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ABSTRACT

Background and aim:IL28B gene polymorphisms have been associated with treatment-response
(sustained virological response, SVR) in genotype 1 hepatitis C virus (HCV)-infected patients,
but only with early phase of viral decline (rapid virological response, RVR) with genotype 3
HCV-infected patients. Association between IL28B variants and SVR in genotype 3 HCV-
infected patients is unclear. Our study aimed to replicate the association of IL28Bsingle
nucleotide polymorphism (SNP) rs8099917 with SVR and to validate its association with RVR
in genotype 3 HC V-infected patients.

Methods: 72 patients receiving combination therapy (interferon-alpha and ribavirin) at different
Indian centers were retrospectively recruited and their genotype at rs8099917 was determined.
The association with RVR and SVR was tested taking in to account the variation in relevant
covariates such as age, gender, baseline HCV RNA copy number and liver enzymes.
Results: The minor allele frequency (MAF) in the pooled samples was 0.17 at rs8099917 (G
allele). 68% had TT, 29% had GT and 3% had the GG genotype. SVR was achieved in 71% of
patients. A significant association of rs8099917 with both RVR (p=0.026) and SVR (p=0.016)
was observed with none of the covariates showing any significant association. The relapse
rate was high (20%) but no association of rs8§099917 was observed with relapse (p=0.420).
Conclusion: An IL28B SNP associates with both early phase of viral decline and sustained

response in a cohort of genotype 3 HCV-infected patients from India.
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Hepatitis C virus (HCV) is a global public health problem' and not only in Europe and America but also in south Asia,

the burden of chronic liver disease due to HCV is significant including India.*> Pegylatedinterferon and ribavirin (PR)
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therapy forms the standard of care worldwide, but is expensive
and has side-effects that often necessitates dosage
adjustments.The response rate to PR therapy defined as
sustained test-negativity for serum HCV RNA for at least six
months after termination of therapy measured as sustained
virological response (SVR). Varies between 40-70% depending
on the viral genotype.®’ Further, the viral genotype shows
significant geographical variation.® The difficult-to-treat
genotype 1 predominates in the West, but genotypes 2 and 3
which respond much better to standard therapy are more
prevalent in Asia, including India.>® Several pre-treatment and
on-treatment predictors of response to PR therapy including
demography, disease status, viral load and genotype, have
been used to individualize treatment and duration of therapy.>
13 Recently, however, there has been a paradigm shift in pre-
therapy predictors of response to therapy in chronic HCV
infections. Single nucleotide polymorphisms of the IL28B gene
on chromosome 19 encoding interferon lambda have emerged
as an important determinant of treatment response and
spontaneous clearance of HCV.!*1# All the studies that led to
this discovery involved difficult-to-treat genotype 1 HCV-
infected patients where individualization of treatment had been
a significant unmet need. Subsequent studies have
successfully validated these findings in both genotype 1'%and
genotype2 and 3 infected patients from different ethnic
groups.?*2? There are differences in the strength of the
association as well as predicted relationship to SVR depending
on the viral genotype. Association studies on genotypes 2
and 3 have shown inconsistent results so far.!>"18202325Relapse
after therapy is an important concern in genotype 3
HCVinfection.?** It has been suggested the duration of therapy
to be individualized

may need in genotype 3

infections.?®*Importantly,  the  association  of
IL28Bpolymorphismswith treatment outcome in genotype 3
HCYV patients from India has not been studied. Therefore, we
examined the association of rs8§099917 in a cohort of Indians
infected with genotype 3 HCV who received standard
combination therapy. We chose this SNP becauseit has been
strongly associated with treatment response in an Asian
genome-wide association study'’ The rs8099917 polymorphism
has been found to be a better predictor of treatment response
in Asiansthan other IL28B SNPs.?A recent study from Japan
has shown that treatment response (both RVR: rapid virological
response, defined as conversion to HCV-RNA test-negativity

after 4 weeks of therapy and SVR) in a cohort of genotype 2
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HCV-infected patients was significantly associated with
rs8099917.% Other studies®*?!' have also demonstratedthe
association of IL28B SNPs with SVR in genotype 2/3 HCV
infections. However, none of these studies have exclusively
examined this SNP in genotype 3 HCV patients.Besides these
three studies, others have failed to show any significant
association betweenIL28B polymorphisms and SVR in
genotypes 2 and 3 HCV-infected patients™ although all studies
have shown an association with RVR. A recent report also
shows significant association between a novellL28B SNP
(8s469415590; encoding IFN-L4) with SVR*in genotype 2/3
HCYV infections.Therefore, the association of IL28B SNPs and
SVR in genotype 2/3 HCV infections remains controversial.
The present study shows that the rs8099917 SNP is associated
with both RVR and SVR in genotype 3 patients, though the
association is weak and shows no association with relapse.The
latter is a relatively novel finding, and raises the need for larger
studies to validate the role of IL28B polymorphism singenotype
3 treatment outcome.

Methods
Study design

This was a retrospective, multicentric study involving
previously PR treated genotype 3 chronic HC V-infected patients
from seven (three from eastern India, one from north-east, two
from north and one from west) centers across India. Patients
who received PR therapy between 2009 and 2012 were recruited
and their blood samples were drawn for SNP genotyping. The
protocol including consent forms and sharing of patient medical
records was approved by the Institutional Ethics Committee -
Review Committee for Protection of Research Risks to Humans,

National Institute of Biomedical Genomics, Kalyani.

Patients

Seventy-two genotype 3 chronic HCV patients (median age:
40 years; 69% males) were enrolled in the study. All of them
had previously completed a course of pegylated interferon
and ribavirin therapy. Data on demography, clinical status, liver
function tests, hematological indices, duration and dosage of
treatment, interruptions and discontinuation of therapy were
all recorded and pooled from all participating centers. Viral load
at different time points including RVR, EVR, SVR, end of

treatment response and at follow up (current and last available
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in case of relapse) were also recorded. EVR, denotes the early

virological response defined as a minimum log-2 decline in

HCV RNA after 12 weeks of therapy. Viral load was estimated

at each Institute by standardized real-time PCR protocols.

Patients were excluded if they had co-infection with HIV or
HBYV, had other co-morbidities, and suffered from alternate

causes of liver disease like alcoholism.

Genotyping of rs8099917 from genomic DNA

Tropical Gastroenterology 2014,35(2):96—102

Genomic DNA was isolated from whole blood using the

QiagenMidiPrep kit as per the manufacturer’sinstructions. The

Table 1: Summary of patient data, viral responses, minor allele frequency (MAF) of rs8099917 and duration of therapy, baseline

characteristics and their association with SVR

Variables All patients Patients Patients p value
with SVR without SVR

Age (years) (n, median, IQR)* 71, 40 (15.5) 50, 40 (15) 21, 40 (19.5) 0.472
Men; n (%) 50 (69.4) 34 (66.66) 16 (76.19) 0.425
Regional distribution: n (%)
a) North 47 (65) 31 (60) 16 (76)
b) North-east 12 (17) 10 (20) 2 (10) 0.153
c) East 3(4) 12) 2 (10)
d) West 10 (14) 9 (18) 1(4)
Suspected mode of transmission: n (%)
a) Unknown 40 (55) 27(53) 11 (52)
b) Blood transfusion 17 (24) 12 (23) 5(124)
c¢) Surgery 8(11) 7(14) 2(9) 0.620
d) IVDU 7(10) 5(10) 2 (10)
e) Needle prick 1(1) 0(0) 1(5)
Diabetic; n (%)* 4/57 (7) 3/40 (7.5) 1/17 (6) 1.0
BMI (Kg/m?); n, mean (range)* 48, 25.17 35, 24.41 13,27.43

(20.44) (20.44) (14.33) 0.034
Alcohol user; n (%)* 8/70 (11) 4/51 (8) 4/19 (21) 0.199
Cirrhosis at baseline; n (%)* 19/62 (31) 10/42 (23) 9/20 (45) 0.139
HCV RNA (copies/ml) at baseline; n, mean (range)* 69, 19.7x10° 49, 20.6x10° 20, 17.3x10°

(847-32x10°) (847-32%x10°) (5200-12%10°) 0.746
Patients having rapid virological response; n (%)* 54/67 (80) 44/49 (89) 10/18 (55) 0.003
Patients having early virological response; n (%)* 62/68 (91) 49/50 (98) 13/18 (72) 0.004
Patients having end of therapy response; n (%)* 60/67 (90) 49/49 (100) 11/18 (61) 0.0001
Patients having virological breakthrough; n (%)* 3/58 (5) 0/46 (0) 3/12 (25) 0.007
Therapy interrupted; n (%)* 3/62 (5) 2/45 (4) 1/18 (6) 1.0
Dose of peginterferon-alpha used; n,median (range)* 66, 90 47,80 19, 100

(130) (130) (130) NS
Dose of ribavirin (mg) used; n, median (range)* 70, 800 50, 800 20, 800

(1100) (1100) (1000) NS
Hemoglobin (g/dl) at baseline; n, mean (range)* 68, 13.142 48, 13.142 20, 13.145

(12.8) (6.9) (12.8) 0.995
Platelet count (per cumm) at baseline; median (range)* 65, 178000 46, 183500 19, 135000

(349998.95) (349998.95) (274500) 0.041
WBC count (per cumm) at baseline; median (range)* 67, 6000 47, 6000 20, 6350

(677900) (677900) (284100) NS
Alanine aminotransferase (ALT) (IU/L) at baseline; 68, 79.5 47,78 21,81
median (range)* (394) (232) (390) NS
Aspartate aminotransferase (AST) (IU/L) at baseline; 68,77 47,73 21,90
median (range)* (273) (273) (234) NS
IL28B (rs8099917) genotypes; n (%) 72 (100.00) 51 21
a) TT 49 (68.05) 40 (78.43) 9 (42.85)
b) GT 21 (29.17) 10 (19.60) 11(52.38) 0.005
c) GG 2 (2.78) 1(1.96) 1 (4.76)
IL28B (rs8099917) minor allelic frequency 0.17 0.11 0.31 0.0008

*Data was not available for all 72 patients; NS: not significant; IQR: interquartile range
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isolated DNA was electrophoresed on 1% agarose gels for
quality check and the DNA was quantified using Nanodrop
(Thermo Scientific). The SNP rs8099917 was genotyped by
RFLP. PCR was carried out using the primers: a) 917FOR700bp
(5’CAAGTCAGGCAACCACATGC3’),and b) 917REV 700bp
(5’GCTCTGTCTGTCTCAATCAATC-3"). Each reaction
included 200-400ng of genomic DNA as template in a total
reaction volume of 20 pl. Each primer was added to a final
concentration of 0.8 umol. Taq polymerase (New England
BioLabs, 5x master mix) was used for DNA amplification. The
PCR conditions were as follows: initial denaturation for 5
minutes at 94°C; denaturation for 1 minute at 94°C, annealing
for 45 seconds at 58°C, extension for 45 seconds at 72°C and
these steps were repeated for 30 cycles with a final extension
of 10 minutes at 72°C. Determination of rs8099917 genotype
was carried outby RFLP of the 730 bp amplicongenerated in
the previous step. The amplified DNA was incubated
overnight(12-18 hours at 65°C) with the restriction enzyme BsrDI
(New England BioLabs).The restriction-digested DNA was run
on 2% agarose gel.A 100 base pair ladder (Fermentas) was run

in parallel to determine the sizes of the digested fragments.

Statistical analysis

Fisher’s exact test was used for testingthe associationbetween
SVR and rs8099917. Chi-square test, Mann-Whitney U- test,
and student’s T-test were used for other comparisons of SVR
with different clinical parameters.A binomial logistic regression
model was used to test the association of RVR and SVR with
rs8099917 with age, gender, alanine aminotransferase (ALT)
andaspartate aminotransferase (AST) levels as covariates. A
dominant model which tested patients with at least one copy
of the minor allele as one group, against those with two copies
of the major allele was used. A p value <0.05 was taken as

significant.

Results

Genotypes at rs8099917 are significantly associated
with SVR in genotype 3 HCV-infected patients

The study population included only genotype 3 (subtype a or
b) HC V-infected patients enrolled from different Indian centers.
The 72 patients hailed from different geographical regions with
majority being north Indians (Table 1). Their median age was
40 years and 69% were males. SVR was achieved in 71%
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patients. The rs8099917 SNP is associated with treatment
response in Asians with genotype 2HCV infections.?*RFLP
analysis yielded unambiguous genotypes for the rs8099917
SNP (Figure 1). The minor allele frequency (MAF) was 0.17 at
rs8099917 (G allele). 68% had TT genotype, 29% had GT and
3% had the GG genotypes (Table 1). Chi-square test on the
genotyping data confirmed that the population was in Hardy-
Weinberg equilibrium (p>0.05). We tested the TT genotype
versus non-TT genotype for association with SVR using
Fisher’s exact test. We found that rs8099917 showed significant
association with SVR (p=0.005), with 42.8% patients with TT
genotype and 57.1% patients with a non-TT genotype in the
non-SVR group (Figure 2). We performed statistical tests to
detect association of physical, biochemical and
clinical parameters with attainment of SVR (Table 1). In brief,

apart from RVR, EVR, end of treatment response and

PCR-RFLP for rs8099917

%
<

GTTTTT TT TT 7T ™ 1T GGTT TT GTGG

Genotype:

Figure 1:  RFLP analysis of the 703bp amplicon generated by IL28B
specific primers targeting rs8099917. The restriction
enzyme BsrDI gives rise to 314 bp and 389 bpfragments
when a G allele is present in the amplicon, while a T
allele does not produce any fragments.(Ma: DNA

marker). The arrows indicate the uncut and cut products.

p=0.0053

No SVR
N=21

Statistical association of rs8099917 with SVR. 51
patients achieved SVR in which 40 had the TT genotype
while 11 had a GT or GG genotype. 21 patients did not
achieve SVR, 9 of which had the TT genotype while 12
had a GT or GG genotype.

Figure 2:

virological breakthrough we found a weak

association with baseline platelet counts (p=0.041) and BMI
(p=0.034).



100

Predictors of response

Further analysis using a binary logistic regression model taking
age, gender, AST, ALT and baseline HCV RNA copy number as
covariates showed significant association of rs8099917 with
SVR (odds ratio: 4.42; 95% CI: 1.36 to 14.39, p=0.016) (Table 2).
None of the covariates showed any significant association.
Since a weak association between baseline platelet count and
treatment response was noted (Table 1), its inclusion as a
covariate did not alter the significant association between SVR
and rs8099917. We next tested the association of rs8§099917
with RVR. 81% of the patients showed RVR and the TT
genotype showed significant association with RVR (odds ratio:
5.69; 95% CI:1.47 to 22.10,p=0.026) compared to non-TT
genotype with none of the covariates influencing the observed
association (Table 2).

Genotypes at rs8099917 do not significantly associate
with relapse

Earlier studies on genotype 3 HCV-infected patients have
shown association with RVR but not SVR, due to high relapse
rates.’*® In our cohort even though the relapse rate was as
high as 20% (Table 3) there was no association of rs8099917
with relapse (p=0.420). These results suggest that similar to

Table 2: Logistic regression analysis for association of
covariates with sustained virological response (SVR)
and rapid virological response (RVR) (n=62)*

Covariate p_value

(RVR) (SVR)

Age 0.244 0.886

Gender 0.456 0.335

HCV RNA copy number (baseline) 0.980 0.801

rs8099917 0.026 0.016

Baseline alanine aminotransferase (ALT) 0.569 0.555

Baseline aspartate aminotransferase (AST) 0.169 0.884

*A total of 62 patients with complete data were included in the analysis.
TT genotypes were compared against GT+GG genotypes for
rs8099917.

Table 3: Relapse cases distributed according to rs8099917
genotypes

Response TT genotype GT+GG genotype

Relapse* 6 4

Sustained virological response 31 9

(SVR)

*A relapse rate of 20% (10 out of 50) was observed.

genotype 1 HCV-infectedpatients, the genotype 3 HCV-infected

patients from our population show association at an IL28B

Tropical Gastroenterology 2014,35(2):96—102

SNP with both RVR and SVR.
Discussion

The association of IL28B SNPs with treatment response in
genotype 2 and 3 HCV-infected patients has been controversial.
Several studies have shown association of IL28B SNPs with
RVR in genotype 3 HCV infections, but no significant
association has been seen with SVR.?°?2 Mangia et al from
Italy genotyped ~300 chronic HCV genotype 2/3 infected
patients who received standard combination therapy. They
were tested for associationsbetween rs12979860 genotypes
and RVR and SVR. The C allele at the SNP was associated with
SVR in only those patients who did not show RVR. In the
patients who showed RVR, SVR did not depend on the IL28B
genotype. This is in contrast to genotype 1 HCV patients in
whom SVR is significantly associated with rs12979860
irrespective of the RVR status.** Scherzer et al from Austria did
not find any significant association of IL28B polymorphisms
rs12979860 and rs8099917 with SVR in genotype 3 HC V-infected
patients.” However, early response to treatment was
significantly associated with the two SNPs, with the CC
genotype and TT genotype, respectively, favoring a faster viral
decline during weeks 2-4 of therapy.> In another study from
Norway and Denmark involving genotype 3 HCV-infected
patients, RVR was achieved by a significantly greaternumber
of patients who had CC and TT genotypes at rs12979860 and
rs8099917, respectively, but these genotypes showed no
association with SVR.?The study also found that CC genotype
atrs12979860 and TT genotype at rs8099917 were associated
with greater liver damage (measured by markers like ALT) and
higher baseline viral load.? The above studies suggest that
genotype 2 and 3 HCV infections may have different
mechanisms of immune activation. The IL28B SNPs appear to
be associated with early viral decline but not with the
subsequent sustained response, although no consensus is
available on the issue. Interestingly Sakamoto et al have shown
a significant association of rs8099917 with both RVR and SVR
in genotype 2 HCV-infected patients, although the association
was observed with only genotype 2b HCV infections.
Sarrazin et al reported that an IL28B SNP is associated with
SVR only in genotype 2/3 HCV patients who have already
achieved an RVR* However, Moghaddam et al have shown a
high relapse rate within the RVR group comprising of genotype
3 patients carrying the favorable IL28B genotypes.” A recent
report from the United Kingdom involving genotype 3 HCV-
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infected patients also reported similar findings.> Several
explanations can be offered for the above observations. Firstly,
these studies suggest that genotype 3 HCV infections may
have reservoirs that are resistant to the combination therapy
and lead to relapse. Secondly, due to high response rates in
genotype 3 HCV-infected patients, studies with this HCV
genotype may be grossly underpowered to detect a small effect
size from the [128B gene.* A third possible explanation pertains
to the duration of combination therapy in genotype 3 HCV
infections. A 24-week therapy is usually considered sufficient
for achieving an SVR in genotype 3 HCV-infected patients.But
no study has examined the effect of longer therapy in achieving
SVR in light of the IL28B SNPs. Such studies can elucidate
how genotype 3 HCV infections are clinically and
pathologically different from genotype 1 infections.

HCYV infection is becoming a major public health problem in
India with a prevalence as high as 5% in some parts of the
country.* Genotype 3 HCV predominates in India and Pakistan
as opposed to genotype 1 HCV in the Western world.” The
reason for this difference is unclear. We examined the
association of IL28BSNPs with treatment response in genotype
3 HCV-infected Indian patients. We detected a statistically
significant association between rs8099917 and SVR in our
cohort of 72 patients. The association persisted even after
adjusting for relevant covariates like HCV RNA copy number,
age, gender and liver enzyme levels. We also observed similar
statistically significant association with RVR. Our results
suggest that even though genotype 3 HCV infections respond
better to combination therapy, the response may involve innate
immune mechanisms similar to those against genotype 1 HCV
infection.* Our results for RVR are similarto other studies on
genotype 3 HCV infections, but our results with SVR are novel.
We also found that relapse has no association with IL28B
genotype (Table 3), unlike previous studies where IL28B
genotype-associated relapse explained the lack of association
with SVR.?*% Three previous studies have showed significant
association between SVR and IL28B SNPs,?*3! although these
studies involved only genotype 2 or genotype 2/3 HCV patients.
Furthermore, a recent meta-analysis has demonstrated that
genotype 2/3 HCV association studies carried out so are limited
by their sample size.* The meta-analysis shows that favorable
IL28B genotypes are significantly associated with both RVR
and SVR in genotype 2/3 HCV-infected patients, although the
impact of IL28B polymorphisms on a sustained response is
limited in these cases.”> Our resultswhen combined with
previous reports®-3! suggest that genotype 2 and 3 HCV
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replication in humans is affected by IL28B polymorphisms
similar to the effects observed on genotype 1 HCV
replication.’%’

In summary, we report that the TT genotype at the rs8§099917
SNP is significantly associated with both rapid and
sustainedvirological response in Indian genotype 3 HCV-
infected patients.The lack of IL28B genotype-dependent
relapse may be responsible for association of rs8099917 with
both RVR and SVR in our cohort. Larger studies areneeded to
validate our findings in genotype 3 HCV Indian patients.
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