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Abstract

BACKGROUND

The presence of two distinct hepatitis B virus (HBV) Pol RT polymorphisms, rt269L and
rt2691, could contribute to the unique clinical or virological phenotype of HBV genotype
C2. Therefore, a simple and sensitive method capable of identifying both types in
chronic hepatitis B (CHB) patients infected with genotype C2 should be developed.

AIM

To develop a novel simple and sensitive locked nucleic acid (LNA)-real time-
polymerase chain reaction (RT-PCR) method capable of identifying two rt269 types in
CHB genotype C2 patients.

METHODS

We designed proper primer and probe sets for LNA-RT-PCR for the separation of rt269
types. Using synthesized DNAs of the wild type and variant forms, melting
temperature analysis, detection sensitivity, and endpoint genotyping for LNA-RT-PCR
were performed. The developed LNA-RT-PCR method was applied to a total of 94 CHB
patients of genotype C2 for the identification of two 1t269 polymorphisms, and these

results were compared with those obtained by a direct sequencing protocol.

RESULTS

The LNA-RT-PCR method could identify two rt269L and rt2691 polymorphisms of three
genotypes, two rt269L types ['L1" (WT) and ‘L2’] and one rt2691 type ('I') in single (63
samples, 72.4%) or mixed forms (24 samples, 27.6%) in 87 (92.6% sensitivity) of 94
samples from Korean CHB patients. When the results were compared with those
obtained by the direct sequencing protocol, the LNA-RT-PCR method showed the same

results in all but one of 87 positive detected samples (98.9% specificity).

CONCLUSION
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The newly developed LNA-RT-PCR method could identify two rt269 polymorphisms,
rt269L and rt269], in CHB patients with genotype C2 infections. This method could be
effectively used for the understanding of disease progression in genotype C2 endemic

areas.
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Core Tip: Hepatitis B virus (HBV) genotype C2 infections have distinct clinical or
virological traits, including a higher risk of hepatocellular carcinoma, lower response
rate to interferon or prolonged hepatitis B e antigen-positive phase. We recently
reported that the presence of two HBV Pol RT polymorphisms, rt269L and rt269]I,
contributed to unique traits of HBV genotype C2. Here, instead of time- or labor-
consuming direct sequencing, we developed a new locked nucleic acid (LNA)-real time-
polymerase chain reaction (RT-PCR) method for the separation between rt269L (L1 and
L2) and I type from Korean chronic hepatitis B patients of genotype C2. The newly
developed LNA-RT-PCR could be effectively used for the understanding of

epidemiology and disease progression in genotype C2 endemic areas.

INTRODUCTION

1
Although vaccines and therapeutic agents are currently available against hepatitis B

virus (HBV), HBV infection is still a high-risk global health issue. More than 350 million
people are chronically infected, and approximately 786000 patients die annually
worldwide due to HBV-related diseases, including cirrhosis and hepatocellular

carcinoma (HCC)12,
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HBV belongs into hepadnaviridae and is an enveloped and partially ouble-stranded
DNA virus. Its genome is approximately 3.2 kb in length and contains 4 overlapping
open reading frames: Surface antigens (S), core proteins (C), polymerase (Pol), and X
proteins (X)Bl. The HBV reverse transcriptase can lead to HBV mutations of higher
frequency than that of other DNA viruses due to its lack of proofreading abilityl45]. This
results in the failure of antiviral therapy with nucleos(t)ide analpgs and liver disease
progression via persistent infections!>%l. According to the criteria of an 8% divergence in
HBV genome sequences, HBV has been grouped into 10 gegotypes as A-JlI0-12L A
number of studies on HBV genotypes have reported that they play significant roles in
the development of different disease profiles during chronic hepatitis B (CHB) infection
as well as distinct geographic and ethnic distributions'>'4. Of note, genotype C,
particularly C2, vs genotype B showed a higher HBV replication capacity and higher
tendency of chronicity and more frequently developed into liver cirrhosis (LC) and
HCC in CHB gatients of HBV endemic Asian nations, such as China, Japan and South
Koreall115-191 In addition, incomplete response to interferon (IFN) therapy and higher
levels of mutations were also reported in genotype C2 infections['$20-2]. However, thus
far, which factor that can explain several distinct characteristics in clinical and
virological aspects found in genotypﬁ] infections remains elusive.

As one likely answer to this issue, we have recently reported that the presence of two
HBYV Pol RT polymorphisms, rt269L and rt269I, that are found only in HBV genotype C
could affect viral phenotypes and clinical outcomes and cause worse responses to IFN
therapy in genotype C2 infections. In particular, we showed that the wild rt269L type
infection that is distinct in genotype C vs the rt269I type is more strongly related to
higher HBV replication and hepatitis B e antigen (HBeAg) positive serostatus, which are
two distinct traits of genotype C infections/-25l. This suggests that the presence of RT
polymorphisms, particularly the wild rt269L type, could at least partly contribute into
clinical or virological traits that are distinct in genotype C infections. However, our
previous study has limitations in exploring the distribution of rt269 polymorphisms in

CHB patients due to use of a conventional nested polymerase chain reaction (PCR)
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based direct sequencing protocol, which could underestimate genuine HBV
quasispecies in patient seral?l. A locked nucleic acid (LNA) is a nucleic acid analog
containing a methylene bridge that connects the 2-oxygen of ribose with the 4'-
carbonl2627]. The real time PCR method using a LNA-based probe capable of improving
the hybridization affinity for complementary sequences shows strong mismatch
discriminatory powerl?2l. Therefore, without the application of nested PCR, it could
discriminate HBV mutations from CHB patients with high sensitivity and specificity.

Therefore, in this study, for the first time, we sought to develop a novel simple and
sensitive locked nucleotide probe (LNA probe)-based RT PCR (LNA-RT-PCR) method
that is capable of separating two different rt269 polymorphisms, the wild-type rt269L
(CTC/A) and rt2691 type (ATC), in CHB patients of genotype C2.

MATERIALS AND METHODS

Patient sera, HBV DNA extraction and genotyping

For this study, serum samples from 94 patients who visited Seoul National University
Hospital (2005-2007), met the inclusion criteria of hepatitis B surface antigen (HBsAg)
positivity and HBV DNA positivity (for more than 6 mo), and were lamivudine,
adefovir dipivoxil, entecavir, telbivudine, tumor necrosis factor, and peg-IFN
treatment-naive were used. All patients had negative tests for hepatitis C virus, human
immunodeficiency virus and markers for coexisting autoimmune liver disease and did
not have an alcohol or drug addiction. HBV DNA was extracted from 200 pL of serum
samples using the QIAamp DNA Blood Mini Kit (QIAGEN Inc, Hilden, Germany). To
analyze the genotyping, a nested PCR-based sequencing protocol targeting partial
HBsAg sequences was used as previously described®l. This study was approved by
Seoul National University Hospital (IRB-1012-131-346).

Synthesis of positive control DNAs for variants at the HBV rt269 codon
We prepared six positive control DNAs for L1 [CTC, wild type (WT)] and the variants I
(ATC) and L2 (CTA) at the HBV rtL269I locus. The DNAs were synthesized based on
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the HBV C2 polymerase sequence by Integrated DNA Technologies, Inc. They were 473
bp long and included the three variant sequences, with one of the ‘A/G’
polymorphisms near the variant sequence (Figure 1, Supplementary Table 1). These
were used for the development of the methods for the application of LNA real-time
PCR to a rapid differential and quantitative identification of the WT and variants. We
used these DNAs to intentionally mix DNA templates with WT control DNA and
variant control DNA in different ratios in a range of amounts to mimic clinical samples.
We also used positive controls for melting temperature (Tm) analysis, detection
sensitivity, and endpoint genotyping and for the construction of quantification standard
graphs for LNA-RT-PCR to estimate the quantity of HBV WT and variant DNA in

clinical samples.

Primer and LNA probe design

Primers were designed using LightCycler Probe Design Software 2.0 (LC PDS 2.0)
Version 1.0.R.36 (Roche). The primers were designed to have high melting temperatures
(> 65 °C) and to be highly conserved in the target DNA region of HBV. We used LC
PDS (version 2.0) software for the probe design and referred to the design guidelines of
the LNA manufacturer (Integrated DNA Technologies). The potential presence of cross-
complementarities among all the primers and LNA probes was checked by using LC
PDS 2.0 software. The LN A probes were purchased from Integrated DN A Technologies,

and primers were purchased from Macrogen.

RTPCR

A LightCycler Version 96 system (Roche) was used for LNA-RT-PCR, and three
channels were used for the experiment. An optimal reaction mixture was established for
the sensitive and specific detection of target sequences. A 10-pL reaction mixture was
prepared for each sample as follows: 1 pL PCR buffer for Taq (Ex Taq HS, Takara), 2
mmol/L MgCl,, 0.2 mmol/L deoxynucleoside triphosphate mixture (Takara), 0.2 pM
forward primer, 0.8 pM reverse primer, 0.4 pM LNA FAM probe (L_CTC), 0.4 pM LNA
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Hex probe (I_ATC), 0.2 pM LNA Cy5 probe (L2_CTA), 0.25 u Ex Tag HS (Takara), 1
mg/mL bovine serum albumin (Ambion, Lifetechnologies), 2 pL template DNA, and
PCR-grade water (Roche). The cycling conditions were as follows, with default ramping
speed rates if not specified: 60 s at 95 °C; four cycles of 10 s at 95 °C, 10 s at 58 °C, and 25
s at 72 °C with a 2.2 °C/s ramp; 46 cycles of 10 s at 95 °C, 10 s at 58 °C (with a single
fluorescence acquisition), 25 s at 72 °C with a 2.2 °C/s ramp, and melting-curve analysis
with 10 s at 95 °C, 60 s at 53 °C, and 1 s at 80 °C with a 0.08 °C/s ramp under continuous

fluorescence acquisition at a rate of 4 readings/°C.

Identification of the WT and variant forms

Identification of the WT and variant forms ‘I' and ‘L2" at the rt269 codon in a sample
was performed based on the three different LNA probe-specific T, measurements at
their own specified channels. To establish the diagnostic T range for the WT and
variant forms, the control DN As of the WT form, the variant forms and their mixtures at
a variety of ratios were tested to observe melting peak formation and measure the

specific Tm values for the WT and variant forms.

Construction of standard quantification curves

Six types of standard quantification curves for the WT and variant forms were
generated with known amounts of positive control DNAs for their application to the
estimation of the amount of the target DNAs in unknown samples. The standard curves
were produced by duplicate LNA real-time PCR for each target DNA with known
amounts (4.0E + 08 to 4.0E + 01 copies) of control DNAs. The R2 correlation for all the
standard curves was greater than 0.99. The limit of detection and limit of quantification
of the WT and variant forms were determined among the series of diluted copies. These
standard curves were applied to the quantification of DNA samples in a pure form and

dominant type of variants in a mixed form.
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Construction of standard genotyping plots to determine a dominant type in a mixture
sample

To determine a dominant type of rtL2691 variant in a mixture of a sample, standard
genotyping plots were constructed using LNA real-time PCR with positive control
DNA mixture sets in various ratios and the endpoint genotyping tool of LC 96 system
software. These plots were based on the endpoint fluorescence (EPF) values at the two
channels for comparison. These plots were applied to determine the dominant type in

the clinical samples (Figure 2).

Application of LNA-RT-PCR to clinical samples

The DNA of a total of 94 human sera was tested for the identification of the WT and ‘T’
and ‘L2’ variant forms of the HBV RT gene by LNA-RT-PCR. The quantification cycle
(Cq), EPF, and Twm produced by the WT- and variant-targeting LNA probes with sample
DNA were measured. Identification of the WT and variant forms was determined by
comparing their T values obtained from their specific channel (FAM for WT, Hex for

‘', and Cy5 for ‘L2") with their diagnostic T, ranges obtained from standard assays.

Comparison of LNA-RT-PCR and direct sequencing for identification of WT and
variant DNA

A total of 94 clinical samples were tested for the comparison of the LNA-RT-PCR
method and directing sequencing method in the accurate identification of the rt269

variant and WT DNA. Direct sequencing was performed using the same primer sets

producing the 128-bp LNA-RT-PCR amplicon.

RESULTS

Primer and probe design for LNA-based RT PCR
First, we investigated the full-length HBV reverse transcriptase sequences from 131
treatment-naive Korean patients chronically infected with hepatitis B genotype C2

(GenBank No CH patients (GenBank Nos: KX264864-KX264922) and HCC patients
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(GenBank Nos: KX264792-KX264863)1*)l. SeqMan 1I software Version 5.03 (DNASTAR)
was used to search for appropriate primer sequences for LNA-based RT PCR that are
highly conserved to first obtain the shortest possible amplification product of the rt269
codon for efficient PCR (Figure 1).

We found three distinct sequence types in the rt269 codon from 131 patients, two
types in rt269L, CTC (designated L.1) and CTA (designated L2), and one rt269L type,
ATC (designated I). Therefore, we designed three different LNA probes for specific
émultaneous detection in a single reaction of the ‘L" (WT), ‘T’, and ‘L2’ variants of HBV.
The sequences of primers and LNA probes are shown in Table 1 and Figure 1.

Determination of the diagnostic T., range for the identification of the WT and variant
forms

Identification of the three sequence types, “L1”, “I” and “L2”, was accomplished by
LNA-RT-PCR melting curve analysis by observation of their melting peak formation
and their specific Tm measurement at their specified channel (Table 2, Figure 3). LNA-
RT-PCR with samples of WT control DNA (n = 68) in amounts ranging from 4.0E + 00
to 4.0E + 08 copies resulted in a 100% positive detection rate and 100% specificity. A
distinct melting peak formation at the FAM channel in all the tested WT control DNA
samples with Tis of 62.4 + 0.4 °C for ‘L" and 58.0 + 0.2 °C for ‘'L” was observed, but no
significant melting peak formation at the other channels (Hex and Cy5) was observed.
LNA-RT-PCR with samples of the ‘I" positive control DNA (n = 76) also resulted in a
100% positive detection rate and 100% specificity. A distinct melting peak formation in
the Hex channel, 60.2 + 0.7 °C for ‘T" and 56.6 + 0.2 °C for ‘I', was observed, but no
significant melting peak formation in the other channels (FAM and Cy5) was observed.
LNA-RT-PCR with samples of the “L2" positive control DNA (1 = 52) also resulted in a
100% positive detection rate and 100% specificity. A distinct melting peak formation at
the Cy5 channel, 64.6 + 0.1 °C for ‘L2" and 61.2 + 0.2 °C for ‘L2", was observed, but no

significant melting peak formation at the other channels (FAM and Hex) was observed.
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LNA-RT-PCR with samples (n = 320) of the ‘L” WT positive control DNA plus ‘T’
control DNA or ‘L2’ plus T, mixed in different ratios (1:1, 1:2, 1:4, 1:8, 2:1, 4:1, and 8:1)
in amounts ranging from 4.0E + 01 to 4.0E + 08 copies resulted in a nearly 100% positive
detection rate (only three ples undetected in the smallest amount of DNA) for both
the variant and WT DNA. A distinct melting peak formation at the FAM, Hex, and Cy5
channels in all the mixed DNA samples with detectable Twms was observed. The
measured Tms were shifted slightly downward from the range of the Tns measured
only with nonmixed DNAs, as shown in Table 1. These slight changes did not affect the

identification of the sequence types in the samples.

Application of LNA-RT-PCR to clinical samples and comparison with the results of
the direct sequencing protocol

Of the 94 clinical samples tested by our LNA-RT-PCR method, 87 samples (92.6%
sensitivity) wae positively identified as ‘L1” (WT), ‘I', and ‘L2’ variants in single or
mixed forms. Among the positively identified samples (n = 87), all samples produced a
distinct melting peak or peaks with a Tm or Tms within the diagnostic Tm range for the
WT form “L1” or the two variant forms “I” and “L2”. Of the 87 positively detected
samples, 63 (72.4%) and 24 samples (27.6%) were identified either singly or in a mixed
manner, respectively. Of the 63 samples identified singly, the prevalence of the ‘L1’
type, ‘I’ type and ‘L2’ type was 825% (n = 52), 12.7% (n = 8) and 48% (n = 3),
respectively (Table 3). Of the 24 mixed form samples (27.6%), the prevalence of samples
with almost the same ratio of L1 and I (codominant cases) was 29.2% (n = 7). The
prevalence of L1 (L1 + T or L1 + L2) and I dominant (L1 + I) cases was 54.2% (n = 13)
and 16.7% (n = 4), respectively. Given that the dominant cases included the respective
exclusive cases, of the 87 positively detected samples, the prevalence of L, I and
coinfection with L and I was 78.2% (n = 68, L1651 + L213]), 13.8% (n = 12), and 8.0% (n =
7), respectively. PCR direct sequencing using the same primer set used in the LNA-RT-
PCR method enabled the successful separation between the L1, L2 and I sequence types

in all 94 clinical samples (100% sensitivity). Comparison between results obtained by
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both direct sequencing and LNA-RT-PCR protocols showed that of the 87 samples
identified by LNA-RT-PCR, all (86 samples, 98.9% specificity) but one sample (SNU3-
479) produced completely identical results between the two protocols (Figure 4). A
mismatched sample was identified as I dominant [L1(1):1(4)] by LNA and exclusive I
type by the direct sequencing protocol. The distinct results between both protocols may
be due to the difference in sensitivity between the protocols. All seven samples not
detected by the LNA-RT-PCR method were demonstrated to have mutations in their
respective probe binding sequences by a direct sequencing protocol, which could

interfere with normal LNA-RT-PCR (Table 4).

DISCUSSION

LNA-based RT-PCR assays have been widely applied to viral single-nucleotide
polymorphism analysis as well as simple viral detection in clinical settings instead of
the less sensitive traditional RT PCR or nested RT-PCR assays prone that are to cross-
contamination!32l. In particular, it has recently been reported that this method could
successfully identify YMDD mutations of HBV from Korean patients with chronic HBV
infectionsl331. In the present study, we developed an LNA-RT-PCR assay using
melting curve analysis for the identification of two polymorphisms within codon 269 of
HBV Pol, rt269L and rt2691 (three genotypes, rt269L1, rt269L2 and rt269I), with the
advantages of easy performance and a low likelihood of cross-contamination. The
clinical application of the LNA-RT-PCR assay was also compared in parallel with a
direct sequencing protocol using clinical samples. Our data showed that the LNA-RT-
PCR assay can separate the two polymorphisms in the rt269 codon of HBV Pol in
clinical specimens with high sensitivity (92.6%, 87/94 samples) and specificity (98.9%,
86/87 samples) (Table 3). Of note, this assay can determine an almost exact ratio
between two types within specimens from mixed cases (23/24 cases), suggesting its
feasibility in the analysis of quasispecies distribution in mixed samples (Table 3, Figure

4).
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Our LNA-based RT-PCR assays showed that the WT “L1” type (n = 65, 74.7%) was
found at the highest frequency in our cohort, followed by the 1" type (n =12,13.8%) and
‘L2" type (n =3, 3.4%) (Table 3). This finding suggests that the "L1" type is responsible
for the majority of HBV infections in South Korea and that the WT form is prevalent in
genotype C2 infections. Additionally, these findings suggest that the I type may be a
variant of L1 rather than an independent polymorphism. Indeed, our previous study
based on a direct sequencing protocol also showed that the ‘L1 type vs the ‘I’ type is
more closely related to higher HBV replication, higher HBsAg levels and HBeAg
positive serostatus(®], suggesting that the majority of the ‘L1" type infections in our
cohort may be due to its enhanced viral infectivity. Therefore, it is tempting to speculate
that the ‘L1” type uniquely found in genotype C2 infections may contribute to some
distinct traits of the genotype C2 infections, including an enhanced duration of the
HBeAg-positive stage®], higher infectivity®38] and a higher prevalence of occult
infection via vertical transmissionl3339401. Since our LNA-based RT-PCR assays can
identify L1 of higher infectivity and other variants (L2 or I type) related to disease
progression from large serum samples without time-consuming or labor intensive
sequencing procedures, it could help in the management or treatment of chronic
patients in genotype C2 endemic nations, including China, Japan and South Korea.

In 7 (74%) of the 94 samples, despite successful amplification, our LNA-based RT-
PCR assays failed to separate the two polymorphisms in the rt269 codon (Table 4).
Comparison with the direct sequencing protocol revealed that all seven samples
amplified but not identified by LNA-based RT-PCR assays had one more mismatch
mutation that was different from the probe binding sequences. This was enough to
interfere with normal detection due to the lower meting temperature than the
respective probe. Therefore, in the samples amplified but not identified by our LNA-
based RT-PCR assays, a further direct sequencing protocol should be recommended for
the identification of the two polymorphisms.

A total of 24 (27.6%) of the 87 positively detected samples were identified in a mixed

manner, and L1, in most cases of mixed infections, was dominant or codominant over 1|
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or L2. These findings further support our hypothesis that I or L2 may be a variant of the
L1 type rather than an independent polymorphism. However, to clarify whether mixed
infection in a patient is due to simple mutation of L1 to L2 or I type or superinfection of
another type, further quasispecies analysis should be investigated in the future.

The limitation of this study is that all the samples included were obtained from
patients at the initial stage of drug use and are from one medical institution. To
determine the exact clinical significance of L1, L2 and I infections or mixed infections in
genotype C2-infected chronic patients, our LNA-based RT-PCR assays should be

applied to a larger population-based cohort of multicenter registries in future studies.

EONCLUSION

In conclusion, our data showed that the LNA-RT-PCR method developed in this study
can successfully identify two different polymorphisms, rt269L (L1 and L2) and rt269], in
the rt269 codon of HBV Pol from CHB patients with genotype C2 infections. The
wildtype ‘L1” form is more prevalent than the rt2691 form in Korean CHB patients with
genotype C2 infections, which is possibly due to its higher infectivity. Therefore, our
LNA-RT-PCRmethod enables the separation of rt269 types and could be effectively
used for a deeper understanding of epidemiology and disease progression in genotype

C2 endemic areas.

ARTICLE HIGHLIGHTS

Research background

Hepatitis B virus (HBV) genotype C infections has distinct clinical or virological traits
including higher risk of hepatocellular carcinoma, lower response rate to inter&ron or
prolonged hepatitis B e antigen-positive phase. As a likely answer to this issue, we have
recently reported that the presence of two HBV Pol RT polymorphisms, rt269L and
rt2691 could contribute to unique traits of HBV genotype C.

Research motivation
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For the identification between two rt269 types from chronic patients of genotype C2
endemic areas instead of time or labor consuming direct sequencing protocol, we
sought to develop a novel simple and sensitive locked nucleotide probe based real-time
polymerase chain reaction (LNA-RT-PCR) method capable of separating two rt269
types, rt269L type encoding leucine, ‘L” (L1: CTC, L2: CTA) and rt2691 type encoding
isoleucine (ATC) from chronic hepatitis B (CHB) genotype C2 patients.

Research objectives
To develop a novel simple and sensitive LNA-RT-PCR method capable of identifying
two rt269 types in CHB genotype C2 patients.

Research methods

We designed appropriate primer and probe sets for LNA-RT-PCR for the separation of
rt269 types. The developed LNA-RT-PCR method was applied to a total of 94 CHB
patients of genotype C2 for the identification of two rt269 polymorphisms, and these

results were compared with those obtained by a direct sequencing protocol.

Research results

The LNA-RT-PCR method could identify two rt269L and rt2691 polymorphisms of three
genotypes, two rt269L types ['L1" (WT) and ‘L2’] and one rt2691 type ('T') in single (63
samples, 72.4%) or mixed forms (24 samples, 27.6%) in 87 (92.6% sensitivity) of 94

samples from Korean CHB patients.

Research conclusions

The newly developed LNA-RT-PCR method could identify two rt269 polymorphisms,
rt269L and rt269], in CHB patients with genotype C2 infections. This method could be
effectively used for the understanding of disease progression in genotype C2 endemic

areas.
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Research perspectives
The newly developed LNA-RT-PCR method could identify three rt269 types, L1, L2 and
I from CHB patients of genotype C2 with high-sensitivity and specificity. It could play a

relevant role in the clinical management of CHB patients of genotype C2 infection.
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