hispanic, Asian and Native American
leaving limited power for evaluation of these ethnic groups.

Of the 1536 SNPs tested, 110 were excluded because they did not reach the standards of
JHGRCEF quality control, leaving 1426 SNPs that were successfully genotyped (92.8%). Of
the 890 individuals, 6 (0.7%) individuals had repeat genotyping failures and were removed
from the dataset by the JHGRCF for poor DNA quality. The final data set generated by
JHGRCF had a missing data rate of 0.074%. The error rate for the known and blinded duplicates
was 0%.

Prior to analysis, 98 (7%) SNPs from the AA group and 258 (18%) from the EA were removed
because the minor allele frequency < 5%. An additional 5 SNPs in the AA group and 2 SNPs
inthe EA group were eliminated because the SNPs deviated from Hardy-Weinberg equilibrium

Population stratification

Population stratification was assessed using the genomic control method in the AA (n=818
SNPs) and EA (n=526 SNPs) separately. The A values were 1.01 and 0.931 for AA and EA,
respectively suggesting no population stratification in either group.

Association Tests

Allelic association in the AA population identified 18 SNPs in 11 genes regions with empirical
p-values <0.01 (Supplementary Table 1). The same test in the EA samples resulted in 20 SNPs
in eight gene regions with empirical p-values < 0.01 (Supplementary Table 2). Since many of
these SNPs were in linkage disequilibirum within the same gene, we reduced the number of
unique signals to 10 SNPs in AAs and 8 SNPs in EAs (Table 3). Interestingly, there were 4
gene regions, TNFSF18, TANK, HAVCRL1 and IL18BP, which contained SNPs significantly
associated with HCV outcome (empirical pvalue < 0.01) in both the AAs and EAs. However,
the specific SNPs within these genes that were associated differed between the racial groups
(Table 4).

Haplotypes were generated for AAs and EAs for each gene region with at least one SNP with
p-value < 0.05. None of these haplotypes were more significantly associated with outcome
than the individual SNPs tested (data not shown).
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Discussion

In this large-scale study, over 1400 SNPs in 112 gene regions that are candidates for playing
arole in HCV clearance were genotyped. We found 18 SNPs in African-Americans and 20
SNPs in European-Americans with an empirical p < 0.01. Interestingly, we identified 4 gene
regions that had an empirical p-value < 0.01 in both of the major races studied: TNFSF18,
TANK, HAVCR1 and IL18BP. Two of the SNPs tested, HAVCR1 (rs1553316) and IL18BP
(rs5743673), are coding SNPs, however, neither is known to have functional consequences.
The replication of four gene regions in two independent populations is encouraging and
suggests that these gene regions should be considered leading candidates for a role in HCV
clearance. Although the exact SNPs were not necessarily replicated in each population this
may be due to differences in allele frequencies, LD structure, or true allelic heterogeneity.

The TNFSF18 (Tumor Necrosis Factor (ligand) Superfamily, member 18), also known as
GITRL, gene region is found on chromosome 1. TNFSF18 is expressed on CD4+CD28+
Regulatory T-cells (TRegs). TRegs can suppress other immune responses, providing a negative
feedback on the immune system and preventing autoimmune responses. The binding of
TNFSF18 to its receptor results in a down-regulation of TReg regulatory function and thus can
lead to an increase in immune response, which would be favorable for HCV clearance (19).

The TANK (TRAF family member-associated NFKB activator) region is located on
chromosome 2. TANK has been found to be important in type 1 interferon production through
its interaction with both the RIG-1 and toll-like receptor dependent (TLR) pathways (20), both
of which are important in the innate immune response to HCV. TANK also plays a role in
inducing a cellular response to tumor necrosis factor-alpha (21), and it has been described as
an adaptor protein that is required for IRF3 activation (22). Thus, if a SNP alters the function
of TANK, then either the innate or adaptive immune response to HCV could be affected.

The HAVCR1 (Hepatitis A Virus Cellular Receptor 1), also known as TIM1, gene region is
found on chromosome 5. It belongs to a family of cell surface glycoproteins and appears to act
as a costimulatory molecule in vitro leading to enhancement of T cell proliferation as well as
Th1 and Th2 cytokine production. Interestingly, polymorphisms in HAVCR1 including a six-
amino-acid insertion at residue 157 (157insMTTTVP), are linked to asthma and autoimmune
diseases suggesting that these variants may affect HAVCRL1 function (23). Thus, it is also
possible that such functional variants could alter the immune response to HCV

The IL18BP (Interleukin-18 Binding Protein) gene region is found on chromosome 11. IL18BP
is a secreted protein that can bind to and neutralize 1L18, which prevents IL18-induced IFN-
gamma production (24). Polymorphisms in both IFN-gamma and 1L18 have been implicated
in HCV infection outcome (25,26), and IL18 is up regulated in persons with chronic HCV
infection (27). It is possible variants in IL18BP could affect the activity or production of IL18
and IFN gamma altering HCV outcome.

In addition to these four gene regions, one of the top-scoring SNPs in the EA group, rs1804027,
was also significant in a study (listed as IMS-JST013416) investigating natural clearance of
HCV in a Japanese population (28). This SNP results in a non-synonymous mutation in nuclear
body protein SP110. The function of SP110 has not been well described, but it has been shown
that HCV core protein can bind an isoform of SP110, SP110b, which results in the activation
of Retinoic Acid Receptor (RARa)-mediated transcription (29).

It is important to consider the limitations of this study when interpreting the results. First, the
size of the study makes it difficult to detect weak associations in frequent polymorphisms and
any associations in rare variants. Second, deletion or insertion polymorphisms that may alter
function are unlikely to be discovered unless they are tightly linked to one of the tested SNPs.

J Infect Dis. Author manuscript; available in PMC 2011 May 1.
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Third, SNPs were selected for coverage of genes and not for specific function therefore this
study was not designed to identify causal alleles, but genes that may influence HCV clearance.
Fourth, this study included many of the leading candidate gene regions potentially associated
with HCV clearance at the time it was designed. However, since it was not intended to be an
exhaustive survey of all interesting gene regions, additional studies based on these data should
also consider the most recent data in HCV pathogenesis and include other relevant gene regions.
For example, recently we and others reported a polymorphism in 1128B associated with HCV
clearance and treatment response (30,31). Lastly, epistatic interactions between variants in
different genes (such as ligand-receptor pairs) were not considered, because this study did not
have enough power for such a large number of comparisons. Such interactions can be important
in HCV pathogenesis as has been demonstrated for HLA and KIR genes (3).

By providing data on over 1400 SNPs in 112 candidate gene regions for HCV clearance or
persistence, this study is an important first step since it reveals SNPs in four gene regions that
warrant further investigation as a possible genetic basis for the natural clearance of HCV in
multiple populations. Furthermore, this study provides the stimulus for confirmatory studies
of our top scoring SNPs in other large, independent cohorts in order to determine the causal
gene regions involved in the outcome of an acute HCV infection. These gene regions then need
to be further dissected in order to determine the specific polymorphisms involved in HCV
clearance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Multidimensional scaling plot of study cohort
Identity-by-state (IBS) distance measurements were reduced to two dimensions using a
multidimensional scaling (MDS) procedure. The two resulting dimensions are used in a
scatterplot. Individuals with similar genotypes cluster will together, showing the structure of
the study population. Individuals self-identified as African-American largely clustered together
as did individuals self-identified as European-American suggesting self-identification was
accurate.
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Table 1

Gene regions tested in this study

Candidate Gene Symbol

Candidate Gene Names

Chrom. Location

APOA2 Apolipoprotein A-11 1021-923
APOA5 Apolipoprotein A-V 11923
APOBEC1 Apolipoprotien B mRNA editing enzyme 12p13.1

APOC3, APOA1

Apolipoprotein C-I11, A-l

11023.1-923.2

APOC4, APOC2 Apolipoprotein C-1V, C-II 19913.2
APOE, APOC1 Apolipoprotein E 19q13.2
BTLA B and T lymphocyte associated 3q13.2
CCL5 (RANTES) Chemokine ligand 5 17q11.2-q12
CCR5 Chemokine receptor 5 3p21
CD180 CD180 5012
CD209 (DCSIGN), CD209L CD209, CD209L 19p13
CD28 CD28 2033
CD80 CD80 3013.3-g21
CD81 CD81 11p15.5
CD86 CD86 3021
CHUK Conserved helix-loop-helix ubiquitous kinase 10q24-25
CTLA4 Cytotoxic T-lymphocyte associated protein 4 2q33
DDX58 (RIG-1) Dead box polypeptide 58 9p12
DHX58 (LGP-2) DEXH box polypeptide 58 17921.2
Eukaryotic translation initiation factor 2-alpha
EIF2AK2 kinase 2 2p22-p21
HAVCR1 Hepatitis A virus cellular receptor 1 (TIM-1) 5033.2
HAVCR2 Hepatitis A virus cellular receptor 2 (TIM-3) 5033.3
HLAA Major histocompatibility complex, class | A 6p21.3
HLAB Major histocompatibility complex, class | B 6p21.3
HLAC Major histocompatibility complex, class | C 6p21.3

ICAM1, ICAM4, ICAM5

Intracellular adhesion molecule 1, 4 & 5

19p13.3-p13.2

ICAM3 Intracellular adhesion molecule 3 19p13.3-p13.2
ICOS Inducible T-cell costimulator 2033
IFITM1 Interferon induced transmembrane protein 1 11p15.5
IFNAL,IFNA10,IFNA7,IFNA17 | Interferon-alpha 1, 10, 7, 17 9p22
IFNA14 Interferon-alpha 14 9p22
IFNA2 Interferon-alpha 2 9p22
IFNA21 Interferon-alpha 21 9p22
IFNA5 Interferon-alpha 5 9p22
IFNA6 Interferon-alpha 6 9p22
IFNA8 Interferon-alpha 8 9p22
IFNAR1 Interferon receptor 1 21g22.11
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Candidate Gene Symbol

Candidate Gene Names

Chrom. Location

IFNAR2 interferon receptor 2 21g22.1

IFNB1 Interferon beta 1, fibroblast 9p21

IFNG Interferon gamma 12914

IFNGR1 Interferon gamma receptor 1 6023-24

IFNW1 Interferon omega 1 9p22
Inhibitor of kappa light polypeptide gene

IKBKB enhancer in B-cells, kinase beta 8p11.2

IL10RA IL 10 receptor alpha 1102.3

IL12A IL-12A 3912-q13.2

1L12B 1L-12B 5031.1-g33.1

IL18BP IL-18 binding precursor 11g22.2-922.3

IL1IRL1 IL-1 receptor-like 1 2q12

L2 IL-2 4426-q27

INDO Indoleamine-pyrrole 2,3 dioxygenase 8pl12-pll

INPP5D Inositol polyphosphate-5-phosphatase 2g37.1

IRAK3 Interleukin-1 receptor associated kinase 3 12914.3

IRF3 Interferon regulatory factor 3 19g13.3-q13.4

IRF7 Interferon regulatory factor 7 11p15.5

IRF9 Interferon regulatory factor 9 14q11.2

JAG1 Jagged 1 20p12.1-p11.23

LAG3 Lymphocyte activation gene 3 12p13.32
Leukocyte, 1g-like receptor subfamily A,

LILRA1-LILRAG member 1 -6 19q13.4

LMB7 Proteasome subunit, beta type 8 6p21.3
Low density lipoprotein receptor-related

LRP8 protein 8 1p34

MBL Mannose binding lectin 10911.2-g21

MX1, MX2 Myxovirus resistance 1 and 2 21g22.3
Myeloid differentiation primary response gene

MYD88 88 3p22
Nuclear factor of kappa light polypeptide gene

NFKB1 enhancer in B cells 1 4924

NOTCH4 Notch homolog 4 6p21.3
Phosphoinositide-3-kinase catalytic, alpha

PIK3CA polypeptide 3026.3
Phosphoinositide-3-kinase catalytic, beta

PIK3CB polypeptide 3022.3
Phosphoinositide-3-kinase catalytic, gamma

PIK3CG polypeptide 7922.3

RNASEL Ribonuclease L 1925

SCARB1 Scavenger receptor class B, member 1 12¢24.31
Single immunoglobulin and toll-interleukin 1

SIGIRR receptor domain 11p15.5

SLC26A9 Solute carrier family 26, member 9 1g31-932
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Candidate Gene Symbol

Candidate Gene Names

Chrom. Location

Solute carrier family 4, sodium bicarbonate

SLC4A10 transporter-like, member 10 2q23-g24
SOCS1 Suppressor of cytokine signaling 1 16p13.3
SP110 SP110 nuclear body protein 2q37.1
Signal transducer and activator of
STAT1 transcription 1 2932.2
Signal transducer and activator of
STAT2, APOF, IL23 transcription 2, Apolipoprotein F, 1L-23 12q13.2
Signal transducer and activator of
STAT3, STAT5A transcription 3, 5A 17g21.31
TRAF family member-associated NFKB
TANK activator 2q24-q31
TBK1 Tank binding kinase 1 12q14.1
TICAML (TRIF) Toll-like receptor adaptor molecule 1 19p13.3
TLR3 Toll-like receptor 3 4935
TLR9 Toll-like receptor 9 3p21.3
TNFA TNF alpha 6p21.3
TNFRSF1A TNF receptor superfamily, member 1 12p13.2
TNFSFR18 (GITL), TNFRSF4 TNF receptor superfamily, member 18, 4 1p36.3
TNFSF18 (GITRL) TNF ligand superfamily, member 18 1923
TNFSF4 TNF ligand superfamily, member 4 1925
TRAF5 TNF receptor-associated factor 5 1932
TRAF6 TNF receptor associated factor 6 11p12
TRAM1 Translocation associated membrane protein 1 8913.3
TSG101 Tumor susceptibility gene 101 11p15
VDR Vitamin D receptor 12¢g13.11

Page 13

Headings indicate the following information: Candidate Gene Symbol, official symbol of the tested candidate gene. If more than one candidate gene
was tested in a region, both official symbols are listed. Symbols in parenthesis indicate a common alternate name; Candidate Gene Name, official
full name of the tested candidate gene; Chromosome Region, location of the candidate gene region.
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Demographics of study subjects

Table 2

African-American (N=352)

European-American (N=441)

Clearance Persistence Clearance Persistence
subjects Subjects subjects Subjects
(N=133) (N=219) (N=169) (N=272)
Mean age (years) 34 33 30 27
Male (%) 52 64 79 91
Risk factor
IDU (%) 89 88 11 5
Transfusion (%) 11 12 61 85
Unknown (%) 0 0 27 10
HIV-infected (%) 52 40 23 29

J Infect Dis. Author manuscript; available in PMC 2011 May 1.

Page 14



Page 15

Mosbruger et al.

"palse] auab a1epIpuRd 8y} 8q 10U Aew Jo Aew YoIym ‘sdNS 1uediiubis ayy Bulureiuod sush syl ‘sdNS Bulureluod ssuss :,G pue g aduanbas Bupjuely J0 gy0z pue ausb ajepipued sy Buipnjoul

palsal uoibal ‘palsa ] uoifay auss) ‘NS Buliods dol ayy yum wnugijinbasip abexuil ul pue 700 > anjeA-d [eauiidws Yum sdNS 40 Jaquinu ‘g# ‘dus Burioas doy ay 4o anjea-d eariidws ‘anfea-d jeolidwg
‘90ud)s1siad [elIA YlIM Pajeloosse SI 9]9][e JoulW ‘T>HO "92Ueles]d [eJIA YIIM Pajeldosse Si 9]9][e Joulw ‘T<yO "aoueles|d Yl pajeldosse Buiag dNS Buliods dol ayp Jo aja]fe Joulw ay) Jo onel sppo ‘(4O)
o1ey-sppO ‘181sN|d 7 yoes Ul dNS Buliods doy ‘NS :uoirewsoyul Buimoljos ayy aredipul sbuipesH “Ajeresedss erep 3 pue vy Uo pawlopiad sem suoneinwliad 000‘Sz UM SIsA[eur UOIBID0SSE 9119] |V

TYOAVH 0 1000 890 695€G6S1

™al T 9000 870 LLSEOELS)

aSddNI 0 S00°0 €91 TSOTLGPS)

8T4SANL 4 7000 89T 9/89€¢cs)
21127108'e441'T4v0S €441 T €000 790 ¢Ley0TeTs!
dastl 0 €000 G817 SG¥86¢¢S!

MNVL % 80000 190 650L9¢Ts4

0TTdS 14 20000 LT 8.16T6S!

ail anjea-d
SdNS Buiurejuod ssuss palsal uolbay susD # [eouidw3z | oney sppo dNS

NVOId3INV-NVYIdOodN3

S40d0OlL 86XAd T 6000 ¢9'0 095758/81
TaNdl T S00°0 ¢6'T 0987727181

TVYINNN d4a8T1l 0 S00°0 e ¢160G.€84
TAVHL T S00°0 S50 TOTTTO.LSA

9800 T ¥00'0 §S¢'e 89¢GTLes!

MNVL 1% €000 690 Cyc989/81

eVl 0 €000 890 €L/89TTS4

8T4SANL 0 2000 vL'¢C 8G8EC/SI

yOdl 644l 0 60000 LS50 L1656¢¢s!
TYOAVH 0 10000 o 6850889s4

anpea-d
SdNS BulureluoD ssuso | peisal uoibey susD | @T# | [eandw3 | oney sppo dNS

NVOIHINV-NVYI IV

TO'0 > sanjeA-d [eandwa YIM SdNS UedLIsWY-Uueadoing pue uedliswy/-Uuedliy
€ 9|gel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2011 May 1.



Page 16

Mosbruger et al.

NIH-PA Author Manuscript

VN ¢L6¥S.€81 | G2GZ88T9T 4 MNVL
900 ¥0°0 ¥20.9¢TS1 | 080L.8T9T 4 MNVL
21092181 | 880€.8T9T 4 MNVL
080.9¢TS1 | 6L0798T9T 4 MNVL
976688 | 69T8S8TIT 4 MNVL
86%789G/S1 | 0C9¥S8TIT 4 MNVL
08669.€S! | 0SE878TIT 4 MNVL
6G0.9¢TS1 | 0STY¥8TIT 4 MNVL
9¢'0 150 9¢S69GTS! | 8EETYBIIT 4 MNVL
L0°0 S0°0 890L9¢TS1 | ¢¥9LEBTIT 4 MNVL
VN GS0'0 | T6CCOVETSI | ¥198Z8T9T 4 MNVL
VN 8660¢8€S! | €€90¢8TIT 4 MNVL
82°0 | 0.0,92Ts! | 066€T8TIT 4 MNVL
VN ¢vc989/81 | LO9ETBTIT 4 MNVL
980 c00 90¥¥99¥S! | ¥S9018T9T 4 MNVL
6200 440 ¢80L9¢Ts! | 68ES08TIT 4 MNVL
L0 990 ¥9€Y88¢SI | ¥STEOBTIT [4 MNVL
980 ¢0'0 | YTSOEVETS! | ¥6TT08TIT 4 MNVL
0€0 LT°0 L1G€¢ees) | S0689.69T T 8T4SANL
Y¥G9.G9681 | vLCv9.69T T 8T4SdANL
6T99¥G/S1 | 80S85.69T T 8T4SANL
9¢TLEG/SI | 900€5.69T T 8T4SdANL
898€C/SI | 0266¥7.69T T 8T4SANL
170 9/89€¢¢s! | EVI6V.L69T T 8T4SdANL
€C0 100 ¥20S.681 | vZvSy.69T T 8T4SANL
VN €€0 T02S2y9s! | T9vvy.69T T 8T4SdANL
VN €70 | 8S¥L90CTSI | TL69ELGIT T 8T4SdANL
anfen-d jealdwa anjea-d [earndwsa dd uoibay
ueolaWy-ueadoing | uedlswy-uedlyy dNS | uonisod dHD U

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

suolfiay aus9 dd8T I pue TYOAVH “MNV.L ‘8TASANL 3U} Ul palsa) SANS [[e 30 sanjea-d [eouidwg

J Infect Dis. Author manuscript; available in PMC 2011 May 1.



Page 17

Mosbruger et al.

VN 00T ¥8€9.¢¢S1 | TLIGLETL I d4asTl
VN ¥.°0 C6ESYEYSI | €6CCLETL 7 d4as8Tl
T 06°0 GG¥2¢6S998I | 68TLO9ETL I d4asTl
010 S0 | TSSYETTTSI | TIBLEVIST S TYOAVH
S¢°0 900 06€SCLLSI | €9E9EVIST S TYOAVH
190 S9°0 18/9TT¢s) | 69SCEVIST S TYOAVH
¥0°0 L¥'0 EV8Y0LYSI | TELECYIST S TYOAVH
700 1240 L1/€189s1 | T8YTCYIST S TYOAVH
980 070 9TEESSTSI | L80CTYIST S TYOAVH
€10 ST0 8TEESSTSI | TO6TTYIST S TYOAVH
L00°0 10 6959€96S1 | 8.66079ST S TYOAVH
10 €50 9¢60.¢¢s1 | T9ECOVIST S TYOAVH
8¢°0 8¢°0 ¢0¥9€0¢s! | 02896€9ST S TYOAVH
VN (10°0) 20000 685088981 | 8T0E6E9ST S TYOAVH
900 080 G20L.2eS) | €L9¢6€9ST S TYOAVH
VN 680 8L¥2ELLS) | L9CC6E9ST S TYOAVH
VN 160 07895959981 | ¥9506€9ST S TYOAVH
0¢0 L€°0 SPy.L0LLS1 | 9CECBEIST S TYOAVH
6.0 800 LLES66TS! | LS269E9ST S TYOAVH
9¢€'0 650 9€288TSI | L9S6E6TIT 4 MNVL
VN 6T°0 €G0L9¢TSI | 6EL9E6TIT 4 MNVL
LE0 €50 69.T€LESI | 208CEBTIT 4 MNVL
T€0 T€0 0E09¥TTSI | T6C0E6TIT 4 MNVL
VN S0°0 966028€S1 | G859¢6TIT 4 MNVL
(10°0) 200°0 6T°0 LEOLICTSI | 299€C6TIT 4 MNVL
VN 2000 | v20T.¥CTSI | 18YYT6TIT 4 MNVL
VN ¢S50 | 06468TOTS! | ¥SOTTIETOT 4 MNVL
00 200 ¥€0.9¢TS1 | S¥¢868TIT 4 MNVL
VN ¢0'0 | 9€.98TOTS! | T/8688TIT 4 MNVL
anfea-d ealidwsa anjea-d earndwsa dd uoibay
uedlBWY-ueadoing | uedlswy-uedlY dNS | uonisod HHD ElED)

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2011 May 1.



Page 18

Mosbruger et al.

uoneindod sy} Joy pare|najed Jou

sem anfeA-d e pue GO0 > SeM 4Vl Y1 eyl sarealpul N "sanjea-d painwiad a1319ads auab ssjousp sisayiualed "T0'0 > sanjeA-d [ealiidwa aney SNS paziolfel] ‘suoirejndod 3 pue W\ Ul SNS Paisal sy Jo
anfea-d [eaudws ‘anfen-d [ealiidw3 N3 pue vy "dNS Palsal 8yl Jo Jaquinu si ‘dNS ‘dNS paisel 8yl Jo ‘sired aseq Ul ‘Uonisod [ewosoWwolyd ‘UoNISOd ‘Paredn) si dNS PaIsal aU 818yM aWOSOWOoIYd ‘HHD
‘dNS paisal ay) Buiurejuod uoibas suab ‘uoibay auas :uoirewosul Buimoljoy sy arealpul sbuipesH “Ajelesedas elep 3 pue vy Uo pawoylad sem suoneinwiad 000Gz UM SIsAeue UOITRIJ0SS. 91|3] |V

T SL°0 LS¥86¢¢st | 6S8TTYTL 7 d4as8Tl

T S.°0 9G¥86¢¢S! | €9€80VTL 7 d4as81l

VN 160 92E6Y6SI | ¥S6.L0VTL 7 d4as8Tl

VN 9.0 ¢66.50Ts4 | 0L0S0VTL 7 d4as81l

VN (#0°0) 500°0 ¢160G.€81 | 098E0VTL 7 d4as8Tl

VN ¥.°0 6L9€V/GS1 | T8IT6ETL 7 d4as81l

VN S9°0 €L9€V/SS1 | TOTO6ETL 7 d4as8Tl

(#00°0) €00°0 T.0 GG¥86¢¢S! | 9C¢T88ETL 7 d4as81l

VN 0.0 6CvyeTLSI | 68LT8ETL 7 d4as8Tl

anjea-d jeouidws | enjea-d [eaudwsa dg uoibey
uedlBWY-ueadoing | uedlswy-UedLpY dNS uonisod HHD ElEL)

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2011 May 1.



