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Abstract
The human major histocompatability complex (MHC) genes encode the human leukocyte antigens,
which are important in antigen presentation and regulation of CD8 + and CD4 + T cells. Response
to therapies in hepatitis C virus (HCV) infection is highly variable (30–80%) and lower response
rates have been reported among African Americans (AA; ~30%) compared to Caucasian Americans
(CA; ~50%) infected with genotype-1 viruses. We evaluated whether MHC gene variants were
associated with response to therapy and racial differences in AA and CA sustained virologic response
(SVR) rates. We genotyped alleles at 8 MHC loci: 3 class I (A, B and C) and 5 class II (DRB1,
DQA1, DQB1, DPA1 and DPB1) loci in 373 individuals (179 AA and 194 CA) with genotype-1
HCV infections, who were treated with peginterferon-α-2a and ribavirin. We observed carriage of
A*02 (RR = 1.33(1.08–1.64); P = 0.008), B *58 (RR = 1.84(1.24–2.73); P = 0.002) and DPB1*1701
(RR = 1.57(1.09–2.26); P = 0.015) to be associated with SVR after adjustment for other predictors
of response. In analysis of AA and CA subgroups separately, we observed potential, though not
statistically significant, differences in these MHC associations. Variation in the immunogenetic
background of HCV-infected individuals might account for some observed variation in viral-specific
immunity and courses of disease. In this regard, future studies examining broader patient populations
are warranted.
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Introduction
Within the United States approximately 20–30% of people infected with the hepatitis C virus
(HCV) appear to mount an adequate immune response to clear the virus without therapeutic
intervention;1,2 the remaining 70–80% of patients become chronically infected. Currently,
therapy for chronic HCV infection consists of pegylated interferon-α in combination with the
nucleoside analog, ribavirin, given for 24 or 48 weeks and is effective in eliminating virus from
30–80% of those treated.3,4 However, successful clearance of the virus with therapy can
depend upon many factors including viral factors such as viral genotype and viral load at the
start of treatment, and host factors including patient age, gender and the presence of co-
morbidities such extensive fibrosis or cirrhosis and hepatic steatosis.3,5 The race to which the
patient belongs appears to strongly influence the response to therapy. We and others have
reported African Americans (AAs) having significantly lower response rates to combination
pegylated interferon (peginterferon) and ribavirin therapy compared to Caucasian Americans
(CAs).5–7 This racial difference and the broad spectrum of response to therapy suggest a
possible role for host genetic diversity in the response to anti-HCV therapy.

Genes encoding the human leukocyte antigens (HLA) are found in the human major
histocompatability complex (MHC) region of chromosome 6, and are critical in the regulation
and initiation of the cellular immune response. MHC class I and class II molecules present
foreign antigens to T-cell receptors bearing CD8 + and CD4 + T-lymphocytes, respectively.
Interferon-α has been identified as an immunomodulatory cytokine that induces T-lymphocyte
activation and expression of MHC molecules. Numerous class I and class II HLA
polymorphisms appear to be related to spontaneous clearance in studies comparing self-
limiting and chronic HCV infection.8 The reports by studies investigating MHC
polymorphisms and response to interferon-based therapy have been largely inconsistent, and
the studies themselves are characterized by considerable heterogeneity arising from factors
such as differences in ethnic composition, genes evaluated and genotyping method. We
examined whether specific MHC alleles are associated with the sustained virologic response
(SVR) to peginterferon-ribavirin therapy for chronic, genotype-1 HCV infection in the Study
of Viral Resistance to Antiviral Therapy of Chronic Hepatitis C (Virahep-C) cohort.

Results
Cohort characteristics

Among the 401 individuals who were treated in the Virahep-C Study,5 373 consented to
participate in host genetics studies and had DNA available for genotyping. Forty-nine (27.4%)
of AA subjects and 104 (53.6%) of CA subjects were classified as sustained virologic
responders. Table 1 summarizes the baseline characteristics of the participants contributing to
this analysis. Statistically significant differences were detected in gender, fibrosis score, viral
level at baseline and amount of peginterferon dosage taken. The observed percent SVR was
higher for females, patients with lower fibrosis scores, patients with lower baseline viral levels
(≤6.5 log10 IU ml−1) and participants who took greater than 96% of the peginterferon dosage
provided.
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Carrier frequency analysis
In our study sample, we observed 12 alleles at the MHC A locus, 11 alleles at the B locus and
11 alleles at the C locus, within the class I region with carrier frequencies ≥5%. We observed
10, 7, 8, 8 and 6 alleles at the DRB1, DQA1, DQB1, DPA1 and DPB1 loci, respectively, within
the class II region ≥5%. Table 2 presents the race-adjusted Mantel–Haenszel χ2 test results for
the four alleles with a race-adjusted P-value less than or equal to 0.05; results for all alleles
evaluated by Mantel–Haenszel χ2 tests are listed in Supplementary Tables 1 and 2 (available
at the Genes and Immunity web site). The class I allele A*02 was found in 30% of AA and
46% of CA. Of AAs carrying the A*02 allele, 33% achieved SVR whereas 25% of the AA
non-carriers achieved SVR. Of the CAs carrying the A*02 allele, 64% achieved SVR compared
to 46% of CA non-carriers. We observed similar trends for the B*58 and DPB1*1701 alleles,
although these alleles are uncommon in our CA sample (1 and 3%, respectively). Fourteen
percent of our AA sample were carriers of the B*58 allele, and of these carriers 48% achieved
SVR compared to 24% of non-carriers. The DPB1*1701 allele was identified in 15% of AA
participants, of whom 42% achieved SVR compared to 25% of the non-carriers. DPA1*0103
was found in 30% of AAs and 75% of CAs in our study. Of the AAs carrying the DPA1*0103
allele 15% achieved SVR compared to 33% of the AA non-carriers. Of the CAs carrying the
DPA1*0103 allele 52% achieved SVR compared to 58% of CA non-carriers.

Regression analysis
Table 3 summarizes the relative risk (RR) estimates for carriage of each of the four alleles with
P-values less than 0.05 in the carrier frequency analysis. Regression results and RR estimates
for all alleles with P-values less than 0.15 in carrier frequency analysis are presented in
Supplementary Table 3 (available at the Genes and Immunity web site). In single allele
regression models that included other predictors of response to therapy, three alleles remained
significantly associated with SVR: A*02, B*58 and DPB1*1701. Table 4 presents the RR
estimates for a regression model that includes demographic, clinical and virologic predictors
of response, as well as the three HLA alleles, A*02, B*58 and DPB1*1701. In analysis of the
combined AA and CA study sample, all three alleles remained independently associated with
SVR after adjustment for each other and other predictors of response. Evaluation of this
regression model in the AA and CA subgroups separately differed slightly from the results of
the combined sample (Table 4).

Discussion
The major histocompatibility loci that encode the HLA class I and II molecules, which
recognize and bind T-cell epitopes in viral proteins, represent among the most highly
polymorphic genes in the human population. In this cohort study of genetically diverse patients
with chronic HCV infection, we observed that the A*02, B*58 and DPB1*1701 HLA alleles
were independently associated with SVR even after adjustment for other predictors of response
such as race, gender, baseline viral load, severity of liver fibrosis and dosage of medication
taken. While these alleles do not explain all of the observed racial differences in response to
peginterferon-ribavirin therapy, they might be contributing factors that work in conjunction
with other factors to affect differences in response.

We note that A*02 is positively associated with SVR (P = 0.008, Table 3) in both CA and AA
samples and is more frequent among CA patients (46% carrier frequency) than among AA
patients (30%). Conceivably, this difference in A*02 frequency between the two ethnic groups
might account, in part, for the increased SVR rate among Caucasian patients. The other highly
significant association in this data set with SVR is for B*58 (P = 0.002, Table 3). This allele
is found more frequently among AA patients (14% carrier frequency) than among CA patients
(1%). However, as B*58 is much less frequent among AA patients than A*02 is among CA
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patients, this allele may have less effect on the relative SVR rates of the two populations than
does A*02.

In the regression model containing all alleles with other predictors of response (Table 4), we
observed different levels of significance for those alleles in the AA and CA subgroups
compared to each other and compared to the combined sample. These subgroup evaluations
should be interpreted with caution as both subgroups contain fewer than 200 subjects (AA n
= 179 and CA n = 194), some allele frequencies were very low in certain subgroups (Table 3),
and, particularly for the AA subgroup, the number of subjects achieving SVR is small; thereby
contributing to the wider confidence intervals and lack of statistical significance observed in
the subgroup analyses. Nevertheless, the RR estimates (Table 4) within the subgroups and in
the combined sample were in the same direction for all alleles and, for A*02, of a similar
magnitude. For B*58 and DPB1*1701, the RR estimates in the AA subgroup were larger than
those in the CA subgroup indicating a possible heterogeneity of effect between our AA and
CA study samples for these alleles or others in strong LD (linkage disequilibrium) with B*58
or DPB1*1701.

None of these three alleles have previously been reported in association with response to
peginterferon plus ribavirin therapy for HCV infection. The A*02 antigen was reported in
association with lower alanine transaminase levels in chronically HCV-infected Japanese
subjects.9 The A*02-B*27-Cw*01 haplotype was found in strong LD with the DRB1*0101-
DQB1*0501 haplotype, which was associated with HCV clearance in an Irish population, as
were the B*27 and Cw*01 alleles alone.10 This could indicate that one or more loci in LD
with A*02 are influencing immune response to hepatitis C infection. In our sample, two
subjects (1 AA and 1 CA) carried both A*02 and B*58, four subjects (2 AA and 2 CA) carried
both A*02 and DPB1*1701, five subjects (all AAs) carried both B*58 and DPB1*1701, and
no subjects carried all three alleles, therefore, we did not investigate haplotype associations in
this cohort.

The A*02 allele has been reported in association with other infectious diseases and/or
complications. In particular, in Japanese subjects infected with human T-cell lymphotropic
virus type I (HTLV-I), the A*02 allele was associated with protection from HTLV-I-associated
myelopathy, and in healthy carriers of HTLV-I, the A*02 allele was associated with lower viral
load.11 The A*02-Cw16 haplotype was associated with high viral load in HIV-1, clade C-
infected Zambians.12 Finally, a study of C282Y homozygous hemochromatosis subjects
demonstrated a significant association between the A*02 allele and a lower CD8+ T-
lymphocyte count.13 This association was not observed in healthy controls carrying the A*02
allele, indicating that the lower count may be related to a locus in LD with the A*02 allele. We
identified one published report14 of an association between the B*5802 allele and higher viral
load in HIV-1 subtype C-infected Zambians, although the B*5801-Cw*03 haplotype was
associated with lower viral load. Furthermore, an association between the B*58 allele and
higher T-cell response in vertically-HIV-infected AA children (predominately females) has
been reported.15

Differences in the immunogenetic background of HCV-infected individuals might, in part,
account for the observed variation in viral-specific immunity and courses of disease.16 In this
regard, binding of HCV peptides to HLA molecules is a critical step for the initiation of an
antigen-specific immune response. Previous work from Virahep-C has indicated that baseline
HCV-specific immunity is associated with SVR;17 patients with higher levels of CD4 + T-cell
responses are more likely to develop SVR than patients with lower pretreatment levels.
Moreover, the frequency of circulating effector cytotoxic T-cell lymphocytes before treatment
was also shown to predict SVR.18 It is of considerable interest that the A*02 allele, the most
common restricting allele for known HCV epitopes (http://www.hcv.lanl.gov), was strongly
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associated with SVR in the current study. Thus, one might speculate that a patient carrying the
HLA A*02 allele would have a considerably greater likelihood of having T cells that recognize
HCV peptides displayed on infected hepatocytes compared to patients not carrying this allele.
This relatively augmented immune background might lead to HCV that is more susceptible to
the antiviral pressure induced by therapy. The relative rarity of HLA B*58 limits its clinical
utility as a predictor of response; notably, no known HCV epitopes restricted by this allele have
been reported (http://www.hcv.lanl.gov). On the other hand, it is conceivable that HLA
genotyping for A*02 might provide additional prognostic information for patients with chronic
HCV undergoing antiviral therapy.

Our study involved a select group of patients undergoing a standardized treatment protocol.5
Participants had to meet specific selection criteria: all had mild fibrosis, were interferon-
treatment naïve and were infected with genotype-1 HCV. Future studies examining a broader
patient population are warranted. Additionally, our study employed medium resolution typing
of the MHC region; studies of higher resolution typing might further inform the relationship
between MHC alleles and SVR in the treatment of hepatitis C. Studies are also needed to
understand the function of HLA molecules and how they present HCV antigens. Moreover,
the elimination of HCV during therapy is a dynamic process that occurs over the course of
time. It is possible that alleles capable of presenting a broad range of HCV antigens are needed
at certain time points during the elimination of the virus, while other alleles, more specific with
respect to the HCV antigens that they present, are needed at other time points. Future studies
should identify whether alleles with different HCV antigen-presenting characteristics are
needed at different time points during the course of therapy. In conclusion, we observed that
certain MHC gene variants were associated with SVR to peginterferon-ribavirin therapy. These
MHC associations by themselves, however, are insufficient to account for the observed
differences in AA and CA response rates even though there are large differences between AA
and CA allele frequencies for the associated variants. Thus, our data suggest that one or more
additional genetic factors contribute to the racial difference in response. Confirmation of these
results in other AA and CA populations, as well as in other racial or ethnic groups, will be
necessary to further understand the role of MHC genes in an individual’s response to HCV
therapy and the degree of genetic contribution to that response.

Methods
Study population

Subjects included in this analysis were participants in the Virahep-C Study, a multi-center
study sponsored by the National Institutes of Health aimed at understanding the mechanisms
of resistance to antiviral therapy for chronic HCV infection among interferon treatmenaaïve
individuals infected with genotype-1 (1a and 1b) HCV, as well as the differences in outcome
by race among AAs and CAs. Details of this study have been published previously.5 All
subjects were born in the United States and race was determined by a self-administered
questionnaire.

Virologic assessment
Quantitative measurements of viral levels were obtained using the Roche Amplicor assay
version 2 at baseline, during treatment, at the end of treatment (24 weeks) and at the end of
follow-up (48 weeks following the start of treatment). SVR was defined as undetectable HCV
RNA (<50 IU ml−1) 24 weeks following end of treatment; subjects who did not achieve this
level of viral load were considered non-responders.
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MHC genotyping
We genotyped the three class I genes and the five most highly polymorphic class II genes.
Genotyping of the class I loci (A, B and C), along with the class II loci (DRB1, DQA1, DQB1,
DPA1 and DPB1) was conducted using medium resolution genotyping methods developed by
Roche Molecular Systems,19,20 which use sequence-specific oligonucleotide probes
immobilized on nylon membranes and uses the Profiblot semiautomated hybridization system.
All typing of MHC genes was conducted by Roche Molecular Systems (Alameda, CA, USA).

Evaluation of population structure
Using data from 161 ancestry-informative single nucleotide polymorphisms, we derived
estimates of individual admixture for participants in the genetics study21 and utilized the
structured association method developed by Pritchard and colleagues to evaluate the population
structure.22,23 We have previously observed a strong correlation between self-reported race
and individual admixture in this study sample.21 We obtained similar results under both models
during our analyses using individual estimates of admixture and using self-reported race.
Consequently, we present the results of self-reported race.

Data analyses
For all alleles with a carrier frequency greater than 5% in the combined sample or in either
racial subgroup, we evaluated the carrier status for association with SVR within each racial
subgroup using a χ2 statistic and in the combined sample using a race-adjusted Mantel–Haenzel
RR estimate. All alleles with a P-value less than 0.15 in the race-adjusted carrier test were
evaluated, individually, in a multivariable Poisson regression model24 with other factors that
we have previously identified to be associated with SVR in this study population (race, gender,
log10 baseline viral load, baseline viral load by race interaction term, Ishak fibrosis score and
percentage of peginterferon dosage received in the first 24 weeks).5 Alleles that remained
significant (P≤0.05) in the single allele regression were placed in a Poisson regression
model24 together, again with other predictors of response. This model was evaluated for the
combined sample and for AA and CA subgroups separately.
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Table 3
Multivariable Poisson regression results modeling sustained virologic response by other predictors of responsea and
carrier status of the allele indicated

Allele
% of allele carriers in total sample

RR (95%CI) P-valueb

AA CA

A*02 30 46 1.33 (1.08–1.64) 0.008

B*58 14 1 1.84 (1.24–2.73) 0.002

DPB1*1701 15 3 1.57 (1.09–2.26) 0.015

DPA1*0103 30 75 0.81 (0.64–1.02) 0.069

Abbreviations: AA, African American; CA, Caucasian American; CI, confidence interval; RR, relative risk.

a
Other predictors of response include: race, gender, log10 baseline viral load, baseline viral load by race interaction term, Ishak fibrosis score and proportion

of peginterferon dosage taken in the first 24 weeks. Relative risk estimates for these covariates are present in Supplementary Table 3 (available at the
Genes and Immunity web site).

b
P-values are not adjusted for multiple testing.
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