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Abstract: Canadian Aboriginals are reported to clear Hepatitis C (HCV) more frequently.
We tested the association of spontaneous clearance and three single nucleotide polymorphisms
(SNPs) near the Interferon-lambda 3 (IFNL3) gene (rs12979860, rs8099917, functional
variant rs8103142) and compared the SNP frequencies between HIV-HCV co-infected
whites and Aboriginals from the Canadian Co-infection Cohort. HCV treatment-naive
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individuals with at least two HCV RNA tests were included (n = 538). A spontaneous
clearance case was defined as someone with two consecutive HCV RNA-negative tests,
at least six months apart. Data were analyzed using Cox proportional hazards adjusted for
sex and ethnicity. Advantageous variants and haplotypes were more common in Aboriginals
than Caucasians: 57% vs. 46% had the rs12979860 CC genotype, respectively; 58% vs.
48%, rs8103142 TT; 74% vs. 67%, the rs12979860 C allele; and 67% vs. 64% the TCT
haplotype with three favourable alleles. The adjusted Hazard Ratios (95% CI) for spontaneous
clearance were: 1rs12979860: 3.80 (2.20, 6.54); rs8099917: 5.14 (2.46, 10.72); and
rs8103142: 4.36 (2.49, 7.62). Even after adjusting for rs12979860, Aboriginals and
females cleared HCV more often, HR (95% CI) = 1.53 (0.89, 2.61) and 1.42 (0.79, 2.53),
respectively. Our results suggest that favourable IFNL3 genotypes are more common
among Aboriginals than Caucasians, and may partly explain the higher HCV clearance rates
seen among Aboriginals.

Keywords: Aboriginals; genetic factors; Hepatitis C spontaneous clearance; Hepatitis C
epidemiology; HIV-hepatitis C co-infection; interferon lambda 3

1. Introduction

Among those infected with Hepatitis C (HCV), approximately 20%—45% spontaneously clear the
infection without treatment [1]. This proportion is lower in HIV co-infected individuals due to weaker
HCV-specific immune responses. Factors associated with higher HCV clearance include female sex,
East Asian ancestry, and infection with HCV genotypes 2 and 3 [2—-8]. In Canada, Aboriginal ancestry
has also been associated with spontaneous clearance [9,10]. HIV coinfection, on the other hand, is
associated with lower rates of spontaneous clearance [11]. Of the host genetic factors linked with
favourable HCV outcomes, the most consistent have been the single nucleotide polymorphisms (SNPs)
in the Interferon-lambda 3 (IFNL3) gene, formerly IL28B [12—15].

The SNPs near the /FFNL3 gene (rs12979860 and rs8099917) are strongly predictive of spontaneous
clearance of HCV and favourable treatment response, in both mono [1-3,16-22] and co-infected [4,11]
populations. The odds of spontaneous clearance are three times higher in those inheriting two copies of
the beneficial alleles versus those with one or no copies. Other SNPs that have been proposed as the
causal mechanism include $s469415590 (IFNL4) which impairs HCV clearance by turning on hepatic
interferon-stimulated genes (ISGs) and reducing responsiveness to IFNL3 [23-25] or rs8103142,
which leads to amino acid substitutions in the IFNL3 protein [26,27]. The SNPs also continue to be
a strong determinant of treatment response with the more efficacious direct acting antiviral agents
(DAAs) [28]. For example, SNP rs12979860 can be used to identify candidates for shorter treatment
duration [29] and IFNL3 SNPs are predictive of SVR with interferon-free regimens [30,31].

Allele frequencies of the three IFNL3 SNPs vary among ethnicities, with the favourable variants
being almost universal in East Asians and rare in those of African ancestry [1,16,18,19]. However, no
studies on /F'NL3 have been conducted in HCV-infected Canadian populations, which are unique in their
genetic makeup. Aboriginals accounted for 15.2% of new HCV infections between 1999-2004 [32,33],
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despite representing only 4.3% of the Canadian population [34]. In the HIV-HCV co-infected population
in the Canadian Co-infection Cohort (CCC), 16% of participants report Aboriginal descent. Despite
higher HCV seroprevalence in mono-infected Aboriginals [35], less than 5% had detectable HCV RNA
compared with 75% of non-Aboriginal Canadians in one study [36]. This finding suggests Aboriginals
may have markedly increased rates of HCV clearance possibly due to specific immunological
responses [10,14,15,36-38]. Aboriginals also respond better to HCV treatment in some studies [33,39]
but not all [40]. The distribution of IFNL3 SNPs in Aboriginals, which could differ from Caucasians
due to their separate historical and genetic ties to populations in central Asia as well as their distinct
migration and mixing patterns [41,42], has never been reported. Given the burden of infection in the
Aboriginal population, information on IFNL3 would be valuable for tailoring treatment for co-infected
Aboriginals who face numerous challenges in accessing care.

We studied the association between IFNL3 SNPs (rs12979860, rs8099917 and rs8103142) and
spontaneous clearance and compared the distribution of IFNL3 SNPs in Canadian whites and Aboriginals.

2. Results

For the spontaneous clearance study, the study population included 46% of those enrolled in the
CCC. The distribution of the sociodemographic and clinical features of included patients were similar
to the CCC as a whole (Table 1). Half the participants had been infected with HCV for over 18 years.
About 90% were HCV RNA positive at their first available test and very few were ever treated for
HCV. Twenty-two of the 79 (28%) spontaneous clearance cases were HCV RNA positive at cohort
entry and cleared HCV infection while under observation. The majority were male, older, with
a history of injection drug use and were therefore likely infected with HCV before acquiring HIV. The
majority were receiving antiretroviral therapy and had well-controlled HIV with good CD4 recovery
(median CD4 count at baseline >350 cells-pL™!). The 85 Aboriginals in the study population for the
IFNL3-spontaneous clearance study were more likely to be female (60% vs. 32%) and their median
CD4 count was slightly lower at 330 cells'uL™" (vs. 365 cells:uL™" in the study population).
Spontaneous clearance cases were more likely to be female, Aboriginal, less likely to be infected with
genotype 1, and more likely to possess the advantageous genotypes at all the IFNL3 SNPs than those
who did not clear spontaneously (Table 2).

2.1. Clearance and IFNL3

Eighty individuals (15%) cleared spontaneously; one was missing HCV duration information,
so 79 cases were used in the analysis. IFNL3 alleles were in Hardy-Weinberg equilibrium in both whites
and Aboriginals (p > 0.01). The favourable genotypes at all the SNPs were associated with higher rates
of clearance at a statistically significant level, with hazard ratios >3 in both univariate and multivariate
analyses (Tables 2 and 3). The rates of clearance did not change appreciably after adjustment for
ethnicity or sex, indicating that the effect of the SNP is likely not related to, or mediated by, either of
these variables.
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Table 1. Baseline characteristics of [IFNL3-spontaneous clearance study population compared
with the Canadian Co-infection Cohort (CCC) source population.

Variables Study Population n = 538 CCCn=1176
Median follow-up time, years (IQR) 3.2 (1.74.6) 3.0(1-4.4)
Mean age at baseline, years (SD) 44 (8.2) 45 (8.6)
Male, n (%) 368 (68) 864 (74)
Ethnicity, n (%)
White 418 (78) 891 (77)
Black 15 (3) 45 (4)
Aboriginal 85 (16) 181 (16)
Other 15 (3) 44 (4)
Injection drug use ever, n (%) 472 (87) 944 (81)
Median HCV duration, years (IQR) 19 (11-25) 18 (10-26)
HCV RNA positive at first available test 481 (90) 889 (76)
HCYV genotype 1, n (%) 304 (74)*° 683 (73) °
Median CD4 counts, cells/uL (IQR) 365 (230-530) 420 (270-604)
On HIV therapy 415 (77) 957 (81)

3 HCV genotype available in 410 individuals at visit 1; ® HCV genotype available in 935 individuals at visit 1.

Table 2. Characteristics of spontaneous clearers compared to chronically HCV infected
patients and univariate Cox proportional hazards analyses of spontaneous HCV clearance.

Variables Spontaneous Clearers n =79 Chronically Infected » =462  Univariate HR (95% CI)
Aboriginal 18 (23%) 67 (15%) 1.91(1.12,3.25)®
Female 32 (41%) 142 (31%) 1.62 (1.02,2.57)
HCYV genotype, n (%)
1 11 (52%) 293 (75%) 0.56 (0.29, 1.10)®
2 1 (5%) 17 (4%)
3 9 (43%) 67 (17%)
4 0 12 (3%)
IFNL3 genotypes
rs12979860
CC, n (%) 53 (75%) 180 (43%) 3.89(2.28,6.63) ¢
CT, n (%) 15 (21%) 186 (44%)
TT, n (%) 3 (4%) 57 (13%)
rs8099917
TT, n (%) 68 (88%) 256 (60%) 4.65 (2.32,9.32)
GT, n (%) 9 (12%) 138 (33%)
GG, n (%) 0(0) 30 (7%)
rs8103142
TT, n (%) 59 (78%) 186 (45%) 4.23 (2.46,7.28)
CT, n (%) 15 (20%) 182 (44%)
CC, n (%) 2 (2%) 50 (12%)

@ The comparison shown is for Aboriginals vs. White Canadians (other ethnicities excluded); ® HCV

genotypes 1, 4 vs. genotypes 2, 3, after multiple imputation; © CC vs. non-CC.
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Table 3. Multivariate results of the association of HCV spontaneous clearance with

IFNL3 genotypes.

Characteristic Adjusted HR (95% CI) by IFNL3 Genotype
rs12979860 CC rs8099917 TT rs8103142 TT
IFNL3 Genotype 3.80 (2.20, 6.54) 5.14 (2.46, 10.72) 4.36 (2.49,7.62)
Aboriginal Ethnicity vs. White 1.42 (0.79, 2.53) 1.50 (0.88, 2.57) 1.40 (0.79, 2.48)
Other Ethnicity vs. White 1.04 (0.21,5.17) 1.19(0.25, 5.75) 1.01 (0.20, 5.05)
Female 1.53 (0.89, 2.61) 1.58 (0.97, 2.57) 1.55(0.94, 2.56)

In both univariate and multivariate analyses, being of Aboriginal descent was linked to
a higher likelihood of spontaneous HCV clearance (Tables 2 and 3). The estimated clearance rates per
100 person-years (95% CI) for Aboriginals was 8.20 (5.17, 13.01) compared to 4.24 (3.28, 5.48) for
whites, supporting the univariate estimate that Aboriginals were almost twice as likely to clear HCV
compared with whites. There was no evidence that the IFNL3-spontaneous clearance relationship
varied by ethnicity. Interaction terms between each SNP or haplotype with sex were not statistically
significant (p-value = 0.9, results not shown). Females also appeared to have higher likelihood of clearing
spontaneously, with a 50% higher clearance rate than males. Infection with HCV genotype 1 or 4 tended
to be associated with a lower chance of clearance compared to infection with type 2 or 3 (HR = 0.56,
95% C10.29, 1.10 after multiple imputation for missing genotypes).

Patients carrying a haplotype with advantageous alleles from all three SNPs had a much greater
rate of clearance than those lacking the haplotype, regardless of the mode of inheritance. A recessive
model assumes that only having two copies of the beneficial haplotype raises the rate of clearance,
while an additive model is closer to a dose response where two copies of the beneficial haplotype has
a two-fold effect on the outcome compared to only one copy. Based on the AIC values, the additive
model fit best, indicating that those with two copies of the haplotype were over three times more likely
to clear than those with a single copy of the haplotype (OR = 3.23, 95% CI: 2.66, 3.92).

2.2. IFNL3 Distribution in Aboriginals and Whites

The prevalence of the beneficial alleles and the genotypes (Figure 1) was more common in
Aboriginals than white Canadians, especially at rs8§103142 and rs12979860 (p < 0.05). At rs8099917,
the differences in the allelic and genotypic frequencies did not reach statistical significance (p = 0.53
and p = 0.24, respectively).

The SNPs were in linkage disequilibrium in both Aboriginals and whites (p < 0.001 in each), though
the magnitude of the measures differed. Among whites, higher R? and D’ values indicated the SNPs
were much more tightly linked to rs12979860 than in Aboriginals. In whites, D’ values between favourable
alleles in rs12979860 and rs8099917 were 0.85 (95% CI 0.79, 0.90) and between rs12979860 and
rs8103142 were 0.93 (95% CI 0.89, 0.96). The corresponding values among Aboriginals were 0.68
(95% CI 0.53, 0.80) and 0.75 (95% CI 0.64, 0.83), respectively. In whites, R? between 1512979860
and rs8099917 was 0.39 and between rs12979860 and rs8103142 was 0.81, while in Aboriginals, the
values were 0.32 and 0.55, respectively.
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Figure 1. Distribution of favourable IFNL3 genotypes and alleles in Canadian-born Whites
and Aboriginals: (a) Frequency of favourable IFNL3 alleles is higher in Aboriginals than
Whites; (b) Frequency of favourable IFNL3 genotypes is higher in Aboriginals than
Whites. * p <0.05.

Haplotype analysis with PHASE estimates the prevalence of the most common haplotypes in each
population. The top five most common haplotypes are presented in Figure 2. Estimates indicate that
the haplotype containing the beneficial allele at all three SNPs (TCT corresponds to T at rs8103142,
C at 512979860 and T at rs8099917) was most frequent in both Aboriginals and whites, though
more common in the former: 67% of Aboriginals vs. 64% of whites. On the other hand, CTG, which
contains the unfavourable allele at each SNP, was more common in whites (18%) than Aboriginals
(14%). Likelihood ratio test results also indicate that haplotypic frequency differed between the

two groups (p < 0.05).
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Figure 2. Haplotype distribution in Canadian-born Whites and Aboriginals. Haplotypes
containing the favourable alleles at all three SNPs (TCT) are more common in Aboriginals
than whites while the opposite is true about haplotypes with the disadvantageous alleles
(CTG). TCT =T atrs8103142, C at rs12979860 and T at rs8099917.

3. Discussion

Beneficial SNPs near the /FNL3 gene, linked to both spontaneous HCV clearance and treatment
response, are distributed differentially in populations of different ancestry, and have never been
characterized in the Canadian HIV-HCV co-infected population where Aboriginal people are
overrepresented. As in other studies, we found clearance rates in our coinfected cohort to be lower than
in HCV mono-infected populations [4,43,44]. Aboriginals cleared HCV infection more often than
whites and also possessed higher frequencies of the advantageous genotypes, alleles and haplotypes.
Furthermore, after adjusting for beneficial IFNL3 genotypes, Aboriginals still tended to clear more
often suggesting there may be additional factors that explain higher rates of spontaneous clearance in
this population. Our results could have implications for treatment-related decisions, especially since
Aboriginals are disproportionately affected by both HCV and HIV and more often carry favourable
haptotypes that predict favourable HCV treatment responses.

SNPs of interest included those at rs12979860 and rs8099917, which are located in the non-coding
region of the IFNL3 protein. We also studied the SNP at rs§103142, which leads to a nonsynonymous
amino acid change (K70R), that could affect IFNL3 protein function [45,46] or interactions with other
unknown factors involving viral control [47]. As in other populations, the favourable genotypes at all
these SNPs were linked to higher rates of spontaneous clearance in HIV-HCV co-infected Canadians.
The beneficial genotypes were more frequent in Aboriginals and the differences reached statistical
significance at rs12979860 and rs8103142. Canadian Aboriginals, like other Native American indigenous
peoples, have complex ancestries but share links with Asian populations (i.e., Siberians and Mongolians),
where the beneficial genotypes are almost universal [15,41]. We found the IFNL3 allele frequencies in
Canadian-born whites similar to those reported for European populations in other studies [48,49].

The frequency of IFNL3 haplotypes also differed between Aboriginals and Canadian-born whites.
The TCT haplotype, which contains beneficial alleles at all three SNPs, was more common among
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Aboriginals than whites while the reverse was true for the CTG haplotype, which includes the
unfavourable allele at each SNP. As with allelic frequencies, the haplotypic frequencies in whites were
similar to those reported in other studies of Caucasian populations [23]. The frequencies of the beneficial
alleles and haplotypes in Aboriginals were not as high as those reported in East Asians [15,23,41],
suggesting genetic divergence or reflecting mixing with European or other populations over time—for
example, 93% of East Asians carry the TCT haplotype vs. 67% of Canadian Aboriginals, and only 5.5%
carry the unfavourable CTG version vs. 14% of Aboriginals [23].

As in prior studies [10,33,36,50], in univariate analyses, Aboriginals were more likely to clear than
whites. This association weakened after adjustment for IFNL3 and sex. However, Aboriginals still
appeared more likely to clear HCV than whites suggesting that IFNL3 may be only one factor that
contributes to increased clearance among Aboriginals. Differences in killer-cell immunoglobulin-like
receptors (KIR) or IL-10 variants may explain higher HCV resolution among Aboriginals [14,15]. We
could not examine these factors, or test if they interact with the SNPs near /FNL3.

The effect of r1s8103142 cannot be separated from rs12979860 at a population level, making it difficult
to conclude if the SNPs were directly linked to the biological mechanism of spontaneous clearance or
rather were behaving as markers for the true causal variant. The lysine-arginine (K70R) substitution caused
by the rs8103142 polymorphism did not affect IFNL3 protein function in in vitro studies [51,52], but
since these studies involved a single experimental model within a short time frame (24 h), the authors
could not rule out a major role for the rs8103142 variant in treatment response [52,53]. It is also possible
that rs8103142 alleles are in LD with other causal variants such as ss469415590, which encodes
Interferon Lambda 4 (IFNL4) [54]. Some linkage (R?> > 0.6) between the IFNL4 SNP and both
rs12979860 and rs8103142 have been reported in other studies [23,24].

The strengths of our study include a study sample that is representative of the co-infected population
in Canada and included a large number of Aboriginal persons, so our findings will be directly relevant
to treating clinicians. Our cases were carefully defined and sampled to reduce measurement error, thus
providing reasonable estimates of relative rates of clearance.

Although ours is the largest study to date of spontaneous clearance in co-infected Canadians, we could
not study other host or viral factors that could impact the IFNL3-spontaneous clearance relationship.
As expected, infection with HCV genotype 1 or 4 was linked to a much lower rate of clearance, but
accounting for HCV genotype did not affect the estimates for SNPs or Aboriginal ancestry. Reduced
power could also explain the lack of statistical significance of Aboriginal ancestry in the multivariate
analysis. We also lacked the power to detect interactions between IFNL3 SNPs and sex which have been
previously reported [55].

Our study population was very similar to the CCC overall so our results should be generalizable to
co-infected individuals receiving care in Canada. However, although the CCC attempts to recruit from
diverse populations including patients with various risk factors and who are marginalized, persons not
accessing care may differ from those included in our analyses. Those not under care may be more
unstable, active injection drug users and more likely to be Aboriginal. Furthermore, the CCC does not
represent the full diversity of all Aboriginal people in Canada, but is most reflective of co-infected
Aboriginals in the most populous Canadian regions (Ontario, British Columbia, Quebec and Alberta).
Our results may not be fully generalizable to Aboriginal persons outside these regions.
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Another potential limitation is that the date of HCV infection used as the origin was approximate
in most instances. If the error of this estimation was differential by ethnic group, that is, greater in
Aboriginals than whites, for example, then it could bias the effect estimate. However, when we
modeled time at risk using age, which is known with better accuracy, or used different modeling
strategies (discrete time survival analysis or conditional logistic in a nested case control study), we did
not obtain different results (not shown). Since most individuals enrolled in the CCC many years after
they were infected, we cannot know with certainty whether this was a first or repeat clearance.
Nevertheless, our findings still address whether IFNL3 genotype is associated with spontaneous
clearance in our study population.

In conclusion, HIV-HCV coinfected Aboriginals were more likely than whites to clear HCV
infection and to carry the beneficial IFNL3 genotypes and alleles linked to increased HCV clearance.
Future studies should explore the mechanisms behind enhanced clearance among Aboriginals,
including functional studies of I/FFNL3 and IFNL4 genes or any other host factors that might enhance
the immune response to HCV infection. Understanding the underlying biology of HCV clearance will
ultimately help in making treatment decisions for Aboriginals who have urgent clinical needs.

4. Materials and Methods
4.1. Source Population

The Canadian Co-infection Cohort Study (CCC, n = 1176), established in 2003, is an open
prospective cohort of HIV-HCV co-infected individuals recruited from 18 centres across Canada,
representing approximately 20% of the co-infected population under care [56]. For our study, we
included data collected up until April 2013. To be included in the CCC, patients had to be over
16 years or older, give informed consent, be HIV infected (confirmed via ELISA with western blot),
and have HCV infection or evidence of HCV exposure (HCV-antibody positive by ELISA with
recombinant immunoblot assay II (RIBA II) or enzyme immunoassay (EIA) or if serologically false
negative, HCV-RNA-positive). At visits every six months, socio-demographic, medical and behavioural
information was collected using validated questionnaires and biological samples were obtained and
stored. The study has been approved by research ethics boards at each of the participating institutions.

4.2. Study Population and Covariates

For the spontaneous clearance study, we included individuals who had never been treated for HCV
and who had at least two HCV RNA tests available (n = 538). Visits after HCV treatment initiation
were censored. A spontaneous clearance case was defined as an individual who was HCV-RNA
negative on two consecutive PCR tests, at least six months apart (Figure 3a). HCV RNA levels were
measured at most visits (COBAS AMPLICOR HCV Test, version 2.0, Roche Diagnostics, Hoffmann-La
Roche Ltd., Laval, QC, Canada, lower limit of detection < 50 IU-mL™).

To compare the genotype distribution of the three IFNL3 SNPs of interest between Canadian whites
and Aboriginals, self-reported ethnicity was used. Participants self-identified as being of Caucasian,
black, other (Asian or Hispanic Latino), or Aboriginal (First Nations, Metis, or Inuit) ethnicity. In the
CCC, 15.6% reported some Aboriginal ancestry (n = 181), but analysis was restricted to those who did
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not report any other ancestry (n = 140). These results were compared to those from 620 genotyped
Canadian-born whites (Figure 3b).

CANADIAN CO-INFECTION COHORT, n=1176

HCV treatment, n=209 I—

Treatment-naive, n=967

1 <2 HCW RNA tests or other missing information, n=429

STUDY POPULATION, n=538

Spontaneous clearers, n=79 Chronically infected, n=462
* White, n=58 * White, n=359
*Aboriginal, n=18 *Aboriginal, n=67
*Black, n=0 *Black, n=15
*Other, n=2 *Other, n=13
(a)

CANADIAN CO-INFECTION
COHORT, n=1176

[
[ 1
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OthE( ancestry or Not born in Canada
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Figure 3. Study and source population: (a) Selection of study population for evaluating the
association of IFNL3 genotypes and rates of spontaneous clearance; (b) Selection of study

population for comparison of IFNL3 frequency distribution between Canadian Aborginals
and Whites.
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4.3. IFNL3 SNP Genotyping

Never thawed plasma and serum samples were processed and genotyped using a real-time PCR
assay (Bay Area Genetic Lab). DNA was extracted using a modified Qiagen Mini Blood extraction
protocol and the genotyping assay was developed for the LightCycler® 480 (Roche Diagnostics, Laval,
QC, Canada) to cover bi-allelic SNPs rs12979860, rs8099917, and rs8103142 separately. Oligos were
designed in-house and synthesized by TibMolBiol. Each real-time assay consists of a primer set to
amplify the specific gene region and a set of hydrolysis probes representing each allelic variant
(common and rare allele). Probes are dual-labeled with a 5' reporter dye (6' FAM or HEX) and 3'
quencher dye (BBQ). Results were analyzed using Endpoint Genotyping and Abs Quant/2nd derivative
analysis software to determine the genotype at each SNP.

Samples with ambiguous or no result for an individual SNP were retested using more of the
extracted DNA. For samples with ambiguous or no results for all the SNPs, more DNA was extracted
and the SNP assays repeated using the newer extraction.

4.4. Statistical Analysis

The software PHASE v2.1 was used for haplotype inference and distribution [57,58]. Haploview [59]
and Stata version 12 were used to determine allele frequency distributions, Hardy-Weinberg
Equilibrium measures, and linkage disequilibrium (LD) measures in Aboriginals and Canadian-born
whites. Pearson’s Chi-squared test was used to compare allelic and genotypic frequencies between the
two subpopulations. The Stata command-hapipf- was used to test presence of LD in each group and
also compare haplotypic frequencies between the two.

Due to the presence of censoring and left truncation, data were analyzed using Cox proportional
hazards with adjustments for sex and ethnicity. The time axis was calendar time with the estimated
date of HCV infection as the origin. Time in the analysis for each patient starts with cohort entry.
This method of late entry was used to address the problem of left truncation since half the Cohort had
been HCV infected for over 18 years at first visit. HCV duration was estimated based on date of
HCV seroconversion, if known, or on the year of first injection drug use or blood product exposure.
Interaction terms were tested between the IFNL3 genotype and sex as such interactions have previously
been reported [S5]. Due to the absence of HCV RNA in some available samples, HCV genotype
information was missing in approximately 20% of the study population. Thus, HCV genotype was not
included in the main multivariate analysis. In sensitivity analyses, Multiple Imputation by Chained
Equations (MICE) was used to impute missing HCV genotypes [60]. Missingness for HCV genotype
and other variables such as RNA tests, plasma samples, or IFNL3 genotype was assumed to be at random.
Stata 12 was used for all analyses (StataCorp LP, College Station, TX, USA).

A dominant model was used in the association analyses between genotype and spontaneous clearance.
Subjects with one or two copies of the variant allele were grouped and contrasted with the wild-type
genotype. For all three SNPs the homozygous wild-type genotype is considered favourable. Therefore,
for rs12979860, genotype CC was compared with the CT and TT genotypes, whereas for rs8099917
and rs8103142 the TT genotype was compared with the TG and GG genotypes or with the TC and CC
genotypes, respectively.
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For the haplotype analysis, the Stata command-haplologit- was used to test the effect of TCT, the
haplotype with the favourable alleles at all the SNPs (T at rs8103142, C at rs12979860 and T at
rs8099917), after adjusting for ethnicity.

Acknowledgments

Special thanks to Rhyan Pineda, Laurence Brunet and Kathleen Rollet,for sample and data preparation;
Connie Lisle and Ronald Carter, Bay Area Genetic Laboratory, McMaster University.

This study was funded by the Canadian Institutes of Health Research (HEO-115694). The Canadian
Co-infection Cohort is funded by Fonds de recherche Québec- Santé, Réseau SIDA/maladies infectieuses
(FRQ-S), the Canadian Institutes of Health Research (MOP-79529), and the CIHR Canadian HIV
Trials Network (CTN222); Marina B. Klein is supported by a Chercheur National career award from
the FRQ-S. Nasheed Moqueet is supported by a doctoral research award from the Canadian Institutes
of Health Research (CIHR DRA; 201010MDR) and National CIHR Research Training Program in
Hepatitis C (NCRTP-Hep C).

Author Contributions

Nasheed Moqueet and Marina B. Klein designed the study. Nasheed Moqueet drafted the
manuscript and conducted all the analyses with help from Claire Infante-Rivard, Robert W. Platt,
Jim Young and Marina B. Klein. Nasheed Moqueet, Claire Infante-Rivard, Robert W. Platt, Jim Young,
Curtis Cooper, Mark Hull, Sharon Walmsley and Marina B. Klein have commented on the manuscript.

Appendix

The Canadian Co-infection cohort investigators (CTN222) are: Jeff Cohen, Windsor Regional
Hospital Metropolitan Campus, Windsor, ON; Brian Conway, PENDER Downtown Infectious
Diseases Clinic, Vancouver, BC; Curtis Cooper, The Ottawa Hospital—Research Institute, Ottawa ON;
Pierre Coté, Clinique du Quartier Latin, Montréal, QC; Joseph Cox, MUHC IDTC- Montréal General
Hospital, Montréal, QC; John Gill, Southern Alberta HIV Clinic, Calgary, AB; Shariq Haider, McMaster
University Medical Centre—SIS Clinic, Hamilton, ON; Aida Sadr, Native BC Health Center, St-Paul’s
Hospital, Vancouver, BC; Lynn Johnston, QEII Health Science Center for Clinical Research, Halifax,
NS; Mark Hull, BC Centre for Excellence in HIV/AIDS, Vancouver, BC; Julio Montaner, St. Paul’s
Hospital, Vancouver, BC; Erica Moodie, McGill University, Montreal, QC; Neora Pick, Oak Tree
Clinic, Children’s and Women’s Health Centre of British Columbia, University of British Columbia,
Vancouver, BC; Anita Rachlis, Sunnybrook & Women’s College Health Sciences Centre, Toronto,
ON; Danielle Rouleau, Centre Hospitalier de 1’Université de Montréal, Montréal, QC; Roger Sandre,
Health Sciences North—The HAVEN/Hemophilia Program, Sudbury, ON; Joseph Mark Tyndall,
Department of Medicine, Infectious Diseases Division, University of Ottawa, Ottawa ON;
Marie-Louise Vachon, Centre Hospitalier Universitaire de Québec, Québec, QC; Steve Sanche,
SHARE University of Saskatchewan, Saskatoon, SK; Stewart Skinner, Royal University Hospital &
Westside Community Clinic, University of Saskatchewan, Saskatoon, SK; and David Wong,
University Health Network, Toronto, ON.



Int. J. Mol. Sci. 2015, 16 6508

Conflicts of Interest

Marina B. Klein received grants from the Canadian Institutes of Health Research, Fonds de
recherche en santé du Québec, Réseau SIDA/maladies infectieuses (FRQ-S), the National Institute of
Health Research, Merck, ViiV Healthcare and Schering-Plough, consulting fees from Glaxo-Smith
Kline and ViiV Healthcare, and lecture fees from Bristol-Meyers Squibb, Glaxo-Smith Kline and ViiV
Healthcare. She also received fees for the development of educational presentations from Gilead, Glaxo-
SmithKline and ViiV Healthcare. Curtis Cooper reports grants from Merck and Abbott; consulting fees
from Merck and Vertex and lecture fees from Merck and Roche. Sharon Walmsley received grants,
consulting fees, lecture fees, nonfinancial support and fees for the development of educational
presentations from Merck, ViiV Healthcare, Gilead, Abbott, Tibotec, Janssen, Bristol-Myers Squibb
and Boehringer Ingelheim. No conflict of interests were declared by the other authors.

References

1. Thomas, D.L.; Thio, C.L.; Martin, M.P.; Qi, Y.; Ge, D.; O’Huigin, C.; Kidd, J.; Kidd, K.
Khakoo, S.I.; Alexander, G.; ef al. Genetic variation in IL28B and spontaneous clearance of
hepatitis ¢ virus. Nature 2009, 461, 798-801.

2. Grebely, J.; Petoumenos, K.; Hellard, M.; Matthews, G.V.; Suppiah, V.; Applegate, T.; Yeung, B.;
Marks, P.; Rawlinson, W.; Lloyd, A.R.; et al. Potential role for interleukin-28b genotype in
treatment decision-making in recent hepatitis c virus infection. Hepatology 2010, 52, 1216-1224.

3. Montes-Cano, M.A.; Garcia-Lozano, J.R.; Abad-Molina, C.; Romero-Gomez, M.; Barroso, N.;
Aguilar-Reina, J.; Nunez-Roldan, A.; Gonzalez-Escribano, M.F. Interleukin-28B genetic variants
and hepatitis virus infection by different viral genotypes. Hepatology 2010, 52, 33-37.

4. Rauch, A.; Kutalik, Z.; Descombes, P.; Cai, T.; Di Iulio, J.; Mueller, T.; Bochud, M.; Battegay, M.;
Bernasconi, E.; Borovicka, J.; et al. Genetic variation in IL28B is associated with chronic
hepatitis C and treatment failure: A genome-wide association study. Gastroenterology 2010, 138,
1338-1345,.

5. Mizukoshi, E.; Eisenbach, C.; Edlin, B.R.; Newton, K.P.; Raghuraman, S.; Weiler-Normann, C.;
Tobler, L.H.; Busch, M.P.; Carrington, M.; McKeating, J.A.; ef al. Hepatitis ¢ virus (HCV)-specific
immune responses of long-term injection drug users frequently exposed to hev. J. Infect. Dis.
2008, 798, 203-212.

6. Wang, C.C.; Krantz, E.; Klarquist, J.; Krows, M.; McBride, L.; Scott, E.P.; Shaw-Stiffel, T.;
Weston, S.J.; Thiede, H.; Wald, A.; et al. Acute hepatitis C in a contemporary us cohort: Modes
of acquisition and factors influencing viral clearance. J. Infect. Dis. 2007, 196, 1474—1482.

7. Kamal, S.M.; Kassim, S.K.; Ahmed, A.l.; Mahmoud, S.; Bahnasy, K.A.; Hafez, T.A.; Aziz, L. A;
Fathelbab, I.F.; Mansour, H.M. Host and viral determinants of the outcome of exposure to HCV
infection genotype 4: A large longitudinal study. Am. J. Gastroenterol. 2014, 109, 199-211.

8. Rao, HY.; Sun, D.G.; Jiang, D.; Yang, R.F.; Guo, F.; Wang, J.H.; Liu, F.; Zhang, H.Y.; Zhang, H.H.;
Du, S.C.; et al. IL28B genetic variants and gender are associated with spontaneous clearance of
hepatitis c virus infection. J. Viral Hepat. 2012, 19, 173—181.



Int. J. Mol. Sci. 2015, 16 6509

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dawood, M.; Smart, G.; Wood, M.; Wu, H.X_; Paton, S.; Wu, J. Hepatitis c virus infection among
first nation and non-first nation people in Manitoba, Canada: A public health laboratory study.
Can. J. Microbiol. 2006, 52, 999-1005.

Grebely, J.; Raffa, J.D.; Lai, C.; Krajden, M.; Conway, B.; Tyndall, M.W. Factors associated with
spontaneous clearance of hepatitis ¢ virus among illicit drug users. Can. J. Gastroenterol. 2007, 21,
447-451.

Kim, A.Y.; Chung, R.T. Coinfection with HIV-1 and HCV—A one-two punch. Gastroenterology
2009, 737, 795-814.

Mosbruger, T.L.; Duggal, P.; Goedert, J.J.; Kirk, G.D.; Hoots, W.K.; Tobler, L.H.; Busch, M.;
Peters, M.G.; Rosen, H.R.; Thomas, D.L.; et al. Large-scale candidate gene analysis of spontaneous
clearance of hepatitis ¢ virus. J. Infect. Dis. 2010, 201, 1371-1380.

Romero-Gomez, M.; Eslam, M.; Ruiz, A.; Maraver, M. Genes and hepatitis C: Susceptibility,
fibrosis progression and response to treatment. Liver Int. 2011, 31, 443—460.

Aborsangaya, K.B.; Dembinski, I.; Khatkar, S.; Alphonse, M.P.; Nickerson, P.; Rempel, J.D.
Impact of aboriginal ethnicity on HCV core-induced IL-10 synthesis: Interaction with /L-10 gene
polymorphisms. Hepatology 2007, 45, 623—630.

Rempel, J.D.; Hawkins, K.; Lande, E.; Nickerson, P. The potential influence of kir cluster profiles
on disease patterns of Canadian aboriginals and other Indigenous peoples of the americas. Eur. J.
Hum. Genet. 2011, 19, 1276—1280.

Tillmann, H.L.; Thompson, A.J.; Patel, K.; Wiese, M.; Tenckhoff, H.; Nischalke, H.D.;
Lokhnygina, Y.; Kullig, U.; Gobel, U.; Capka, E.; et al. A polymorphism near IL28B is associated
with spontaneous clearance of acute hepatitis C virus and jaundice. Gastroenterology 2010, 139,
1586-1592.

Duggal, P.; Thio, C.L.; Wojcik, G.L.; Goedert, J.J.; Mangia, A.; Latanich, R.; Kim, A.Y.;
Lauer, G.M.; Chung, R.T.; Peters, M.G.; ef al. Genome-wide association study of spontaneous
resolution of hepatitis C virus infection: Data from multiple cohorts. Ann. Intern. Med. 2013, 158,
235-245.

Ge, D.; Fellay, J.; Thompson, A.J.; Simon, J.S.; Shianna, K.V.; Urban, T.J.; Heinzen, E.L.; Qiu, P.;
Bertelsen, A.H.; Muir, A.J.; et al. Genetic variation in IL28B predicts hepatitis C treatment-induced
viral clearance. Nature 2009, 461, 399—401.

Tanaka, Y.; Nishida, N.; Sugiyama, M.; Kurosaki, M.; Matsuura, K.; Sakamoto, N.; Nakagawa, M.;
Korenaga, M.; Hino, K.; Hige, S.; et al. Genome-wide association of IL28B with response to
pegylated interferon-o and ribavirin therapy for chronic hepatitis C. Nat. Genet. 2009, 41,
1105-1109.

Indolfi, G.; Mangone, G.; Calvo, P.L.; Bartolini, E.; Regoli, M.; Serranti, D.; Calitri, C.; Tovo, P.A.;
de Martino, M.; Azzari, C., et al. Interleukin 28B rs12979860 single-nucleotide polymorphism
predicts spontaneous clearance of hepatitis C virus in children. J. Pediatr. Gastroenterol. Nutr.
2014, 58, 666—668.

Indolfi, G.; Sambrotta, M.; Moriondo, M.; Azzari, C.; Resti, M. Genetic variation in
interleukin-28b locus is associated with spontaneous clearance of hev in children with non-1 viral
genotype infection. Hepatology 2011, 54, 1490-1491.



Int. J. Mol. Sci. 2015, 16 6510

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ruiz-Extremera, A.; Munoz-Gamez, J.A.; Salmeron-Ruiz, M.A.; de Rueda, P.M.; Quiles-Perez, R.;
Gila-Medina, A.; Casado, J.; Belen Martin, A.; Sanjuan-Nunez, L.; Carazo, A.; et al. Genetic
variation in interleukin 28B with respect to vertical transmission of hepatitis C virus and
spontaneous clearance in hev-infected children. Hepatology 2011, 53, 1830-1838.
Prokunina-Olsson, L.; Muchmore, B.; Tang, W.; Pfeiffer, R.M.; Park, H.; Dickensheets, H.;
Hergott, D.; Porter-Gill, P.; Mumy, A.; Kohaar, L.; et al. A variant upstream of IFNL3 (IL28B)
creating a new interferon gene ifnl4 is associated with impaired clearance of hepatitis C virus.
Nat. Genet. 2013, 45, 164-171.

Aka, P.V.; Kuniholm, M.H.; Pfeiffer, R.M.; Wang, A.S.; Tang, W.; Chen, S.; Astemborski, J.;
Plankey, M.; Villacres, M.C.; Peters, M.G.; ef al. Association of the IFNL4-A allele with impaired
spontaneous clearance of hepatitis C virus. J. Infect. Dis. 2014, 209, 350-354.

Bibert, S.; Roger, T.; Calandra, T.; Bochud, M.; Cerny, A.; Semmo, N.; Duong, F.H.; Gerlach, T.;
Malinverni, R.; Moradpour, D.; ef al. IL28B expression depends on a novel TT/-G polymorphism
which improves HCV clearance prediction. J. Exp. Med. 2013, 210, 1109-1116.

Clark, P.J.; Thompson, A.J. Host genomics and HCV treatment response. J. Gastroenterol. Hepatol.
2012, 27, 212-222.

De Castellarnau, M.; Aparicio, E.; Parera, M.; Franco, S.; Tural, C.; Clotet, B.; Martinez, M.A.
Deciphering the interleukin 28B variants that better predict response to pegylated interferon-o and
ribavirin therapy in HCV/HIV-1 coinfected patients. PLoS One 2012, 7, €31016.

Bellanti, F.; Vendemiale, G.; Altomare, E.; Serviddio, G. The impact of interferon lambda 3 gene
polymorphism on natural course and treatment of hepatitis C. Clin. Dev. Immunol. 2012, 2012,
doi:10.1155/2012/849373.

Poordad, F.; Bronowicki, J.P.; Gordon, S.C.; Zeuzem, S.; Jacobson, I.M.; Sulkowski, M.S.;
Poynard, T.; Morgan, T.R.; Molony, C.; Pedicone, L.D.; et al. Factors that predict response of
patients with hepatitis C virus infection to boceprevir. Gastroenterology 2012, 143, 608618,
e601—605.

Akuta, N.; Suzuki, F.; Hirakawa, M.; Kawamura, Y.; Yatsuji, H.; Sezaki, H.; Suzuki, Y.; Hosaka, T.;
Kobayashi, M.; Kobayashi, M.; et al. Amino acid substitution in hepatitis ¢ virus core region
and genetic variation near the interleukin 28B gene predict viral response to telaprevir with
peginterferon and ribavirin. Hepatology 2010, 52, 421-429.

Chu, T.W.; Kulkarni, R.; Gane, E.J.; Roberts, S.K.; Stedman, C.; Angus, P.W.; Ritchie, B.;
Lu, X.Y.; Ipe, D.; Lopatin, U.; et al. Effect of IL28B genotype on early viral kinetics during
interferon-free treatment of patients with chronic hepatitis C. Gastroenterology 2012, 142, 790-795.
Wu, H.X.; Wu, J.; Wong, T.; Andonov, A.; Li, Q.; Dinner, K.; Donaldson, T.; Paton, S. Incidence and
risk factors for newly acquired hepatitis C virus infection among aboriginal vs. non-aboriginal
canadians in six regions, 1999-2004. Eur. J. Clin. Microbiol. Infect. Dis. 2007, 26, 167-174.
Rempel, J.D.; Uhanova, J. Hepatitis ¢ virus in american indian/alaskan native and aboriginal
peoples of north america. Viruses 2012, 4, 3912-3931.

Statistics, C. 2011 National Household Survey: Aboriginal Peoples in Canada: First Nations
People, Métis and Inuit. Available online: http://www.statcan.gc.ca/daily-quotidien/130508/
dq130508a-eng.htm?HPA (accessed on 6 June 2014).



Int. J. Mol. Sci. 2015, 16 6511

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Lelutiu-Weinberger, C.; Pouget, E.R.; Des Jarlais, D.D.; Cooper, H.L.; Scheinmann, R.; Stern, R.;
Strauss, S.M.; Hagan, H. A meta-analysis of the hepatitis ¢ virus distribution in diverse racial/ethnic
drug injector groups. Soc. Sci. Med. 2009, 68, 579-590.

Minuk, G.Y.; Uhanova, J. Viral hepatitis in the canadian inuit and first nations populations.
Can. J. Gastroenterol. 2003, 17, 707-712.

Minuk, G.Y.; Zhang, M.; Wong, S.G.; Uhanova, J.; Bernstein, C.N.; Martin, B.; Dawood, M.R.;
Vardy, L.; Giulvi, A. Viral hepatitis in a canadian first nations community. Can. J. Gastroenterol.
2003, /7, 593-596.

Rempel, J.D.; Aborsangaya, K.B.; Alphonse, M.P.; Minuk, G.Y. The influence of north american
aboriginal ethnicity on pro-inflammatory and anti-inflammatory cytokine responses to IFN-a.
J. Viral Hepat. 2009, 16, 292-297.

Cooper, C.L.; Bailey, R.J.; Bain, V.G.; Anderson, F.; Yoshida, E.M.; Krajden, M.; Marotta, P.
Outcomes of peginterferon a-2A and ribavirin hepatitis ¢ therapy in aboriginal canadians.
Can. J. Gastroenterol. 2008, 22, 677-680.

Minuk, G.Y.; O’Brien, M.; Hawkins, K.; Emokpare, D.; McHattie, J.; Harris, P.; Worobetz, L.;
Doucette, K.; Kaita, K.; Wong, S.; et al. Treatment of chronic hepatitis ¢ in a canadian aboriginal
population: Results from the prairie study. Can. J. Gastroenterol. 2013, 27, 707-710.

Wang, S.; Lewis, C.M.; Jakobsson, M.; Ramachandran, S.; Ray, N.; Bedoya, G.; Rojas, W.;
Parra, M.V.; Molina, J.A.; Gallo, C.; et al. Genetic variation and population structure in native
americans. PLoS Genet. 2007, 3, e185.

Reich, D.; Patterson, N.; Campbell, D.; Tandon, A.; Mazieres, S.; Ray, N.; Parra, M.V.; Rojas, W.;
Duque, C.; Mesa, N.; et al. Reconstructing native american population history. Nature 2012, 488,
370-374.

Clausen, L.N.; Weis, N.; Astvad, K.; Schonning, K.; Fenger, M.; Krarup, H.; Bukh, J.; Benfield, T.
Interleukin-28B polymorphisms are associated with hepatitis C virus clearance and viral load in
a HIV-1-infected cohort. J. Viral Hepat. 2011, 18, e66—c74.

Clausen, L.N.; Lundbo, L.F.; Benfield, T. Hepatitis C virus infection in the human
immunodeficiency virus infected patient. World J. Gastroenterol. 2014, 20, 12132—-12143.

Di Tulio, J.; Ciuffi, A.; Fitzmaurice, K.; Kelleher, D.; Rotger, M.; Fellay, J.; Martinez, R.; Pulit, S.;
Furrer, H.; Gunthard, H.F.; et al. Estimating the net contribution of interleukin-28b variation to
spontaneous hepatitis ¢ virus clearance. Hepatology 2011, 53, 1446—-1454.

Pedergnana, V.; Abdel-Hamid, M.; Guergnon, J.; Mohsen, A.; Le Fouler, L.; Theodorou, L
Mohamed, M.K.; Fontanet, A.; Plancoulaine, S.; Abel, L. Analysis of IL28B variants in an egyptian
population defines the 20 kilobases minimal region involved in spontaneous clearance of hepatitis
c virus. PLoS One 2012, 7, €38578.

Balagopal, A.; Thomas, D.L.; Thio, C.L. IL28b and the control of hepatitis C virus infection.
Gastroenterology 2010, 139, 1865-1876.

Suppiah, V.; Gaudieri, S.; Armstrong, N.J.; O’Connor, K.S.; Berg, T.; Weltman, M.; Abate, M.L.;
Spengler, U.; Bassendine, M.; Dore, G.J.; et al. 1128b, HLA-C, and kir variants additively predict
response to therapy in chronic hepatitis ¢ virus infection in a european cohort: A cross-sectional
study. PLoS Med. 2011, 8, ¢1001092.



Int. J. Mol. Sci. 2015, 16 6512

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

The International HapMap Consortium. The international hapmap project. Nature 2003, 426,
789-796.

Uhanova, J.; Tate, R.B.; Tataryn, D.J.; Minuk, G.Y. The epidemiology of hepatitis ¢ in a canadian
indigenous population. Can. J. Gastroenterol. 2013, 27, 336-340.

Sugiyama, M.; Tanaka, Y.; Wakita, T.; Nakanishi, M.; Mizokami, M. Genetic variation of the
IL-28B promoter affecting gene expression. PLoS One 2011, 6, €26620.

Urban, T.J.; Thompson, A.J.; Bradrick, S.S.; Fellay, J.; Schuppan, D.; Cronin, K.D.; Hong, L.;
McKenzie, A.; Patel, K.; Shianna, K.V.; ef al. IL28B genotype is associated with differential
expression of intrahepatic interferon-stimulated genes in patients with chronic hepatitis C.
Hepatology 2010, 52, 1888—1896.

Urban, T.; Charlton, M.R.; Goldstein, D.B. Introduction to the genetics and biology of
interleukin-28B. Hepatology 2012, 56, 361-366.

Chinnaswamy, S. Genetic variants at the IFNL3 locus and their association with hepatitis C virus
infections reveal novel insights into host-virus interactions. J. Interferon Cytokine Res. 2014, 34,
479-497.

Van den Berg, C.H.; Grady, B.P.; Schinkel, J.; van de Laar, T.; Molenkamp, R.; van Houdt, R.;
Coutinho, R.A.; van Baarle, D.; Prins, M. Female sex and IL28B, a synergism for spontaneous
viral clearance in hepatitis C virus (HCV) seroconverters from a community-based cohort.
PLoS One 2011, 6, €27555.

Klein, M.B.; Saeed, S.; Yang, H.; Cohen, J.; Conway, B.; Cooper, C.; Cote, P.; Cox, J.; Gill, J.;
Haase, D.; et al. Cohort profile: The canadian HIV-hepatitis ¢ co-infection cohort study.
Int. J. Epidemiol. 2010, 39, 1162—11609.

Stephens, M.; Donnelly, P. A comparison of bayesian methods for haplotype reconstruction from
population genotype data. Am. J. Hum. Genet. 2003, 73, 1162—1169.

Stephens, M.; Smith, N.J.; Donnelly, P. A new statistical method for haplotype reconstruction
from population data. Am. J. Hum. Genet. 2001, 68, 978-989.

Barrett, J.C.; Fry, B.; Maller, J.; Daly, M.J. Haploview: Analysis and visualization of LD and
haplotype maps. Bioinformatics 2005, 21, 263-265.

White, .R.; Royston, P.; Wood, A.M. Multiple imputation using chained equations: Issues and
guidance for practice. Stat. Med. 2011, 30, 377-399.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



