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a b s t r a c t

Recent studies showed that two single nucleotide polymorphisms (SNPs) (rs12979860 and rs8099917)
near the gene IL28B coding for IFNk3 were associated with the antiviral treatment response of the com-
bination therapy of pegIFN plus RBV. We established the use of tetra-primer amplification refractory
mutation system polymerase chain reaction (ARMS-PCR) for detecting IL28B rs8099917 genotype
(T > G) in 56 Chinese chronic hepatitis C patients infected with Hepatitis C Virus (HCV) genotype 1.
The new assay showed 98.2% specificity, and was confirmed by direct sequencing. Among the 56 samples,
TT genotype and TG genotype accounted for 80.4% (45/56) and 19.6% (11/56), respectively. GG genotype
was not found. The proportion of responders in TT group was higher than that in TG group (68.9% vs.
27.3%, p = 0.029). For HCV clinical decision-making, using the new assay, rs8099917 genotyping could
provide similar information to rs12979860 genotyping due to a strong association between the two SNPs
in Chinese patients. The assay system in this study can be implemented using basic laboratory equip-
ments, making it convenient for clinical and research purposes.

� 2012 Elsevier B.V. All rights reserved.
Hepatitis C Virus (HCV) infection is a major cause of chronic li-
ver disease, with an estimated 170 million individuals chronically
infected around the world. The combination of pegylated inter-
feron (pegIFN) and ribavirin (RBV) is the current standard of care
(SOC) therapy for chronic hepatitis C (CHC) (Ghany et al., 2009),
but only approximately 50% of patients can achieve sustained viro-
logical response (SVR) (Hoofnagle and Seeff, 2006). In light of the
side effects and high costs of SOC, it is important to identify factors
involved in predicting an individual’s response before treatment.

Recently, genome-wide association studies (GWASs) showed
that single nucleotide polymorphism (SNP) (rs12979860 or
rs8099917) near the gene IL28B coding for IFNk3 was associated
with the antiviral treatment response of the combination therapy
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of pegIFN plus RBV (Ge et al., 2009; Suppiah et al., 2009; Tanaka
et al., 2009; Rauch et al., 2010). The predictive value of IL28B poly-
morphism testing for SVR to pegIFN /RBV in HCV genotype 1 pa-
tients is superior to that of the pre-treatment HCV at the RNA
level, fibrosis stage, age, and sex (Thompson et al., 2010).

For IL28B rs8099917 genotyping, although real-time polymer-
ase chain reaction (RT-PCR) might be more reliable (Ito et al.,
2011), it needs special equipments and has other idiosyncrasies
such as specific TaqMan probes. Thus, PCR-restriction fragment
length polymorphism (PCR-RFLP) for detecting IL28B rs8099917
genotype appeared to be suitable for epidemiological investiga-
tions (Nakamoto et al., 2011), however it might misdiagnose geno-
types in the case of enzyme incomplete digestions of products.
Here, we developed a simple and effective tetra-primer amplifica-
tion refractory mutation system PCR (ARMS-PCR) for detecting
IL28B rs8099917 genotype (T > G), which could be implemented
using standard laboratory equipments.

The ARMS-PCR has been reported as a rapid, reliable, simple and
economical assay for SNP genotyping (Ye et al., 2001; Okayama
et al., 2004; S, 2001). Some studies considered that the method
was more effective by the base mismatch of the 30-terminal nucle-
otide in combination with a second deliberate mismatch near 30-
terminus base in both the inner primers (Ye et al., 2001; S,
2001). However, the ARMS-PCR using the double-base mismatch
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Fig. 1. The electrophoresis pattern of IL28B genotyping by the ARMS-PCR. DNA marker (M) shows approximate products size of different genotypes: TG: 419 bp, 258 bp and
199 bp, TT: 419 bp and 258 bp, GG: 419 bp and 199 bp. Lane 1–3 (positive control): TG, GG and TT; Lane 4, 5 (samples): TG; Lane 6–8 (samples): TT; Lane 9: negative control.

Table 1
Clinical characteristics of 56 patients infected with HCV genotype 1 according to the
status of rs8099917 genotype.

Total(n = 56) rs8099917 genotype P

TT(n = 45) TG(n = 11)

Age (mean ± SD) 37.7 ± 10.9 38.6 ± 11.7 36.9 ± 9.1 0.338
Male/female 29/27 25/20 4/7 0.253
Responser (%) 34(60.7) 31(68.9) 3(27.3) 0.029
Non-responser (%) 22(39.3) 14(31.1) 8(72.7)

Notes: Student’s t test and Chi-square test were used to test the univariate data, and
p < 0.05 was considered statistically significant. Responders were defined as
patients who completed a 48 week course of PEG-IFN-a/RBV combination therapy
and achieved sustained virological response (SVR). Non-responders were defined as
those who did not achieve SVR or did not receive further treatment due to them not
achieving early virological response (EVR).

Fig. 2. The chromatograms of direct sequencing for IL28B rs8099917 genotype. (A
Sequence chromatogram of TT genotype. (B) Sequence chromatogram of GG
genotype. (C) Sequence chromatogram of TG genotype: double peaks at SNP
position.
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primers might show the lower amplification efficiency of inner
primers, which leads to lower sensitivity and weak product brand
of the allele-specific amplification. The primers in this study were
designed according to published IL28B rs8099917 genomic se-
quence. The two outer primers amplified both wild-type and mu-
tant alleles, and the two inner primers amplified specifically
either the wild-type or the mutant allele. To obtain the optimal in-
ner primers, we designed them using the single- or double-base
mismatch at the 30-terminal nucleotide. To decrease the non-spe-
cific allele amplification of the mismatch primer, we used the fol-
lowing strategies: Firstly, adjusting the ratio of the inner primers
concentration relative to that of the outer primers (the ratio of out-
er/inner primers: 1/2); Secondly, elevating the annealing tempera-
ture. We found that the ARMS-PCR using the single-base mismatch
primers was effective in determining the IL28B rs8099917 geno-
type, comparing to that using double-base mismatch primers.
The primer sequences were as follow. Outer: 50-CATCCCTCATCC
CACTTCT-30 (forward) and 50-AAAGGCTTCTGGTATCAAC-30 (re-
verse). Inner: (50-TTCCTTTCTGTGAGCAATG-30) (G allele) and (50-
TGGTTCCAATTTGGGTGAA-30) (T allele).

The PCR was carried out in a single tube containing 30 lL of a
reaction buffer made up of the following components: 50 ng of
genomic DNA, 0.15 lM of each of the outer primers and 0.3 lM
of each of the inner primers, a 0.2 mM concentration of each of
the four deoxynucleotides, 1.5U of Hotstart DNA polymerase
(Takara, Dalian, China), and 10� PCR buffer containing 1.5 mM
MgCl2. The PCR was performed by first denaturing the samples
for 5 min at 94 �C, followed by 35 cycles consisting of 94 �C for
30 s, 58 �C for 25 s, 72 �C for 30 s and a final extension at 72 �C
for 5 min. PCR products were electrophoresed on a 3% agarose gels.

To evaluate the specificity of the ARMS-PCR, three IL28B
rs8099917 genotype plasmids (TT, TG and GG) clones were used
as positive control to ensure that it could identify simultaneously
)

these genotypes. The electrophoresis pattern of the positive control
plasmids genotyping was shown in Fig. 1. A sample identified as
genotype TG by sequencing was employed to construct plasmids
of different genotypes. Firstly, the outer primers were used to am-
plify the template of the genotype TG sample. The amplified prod-
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uct of 419 bp in size comprised two kinds of fragments: one for al-
lele T and another for G. Secondly, the mixed allele products were
cloned using pMD18-T Simple Vector (Takara, Dalian, China), and
then chemically transformed into Escherichia coli JM109 (Takara,
Dalian, China). Thus, the TT and GG plasmids were constructed
using positive clones. Finally, the TG plasmids were made by mix-
ing the TT and GG plasmids in equal ratio.

The ARMS-PCR was effective and specific in determining the
IL28B rs8099917 genotypes. The electrophoresis pattern of the
genotyping samples was also shown in Fig. 1. IL28B rs8099917
genotypes were successfully determined in all patients using the
new assay. Among 56 patients with chronic HCV-1 infection, TT
genotype and TG genotype accounted for 80.4% (45/56) and
19.6% (11/56), respectively. GG genotype was not found. The pro-
portion of responder patients in TT group was higher than that in
TG group (68.9% vs. 27.3%, p = 0.029) (Table 1), indicating that min-
or allele G was the most important factor in predicting poor
response to the combination therapy of pegIFN /RBV. The genotyp-
ing results of the ARMS-PCR were confirmed by direct Sanger
sequencing (Invitrogen, Shanghai, China) of amplified PCR prod-
ucts using the outer primers in all samples, and showed correspon-
dence with that by DNA sequencing in 55 samples (98.2%). Fig. 2
showed the sequencing chromatograms of rs8099917 genotypes.

For IL28B rs12979860 genotyping, unfortunately, we could not
find the optimal primer pair conditions to effectively differentiate
variants due to high GC content of the sequence near the SNP mak-
ing it difficult to design optimal inner primer pairs. Strong linkage
disequilibrium between rs12979860 and rs8099917 was reported
in Asian population (Sinn et al., 2011), thus we developed the
new assay for rs8099917 genotyping. We used direct sequencing
to detect rs12979860 genotypes in the same cohort, and also found
the strong linkage disequilibrium between the two SNPs in Chinese
population (data not shown). Although an ARMS-PCR based meth-
od for rs12979860 genotyping was reported earlier (Galmozzi
et al., 2011), we found that rs8099917 genotyping could provide
similar information to rs12979860 genotyping due to the strong
association between the two SNPs in Chinese patients.

The association of IL28B rs8099917 variations with IFN-based
treatment response has been shown in different ethnic cohorts
by GWAS study (Tanaka et al., 2009; Rauch et al., 2010; Suppiah
et al., 2009), suggesting that TT genotype is the good response var-
iation while TG/GG genotype is the poor response variation. The
present study demonstrated that TT genotype accounted for the
major proportion, and the responders in TT group was higher than
that in TG group among Chinese patients with HCV-1 infection. The
study showed the frequency of favorable allele (SNP rs12979860
and rs8099917) was higher in Asian than that in Caucasian popu-
lation (Balagopal et al., 2010). So the higher favorable allele fre-
quency might explain the reason that Asians have a higher
likelihood of achieving SVR than Caucasians (Yu and Chuang,
2009).

In conclusion, we developed a rapid, simple and reliable assay,
allowing the identification of IL28B rs8099917 genotyping to pre-
dict the response to IFN-based treatment. This assay system could
be a convenient tool for epidemiological and clinical investigations.
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