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Investigating recovery from hepatitis C virus (HCV) infection is like solving a difficult
puzzle. Even after considerable progress, too many pieces are missing to see a complete
picture. The study by Rauch et al fills in a key new piece and provides a focal point for
future research on HCV recovery.

There are major differences in how people respond to HCV infection and its treatment.
About 30% of persons who acquire HCV infection resolve viremia, leaving only the
antibody response as a marker of prior exposure. These so-called spontaneous resolvers have
no long-term consequences of HCV infection and can be distinguished readily from others
with chronic hepatitis C and life-long viremia. Similarly, there are marked differences in the
degree to which interferon alfa treatment suppresses HCV replication among those with
chronic infection. Even after a single dose of interferon alfa, >2-log differences in HCV
RNA reduction are evident among persons with genotype 1 HCV infection.1 Like
spontaneous clearance, treatment-related resolution of chronic hepatitis C (sustained
virologic response) is associated with clearance of viremia and reduction in the risk of long-
term consequences of infection.2

There must be a host genetic basis for these disparate clinical outcomes. Aside from viral or
environmental factors, some racial groups spontaneously recover from HCV infection more
frequently than others. In 1 study, Caucasians were 5 times more likely to recover
spontaneously from acute HCV infection than African Americans.3 Even when persons have
been infected accidentally with the same HCV inoculum, spontaneous recovery occurs in
some but not others, indicating that host genetics determines the outcome.4 Likewise,
African Americans and probably Hispanics infected with genotype 1 HCV infection are less
likely to respond to interferon alfa treatment than Caucasians.5–7

Convinced that there must be something different about the DNA of those who recovered
and those with chronic infection, investigators have been working the puzzle using genetic
tools. Logically, the initial genetic approach was to look for variability in “candidate” genes
that encode key elements of the antiviral immune response. Persons possessing particular
human leukocyte antigen types were more likely to recover from HCV, presumably owing
to better processing and presentation of HCV-derived peptides or through differential
interaction with other immunologic mediators such as KIR receptors.8–11 Differences (eg,
polymorphisms) in genes encoding cytokines and other immunologic mediators also seemed
to explain some HCV recovery.12,13
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Some differences were found also in candidate genes of persons who responded to interferon
alfa and ribavirin treatment compared with so-called nonresponders.14–16 In most instances,
these studies were completely distinct from those focused on spontaneous resolvers. The
expectation was that these were 2 biologically distinct processes—2 separate puzzles.
However, for both forms of HCV resolution, many of the prime candidate genes were either
not polymorphic or the frequency of the polymorphisms was not different in resolvers
compared with those with persistent infection.17 Too many pieces were missing to see a
complete picture.

An alternative to the candidate-gene approach for solving the puzzle is the genome-wide
association study (GWAS), in which there is no a priori hypothesis about involved genes. In
a GWAS the frequencies of 500,000 to 2 million single nucleotide polymorphisms (SNPs)
that are distributed throughout the human genome are compared in cases and controls. This
approach presents special challenges, such as how to account for ethnic and geographic
differences in the prevalence of SNPs, as well as the issue of multiple comparisons.18 The
latter situation refers to the probability that SNP frequencies in cases and controls would
differ simply because of chance, which naturally increases when there are hundreds of
thousands of “chances.” This issue typically requires that the study be very large or detect a
SNP with a very strong association.19

The study by Rauch et al in this issue of Gastroenterology is an example of using GWAS to
detect a very strong genetic association in a study of a relatively genetically homogenous
population.20 They compared the frequency that each of approximately 500,000 SNPs
occurred in DNA from 347 Caucasian Swiss patients with spontaneous HCV resolution and
1,015 with persistent infection. Remarkably, although the differences in the frequencies of
nearly all the 500,000 SNPs followed the expected normal distribution, 7 stood out as more
than an order of magnitude less likely to have occurred by chance. All 7 strongly associated
SNPs were located on chromosome 19, within 80 kb of the genes for a family of lambda
interferons. The strongest association with spontaneous recovery was detected for
rs8099917, a T/G SNP whose distribution was exceedingly unlikely to have occurred by
chance (P = 6 × 10−9) and was located nearest to IL28b, the gene for interferon lambda 3.
The investigators found that the frequency of the minor G allele was overrepresented among
those with chronic hepatitis C (compared with those with spontaneous recovery) and was
over-represented in the subset of those with chronic infection who failed to respond to
pegylated interferon and ribavirin (compared with those who achieved a sustained virologic
response).

Very recently, other groups also have found pieces of the HCV recovery puzzle near
IL28b.21–24 Two of them also found that the T allele in rs8099917 was associated with
sustained virologic response to treatment.21,22 Also using GWAS, Ge et al23 compared the
frequencies of about 600,000 SNPs in DNA from 1,137 persons with persistent hepatitis C
according to their response to peginterferon alfa and ribavirin therapy. Persons who were
homozygous for the major C (vs T) allele at the rs12979860 SNP near IL28b were 2-fold
more likely to respond to treatment than those homozygous for the alternative nucleoside
(T). Likewise, by testing persons with spontaneous resolution of HCV, our group reported a
>2.5-fold increased likelihood of recovery in persons homozygous for C at rs12979860
compared with controls with persistent HCV infection.24 In addition, we showed that the
global distribution of the protective CC allele correlated strongly with ethnic differences in
spontaneous resolution of HCV, just as Ge et al23 had reported for treatment-related
response.

It is important to note that rs12979860 is just 4378 bases from rs8099917 and in this Swiss
population their linkage was high (D′ 0.98; r2 = 0.5; Figure 1). Likewise, Ge et al reported
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high linkage between these 2 SNPs in Caucasians (r2 = 0.52) but very low linkage in African
Americans (r2 = 0.07). Interestingly, data from the Hap-Map Project (www.hapmap.org)25

show that, in 2 African populations, the risk (G) allele in rs8099917 is infrequent (6.1% in
Kenyans and 1.8% in Nigerians), which is lower than the 17% in the Swiss. Because blacks
are more likely to have viral persistence and less likely to respond to treatment, this allele
would not explain the racial differences in HCV outcomes. By contrast, the risk (T) allele in
rs12979860 is more common in blacks than in Caucasians and was present in 50% and 69%
of the Kenyans and Nigerians in HapMap, respectively.24 Thus, further study of this gene is
needed to determine whether it explains racial differences in the outcome of this global
infectious disease.

At least 5 independent studies provide overwhelming evidence for the role of interleukin
(IL)-28b in the pathogenesis of HCV infection. However, still more pieces of data are
needed to complete the mechanistic picture. IL-28b (also known as interferon lambda 3) and
other type 3 interferons like IL-28a or IL-29 trigger an antiviral cascade via JAK-STAT that
is similar to and probably synergistic with type 1 interferons (such as interferon alfa),
although using distinct receptors (Figure 1).26 Like type 1 interferons, lambda interferons
have activity against HCV and other viral infections in vitro and in vivo. However, in vitro
exogenous interferon lambda induces a slower, more sustained abundance of interferon
stimulated genes than alfa interferon.27 Nonetheless, although these findings explain why
interferon lambdas might play a role in HCV recovery, they do not answer why certain base
sequences located upstream of the IL-28b start codon are associated with spontaneous and
treatment-associated resolution of HCV infection.

Unfortunately, at this point, very few possible explanations have been excluded, and there
are few strong mechanistic clues. One possibility is that these SNPs are markers of another
DNA sequence that modifies IL-28b. Both rs12979860 and rs8099917 are strongly
associated with a nonsynonymous IL28b mutation; the favorable SNP haplotype usually
occurs in association with an arginine instead of a lysine at position 70 (rs8103142). This
change is distant from the putative receptor binding location and its mechanistic significance
remains unknown.28

Because these SNPs are located upstream of IL28b, it is plausible that these mutations
correlate with the regulation of IL-28b transcription. Using the SNPExpress database, Ge et
al23 reported no difference in IL-28b expression in PBMC from 80 HCV-uninfected persons
homozygous for a proxy allele for rs12979860 (see the article’s supplemental material). On
the other hand, 2 studies found that those who carried the G risk allele at rs8099917 had
lower PBMC mRNA expression of IL-28b.21,29 It is likely that regulation will differ in the
infected tissue and even between cell types within the liver, as has been reported recently for
some interferon stimulated genes.30 IL-28b attenuates IL-13; it is also possible that the
cytokine produced in persons with the protective allele diminishes IL-13 to a lesser extent
than the molecule with the risk allele, similar to the protective effect of the least inhibitory
interactions between KIR and HLA-C.10,31

The degree to which these and other pieces fit the puzzle is being examined. In the
meantime, the work by Rauch et al and the other related studies published elsewhere provide
incontrovertible genetic evidence for a role of IL-28b in spontaneous and treatment-related
recovery from HCV infection. The work also underscores the power of large-scale genetic
studies to reveal why there are ethnic differences in the clinical expression of global
infectious diseases and their treatments. Now that we have a major new piece in the puzzle,
the effort has to be linking this finding to other pieces until the picture of HCV resolution is
sufficiently clear to improve, and perhaps personalize, HCV treatment and prevention
worldwide.
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Figure 1.
HCV RNA triggers production of type 1 interferons (such as interferon β and interferon α)
and probably lambda interferons by hepatocytes, and these molecules (and probably the
virus itself) stimulate transcription of interferon stimulated genes (ISGs) in antigen
presenting cells such as dendritic cells as well as in hepatocytes. Exogenous (therapeutic)
interferon α and lambda interferon signal similarly, but in a “steady-state” environment in
which HCV replication has been sustained despite ongoing expression of ISGs.
Polymorphisms just upstream of the gene for IL-28b (interferon lambda 3) are strongly
associated with spontaneous and treatment-associated resolution of HCV infection, but the
mechanism is unknown.
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