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Abstract
AIM: To evaluate a novel biosensor-based microarray 
(BBM) assay for detecting rs12979860 and rs8099917 
genotypes. 

METHODS: Four probes specific for rs8099917C/T 
or rs12979860G/T detection and three sets of quality 
control probes were designed, constructed and ar-
rayed on an optical biosensor to develop a microarray 
assay. Two sets of primers were used in a one tube 
polymerase chain reaction (PCR) system to amplify 
two target fragments simultaneously. The biosensor 
microarray contained probes that had been sequenced 
to confirm that they included the rs8099917C/T or 
rs12979860G/T alleles of interest and could serve as 
the specific assay standards. In addition to rehybridiza-
tion of four probes of known sequence, a total of 40 
clinical samples collected from hepatitis C seropositive 
patients were also tested. The target fragments of all 

40 samples were amplified in a 50 μL PCR system. Ten 
μL of each amplicon was tested by BBM assay, and an-
other 40 μL was used for sequencing. The agreement 
of the results obtained by the two methods was tested 
statistically using the kappa coefficient. The sensitivity 
of the BBM assay was evaluated using serial dilutions 
of ten clinical blood samples containing 103-104 white 
cells/μL. 

RESULTS: As shown by polyacrylamide gel electro-
phoresis, two target segments of the interleukin 28B-
associated polymorphisms (SNPs) were successfully 
amplified in the one-tube PCR system. The lengths of 
the two amplified fragments were consistent with the 
known length of the target sequences, 137 and 159 
bps. After hybridization of the PCR amplicons with the 
probes located on the BBM array, the signals of each al-
lele of both the rs8099917 SNPs and rs12979860 SNPs 
were observed simultaneously and were clearly visible 
by the unaided eye. The signals were distinct from 
each other, could be interpreted visually, and accurately 
recorded using an ordinary digital camera. To evaluate 
the specificity of the assay, both the plasmids and clini-
cal samples were applied to the microarray. First, 30 
PCR amplicons of the various SNP alleles were hybrid-
ized on the BBM microarray. Full agreement between 
plasmids and the BBM assay was observed, with 30/30 
correct matches (100%). The kappa value for the BBM 
assay with plasmids was 1.00 (P  < 0.05). For the 40 
clinical blood samples, the BBM assay hybridization 
and direct sequencing results were compared for each 
amplicon. For patient blood samples, agreement was 
28/28 for rs8099917T/T, 9/11 for rs8099917T/G, 1/1 
for rs8099917G/G, 24/24 for rs12979860C/C, 11/14 for 
rs12979860C/T, and 2/2 for rs12979860T/T. Only five 
clinical samples of amplicon assay and direct sequenc-
ing results were discordant and heterozygotes: 2/11 
rs8099917T/G and 3/14 rs12979860C/T. The agreement 
of outcomes between BBM assay and direct sequenc-
ing for the detection of rs8099917 and rs12979860 was 
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95% and 92.5%, respectively; and the corresponding 
kappa values were 0.88 and 0.85 (A kappa value > 0.75 
was defined as substantial agreement). The BBM assay 
and sequencing had similar specificities for detection 
and identification of the two SNPs and their alleles. The 
sensitivity evaluation showed that the BBM assay could 
detect and identify SNP sequences present in blood 
samples containing as few as 102 white blood cells/μL.

CONCLUSION: This biosensor microarray assay was 
highly specific, sensitive, rapid and easy to perform. 
It is compatible with clinical practice for detection of 
rs8099917 and rs12979860. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide health 
problem. It is estimated that about 3% of  the world 
population are infected with HCV, including more than 
170 million with chronic infection, who are at risk of  
developing liver cirrhosis and/or liver cancer. Approxi-
mately 3 to 4 million become infected with HCV, and 
more than 350  000 people die from HCV-related liver 
diseases each year[1]. Only about 30% patients with acute 
hepatitis C experience spontaneous clearance[2,3], while 
the remaining 70% develop persistent chronic infection 
and gradually progress to liver cirrhosis and/or hepato-
cellular carcinoma[4,5]. Chronic HCV infection that pro-
gresses to end-stage liver disease often requires a liver 
transplant, with high cost and extensive use of  medical 
resources. Hepatocellular carcinoma is the seventh most 
common cancer worldwide and the third leading cause 
of  cancer-related deaths. HCV thus has a very high mor-
bidity and mortality, which result in a substantial burden 
on society[5].

Since the discovery of  HCV in 1989, some improve-
ment in treatment have been gained with the application 
of  routine weekly injections of  pegylated interferon 
(IFN) plus daily administration of  oral ribavirin (Rb)[6]. 
Although triple therapy with IFN + Rb and boceprevir 
or telaprevir has produced a sustained virologic response 

(SVR) of  approximately 70%, this regimen still requires 
co-administration of  IFN + Rb and has a high cost in 
most countries[7]. At present, only 50% of  patients in-
fected with HCV genotype 1 achieved an SVR, defined 
as absence of  HCV RNA six months after the cessation 
of  therapy[8,9]. Even in non-genotype 1 patients, who are 
reported to have better responses to the combination 
treatment, the SVR rate was about 75%[10,11]. A number 
of  viral and host factors may reduce adherence to the 
treatment. In addition to a limited treatment response to 
current combined therapy by some patients, treatment is 
often poorly tolerated due to various adverse reactions, 
including flu-like symptoms, severe fatigue, and neutro-
penia[12]. Moreover, the inconvenience of  a prolonged 
course of  weekly injections of  pegylated interferon and 
the high costs of  the antiviral drugs make some patients 
give up the combined therapy. Additional research to 
advance HCV treatment regimens is needed to increase 
the patient adherence and response to therapy, thereby 
increasing SVR rates.

It is also puzzling why approximately 30% of  pa-
tients with acute HCV infection experience spontane-
ous viral clearance, whereas the rest become chronically 
infected[2,3]. Meanwhile, the global epidemiology of  HCV 
infection shows that the different HCV genotypes clearly 
show geographic variation in their relative frequencies. 
Genotype 1, consisting of  subtypes 1a and 1b, is the 
most prevalent genotype worldwide, with a higher preva-
lence of  1b in Europe and 1a in the United States[11-13]. 
The estimated prevalence of  people with detectable 
anti-HCV antibodies is highest in Africa, with an overall 
seroprevalence of  5.3%, and most common in genotype 
4. In contrast, the infection rate of  HCV is lower, and 
genotype 2 or 3 are more frequent in Asia[11-13]. Further-
more, previous studies have revealed that the effective-
ness of  the combination treatment with peg-interferon 
and ribavirin differs among various ethnic populations[14]. 
In the US, chronic HCV patients of  European ancestry 
have a higher probability of  being cured than patients of  
African ancestry[15]. It is well documented that patients 
originating from East Asia are more likely to achieve SVR 
than patients from Europe[16]. These observations suggest 
that host genetic variations play a critical role in patients 
infected with HCV.

Four recent genome-wide association studies (GWAS) 
independently identified several single nucleotide poly-
morphisms (SNPs) in the interleukin 28B (IL28B) locus. 
Variability at that locus is known to be associated with the 
successful treatment of  HCV infection[15,17-19]. Ge et al[15] 
identified an rs12979860 SNP residing approximately 
3 kilo-bases upstream of  the IL28B gene as the variant 
most strikingly associated with SVR, and demonstrated 
that patients with the CC genotype had a higher SVR rate 
than those with the TT genotype. Suppiah et al[17], Tana
ka et al[18], and Rauch et al[19] found a strong association 
between another SNP, rs8099917 located 8 kilo-bases up-
stream of  the IL28B gene, and SVR, which is in linkage 
disequilibrium with rs12979860. Tanaka et al[18] also found 
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that the rs8099917 GG allele was the most significant 
host factor for predicting nonvirological response after 
adjusting for confounding factors. Their results suggest 
that Japanese patients with a minor GG allele may require 
new antiviral therapies to achieve SVRs. 

These exciting discoveries show promise that de-
tecting the IL28B genotype will help predict treatment 
response, thus guiding clinical decisions in the choice of  
treatment regimens for chronic HCV infection[7]. Such 
discoveries may ultimately usher in the era of  personal-
ized treatment for HCV infection[18,20]. 

An easily performed and specific method for the de-
tection of  IL28B genotypes is urgently needed to improve 
the currently available methods. Currently there are several 
assays for the detection of  IL28B genotypes. However, 
due to technological limitations, these assays focus on ei-
ther rs8099917 or rs12979860. Until now, there has been 
no assay for the simultaneous detection of  rs8099917 or 
rs12979860. Furthermore, none of  the available assays 
can be routinely applied in clinical practice. For example, 
direct sequencing, widely used in current research, is not 
suitable for clinical practice because of  its complex tech-
nology, high cost, and time consumption.

The primary aim of  this study was to develop a novel 
biosensor-based clinical microarray (BBM) assay stemming 
from of  our previous research to detect the IL28B geno-
types containing rs12979860 and rs8099917 SNPs, and to 
evaluate the specificity and sensitivity of  the test[21,22]. 

MATERIALS AND METHODS
Plasmids and clinical samples
Plasmids (Invitrogen, Shanghai, China) confirmed by direct 
sequencing to contain both rs8099917 and rs12979860 
SNPs, were used to construct the probes that were ar-
rayed on the BBM; and plasmids diluted to 104 copies/
mL were used to determine the assay specificity. The two 
alleles of  each SNP were tested separately. Blood samples 
obtained from HCV seropositive patients at the 5th Affil-
iated Hospital of  Sun Yat-Sen University (Zhuhai, China) 
were used to evaluate the clinical sensitivity and specific-
ity of  the BBM assay. The study protocol was approved 
by the Ethics Committee of  our hospital and all patients 
enrolled in this study provided written informed consent.

BBM preparation
Several probes (Invitrogen, California, United States), 
highly specific for rs8099917 or rs12979860 polymor-
phisms, plus positive and negative quality control probes, 
were designed and synthesized. All the probe sequences 
included in this study were from a public database (http://
www.ncbi.nlm.nih.gov/) and were based on the known 
human genome in the region of  the IL28B gene. After 
optimization, the probes specific for the SNPs as well as 
positive and negative control probes were arrayed on the 
BBM as shown in Figure 1. The positive control probes 
were used to monitor the assay process. The negative 
probes served to monitor contamination. The probe se-

quences are summarized in Table 1.

DNA extraction and polymerase chain reaction 
amplification
Human genomic DNA was extracted from 200 μL of  pa-
tient blood samples using 200 μL commercially available 
DNA extraction buffer (Qiagen, Dusseldorf, Germany) 
according to the manufacturer’s instructions. To deter-
mine the SNP genotypes, two sets of  special primers 
were designed to amplify the rs8099917 and rs12979860 
SNP fragments within the IL28B gene region (Table 
1). The extracted DNA was amplified by polymerase 
chain reaction (PCR). The reaction mixture (25 μL) 
contained 5 μL DNA, 2.5 μL of  10 μmol/L buffer 
(Juntan, Shanghai, China), 0.5 μL deoxynucleoside tri-
phosphates (Roche, Basel, Switzerland), 1.5 μL primers 
(Invitrogen, California, United States), 1.25 U hot Taq 
polymerase (Juntan, Shanghai, China), and 14.25 μL 
high-performance liquid chromatography-grade water. 
Simultaneous amplification of  two SNPs was carried out 
under the following conditions: an initial denaturation at 
95  ℃ for 10 min, 40 cycles at a denaturation temperature 
of  94  ℃ for 30 s, annealing at 56  ℃ for 30 s, and exten-
sion at 72  ℃ for 30 s, with a final prolonged extension at 
72  ℃ for 5 min. All PCR products were visualized on a 
2% agarose gel or by polyacrylamide gel electrophoresis 
(PAGE) electrophoresis.

Detection of SNP genotype
All SNP amplicons were subjected to reverse hybridiza-
tion and direct sequencing. A 10 μL volume of  PCR am-
plified product was heated at 99  ℃ for 5 min and dena-
tured, with subsequent cooling for 5 min on ice. Then the 
amplified product was placed on the surface of  the BBM 
and incubated at 50  ℃ for 60 min with a prepared hy-
bridization reaction mixture. The BBM was eluted three 
times at 45  ℃, incubated with anti-biotin horseradish 
peroxidase reagent at room temperature (10-35  ℃) for 10 
min, rinsed three times with a buffer wash, and incubated 
with tetramethylbenzidine for 2 min in the dark. Finally, 
the residues on the BBM were washed in 0.1 × standard 
saline citrate and distilled water at room temperature so 
as to obtain a clear signal. The remaining amplified PCR 
product was sent for direct sequencing. 

Assay specificity
Four synthetic plasmids, each including an SNP allele 
(rs12979860CC, rs12979860TT, rs8099917GG, and 
rs8099917TT) and 40 HCV-seropositive blood samples 
were used to validate the specificity of  the assay to detect 
the two SNPs. Each successfully amplified product ob-
tained from these plasmids was evaluated by the BBM as-
say, and the results thus obtained were compared with the 
their known genotypes. For the clinical evaluation, am-
plicons obtained from patient blood samples were tested 
under the same conditions as the amplified plasmid prod-
ucts. The percent agreement of  the BBM assay results 
with the results of  direct sequencing was determined for 
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cells/μL. The DNA was extracted from 1 μL of  each 
sample and was amplified. All samples with successful 
PCR amplification were evaluated for SNP genotype by 
the BBM assay. 

Statistical analysis
The kappa coefficient was used to measure the agree-
ment between direct sequencing and the BBM assay for 
the detection of  SNP genotype. A kappa value > 0.75 
was defined as substantial agreement, and a kappa > 0.95 
as perfect agreement. A P < 0.05 was considered statisti-
cally significant. 

RESULTS
Amplification of rs8099917 and rs12979860 fragments 
Both fragments were amplified simultaneously in the 
one-tube system, and the amplicons were analyzed on 
PAGE electrophoresis (Figure 2). The length of  the two 
amplified fragments was about 137 and 159 bp, being 
consistent with the length of  the target fragments. The 
results indicated that these two target fragments could be 
amplified in a single tube PCR system.

Simultaneous detection of two SNPs
As shown in Figures 1 and 3, the signals on the chip ap-
peared sufficiently distinct seen with the unaided eye and 
photographed with a normal digital camera. It was thus 
confirmed that no special equipment was needed to read 

both the synthetic probes and the clinical samples.

Assay sensitivity and detection limit 
To estimate the sensitivity and detection limit of  the SNP 
genotype assay in clinical practice, ten blood samples 
were used. The sensitivity calculation was based the white 
blood cell (WBC) count in the original sample and the 
amount of  DNA extracted from the WBC remaining in 
serial dilutions of  each sample. The WBC counts were 
determined in each sample and then diluted to 101-103 

Table 1  Sequence of primers and probes

Names Sequences

IL28B primers forward (9860) GTGCCTGTCGTGTACTGAAC 
IL28B primers reverse (9860) CGCTGAGCACTGCCTGGGC 
IL28B primers forward (9917) ATTTGTCACTGTTCCTCCT 
IL28B primers reverse (9917) GCCCTAACTGATACGCTATAA 
rs12979860 probe (C allele) AAAAAAAAAAAGCTCCCCGAAGGCGCGAACCAGGGTTGAAT 
rs12979860 probe (T allele) AAAAAAAAAAAGCTCCCCGAAGGCGTGAACCAGGGTTGAAT 
rs8099917 probe (T allele) AAAAAAAAAACTTTCTGTGAGCAATTTCACCCAAATTGGAA 
rs8099917 probe (G allele) AAAAAAAAAACTTTCTGTGAGCAATGTCACCCAAATTGGAA 

IL28B: Interleukin 28B. 

Li PY et al . Microarray assay for rs8099917 and rs12979860

Figure 1  Designed interleukin 28B biosensor-based microarray and results of constructed plasmids detected by biosensor microarray assay. a: 
rs12979860C; b: rs12979860T; c: rs8099917 T; d: rs8099918 G; e: System control probes; f: Positive probes; g: Negative probes. 
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b b
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Figure 2  Polymerase chain reaction products visualized on polyacryl-
amide gel electrophoresis. Lanes 1 and 8: Marker; Lanes 2, 5, 6: A single 
fragment amplified rs12979860 or rs8099917 primers; Lanes 3 and 4: Two frag-
ments amplified by one tube polymerase chain reaction system of rs12979860 
and rs8099917; Lane 7: Negative control. 
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the BBM assay results. Moreover, each allele of  both 
rs8099917 rs12979860 was successfully detected at the 
same time. The BBM assay was able to simultaneously 
genotype the two SNPs.

Assay specificity 
As shown in Figure 3, the positive signals were displayed 
clearly, and there were no signals from the sites contain-
ing the negative probes. There were no ambiguous signals 
on the chip background, which could have interfered 
with precise interpretation of  the results. This suggested 
that the assay was specific for the detection of  rs8099917 
and rs12979860 polymorphisms. 

To confirm the BBM assay specificity for detection 
of  each allele, we tested all the possible genotypes using 
the available synthetic plasmids. As shown in Figure 3, 
the BBM assay clearly differentiated all the genotypes and 
haplotypes of  the two SNPs. The signals of  the alleles 
of  each SNP were clearly differentiated from each other, 
with no visible evidence of  cross-reaction at any SNP 
binding site. Data obtained using 30 plasmid amplicons 

showed the same results for all the known genotypes of  
rs12979860 or rs8099917 (Tables 2 and 3), and its agree-
ment rate with the plasmids was up to 100% in our tests. 
The results showed that the BBM was an accurate assay 
for genotype determination of  these two SNPs.

To validate the BBM assay for clinical application, 
the amplicons derived from the 40 blood samples taken 
from HCV-infected patients were examined by both di-
rect sequencing and BBM. As shown in Tables 2 and 3, 
the percent of  agreement of  the BBM assay results and 
direct sequencing of  rs8099917 and rs12979860 were 
95% and 92.5%, respectively. The corresponding kappa 
values were 0.88 and 0.85, respectively, with a P value < 
0.05. The BBM assay accurately detected the two SNPs in 
clinical samples. Discordance of  the BBM assay and di-
rect sequencing of  PCR amplicons most often occurred 
with heterozygous clinical samples.

Assay sensitivity and detection limit
Ten clinical blood samples and a series of  sequential dilu-

Figure 3  Patterns detected by biosensor microarray assay for rs8099917 and 12979860 genotypes. 

Table 2  Concordance of biosensor-based microarray assay 
with given plasmids for rs12979860 and rs8099917

BBM assay Plasmids with given genotype Total

CC CT TT 

rs12979860
CC 10   0   0 10
CT   0 10   0 10
TT   0 10 10 10
Total 10 10 10 30
rs8099917
TT 10   0   0 10
GT   0 10   0 10
GG   0   0 10 10
Total 10 10 10 30

Kappa = 1.00. BBM: Biosensor-based microarray. 

Table 3  Concordance of biosensor-based microarray assay 
with polymerase chain reaction sequencing of the blood 
samples for rs12979860 and rs8099917

BBM assay Direct sequencing Total

CC CT TT 

rs129798601
CC 24   0 0 24
CT   3 11 0 14
TT   0   0 2   2
Total 27 11 2 40
rs80999172
TT 28   0 0 28
GT   2   9 0 11
GG   0   0 1   2
Total 30   9 1 40

1Kappa = 0.88; 2Kappa = 0.85. BBM: Biosensor-based microarray. 

Li PY et al . Microarray assay for rs8099917 and rs12979860
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tions were used to validate the sensitivity and detection 
limit of  BBM. Blood samples with WBC counts ranging 
from 101 to 103 cells/μL were amplified with BBM prim-
ers, and visualized by PAGE electrophoresis. Amplicons 
with detectable human genomic DNA were assayed by 
reverse hybridization with the BBM. The hybridization 
signal was visualized clearly in the BBM assay in a total 
of  20 dilutions with WBC counts in the patient blood 
samples ranging from 102 to 103 cells/μL. 

DISCUSSION
The combined therapy of  pegylated interferon plus riba-
virin is currently the standard of  care for chronic HCV 
infection around the world[6]. Its administration in clini-
cal practice has resulted in substantial progress in the 
treatment of  chronic hepatitis C over the past decades. 
However, several persistent shortcomings of  the com-
bined therapy prevent some patients from completing 
the entire 48-wk course of  treatment. Patient adherence 
is frequently compromised by an inability to tolerate ad-
verse reactions or the many weeks of  routine subcutane-
ous injections, and the high cost of  the drugs[8,9,12]. The 
limited efficacy of  pegylated interferon/ribavirin therapy 
to produce SVR, which varies unpredictably from patient 
to patient, makes it difficult for health care providers to 
make an informed choice of  treatment regimens[18-20]. 
There is an urgent need of  personalized therapy for 
chronic hepatitis C.

The fact that about 30% of  patients achieve natural 
clearance following acute hepatitis C virus infection and 
ethnic differences in response to treatment suggests that 
host genetic variation plays a critical role in the drug re-
sponse[2,11,17,19,20]. Four recent studies have found that two 
SNPs, rs8099917 and rs12979860, located near the IL28B 
gene were highly associated with treatment response 
and spontaneous clearance following acute hepatitis C 
infection[15,17-19]. Subsequent studies found that the two 
SNPs had an impact on the occurrence of  various side 
effects of  the combined therapy, treatment response and 
the HCV RNA genotype distribution of  the infecting 
virus[23,24]. Other studies have shown that IL28B poly-
morphisms were a significant, independent predictive 
factor regardless of  HCV genotype or HCV RNA load. 
The determination of  IL28B polymorphisms may as-
sist in evaluating the likelihood of  response to treatment 
with peg-interferon and ribavirin therapy in patients 
chronically infected with HCV, especially for genotype 
1 patients[25-28]. The recent significant findings regarding 
IL28b SNPs and the genotyping of  HCV showed how 
personalizing treatment for HCV infection may be pos-
sible[24-27]. The development of  an accurate assay for the 
detection of  rs8099917 and rs12979860 polymorphisms, 
and progress in HCV genotyping will help both clinicians 
and patients choose the treatment regimen and its antici-
pated duration[22] and this may be an early step in the era 
of  personalized therapy for chronic hepatitis C[20,29,30]. 

Host genetic diversity is of  great significance in mak-

ing an informed decision regarding the risk-benefit treat-
ment and the likelihood of  success for any individual 
treatment, so developing a simple, rapid and clinically 
available assay is an urgent demand. An assay that could 
accurately and rapidly detect the IL28b SNPs is a priority 
for clinical practitioners. Developing a novel and efficient 
assay for the detection of  IL28B polymorphisms has 
been the focus of  numerous researches. 

Direct sequencing of  PCR amplicons, restriction 
fragment length polymorphism (RFLP) and traditional 
microarrays are valuable research techniques. However, 
the technical demands of  these assays make them unsuit-
able for routine diagnostic use in clinical practice. For ex-
ample, direct sequencing is technologically complicated, 
time-consuming and needs special expertise[28,29]. The 
RFLP is almost impossible to be used for the detection 
of  all significant SNPs since it requires a specific cut-
ting site and restriction enzyme for the particular site[31]. 
Microarray assays widely used in the previous research, 
apart from being provided by specialized and high-cost 
facilities, can only detect either of  the two SNPs sepa-
rately[19,21-23]. No microarray assay was available currently 
that can detect the two SNPs simultaneously. There is a 
real need for a highly sensitive and specific rapid assay 
for the detection of  IL28B polymorphisms that is easy to 
perform and compatible with clinical practice. The BBM 
described in our report may be an ideal clinical assay. 

As depicted in Figure 3, the positive signals on the 
chip were sufficiently distinct to be completely discrimi-
nated from negative results. The results with plasmid am-
plicons showed that all the SNP alleles could be detected 
successfully and that heterozygous and homozygous 
alleles could be distinguished. Of  40 plasmid amplicons 
employed to validate the specificity of  the BBM assay, 
a complete agreement between the results of  the BBM 
assay and known plasmid sequences was observed, con-
firming the high specificity of  the BBM assay in deter-
mining the rs8099917 and rs12979860 genotypes. 

The clinical blood samples successfully amplified 
by the BBM assay primers were sent for both direct se-
quencing and reverse hybridization with BBM. The BBM 
assay showed a high agreement with direct sequencing in 
detecting the rs8099917 and rs12979860 polymorphisms. 
The agreement rates were 95% and 92.5%, and the kappa 
values were 0.88 and 0.85 for rs8099917 polymorphisms 
and rs12979860, respectively. These data indicated that 
the BBM assay showed a good agreement with direct 
sequencing and that it would be a satisfactory novel as-
say when used for determination of  the two SNPs. The 
main difference between the BBM results and direct se-
quencing was the detection of  allele heterozygotes. The 
BBM assay was more sensitive in detecting heterozygous 
alleles, which was consistent with other reverse hybridiza-
tion procedures such as line probe assay[32,33]. In brief, we 
demonstrated that the novel BBM assay could successful-
ly detect all genotypes of  the two SNPs simultaneously, 
not only in the synthetic plasmids but also in the clinical 
samples used in this study. 

Li PY et al . Microarray assay for rs8099917 and rs12979860
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To evaluate the sensitivity and detection limit of  the 
BBM assay, serial dilutions of  10 clinical blood samples 
were tested. The amount of  human DNA from white 
blood cells in 1 μL peripheral blood containing 102 
WBC/μL was sufficient for SNP detection by the BBM 
assay. The DNA extracted from all samples was success-
fully amplified, and the blood samples with a starting 
white blood cell count > 102 WBC/μL hybridized with 
the probes arrayed on the BBM. As the white blood cell 
count of  human peripheral blood is generally greater 
than 103 WBC/μL, the detection limit of  the BBM assay 
ensures that clinical blood samples would be tested accu-
rately. This novel method thus met the sensitivity criteria 
for clinical diagnosis, i.e., determination of  IL28B poly-
morphisms of  HCV-infected patients.

The results indicated that the BBM assay has the ad-
vantages of  simple and convenient operation as well as 
rapid detection. After a successful PCR amplification, it 
took only one hour to detect the IL28B polymorphisms 
and less than four hours before getting the final result. 
More important, the signal on the chip was clear enough 
to be interpreted even by the naked eye, which meant 
that only an ordinary digital camera was needed to record 
the results. The results also suggest that the BBM assay 
might also be used in developing countries having limited 
access to the latest laboratory facilities. The assay is also 
suitable for clinical diagnostic and research laboratories 
where large numbers of  samples are tested on a daily ba-
sis. In short, the BBM assay is more likely to be accepted 
for the clinical detection of  IL28B polymorphisms than 
the other existing methods[21,22].

The BBM assay has some disadvantages to overcome 
in its future development. The patient population benefit-
ing from the BBM assay is small, being limited to patients 
with chronic HCV infection, meanwhile, the assay is only 
capable of  detecting the presence of  known SNPs. With 
the identification of  more SNPs associated with drug 
response, novel probes have to be designed and the BBM 
assay has to be constantly upgraded. 

In conclusion, we have demonstrated that the BBM 
assay is simple, rapid, accurate, and suitable for clinical 
application. The assay is highly sensitive and specific, and 
can simultaneously perform the detection of  rs8099917 
and rs12979860 genotypes, thereby enabling further 
progress in the diagnosis and treatment of  chronic HCV 
infection. 

COMMENTS
Background
Antivirals are essential to the therapeutic management of hepatitis C virus 
(HCV)-infected patients. However, sustained virological response is not 
achieved in all patients who receive the standard combination therapy of once-
weekly injections of pegylated interferon plus daily oral ribavirin or even in those 
treated with the triple therapy regimen. Recent research has characterized 
single nucleotide polymorphisms (SNPs) in the interleukin 28B (IL28B) gene as 
the most important host factor influencing the efficacy of HCV therapy. Many 
scientists believe that identifying each of the IL28B SNPs related to HCV treat-
ment response will usher in a new era of HCV personalized therapy. 

Research frontiers
Four recent genome-wide association studies (GWAS) independently identified 
several SNPs in the IL28B gene locus that are associated with an individual’
s ability to respond to therapy for HCV infection. Ge et al[15] characterized 
rs12979860 as the variant most strongly associated with SVR, and demon-
strated that patients with the CC genotype have a higher SVR rate than those 
with the TT genotype. In contrast, studies demonstrated that rs8099917 has 
the strongest association with SVR. However, GWAS are capable of only test-
ing SNPs in isolation and could not determine if interaction between these 
two SNPs, or more, can affect a patient’s response to HCV therapy. Thus, it is 
urgent to develop an accurate and easy clinical assay to test the panel of IL28B 
SNPs in a patient and assess the effect of multiple SNPs on SVR. 
Innovations and breakthroughs
This is the first report of an assay that is capable of defining the rs8099917 and 
rs12979860 SNPs using clinical samples. This innovative biosensor-based mi-
croarray (BBM) assay can identify the two SNPs in less than four hours. In ad-
dition, evidence is provided to show that the new assay can accurately identify 
all of the SNPs and gene alleles with plasmids. There was a good concordance 
between BBM-detected SNPs in clinical samples and direct sequencing results 
of PCR amplicons and plasmids. Finally, the excellent sensitivity and reproduc-
ibility of the BBM assay supports the clinical applicability of this new detection 
approach. 
Applications
This study aimed to develop a clinically applicable assay to accurately and rap-
idly detect IL28B SNPs in patient samples. The results indicate that the BBM 
assay is simple, rapid, accurate, and highly sensitive and specific in detecting 
the rs8099917 and rs12979860 genotypes. Thus, this novel assay has promise 
for clinical application and may facilitate accurate and timely prognosis of HCV-
infected patients so that the appropriate therapies may be initiated earlier. 
Terminology
BBM is a novel SNP detection assay based on biosensor technology, its most 
obvious advantage is in situ amplification that facilitates easy interpretation of 
results; rs8099917 and rs12979860 are SNPs in the IL28B gene locus; SNP is 
a single nucleotide polymorphism.
Peer review
In this work, the authors describe a new BBM assay to rapidly detect two SNPs 
in the IL28B gene. The interest of the paper is its description of this rapid and 
inexpensive technique to detect IL28B SNPs in clinical samples. The results 
suggest that the BBM assay is a simple, rapid, sensitive, and highly specific 
method that may be applied clinically to detect rs8099917 and rs12979860 
without any large-scale instrumentation.
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