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 Hepatitis B virus (HBV) infection causes chronic diseases, including acute 

liver cirrhosis and hepatocellular carcinoma (HCC).  More than two billion people 

worldwide have been infected, thus effective antiviral drugs or novel treatments are 

pressingly needed.  This study was performed to identify the effective RNAi target 

sites within the highly conserved region of HBV RNA known as hepatitis B post-

transcriptional regulatory element (HBV PRE) by using bioinformatics and 

experimental approaches.  To identify potential siRNA target sites, eleven predicting 

siRNA targets were employed and the results were clearly demonstrated into nine 

clusters.  Three potential siRNA target sites were selected from the major clusters and 

called 1317-1337, 1357-1377 and 1644-1664.  The features of these selected siRNA 

target sites were then characterized.  The feature analysis revealed that only siRNA 

target site 1317-1337 did not form actual hairpin structure of any tested genes and it 

contained the most preferential bases.  Based on the results of luciferase assay and 

real-time PCR analysis, only the siRNA expression plasmids driven by H1 promoter 

(pShPRE1317-1337, pShH1-1357 and pShH1-1644) showed to have potent inhibitory 

effects on the expression of luciferase, core, surface and X transcripts.  However, the 

siRNA 1317-1337 had the best inhibitory effect.  Therefore, the results suggested that 

secondary structure and the base preference were the key features for being the 

effective siRNAs.  In addition, only the siRNA 1357-1377 significantly inhibited 

level of cccDNA.  Importantly, all three selected siRNA target sites did not induce the 

expression of STAT1 and OAS1 and did not cause cell cytotoxicity.  Consequently, 

the study successfully identified effective siRNA target sites that may further develop  

as anti-viral drugs for inhibiting HBV replication. 
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IDENTIFICATION OF EFFECTIVE RNA INTERFERENCE 

TARGET SITES WITHIN THE HEPATITIS B POST-

TRANSCRIPTIONAL REGULATORY ELEMENT 

 

INTRODUCTION 

 

Hepatitis B virus (HBV) is a member of Hepadnaviridae family and 

Orthohepadnavirus genus.  Its genome is the partially circular double-stranded DNA 

of about 3,200 nucleotides.  HBV infection causes chronic diseases, including acute 

liver cirrhosis and hepatocellular carcinoma (Ganem and Prince, 2004).  From World 

Health Organization (WHO) report (2012), more than two billion people worldwide 

have been infected by HBV, which is transmitted through contact with the blood or 

bodily fluids of an infected person, and about 240 million people chronically infected 

with HBV.  Moreover, about 600,000 people die every year due to the acute or 

chronic consequences of HBV infection, whereas South East Asia has been reported 

to be the most prevalence of HBV infection (Chen et al., 2000).  In addition, the most 

predominant HBV genotypes found in Thailand are genotype B and C (Tangkijvanich 

et al., 2005).  Notably, HBV infections have always been the critical problems of 

public health in Thailand, which need to be improved urgently. 

 

Although HBV vaccination is 95% effective in preventing of new HBV, it is 

useless for chronic patients.  Even if the chronic patients can be treated by licensed 

antiviral drugs, such as interferon-α, lamivudine and adefovir dipivoxil, these drugs 

have been reported to cause emergence of drug-resistant variants (Karayiannis, 2003; 

Tillmann, 2007).  Therefore, novel antiviral drugs or alternative treatments are 

pressingly needed.  Currently, RNA interference (RNAi) technology has potentially 

provided approachable way for developing specific gene silencing therapeutics 

against abnormal metabolisms, cancers, viral replication (Kariko et al., 2004; Guo et 

al., 2011; Yang et al., 2011), and HBV replication (Panjaworayan et al., 2010). 
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At present, there are many available RNAi-predicting programs such as 

siDirect 2.0 (Naito et al., 2009) and siRNA Target Designer 1.6 (Promega, 2005), 

which differ in criteria and algorithms.  However, there is no recognition of which is 

the gold standard program.  Currently, conserved regions of a viral genome have been 

proposed as effective RNAi target sites because they can minimize viral escape that 

may occur due to selection pressure of RNAi on pre-existing resistant mutant of virus 

(Wu et al., 2005). 

 

This study therefore aimed to identify the effective siRNA target sites within 

the highly conserved region of HBV RNA known as hepatitis B virus post-

transcriptional regulatory element (HBV PRE) by using bioinformatics.  The study 

also determined to test inhibitory effects of selected RNAi target sites by using 

quantitative real-time PCR (delta delta Ct method).  Moreover, the study also tested 

the analysis of siRNA-induced interferon response and cell viability. The results of 

this study would provide effective siRNA target sites that could be further developed 

as the therapeutics against HBV infection.  
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OBJECTIVES 

 

1. To identify the effective siRNA target sites within HBV PRE. 

 

2. To construct the siRNA expression plasmids that are driven by RNA 

 polymerase II and III promoters. 

 

3. To test the inhibitory effects of siRNA expression plasmids by using 

quantitative real-time PCR (delta delta Ct method). 

 

4. To determine the siRNA-induced interferon response and cell viability. 
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LITERATURE REVIEW 

 

Hepatitis B virus 

 

Hepatitis B virus is the sphere shape of about 42 nanometres, which consists 

of an outer lipoprotein envelope and an icosahedral nucleocapsid core antigen 

(HBcAg).  The envelope composes of different surface antigen (HBsAg) that are 

large-, medium- and small surface antigens.  The nucleocapsid encloses the viral 

DNA genome and DNA polymerase that has reverse transcriptase activity same as 

retroviruses (Howard, 1986) (Figure 1). 

 

Currently, HBV is classified into ten genotypes, which are genotype A – J 

based on sequence difference in the whole genome of greater than 8% (Nordel et al., 

1994; Tatematsu et al., 2009; Yu et al., 2010). 

 

 

 

Figure 1  The structure of HBV and its elements, which are surface proteins, 

nucleocapsid core, viral DNA genome and DNA polymerase. 

 

Source: Zimet et al. (2001) 
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Each HBV genotype has different geographical distributions (Bartholomeusz and 

Schaefer, 2004).  Moreover, HBV are also divided into four major serological 

subtypes, adw, adr, ayw and ayr.  This classification is based on the immunoreactivity 

of an antibody to a limited number of amino acid substitutions in the HBsAg. There is 

no correlation between the serotypes and genotypes (Magnius and Norder, 1995). 

 

HBV genome 

 

The HBV genome is the partially circular double-stranded DNA of about 

3,200 nucleotides (3,020-3,320 nucleotides for minus strand and 1,700-2,800 

nucleotides for plus strand) (Kay and Zoulim, 2007).  The negative sense or minus 

strand (non-coding) is complementary to the viral transcript, whereas the transcription 

is processed on positive sense or plus strand (coding) (Seeger and Mason, 2000). 

There are four main open reading frames (ORFs) that transcribe for four transcripts, 

which are called pregenomic RNA (pgRNA), large surface mRNA (preS1), N-

terminally truncated S (preS2/S) and X mRNA (X).  These transcripts encode for the 

nucleocapsid protein (C), or core antigen (HBcAg), polymerase (P), large surfaces or 

surface antigen (HBsAg), medium/small surface antigen and X protein, respectively 

(Beck and Nassal, 2007).  The HBV envelope antigen (HBeAg) is produced by 

proteolytic mechanism of the precore protein. All four primary HBV transcripts have 

the overlapped organisation and have the polyadenylation sites at the same position 

(Figure 2).  Notably, the function of X protein is not clear, but it is related to a 

development of liver cancers (Li et al., 2010). 

 

Hepatitis B virus post-transcriptional regulatory element (HBV PRE) 

 

The length of HBV PRE sequence is about 534 base pairs located at the 

position 1151-1684.  Since the HBV genome is the circular DNA, the HBV PRE 

sequence is therefore found in all HBV transcripts (Figure 2). 

 

Several reports have been suggested that the functions of HBV PRE involve in 

the nuclear export (Huang and Yen, 1995), the preservation of mRNA stability 
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(Ehlers et al., 2004) and the regulation of mRNA splicing (Heise et al., 2006).  

However, the core function of HBV PRE is still arguable.  By using genomic 

comparative analysis of HBV, Panjaworayan et al. (2007) indicated that HBV PRE 

contains many conserved regions.  Further analysis of regulatory elements has 

indicated that HBV PRE is likely to contain several elements that may play differently 

roles such as nuclear export and splicing (Panjaworayan et al., 2010). 

 

 

 

Figure 2  The HBV genome is the partially circular double-stranded DNA of about 

3,200 base pairs (black line).  There are four mRNAs, pg, preS1, preS2/S 

and X (red line) and also four ORFs, C, S, P and X (green line).  In 

addition, the conserved region (HBV PRE) locates at the nucleotide 

position from 1,151 to 1,684 that is found in all HBV transcripts. 
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HBV life cycle and its replication 

 

HBV is distantly related to retroviruses as it uses reverse transcription as a part 

of its replication process.  At first, the viral particle penetrates into the susceptible 

cells by binding to the specific surface receptors.  After the cell membrane is fused 

with the viral membrane, the viral nucleocapsid core is released into cytoplasm 

(Summers and Mason, 1982).  The core dissociates and viral genomic DNA is then 

transferred to the cell nucleus.  The viral DNA polymerase repairs the partially 

double-stranded DNA into the completely double-stranded DNA and the ends are 

then ligated by host enzyme.  The viral genomic DNA is therefore transformed into 

covalently closed circular DNA (cccDNA) that serves as a template for transcription 

of its major viral transcripts.  All viral transcripts are transported to the cytoplasm and 

are subsequently used as the templates for translation (Will et al., 1987).  The largest 

transcript (pgRNA), which is longer than the viral genome, is used to create the new 

copies of the genome, core protein and the viral DNA polymerase.  The subgenomic 

RNAs, preS1, preS2/S and X, are used as the templates for large-, medium/small 

surface and X proteins, respectively.  The progenies are assembled and then released 

from the cell or returned to the nucleus and re-cycled to produce even more copies 

(Beck and Nassal, 2007).  The pgRNA is then transported back to the cytoplasm, 

where the viral polymerase synthesises genomic DNA via its reverse transcriptase 

activity (Figure 3). 

 

Prevention and treatments 

 

At present, several vaccines have been developed for an effective prevention 

of HBV infection.  These rely on the use of part of the viral surface proteins.  Current 

vaccines are made using a synthetic recombinant DNA technology from DNA 

samples of people who have had long-standing HBV infection (Hepatitis B 

Foundation, 2009).  For prevention of HBV infection, the first dose of HBV vaccines 

and hepatitis B immune globulin (HBIG) are given to newborn within 12 hours of 

birth.  This prevention can reduce the risk of transmission.  Then, a second dose of 

hepatitis B vaccine is given at 1–2 months later.  Finally, a third dose is delivered 
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after 6 months (Libbus and Phillips, 2009).  Besides, the WHO has recommended to 

use the immunoprophylaxis for the newborn by multiple injections of small doses of 

HBIG (Shi et al., 2010a), or oral antiviral drug known as lamivudine for HBV carrier 

mothers at the last three months of pregnancy (Shi et al., 2010b). 

 

 

 

Figure 3  The replication process of HBV. 

 

Source: Ganem and Prince (2004) 

 

In addition, chronically infected patients always have persistent elevation of 

serum alanine aminotransferase (a marker of liver damage) and HBV DNA levels (Lai 

and Yuen, 2007).  Although, available antiviral drugs can inhibit the viral replication 

and subsequently minimise liver damage, none of them can completely cure the 

infection.  Currently, there are two general groups of antiviral drugs known as 
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nucleos(t)ide analogues and immunomodulators.  At present, there are five 

nucleos(t)ide analogues namely lamivudine (Epivir), adefovir (Hepsera), tenofovir 

(Viread), telbivudine (Tyzeka) and entecavir (Baraclude) and the two immune system 

modulators, which are interferon alpha-2a (IFN-α) and pegylated IFN-α -2a (Pegasys) 

(Dienstag, 2008).  By taking nucleos(t)ide-analogs for a long-term, the emergence of 

viral escape and drug-resistant variants is highly appeared (Karayiannis, 2003).  

Furthermore, the immunomodulators group, such as IFN-α, is more expensive and 

associated with many severe side effects.  Novel antiviral drugs or alternative 

treatments are therefore pressingly needed.  In addition, it has been recently reported 

that RNAi mechanism effectively inhibits HBV replication (Ren et al., 2006; Sun et 

al., 2007; Panjaworayan et al., 2010).  Therefore, RNAi technique appears as the 

powerful approach for new treatment of viral infection, including HBV. 

 

RNA interference (RNAi) 

 

RNAi mechanism is divided into two major groups, which are microRNA 

(miRNA) and small interfering RNA (siRNA).  In 1998, it was firstly reported to 

down-regulate specific genes expression in Caenorhabditis elegans (Fire et al., 1998).  

The siRNA pathway is found in many eukaryotes, including mammals. 

 

1. RNAi mechanism 

 

Many kinds of RNA molecules such as long double-stranded RNAs 

(dsRNAs), short hairpin RNAs (shRNAs), transposon elements, RNA viruses and 

exogenously introduced siRNAs are involved in RNAi pathway (Rana, 2007).  Long 

dsRNA and shRNA molecules (that also could be expressed by DNA vectors in target 

cells) are initially cleaved into short duplexes by the RNase III family 

endoribonuclease, which is called Dicer.  The short RNA duplexes, namely siRNAs 

are about 21 nucleotides (nt) long with a 2 nt overhang at the 3' end of each strand and 

a monophosphate at the 5' end.  Next, the helicase unwinds siRNA duplex at the 

easier end.  The sense (passenger) strand (SS) that has the same sequence as the target 

mRNA will be cleaved and degraded.  The antisense (guide) strand (AS) that has the 
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complementary sequence to the target mRNA, is then loaded into an RNA-protein 

complexes termed RNA-induced silencing complexes (RISCs).  Alternatively, 

exogenous siRNAs can be directly loaded into RISCs without Dicer processing (Li 

and Rana, 2012).  The RISC completely recognizes and cleaves the target mRNA at 

10-11 nt upstream of the 5' end of the AS.  This action is mediated by the activity of 

Argonaute2 (Ago2), which is one of the main components of RISC and contains an 

enzymatically competent RNase H-like domain.  After that, the RISC is looped and 

recognizes other target mRNA (Miyoshi et al., 2010).  On the other hand, miRNA- or 

siRNA-protein complex that complement to the target mRNA, imperfectly cannot 

cleave the target mRNA, but it suppresses the protein translation (Schwarz et al., 

2003; Zeng et al., 2003).  However, both of effective miRNAs and siRNAs can lead 

to gene silencing (Figure 4). 

 

2. Thermodynamic properties 

 

In order to obtain effective siRNAs, the good siRNAs must be rationally 

designed to contain appropriate characteristics.  Up to date, many reports have found 

some new key features that are crucial for RNAi mechanism.  One essential 

characteristic is the thermodynamic property.  Several studies have suggested that 

duplex unwinding is the important step for both dsRNAs and pre-miRNA hairpin 

precursors (Bernstein et al., 2001; Nicholson and Nicholson, 2002).  Khvorova et al. 

(2003) showed that thermodynamic profiling of the 5' end of AS exhibited a lower 

internal stability that associated with duplex unwinding.  This result corresponded 

with other studies (Ui-Tei et al., 2004; Ichihara et al., 2007).  On the other hand, the 

lower internal stability of the 5' end of SS inhibits RNAi effect (Ui-Tei et al., 2004), 

because a low internal stability at the 5' end of SS mediates the SS to be loaded into 

RISC instead of AS (Schubert et al., 2005).  In addition, Khvorova et al. (2003) 

suggested that the internal stability of the 9-14 nt region from the 5' end of AS plays 

important role in the mRNA turnover by fasilitating dissociation of RISC from the 

target mRNA so that it can be recycled for a new reaction (Figure 5). 
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Figure 4  The RNAi mechanism. It is involved in hybridization of an effective siRNA 

and a specific target mRNA that leads to be gene silencing. 

 

Source: Schwarz et al. (2003) 

 

 

 

Figure 5  Calculated average internal stability profiles for a set of 37 siRNAs 

targeting human and mouse genes.  The functional siRNAs have a low 

internal stability at the 5' end and 9-14 nt region of the AS (closed box 

indicates functional siRNAs and opened box indicates nonfunctional 

siRNAs). 

 

Source: Khvorova et al. (2003) 
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Moreover, the 5' phosphorylation of the AS is necessary for an efficient 

RISC loading.  All siRNAs generated from long dsRNAs or shRNAs by Dicer contain 

5' monophosphates, whereas exogenous synthesized siRNAs always have 5' hydroxyl 

groups (Figure 4).  Therefore, the loading of synthesized siRNAs into the functional 

RISC may require 5' phosphorylation of AS (Li and Rana, 2012).  There is an 

evidence supports that RNAi activity can be repressed by chemical modification of 

the 5' end of AS with amino groups and 3-carbon, which can block phosphorylation 

(Chiu and Rana, 2002).  On the other hand, chemical modification of the 5' end of SS 

has no effect to RNAi efficiency, because its A-form helix structure of siRNA duplex 

is maintained (Rana, 2007). 

 

3. GC contents and base preferences 

 

Furthermore, the percentage of GC content can affect unwinding of siRNA 

duplex.  An optimal GC content should be about 30-52% (Elbashir et al., 2002; 

Reynolds et al., 2004).  A high GC content results in a packed duplex, which is harder 

to be dissociated.  In addition, there are many reports suggested on base preferences 

of good siRNAs, such as base A at nucleotide position 3, T at nucleotide position 10, 

not G at nucleotide position 13 and A at nucleotide position 19 of sense strand 

(Reynolds et al., 2004).  However, base preferences reported from several studies are 

not agreeable among each other (Hsieh et al., 2004; Reynolds et al., 2004; Takasaki et 

al., 2004; Katoh and Suzuki, 2007). 

 

4. Secondary structures 

 

Elbashir et al. (2002) suggested that the secondary structure of target 

mRNA had no effect on RNAi efficiency.  Later on, many reports indicated that the 

secondary structure of target mRNA may interfere RISC formation (Yoshinari et al., 

2004; Schubert et al., 2005).  Moreover, the secondary structure of siRNA also affect 

the RNAi activity.  This is because the ideal siRNA duplex can adopt an A-form 

helix, which differs from the general B-form helix of DNA molecules.  This helical 

structure leads to a more rigidly packaged RNAi molecule with a narrower and deeper 
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major groove, thus it is more stable than the B-form helix (Chiu and Rana, 2002).  In 

addition, the bulge structure of A-form helix may be twisted and then distorts the 

major groove.  Rana (2007) found that bulge structures of the AS completely 

abrogated the RNAi activity.  In addition, the more stable secondary structures of AS 

obstructs the RISC formation (Reynolds et al., 2004) (Figure 6). 

 

 

 

Figure 6  The various secondary structures such as bulge, stem, stacked pair and 

hairpin loop. 

 

Source: Andronescu et al. (2005) 
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5. The prediction of RNAi target sites 

 

Currently, there are several siRNA predicting programs for identifying 

siRNA target sites such as siExplorer (Katoh and Suzuki, 2007), siDirect (Naito et al., 

2009) and AsiDesigner (Park et al., 2008).  Each program predicts siRNA target sites 

based on different algorithms.  Therefore, each program considers different criteria 

such as consensus sequence, thermodynamic stability, percentage of GC content, base 

length and secondary structures.  The details of available programs are summarized in 

Table 1.  However, there is still no agreement on which the best siRNA-predicting 

program is.  In addition, conserved regions of viral genome have been currently 

proposed to be effective RNAi target sites.  Since these sites contain minimum 

mutation; thus, they can minimize viral escape occurring from selection pressure (Wu 

et al., 2005). 

 

6. RNAi applications 

 

At present, RNAi technique is used for studying gene function, gene 

expression and regulation.  Moreover, it has been potential used for development of 

specific gene silencing therapeutics, including abnormal metabolisms, cancers and 

viral replication (Kariko et al., 2004; Ely et al., 2008; Guo et al., 2011).  Several 

studies have evidently supported that RNAi technique can effectively inhibit HBV 

replication or down-regulate expression of the specific HBV gene such as precore, 

surface, X and HBV PRE (Giladi et al., 2003; Hamasaki et al., 2003; Kayhan et al., 

2007; Panjaworayan et al., 2010). 

 

In order to perform effective RNAi technique in research, several 

procedures have been developed.  The major development is chemical synthesis of 

siRNA duplexes and RNAi expression plasmids by expressing pri-miRNAs or 

shRNAs under RNA polymerase II or RNA polymerase III.  Synthetic siRNA 

duplexes are usually transported into cells by cationic liposomes, whereas RNAi 

expression plasmids rely on liposomes or viral vectors (Figure 7). 
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Table 1  List of available siRNA predicting programs and characteristics.   Indicates absence of the feature, whereas  indicates 

presence of the feature. 

 

Programs Base 

length 

Consensus sequence GC 

(%) 

Thermo-

dynamic 

stability 

Based on 

research 

results 

Avoid 

secondary 

structure 

Reference 

 

AsiDesigner 

 

 

23 

 

 

 

30-62 

 

 

 

 

 

 

 

Park et al. (2008) 

BLOCK-iT™ RNAi 

Designer 

 

25  35-55    Invitrogen (2008) 

Dicer Substrate 

RNAi Design 

 

27  30-50  Reynolds  Kim et al. (2005) 

DSIR 

 

21 AAN3AN5TN4C(G/C)NN     Vert et al. (2006) 

siDesign Center 

 

19  30-64    Thermo Fisher Scientific 

(2008) 

siDirect 2.0 21 NN(G/C)N17(A/U) 32-53  Ui-Tei 

Reynolds 

 Naito et al. (2009) 

 

 
1
5
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Table 1  (Continued) 

 

Programs Base 

length 

Consensus sequence GC 

(%) 

Thermo-

dynamic 

stability 

Based on 

research 

results 

Avoid 

secondary 

structure 

Reference 

 

siExplorer 

 

 

19 

 

NNAANAANNTNAA 

NAWNAA 

 

30-50 

 

 

 

 

 

 

 

Katoh and Suzuki (2007) 

siRNA Target  

Designer 1.6 

 

21 AAN17TT, NAN19 

and 

NARN15YNN 

35-60    Promega (2005) 

siRNA Target Finder 

 

21  30-60  Elbashir  Ambion (2008) 

siRNA Target Finder 

 

 

21  30-60  Khvorova 

Reynolds 

Ui-Tei 

 GenScript (2008) 

T7 RNAi Oligo  

Designer 

21 NNGN17C 30-50    Dudek and Picard (2004) 

 

 
1
6
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Nevertheless, synthetic siRNA duplexes have some limitations, for 

example: rapid liver clearance, lack of target specificity, and high cost (Sioud and 

Sorensen, 2003; Jones, 2009; Li and Shen, 2009).  On the other hand, RNAi 

expression plasmid offers many advantages, including low cost, stable duration and 

long term-response (if stably transfected and delivered).  In addition, DNA-based 

viral expression cassettes have been reported as the effective procedures for HBV 

treatment (Sun et al., 2007) (Figure 7). 

 

 

 

Figure 7  RNAi pathways in HBV research.  Diagram of the miRNA and siRNA 

pathway (i).  Current RNAi-based procedures and their deliveries (ii)–(v). 

 

Source: Panjaworayan and Brown (2011) 

17 
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The cytotoxicity and off-target effect 

 

Both in vitro and in vivo studies have demonstrated that siRNAs can be potent 

activators of an immune response such as IFNs and inflammatory cytokines (Hornung 

et al., 2005; Judge et al., 2005; Sioud, 2005).  The main factor for the IFN responses 

is the activation of the dsRNA-dependent protein kinase R (PKR) that leads to a 

general inhibition of protein synthesis.  Nevertheless, siRNAs can evade PKR 

activation when they are shorter than 30 base pairs (Figure 8).  Moreover, there are 

other receptors such as Toll-like receptor 3 (TLR3) for dsRNA that is involved in 

siRNA-induced IFN response (Kariko et al., 2004).  The activation of immune cells 

by siRNAs is reported to be sequence-dependent manner and each strand of siRNA 

duplex can stimulates cytokine production and involves TLR7 and TLR8 same as ds-

siRNAs (Hornung et al., 2005; Judge et al., 2005; Sioud, 2005).  These endosomal 

receptors, TLR7 and TLR8, have been proposed to recognize U-rich and GU-rich of 

siRNAs sequence and they can activate siRNA compartmentalisation in endosomes.  

Furthermore, pCpG-siRNAs have been found to stimulate IFN responses via TLR9 

(Figure 8).  Notably, the detection of IFN response is commonly performed for 

determination of cytotoxicity of siRNA.  In addition, siRNA that has low specificity 

causes off-target effect and leads to non-specific mRNA degradation. 

 

To determine cytotoxicity of siRNAs, down-stream genes regulated by IFNs 

are quantitatively evaluated.  Three classes of IFN have been identified, which are 

type I to III.  They are classified accordingly to their receptor complexes.  The type II 

IFN composes of a single IFN gene product that binds to the IFN receptor (IFNGR) 

complex.  The IFN plays the major role in immune system that responds to 

pathogens other than viruses.  The type III IFNs consists of three IFN gene products 

that are signaled by the combined IFN receptor 1 (IFNLR1) and interleukin-10 

receptor 2 (IL-10R2) complex.  Recently, the type III IFN is hypothesized to regulate 

the antiviral activity and has been proposed to be the ancestral type I IFNs (Levraud et 

al., 2007).   
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Figure 8  Diagram shows the IFN response that is stimulated by various siRNAs via 

PKR and different TLRs. 

 

Source: InvivoGen (2006) 

 

The type I IFNs in humans consists of 13 IFN subtypes, including IFN, IFN, 

IFN, IFN, IFN and IFN.  They engage the ubiquitously expressed IFN receptor 

(IFNAR) complex, which consists of IFNAR1 and IFNAR2 (Figure 9).  The function 

of type I IFNs is well known as a robust host response against viral infection 

(O'Connell et al., 2004).  Signal transduction is initiated by pre-associated Janus 

tyrosine kinases (JAK1 and TYK2), which phosphorylated the IFNAR1 chain 

enabling recruitment and then phosphorylation of the Signal Transducers and 

Activators of Transcriptions (STATs).  STAT heterodimers (STAT1 and STAT2) 

associated with the IFN regulatory factor 9 (IRF9), resulting in the formation of the 

IFN-stimulated transcription factor 3 (ISGF3).  This complex translocates into 

nucleus to bind the IFN-stimulated regulated element (ISRE) and then induces IFN-

stimulated genes such as the 2'-5' oligoadenylated synthetase (OAS), Mx and protein 

kinase R (PKR) to cause antiviral immunity (Sadler and Williams, 2008) (Figure 9). 
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Figure 9  IFN-signaling is mediated by three receptor complexes. Signal transduction 

is initiated by pre-associated JAK1, JAK2 and TYK2.  They then cause the 

phosphorylated STAT1 and STAT2 to form ISGF3 and GAF.  Finally, 

these complexes are transported into nucleus and then act against the 

antiviral or antimycobacterial immunities. 

 

Source: Sadler and Williams (2008) 
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 Furthermore, the 2'-5' oligoadenylated synthetase (OAS) and ribonuclease L 

(RNaseL) pathway is involved in antiviral immune response.  The OAS proteins 

accumulate in the cytoplasm as inactive monomers.  Upon activation by viral dsRNA, 

the enzyme forms a tetramer that can synthesizes 2', 5'-linked phosphodiester bonds to 

inactive RNaseL monomer (Rebouillat and Hovanessian, 1999).  Then, binding of 2', 

5'-oligoadenylated to RNaseL triggers dimerization of RNaseL monomers leading to 

be a latent form of RNaseL.  In this way, OAS in combination with RNaseL 

constitutes an antiviral RNA decay pathway (Clemens and Vaquero, 1978) (Figure 

10). 

 

 

 

Figure 10  Diagram shows the co-activity of OAS and RNaseL that is initially 

activated by viral RNA and consequently to be the viral RNA 

degradation. 

 

Source: Sadler and Williams (2008) 

 

 Notably, STAT1 and OAS1 are commonly detected to determine the 

cytotoxicity or IFN response that may occur from siRNAs (Sun et al., 2010).  
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MATERIALS AND METHODS 

 

Materials 

 

Reagents 

 

 Reagents were obtained as outlined in Table 2. 

 

Table 2  List of reagents and manufacturers. 

 

Reagents Manufacturers 

(3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) 

Invitrogen 

1× DNA annealing solution Ambion 

5× Passive lysis buffer (5× PLB) Promega 

6× DNA loading dye Fermentas 

Agar C Pacific Science 

Agarose, low EEO Research organic 

Amonium persulfate ((NH4)2SO4) Univar 

Amplicilin sodium salt Bio Basic INC. 

Antimicotic antibiotic Gibco, Invitrogen 

Bovine serum albumin (BSA) BAA 

Bromophenol Blue Fluka 

Calcium chloride (CaCl2) Univar 

Chloroform (CHCl3) Merck 

Dinucleoside triphosphate mix (dNTPs) GeneON 

Disodium hydrogen phosphate (Na2HPO4) Univar 

Dithiothreitol (DTT) Bio Basic INC. 

Dulbecco’s modified eagle medium (DMEM) Gibco, Invitrogen 

Dimethyl sulfoxide (DMSO) Amresco 

Ethanol (C2H6O) Merck 

 

http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
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Table 2  (Continued) 

 

Reagents Manufacturers 

Ethylenediaminetetra acetic acid (EDTA) Bio Basic INC. 

Ethidium bromide Bio Basic INC. 

Fetal bovine serum (FBS) Gibco, Invitrogen 

GeneRuler™ DNA Ladder Mix Fermentas 

Glucose APS Ajax 

Glycerol APS Ajax 

Hypure Nuclease free water Hyclone 

Isopropanol (C3H8O) Merck 

Kanamycin Meji 

Lipofectamine
TM

 2000 Invitrogen 

Magnesium chloride (MgCl2) Carlo Erba 

Magnesium sulfate (MgSO4) APS Ajax 

Peginterferon alfa-2a, Pegasys
®

 Roche (Gift from Prof. Yong 

Poovorawan, CU) 

Peroxide solution GE Healthcare 

Potassium chloride (KCl) Univar 

Potassium dihydrogen phosphate (KH2PO4) Univar 

Sodium chloride (NaCl) Amresco 

Sodium hydroxide, pellets (NaOH) J.T. Baker 

Sterile, nuclease-free water Amresco, Inc. 

Tris-(hydroxymethy)-aminomethane Scharlau 

Trizol Invitrogen 

Trypsin-EDTA Gibco, Invitrogen 

Tryptone Powder Pacific Science 

Tween 20 Sigma 

White polystyrene, 96 well assay plate Costar 

Yeast Extract Pacific Science 
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Enzymes 

 

Table 3  List of enzymes and manufacturers. 

 

Enzymes Manufacturers 

BamHI Fermentas 

DNaseI New England BioLabs, Inc. 

HelixCript
TM

 Thermo Reverse Transcriptase Nanohelix 

HindIII Fermentas 

RBC ThermoOne
TM

 Real-time PCR premix (2×) RBC Bioscience 

T4 DNA ligase Fermentas 

Taq DNA polymerase RBC Bioscience 

 

Commercial Kits 

 

Table 4  List of kits and manufacturers. 

 

Kits Manufacturers 

AxyPrep Plasmid Miniprep Kit Axygen 

Dual-Luciferase
®

 Reporter Assay System Promega 

Gel/PCR DNA Fragments Extraction Kit Geneaid 

Genomic DNA Extraction Kit RBC Bioscience 

 

Bacterial strain 

 

 Escherichia coli (E. coli; New England Biolabs, Inc.) strain DH5α was used as 

a general cloning host. 

 

Mammalian tissue cells 

 

 HepG2 cells (human hepatocellular carcinoma) were used for testing to the 

effects of RNAi expression plasmids as a general transfection-mammalian host. 
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Plasmids 

 

Table 5  List of plasmids. 

 

Plasmids Sources 

pBasic/fPRE (Panjaworayan et al., 2010) 

pCMV-RLuc Gift from Sunchai Payungporn, CU 

pHBV-48 Gift from Wu H. (Wu et al., 1991) 

pShH1-1357 Constructed in this study 

pShH1-1644 Constructed in this study 

pShCMV-1317 Constructed in this study 

pShCMV-1357 Constructed in this study 

pShCMV1644 Constructed in this study 

pShPRE1317-1337 (Panjaworayan et al., 2010) 

pSilencer 3.0-H1 Ambion, Inc. 

pSilencer 4.1-CMV neo Ambion, Inc. 

pSilencer 4.1 GAPDH Ambion, Inc. 

pSilencer GAPDH Ambion, Inc. 

 

Primers 

 

Table 6  List of primers. 

 

Primers Sequences Notes 

M13F(-40) GTTTTCCCAGTCACGAC For sequencing of 

pSilencer 3.0-H1 2_rev 

 

AGGCGATTAAGTTGGGTA 

CMV4_1neoF AGGCGATTAAGTTGGGTA For sequencing of 

pSilencer 4.1-

CMV neo 

CMV4_1neoR 

 

CGGTAGGCGTGTACGGTG 

HBV_CCC_F ACTCTTGGACTCCCAGCAATG For detection of 

HBV cccDNA HBV_CCC_R CTTTATAAGGGTCAATGTCCA 
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Table 6  (Continued) 

 

Primers Sequences Notes 

HBV_Surface_F GTGTCTGCGGCGTTTTATCA For detection of 

HBV S gene HBV_Surface_R 

 

GACAAACGGGCAACATACCTT 

HBV_C_F CATTGACCCTTATAAAGAATTTGG 

AGC 

For detection of 

HBV core gene 

HBV_C_R 

 

CCAGCAGAGAATTGCTTGCCTGAG 

HBV_X_F CTCCCCGTCTGTGCCTTCT For detection of 

HBV X gene HBV_X_R 

 

GATCTGGTGGGCGTTCAC 

HumBetaGlobin_F GTGCACCTGACTCCTGAGGAGA For detection of 

human beta-

globin gene 

HumBetaGlobin_R 

 

 

CCTTGATACCAACCTGCCCAG 

HumBetaAcT_F CTGGGCATGGAGTCCTGTGGCATCC For detection of 

human beta-actin 

gene 

HumBetaAcT_R 

 

 

CGCAACTAAGTCATAGTCCGCCTAG 

HumSTAT1_F ATGTCTCAGTGGTACGAACTTCA For detection of 

human STAT1 

gene 

HumSTAT1_R 

 

 

TGTGCCAGGTACTGTCTGATT 

HumOAS1_F GATCTCAGAAATACCCCAGCCA For detection of 

human OAS1 

gene 

HumOAS1_R 

 

 

AGCTACCTCGGAAGCACCTT 

Oligo-dT18 TTTTTTTTTTTTTTTTTT For first-strand 

cDNA synthesis 
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Table 6  (Continued) 

 

Primers Sequences Notes 

ShPRE1357_T GATCCATATACATCGTTTCCATGG 

TTCAAGAGACCATGGAAACGATGT 

ATATTTTTTTGGAAA 

For construction 

of pShH1-1357 

and pShCMV-

1357 ShPRE1357_B 

 

 

AGCTTTTCCAAAAAAATATACATC 

GTTTCCATGGTCTCTTGAACCATG 

GAAACGATGTATAT 

ShPRE1644_T GATCCGGTCTTACATAAGAGGACT 

TTCAAGAGAAGTCCTCTTATGTAA 

GACCTTTTTTGGAAA 

For construction 

of pShH1-1644 

and pShCMV-

1644 ShPRE1644_B AGCTTTTCCAAAAAAGGTCTTACA 

TAAGAGGACTTCTCTTGAAAGTCC 

TCTTATGTAAGACC 

 

Analytical equipments 

 

Table 7  List of analytical equipments. 

 

Equipments Manufacturers 

BIOHAZARD class II Microtech 

CO2 incubator with CO2 tank Lishen 

Gel documentation DNR Bio-Imaging Systems 

Imaging Analyser Fusion FX7 

Nano Drop Spectrophotometer NanoDrop® 

Olympus CK2 Olympus 

Sorvall Legend Micro 17R Centrifuge Thermo Electron Corporation 

Spectrophotometer Labquip 

StepOnePlus Real-Time PCR System Applied Biosystem 

Thermal Cycler Labnet Leonics 
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Media and solutions 

 

Table 8  List of solutions and components. 

 

Solutions Components 

50× TAE buffer 

(pH 8.5) 

 

242 g Tris base, 57.1 mL glacial acetic acid and 18.6 g EDTA. 

Make up to 1 L 

DMEM media DMEM supplemented with 10% (v/v) heat inactivated FBS and 

1% (v/v) antimicotic antibiotic 

 

Freezing media 

 

FBS:DMSO ratio  is 9:1 

Glucose 

(2 M stock) 

 

2 M glucose (filter sterilize) 

Luria Bertani  

(LB) broth 

 

1% (w/v) tryptone, 0.5% (w/v) yeast extract and 1% (w/v) NaCl 

(autoclaved) 

LB agar plate 1% (w/v) tryptone powder, 0.5% (w/v) yeast extract, 1% (w/v) 

NaCl and 1.5% (w/v) Agar C.  Autoclave prior to addition of 

100 µg/mL ampicilin or kanamycin 

 

Mg
2+

 (2 M stock) 

 

2.033 g MgCl2.6H2O and 2.265 g MgSO4.7H2O.  Make up to 10 

mL (filter sterilize) 

 

Phosphate  

buffer saline  

(PBS)-EDTA 

(pH 7.4) 

 

2.7 mM KCl, 1.4 mM KH2PO4, 137 mM NaCl, 4.3 mM 

Na2HPO4 and 0.53 mM EDTA (autoclaved) 

SOC media 5 g tryptone, 1.375 g yeast extract, 10 mM NaCl and 10 mM 

KCl.  Make up to 250 mL.  After autoclave, add 10 mM of 2 M 

Mg
2+

 and 20 mM of 2 M glucose stock. 
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Methods 

 

Conceptual framework 

 

 This study was divided into four main parts as illustrated in a flow chart below 

(Figure 11). 

 

 

 

Figure 11  Flow chart of this study. 

 

Prediction of the effective siRNA target sites 

 

1. Prediction of siRNA target sites 

 

HBV PRE sequence (genotype A, Accession No: AM282986) was input 

into eleven siRNA predicting programs, which were AsiDesigner, BLOCK-iT RNAi 
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Designer, Dicer Substrate RNAi Design, DSIR, siDESIGN Center, siDirect 2.0, 

siExplorer, siRNA Target Finder, siRNA Target Designer 1.6 and T7 RNAi Oligo 

Designer (specific characteristics of each program were described in Table 1).  The 

predicting results were then clustered using Sequencher 4.10.1 program (Gene Codes 

Corporation).  Next, the identified sequences containing position-base preferences 

(Reynolds et al., 2004) were selected to represent each cluster.  Consequently, all 

selective sequences were determined the similarities to the human genomic and 

human transcript databases using blastn.  Finally, all selective sequences were 

designed to oligonucleotide sequences, which consist of BamHI, sense sequence, 

loop, antisense sequence, terminator and HindIII sites (Figure 12). 

 

2. Prediction of secondary structures of luciferase and HBV mRNA 

 

Luc
+
 (firefly luciferase) conjugating with HBV PRE and four HBV 

mRNAs (pg, preS1, preS2/S and X; Accession No: AM282986) were obtained from 

GenBank.  Consequently, they were input into mfold program (Zuker, 2003) for 

prediction of secondary structures (Figure 12). 

 

Contruction of siRNA expression plasmids 

 

1. Plasmid construction 

 

Firstly, one µg/µL of two complementary shRNA oligonucleotides 

(ShPRE1357_T and ShPRE1357_B; ShPRE1644_T and ShPRE1644_B) were 

annealed together in 1× DNA annealing solution.  The annealing was carried out at 

95°C for 5 minutes and then cooled down to room temperature for 1 hour.  Finally, all 

consequent mixtures were ligated with cut pSilencer 3.0-H1 and cut pSilencer 4.1-

CMV neo that had been double-digested with BamHI and HindIII prior to ligation. 

 

In addition, the cut pShPRE1317-1337 fragment and cut pSilencer 4.1-

CMV neo that had been double-digested with BamHI and HindIII were ligated 

together (Figure 13, A-C). 
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Figure 12  Flow chart shows the steps of this experiment to predict the effective 

siRNA target sites. 

 

2. Preparation of competent cells 

 

Single colony of E. coli DH5α was inoculated in 5 mL of LB broth 

followed by shaking at 37°C for 16 hours.  After that, 200 µL of culture solution was 

then added in 30 mL of LB broth and shaking at 37°C until O.D. was 0.6 when 

determine at 600 nm.  Next, the culture solution was placed on ice for half hour 
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followed by centrifugation at 4,100 ×g at 4°C for 15 minutes.  The supernatant was 

discarded and cell pellets were resuspended in 10 mL of 80 mM MgCl2 containing 20 

mM CaCl2.  Next, the resuspent solution was placed on ice for half hour and then 

centrifuged at 4,100 ×g at 4°C for 15 minutes.  The supernatant was discarded and 

cell pellets were resuspended in 500 µL of 0.1 M CaCl2 followed by adding of 500 µL 

of 10% (v/v) glycerol.  E. coli competent cells were aliquoted and stored at -80°C 

until used (Figure 13, D). 

 

3. Transformation (heat shock) 

 

At first, 100 ng of plasmid was added into 200 µL of E. coli competent 

cells and placed on ice for half hour.  After that, this solution was transferred to a 

water bath at 42°C for 90 seconds and then immediately placed on ice for 4 minutes 

Next, the transformed cells were added with 800 µL of SOC medium followed by 

shaking at 37°C for 1 hour.  After incubation, the cells were collected by 

centrifugation at 9,000 ×g for 1 minute and supernatant was discarded.  The cell pellet 

was resuspended in 200 µL of LB broth and then spread on LB agar plate containing 

ampicilin or kanamycin (depending on vector). Finally, this plate was incubated at 

37°C for 16 hours (Figure 13, E). 

 

4. Plasmid extraction 

 

Single white colony of E. coli was inoculated into 5 mL of LB broth 

containing ampicilin followed by shaking at 37°C for 16 hours.  After incubation, the 

culture solution was centrifuged at 4,100 ×g for collecting the cell pellets.  The 

plasmids were then purified from the cell pellets using the AxyPrep Extraction 

Miniprep Kit according to the manufacturer’s instruction.  Finally, plasmids were 

stored at -20°C until used.  In addition, the construct-plasmids were checked using 

DNA sequencing (Figure 13, F). 
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Figure 13  Diagram shows the steps of siRNA expression plasmid’s construction. 

 

Test of inhibitory effects of siRNA expression plasmids 

 

1. Cell culture 

 

Human hepatocellular liver carcinoma cells (HepG2) were cultured in 

DMEM supplemented with 10% (v/v) heat inactivated fetal bovine serum and 1% 

(v/v) antimycotic antibiotic.  All cell lines were cultures in 75 cm
3
 sterile tissue 

culture flasks at 37°C with 5% CO2. 
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2. Transfection 

 

For luciferase assay HepG2 cells were seeded on 24-well plates with the 

approximately 10
5
 cells in each well.  After 24 hours, the cells were transfected in 

triplicate with the plasmids using the Lipofectamine
TM 

2000.  In details, 600 ng of 

pBasic/fPRE (that expressing firefly luciferase, FLuc) was co-transfected with 100 ng 

of pCMV-RLuc (that expressing Renilla luciferase, RLuc) and 300 ng of various 

siRNA expression plasmids (pShPRE1317-1337, pShCMV-1317, pShH1-1357, 

pShCMV-1357, pShH1-1644, pShCMV-1644, pShH1-Neg and pShCMV-Neg).  The 

ratio between DNA (µg) and Lipofectamine
TM 

2000 (µL) was 1:2.5.  Lipofectamine
TM 

2000 was mixed with 50 µL of DMEM medium and strand at room temperature for 5 

minutes.  The Lipofectamine
TM 

2000 medium was then gently mixed with plasmid 

solution to total volume of 100 µL.  After incubation at room temperature for 20 

minutes, the plasmids containing Lipofectamine
TM 

2000 mixtures were dropped into 

each well. 

 

For quantitative real-time PCR analysis, 300 ng of pHBV-48 (that 

expressing HBV mRNA) was co-transfected with 100 ng of pCMV-RLuc and 600 ng 

of various siRNA expression plasmids.  Notably, the amount of plasmid was 

optimized for each experiment. 

 

3. Luciferase assay 

 

The cells in each well were washed with PBS-EDTA and then lysed with 

100 µL of 1× PLB.  Ten µL of each lysate was analysed using Dual-Luciferase
®
 

Reporter Assay System Kit according to the manufacturer’s instruction.  The results 

were calculated by normalization of FLuc/RLuc. 

 

4. Genomic DNA extraction 

 

The cells in each well were trypsinized and then transferred to the 

microcentrifuge tubes.  Next, the cells were harvested by centrifugation at 6,000 ×g 
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for 30 seconds.  The genomic DNA was then purified from the cell pellets using the 

Genomic DNA Extraction Kit according to the manufacturer’s instruction.  The total 

genomic DNAs were adjusted to final concentration 10 ng/µL before used in next 

experiment.  The genomic DNAs were stored at -20°C. 

 

5. RNA extraction 

 

The cells in each well were directly lysed with 200 µL of TRIzol by 

pipetting the cells up and down several times.  Lysate was then transferred to a 

microcentrifuge tube and centrifuged at 12,000 ×g for 10 minutes at 4°C.  After that, 

the cleared supernatant was transferred to a new microcentrifuge tube and incubated 

for 5 minutes at room temperature.  Next, 40 µL of chloroform was added and shaked 

the tube vigorously by hand for 15 seconds.  The tube was stood for 5 minutes at 

room temperature and then centrifuged at 12,000 ×g for 15 minutes at 4°C.  After 

that, the aqueous phase was placed into a new microcentrifuge tube.  Next, 100 µL of 

cool isopropanol was added and then incubated for 10 minutes at room temperature.  

After that, the tube was centrifuged at 12,000 ×g for 10 minutes at 4°C and then 

discarded the supernatant.  The RNA pellet was washed with 200 µL of 75% ethanol 

by flicking the tube.  Next, the tube was centrifuged at 7,500 g for 5 minutes at 4°C 

and discarded the wash.  The RNA pellet was air dried for 10 minutes and 

resuspended in 20 µL of RNase-free water by pipetting.  The RNA solution was 

incubated for 10 minutes at 60°C and stored at -70°C. 

 

6. DNase I treatment 

 

The RNA solution of about 2 µg was incubated with 2 units of DNase I in 

1× DNase I Reaction buffer for 10 minutes at 37°C (that destroyed DNA 

contaminant).  After that, the reaction was stopped by heating for 10 minutes at 75°C.  

EDTA should be added to a final concentration of 5 mM to protect RNA from being 

degraded during enzyme inactivation. 
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7. The first-strand complementary DNA (cDNA) synthesis 

 

The RNA solution (that had been treated with DNase I) of about 1 µg was 

mixed with 50 pmoles of Oligo-d(T18), 1 µL of dNTPs mix (each 10 mM) and 

adjusted final volume to 14 µL.  Next, the mixture was incubated for 5 minutes at 

65°C and immediately placed on ice.  After that, the mixture was mixed with 4 µL of 

5× RT Reaction buffer, 1 µL of 0.1 M DTT and 1 µL of HelixCript™ Thermo 

Reverse Transcriptase (200 units/µL).  The mixture was then incubated for 10 minutes 

at 42°C, followed by 50 minutes at 50°C.  The reaction was stopped by heating for 10 

minutes at 70°C.  The synthesized cDNAs were adjusted to final concentration 300 

ng/µL before used in next experiment.  The synthesized DNAs were stored at -20°C. 

 

8. Quantitative real-time PCR analysis 

 

The genomic DNAs and total cDNAs were analyzed using real-time PCR.  

The genomic DNAs (including cccDNAs) and cDNAs were mixed with the specific 

primers (shown in Table 6) and RBC ThermoOne
TM

 Real-time PCR premix (2×).  

Beta-globin and beta-actin genes were used as an internal control.  Next, all mixtures 

were carried out in a StepOnePlus Real-Time PCR System under the following 

conditions (Table 9). 

 

The results were indicated in term of relative quantitative data by 

comparative threshold (delta-delta Ct) method (2
-ΔΔCt

).  The amount of target gene in 

the sample, normalized to an endogenous housekeeping gene (reference gene) and 

relative to the normalized calibrator, was then given by 2
-ΔΔCt

, 

 

ΔΔCt = ΔCt (sample) - ΔCt (calibrator) 

ΔCt (sample) = Ct (target gene of sample) - Ct (reference gene of sample) 

ΔCt (calibrator) = Ct (target gene of calibrator) – Ct (reference gene of calibrator) 

Ratio (folds of difference) of sample: calibrator = 2
–ΔΔCt
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In this study, the reference gene were beta-globin and beta-actin, the target 

genes were the cccDNA, S, C and X gene of transfected cells with siRNA expression 

plasmids where as the calibrators were the cccDNA, S, C and X gene of transfected 

cells with negative control plasmids. 

 

Table 9  PCR program for real-time PCR (HBV cccDNA and mRNAs). 

 

Steps Remarks Temperatures Times 

Initiation 

 

Denaturation 95°C 10 minutes 

Cycle 

(40×) 

 

Denaturation 

 

94°C 20 seconds 

Annealing 60°C (for cccDNA, C, X, S and beta-  

globin genes) 

20 seconds 

62°C (for beta-actin) 

 

Extension 

 

72°C 20 seconds 

Detection 76°C (for cccDNA and beta-globin genes) 20 seconds 

77°C (for S gene) 

85°C (for X, C and beta-actin genes) 

 

Final Melt analysis Default program of real-time PCR machine 50 minutes 

 

9. Statistical analysis 

 

Student’s t-test was used for comparing data between means from two 

independent samples.  A statistic t was calculated using the formula: 

 

t = (A1 – A2) 

Sp

2

1

1

1

nn
  



38 

When  Sp
2
 = (n1 – 1)S1

2 
 + (n2 – 1)S2

2
 

               (n1 – 1) + (n2 – 1) 

 

A1 = Mean of samples 1 

A2 = Mean of samples 2 

n1 = Number of sample 1 

n2 = Number of sample 2 

S1 = Standard deviation of sample 1 

S2 = Standard deviation of sample 2 

 

The t distribution was used with the degree of freedom (df) = n1 + n2- 2.  A 

p-value was determined from the probability table (Table 10). 

 

Table 10  Table of t values (Student’s t-test). 

 

Degrees of 

freedom 

Probability, p 

0.10 0.05 0.01 0.001 

1 6.31 12.71 63.66 636.62 

2 2.92 4.30 9.93 31.60 

3 2.35 3.18 5.84 12.92 

4 2.13 2.78 4.60 8.61 

5 2.02 2.57 4.03  6.87 

6 1.94 2.45 3.71 5.96 

7 1.89 2.37 3.50 5.41 

8 1.86 2.31 3.36 5.04 

9 1.83 2.26 3.25 4.78 

10 1.81 2.23 3.17 4.59 

11 1.80 2.20 3.11 4.44 

12 1.78 2.18 3.06 4.32 

13 1.77 2.16 3.01 4.22 
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Determination of the cell viability and the siRNA-induced interferon response 

 

1. Cell viability assay (MTT assay) 

 

The HepG2 cells were seeded on 24-well plates with the approximately 

10
5
 cells in each well.  After 24 hours, the cells were transfected in quadruplet with 

the plasmids using the Lipofectamine
TM

2000.  In details, 300 ng of pHBV-48 was co-

transfected with 100 ng of pCMV-RLuc and 600 ng of various siRNA expression 

plasmids. (pShPRE1317-1337, pShH1-1357, pShH1-1644 and pShH1-Neg).  After 

incubation for 48 hours at 37°C, the old media in each well were replaced with 200 

µL of new media and 10 µg of MTT (that was dissolved in PBS).  Next, the cells were 

incubated for 3 hours at 37°C.  After that, media were removed and DMSO was then 

added to dissolve the pure formazan of MTT.  After incubation for 5 minutes at room 

temperature, the absorbance was then measured by a microplate reader at a 

wavelength of 570 nm. 

 

2. Interferon response assay using real-time PCR 

 

The HepG2 cells were seeded on 24-well plates with the approximately 

10
5
 cells in each well.  After 24 hours, the cells were transfected in triplicate with the 

plasmids using the Lipofectamine
TM

2000.  For transfection, 300 ng of pHBV-48 was 

co-transfected with 100 ng of pCMV-RLuc and 600 ng of various siRNA expression 

plasmids. (pShPRE1317-1337, pShH1-1357, pShH1-1644 and pShH1-Neg).  

Moreover, the untransfected cells were untreated and treated with 100 and 1,000 ng of 

peginterferon alfa-2a.  After incubation for 48 hours at 37°C, the cells in each well 

were lysed with TRIzol to extract the RNA using above protocol.  Next, the RNA 

solution was treated with DNase I and then reversed to the first-strand cDNA.  The 

total cDNAs were adjusted a final concentration to 300 ng/µL.  The cDNAs were 

analyzed the levels of STAT1 and OAS1 using real-time PCR, followed by program 

in Table 11.  In addition, the amount of plasmid was optimized for this experiment. 
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In this study, the reference gene was beta-actin gene.  The collection data 

were calculated by delta-delta Ct method and analyzed using t-test as described 

previously in section 8 and 9 respectively. 

 

Table 11  PCR program for real-time PCR (STAT1, OAS1, beta-actin and beta-

globin). 

 

Steps Remarks Temperatures Times 

Initiation 

 

Denaturation 95°C 10 minutes 

Cycle 

(40×) 

Denaturation 94°C 

 

20 seconds 

Annealing 60°C (for beta-globin  genes) 

62°C (for STAT1, OAS1 and beta-actin  

genes) 

 

 

20 seconds 

Extension 72°C 

 

20 seconds 

Detection 76°C (for beta-globin  genes) 

81°C (for STAT1 and OAS1 genes) 

20 seconds 

85°C (for beta-actin gene) 

 

Final Melt analysis Default program of real-time PCR machine 50 minutes 
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RESULTS AND DISCUSSIONS 

 

Results 

 

Prediction of the effective siRNA target sites 

 

1. Prediction of siRNA target sites 

 

To predict siRNA target sites, HBV PRE sequence was input into eleven 

programs.  The sequencher program was then applied to group siRNA target sites 

(Method section: identification of RNAi target sites No. 1).  The results of predicted 

siRNA target sites were clearly observed into nine clusters (Fig. 14A).  The highly 

specific identified siRNA target site that contains position-base preferences by 

Reynolds et al. (2004) was then selected to represent each cluster (Fig. 14A: shown as 

red lines).  The representative siRNA target sites for clusters 1-9 were: 1176-1196, 

1260-1280, 1317-1337, 1357-1377, 1409-1429, 1548-1568, 1575-1595, 1606-1626 

and 1644-1664, respectively (Fig. 14A).  Within the nine representative siRNA target 

sites, the reported siRNA target site position 1317-1337 (Fig. 14A: Group III, Fig. 

14B) (Panjaworayan et al., 2010) was highly detected by all programs and found to be 

located within the previously reported regulatory element known as a splicing 

regulatory element-1 (SRE-1) (Panjaworayan et al., 2007) (Fig. 14C).  In addition, the 

predicted siRNA target site 1644-1664 (Group IX) was also highly detected and 

appeared to be a very conserved region (Fig. 14D).  Subsequently, the representative 

siRNA target sites from clusters III (1317-1337), IV (1357-1377) and IX (1644-1664) 

were selected for further analysis. 
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Figure 14  Nine clusters of the predicted siRNA target sites. (A) Clusters of predicted 

siRNA target sites.  A represent sequence is shown using red line. (B) 

Previous reported siRNA target sites within HBV PRE. (C) Reported 

regulatory elements within HBV PRE. (D) Conserved regions of HBV 

PRE predicted by CDS-Plotcon. 

 

Source: Thongthae and Panjaworayan (2011) 

 

2. Prediction of secondary structures of selected siRNA target sites in the 

contents of luciferase and HBV mRNAs 

 

According to the results from mfold of luciferase conjugated with HBV 

PRE, pgRNA, preS1, preS2/S and X transcripts, selected siRNA target sites position 

1357-1377 and 1644-1664 could potentially form hairpin structures.  On the other 

hand, the predicted siRNA target sites position 1317-1337 was found to be located 
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between two stem-loop structures (Figure 15-18).  Interestingly, all siRNA target sites 

were shown as part of secondary structures in HBV X transcript (Figure 19). 

 

 

 

Figure 15  The secondary structure of Luc
+
 conjugating with HBV PRE (G =           

-672.80 kcal/mol).  The magnified structures of selected siRNA target 

sites position 1317-1337, 1357-1377 and 1644-1664 are identified. 
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Figure 16  The secondary structure of HBV pgRNA (G = -964.74 kcal/mol).  The 

magnified structures of selected siRNA target sites position 1317-1337, 

1357-1377 and 1644-1664 are identified. 
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Figure 17  The secondary structure of HBV preS1 mRNA (G = -707.39 kcal/mol).  

The magnified structures of selected siRNA target sites position 1317-

1337, 1357-1377 and 1644-1664 are identified. 
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Figure 18  The secondary structure of HBV preS2/S mRNA (G = -596.15 kcal/mol).  

The magnified structures of selected siRNA target sites position 1317-

1337, 1357-1377 and 1644-1664 are identified. 
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Figure 19  The secondary structure of HBV X mRNA (G = -194.49 kcal/mol).  The 

magnified structures of selected siRNA target sites position 1317-1337, 

1357-1377 and 1644-1664 are identified. 
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3. Sequence characterization of selected siRNA target sites. 

 

For identification of key features of siRNA target sites, some important 

properties such as thermodynamics, base preferences, conservation and secondary 

structure were analyzed.  Based on base preferences reported by Reynolds et al. 

(2004), all selected siRNA target sites contained about 50% of preferential bases.  

However, each selected siRNA target site contained different Reynolds-base 

preferences (Table 12).  Moreover, all selected siRNA target sites were highly 

specific as they were less than 81% match to human genome (Table 12).  

Furthermore, all siRNA target sites had an optimal GC content (%).  The siRNA 

target site position 1317-1337 had the highest G of 5'-end of AS whereas the 

position 1357-1377 had the lowest value.  On the other hand, the siRNA target site 

position 1357-1377 had the highest G of 3'-end of AS whereas the position 1644-

1664 had the lowest value (Table 12).  In addition, only siRNA target site position 

1317-1337 was not form actual hairpin structure of any tested genes (Table 12). 
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Table 12  Characterization of selected siRNA target sites.  “*” indicates base 

preferences from Reynolds et al. (2004). 

 

Properties Positions of HBV genome (accession no.: AM282986) 

1317-1337 1357-1377 1644-1664 

mRNA target 

sequence (5'->3') 

 

 

AAAGCUCAUC

GGAACUGACA

A 

AAAUAUACAU

CGUUUCCAUG

G 

AAGGUCUUACAU

AAGAGGACU 

Sense strand 

sequence of siRNA 

(5'->3') 

 

AGCUCAUCGG

AACUGACAAU

U 

AUAUACAUCG

UUUCCAUGGU

U 

GGUCUUACAUAA

GAGGACUUU 

Antisense strand 

sequence of siRNA 

(5'->3') 

 

UUGUCAGUUC

CGAUGAGCUU

U 

CCAUGGAAAC

GAUGUAUAUU

U 

AGUCCUCUUAUG

UAAGACCUU 

Percentage of GC 

content 

 

42.9 33.3 38.1 

Predicted by 

 

9 programs 7 programs 9 programs 

An "A" base at 

position 3 of sense 

strand* 

 

No Yes No 

An "U" base at 

position 10 of 

sense strand* 

 

No No Yes 

 

 



50 

Table 12  (Continued) 

 

Properties Positions of HBV genome (accession no.: AM282986) 

1317-1337 1357-1377 1644-1664 

Not "G" base at 

position 13 of 

sense strand* 

 

Yes Yes No 

An "A" base at 

position 19 of 

sense strand* 

 

Yes No No 

ΔG of 5'-end of 

antisense strand 

(kcal/mol) 

 

-0.9 -3.3 -2.1 

ΔG of 3'-end of 

antisense strand 

(kcal/mol) 

 

-2.1 -1.1 -3.3 

Secondary of 

mRNA target site 

 

Between two stem-

loops 

On stem-loop On stem loops 

Percentage of 

similarity to a host 

genome 

67% match 

TSPAN7 and 81% 

match chr. 2 

genomic contig 

67% match 

BPIL2 and 76% 

match chr.11 

genomic contig 

76% match chr. 20 

genomic contig 
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4. Oligonucleotide designed for construction of siRNA expression plasmids 

 

To construct the siRNA expression plasmid, double-stranded hairpin 

siRNA (shRNA) sequence was required.  Therefore, the selected siRNA target sites 

were designed to have a hairpin structure by adding sense, loop, antisense, H1 

terminator sequence and enzyme restriction sites (BamHI and HindIII).  Subsequently, 

top and bottom strands of synthetic shRNAs were annealed together (Figure 20).  

These complementary oligonucleotides were then subjected to ligate (Method section: 

plasmid cloning No. 1) with vector pSilencer 3.0-H1 Negative (Appendix Figure A4) 

and pSilencer 4.1-CMV neo Negative (Appendix Figure A5). 

 

 

 

Figure 20  Oligonucleotides of selected siRNA target sites and their image pictures of 

shRNAs and duplexes.  (A) The siRNA target site at nucleotide position 

1317-1337.  (B) The siRNA target site at nucleotide position 1357-1377.  

(C) The siRNA target site at nucleotide position 1644-1664.  
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Construction of siRNA expression plasmids 

 

1. Vector digestion and ligation 

 

To construct siRNA expression plasmids, pSilencer 3.0-H1 (Appendix 

Figure A4) and pSilencer 4.1-CMV neo (Appendix Figure A5) were used as the 

parent vectors for expressing siRNAs under RNA polymerase III (H1 promoter) and 

RNA polymerase II (CMV promoter) respectively.  Prior to ligation, the vectors were 

digested with BamHI and HindIII and then gel purified (Figure 21). 

 

 

 

Figure 21  The 1% agarose gel shows sizes of cut vectors and shRNA fragments. 

M: GeneRuler
TM

 DNA Ladder Mix (Fermentas) 

1:   A cut pSilencer 3.0-H1 Negative (2734 bp) 

2:   A cut pSilencer 4.1-CMV neo Negative (4891 bp) 

3:   A shRNA 1317-1337 fragment (63 bp) 

4:   A shRNA 1357-1377 fragment (63 bp) 

5:   A shRNA 1644-1664 fragment (63 bp) 
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2. Plasmid verification 

 

After ligation and transformation, plasmid constructs were prepared and 

named pShH1-1357, pShH1-1644, pShCMV-1317, pShCMV-1357 and pShCMV-

1644.  To check whether the plasmids were constructed correctly, the plasmids were 

cut with BamHI and HindIII.  Their DNA sizes were checked using 1% agarose gel 

(Figure 22) and their sequences were verified by DNA sequencing.  As a result, the 

DNA sequencing confirmed that all plasmids were constructed correctly. 

 

 

 

Figure 22  The 1% agarose gel shows digestion of siRNA expression plasmids. 

M: GeneRuler
TM

 DNA Ladder Mix (Fermentas) 

1:   pShPRE 1317-1337 was cut with BamHI and HindIII (2734 and 63 bp) 

2:   pShH1-1357 was cut with BamHI and HindIII (2734 and 63 bp) 

3:   pShH1-1644 was cut with BamHI and HindIII (2734 and 63 bp) 

4:   pShCMV-1317 was cut with BamHI and HindIII (4891 and 63 bp) 

5:   pShCMV-1357 was cut with BamHI and HindIII (4891 and 63 bp) 

6:   pShCMV-1644 was cut with BamHI and HindIII (4891 and 63 bp) 
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Inhibitory effects of siRNA expression plasmids 

 

1. Luciferase assay 

 

Firstly, the inhibitory effect of siRNA expression plasmids were tested on 

firefly luciferase (Luc
+
) reporter protein (Figure 23).  The experiment included 

Renilla luciferase as an internal control and it was used to normalize the luciferase 

activity (Figure 23). 

 

 

 

Figure 23  Diagram shows the outline of luciferase assay in this study. 
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For the siRNAs driven by H1 promoters, siRNA 1317-1337 had the most 

inhibitory effect with 90.47% reduction (p < 0.001).  In addition, siRNA 1644-1664 

significantly reduced the Luc
+
 activity with 70.64% reduction (p < 0.001), but siRNA 

1357-1377 only slightly reduced the Luc
+
 activity with 13.48% reduction (p < 0.05).  

However, all siRNAs driven by CMV promoter showed no effects on the luciferase 

activity in HepG2 cell line (Figure 24). 

 

 

 

Figure 24  This graph shows the relative Luc
+
 activity (%) of various siRNA 

expression plasmids.  Opened box indicates siRNA expression plasmids 

driven by H1 promoter and closed box for CMV promoter.  “*” and 

“***” indicate significant inhibitory effect when compared with the 

control at p < 0.05 and p < 0.001 (by t-test) respectively.  This result 

was plotted from two-independent experiments. 
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2. Optimization of real-time PCR 

 

Prior to real-time PCR experiment, an optimal temperature for amplifying 

each amplicon was tested using a gradient PCR.  After optimization (Table 9 and 11), 

correct and specific size of each amplicon was detected using the 2.5% agarose gel.  

The sizes of cccDNA, core, surface, X, beta-globin, beta-actin, STAT1 and OAS1 

amplicons were 261, 181, 98, 93 102, 351, 107 and 142 bp, respectively (Figure 25). 

 

 

 

Figure 25  The 2.5% agarose gel shows the sizes of real-time PCR amplicons. 

M1: GeneRuler
TM

 Ultra Low Range DNA Ladder (Fermentas) 

1:    A cccDNA amplicon (261 bp) 

2:    A core amplicon (181 bp) 

3:    A surface amplicon (98 bp) 

4:    An X amplicon (93 bp) 

5:    A beta-globin amplicon (102 bp) 

6:    A beta-actin amplicon (351 bp) 

7:    A STAT1 amplicon (107 bp) 

8:    An OAS1 amplicon (142 bp) 

9:    No template control 

M2: GeneRuler
TM

 DNA Ladder Mix (Fermentas) 
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In real-time PCR analysis, SYBR green was employed and its fluorescent 

signal is generated after it integrates into any dsDNAs or dsRNAs.  Therefore, the 

signal from primer-dimer must be identified and it could be denatured by addition of 

detection step.  Notably, the optimal temperature for denaturating dimers of cccDNA, 

core, surface, X, beta-globin, beta-actin, STAT1 and OAS1 amplicons were 76, 81, 

77, 81, 76, 85, 81 and 81

C, respectively (Appendix Figure B1-B8). 

 

3. The effects of siRNA expression plasmids on HBV cccDNA 

 

As cccDNA is a template for HBV transcription, inhibition of cccDNA by 

siRNAs might reduce the expression of all HBV transcripts.  Therefore, this 

experiment was tested to investigate whether the constructed siRNA expression 

plasmids could inhibit cccDNA expression or not.  Surprisingly, only the siRNA 

1357-1377 driven by H1 promoter could significantly reduce cccDNA with 36.21% 

reduction (p < 0.05) in HepG2 cell line.  Notably, beta-globin gene was used as the 

reference gene (Figure 26). 

 

 

 

Figure 26  The graph shows the cccDNA reduction (%).  Opened box and closed box 

indicate siRNA expression plasmids driven by H1 and CMV promoter 

respectively.  “*” indicates significant inhibitory effect when compared 

with the control at p < 0.05 (by t-test).  
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4. The effects of siRNA expression plasmids on HBV transcripts 

 

From the bioinformatic analysis, siRNA target sites at nucleotides position 

1317-1337, 1357-1377 and 1644-1664 are found on all HBV transcripts.  In addition, 

position 1317-1337 and 1357-1377 are also located on the polymerase ORF whereas 

position 1644-1664 is located on the X ORF (Figure 27).  This experiment was aimed 

to investigate whether the selected siRNA target sites could potentially inhibit 

expression of core, surface and X transcripts or not. 

 

 

 

Figure 27  Diagram shows three siRNA target sites which are found on all HBV 

transcripts and their ORFs. 
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As siRNA expression plasmids driven by the H1 promoter had a greater 

effect than those with CMV promoter, they were then chosen to be continued in this 

experiment.  In HepG2 cell line, siRNA target site at nucleotide position 1317-1337 

had the best inhibitory effect by reducing the expression of core, surface and X 

mRNAs with 94.10%, 94.76% and 97.48% of reduction, respectively.  Similarly, 

siRNA target sites at nucleotide position 1357-1377 and 1644-1664 drastically 

decreased core, surface and X mRNAs.  The core, surface and X mRNAs were 

suppressed by 70.32%, 74.36% and 88.74% of reduction with siRNA 1357-1377 and 

about 75.70%, 80.96% and 97.84% of reduction with siRNA 1644-1664, respectively.  

In addition, the greatest inhibitory effect of all tested siRNAs was observed on the X 

mRNA.  Notably, beta-actin gene was used as the reference gene (Figure 28). 

 

 

 

Figure 28  The graph shows the relative HBV gene expression (%) that was affected 

from various siRNA expression plasmids driven by H1 promoter.  

Opened box, closed box and lined box indicate the core, surface and X 

mRNAs, respectively.  “*” and “**” indicate significant inhibitory effect 

when compared with the control at p < 0.05 and p < 0.01 (by t-test) 

respectively.  This result was plotted from two-independent experiments.  
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Determination of the cell viability and the siRNA-induced interferon response 

 

1. Cell viability assay (MTT assay) 

 

This study was aimed to test whether the condition used to perform RNAi 

assay could cause cytotoxicity on cells or not.  Therefore, HepG2 cells were 

transfected with the same condition as indicated in the RNAi assay.  Then, cell 

viability was determined by using MTT assay.  As a result, none of the siRNA 

expression plasmids caused cytotoxicity of the cells in the given condition (Figure 

29). 

 

 

 

Figure 29  The graph shows the cell viability (%) of this experiment.  The result was 

plotted from three-independent experiments. 
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2. Interferon response assay 

 

Lastly, the experiment was conducted to check whether the selected 

siRNA expression plasmids could cause induction of interferon response or not. This 

experiment included cell treated with 100 ng of IFN as a positive control.  As a result, 

all siRNA expression plasmids did not induce the expression of STAT1 or OAS1 (the 

down-stream genes of IFN).  Moreover, transfection of siRNA expression plasmids 

did not affect expression of the house-keeping gene, beta-globin (Figure 30). 

 

 

 

Figure 30  The graph shows the relative human gene expression.  Opened box, closed 

box and lined box indicate the STAT1, OAS1 and beta-globin mRNAs, 

respectively.  “***” indicates statistical difference of gene expression 

when compared with the cell only at p < 0.001 (by t-test).  This result was 

plotted from two-independent experiments. 

  



62 

Discussions 

 

1. From this study, siRNA expression plasmids driven by the H1 (RNA 

polymerase III) promoter had greater inhibitory effects than the plasmids driven by 

the CMV (RNA polymerase II) promoter (Figure 24 and 26).  Since the RNA 

polymerase III promoters are naturally ubiquitously and constitutively expressed (Wu 

et al., 2007); thus, they can produce high levels of shRNAs that may cause 

cytotoxicity of tissue culture cells (McBride et al., 2008).  High levels of shRNAs 

generated from RNA polymerase III has been reported to saturate and compete 

components of the endogenous miRNA processing pathway (Castanotto et al., 2007) 

and cause off-target effects due to the accumulation of excessive AS (McBride et al., 

2008).  Therefore, optimal conditions used in RNAi assay must be strictly determined 

when using siRNA expression plasmids driven by RNA polymerase III.  

Alternatively, plasmids containing RNA polymerase II such as CMV promoter are 

used to resolve the problems mentioned above (Snyder et al., 2008).  In addition, this 

study successfully performed RNAi assay with siRNAs expressing from RNA 

polymerase III without the induction of cell cytotoxicity and IFN response (Figure 29 

and 30). 

 

2. Results from the Luc
+
 activity confirmed that the siRNA target site at 

nucleotide position 1317-1337 could significantly inhibit the Luc
+
 activity as 

previously reported by Panjaworayan et al. (2010).  However, the siRNA target site at 

nucleotide position 1317-1337 had no effect on the expression of cccDNA in HepG2 

cell line in this study.  This result contrasts with Panjaworayan et al. (2010) as they 

demonstrated that siRNA 1317-1337 had a strong inhibitory effect on the level of 

cccDNA in Huh-7 cell line.  The likely explanation is that a genotype of the cells can 

cause result’s variation as reported by Snyder et al. (2009).  Furthermore, this is the 

first report indicating that siRNA 1317-1337 effectively inhibits core, surface and X 

of HBV transcripts and it had the best effect among three selected siRNAs (Figure 24 

and 28). 
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3. The siRNA target site at nucleotide position 1644-1664 also showed a 

great inhibitory effect on the Luc
+
 activity, HBV core, surface, and X expression 

(Figure 24 and 28).  The result correlated very well with Sun et al. (2007), who 

reported that this site could reduce the total of HBV RNA by 90%. 

 

4. The siRNA target site at nucleotide position 1357-1377 had a mild 

inhibitory effect on the Luc
+
 activity, but it had a potent effect on the expression of 

HBV core, surface, and X transcripts as similar as the effect observed from the siRNA 

1644-1664 (Figure 24 and 28).  Moreover, only the siRNA 1357-1377 could 

significantly inhibit the level of cccDNA in HepG2 cells (Figure 26).  Therefore, the 

siRNA 1357-1377 may also be involved in RNAi-like mechanism (Verdel et al., 

2004).  However, further investigation must be performed to confirm roles of siRNA 

1357-1377 in the RNAi-like mechanism. 

 

5. According to results of the RNAi assay, the selected target sites at 

nucleotide position 1317-1337 served as the best siRNA because it had the greatest 

inhibitory effect on the Luc
+
/fPRE and HBV mRNAs (Figure 24 and 28).  This great 

potent of the siRNA 1317-1337 is likely due to the presence of essential features 

within its sequence.  For example, siRNA 1317-1337 contains the highest numbers of 

base preferences when compared to the other two selected siRNA target sites (Table 

13).  The siRNA 1317-1337 has the most suitable GC content and it also has the best 

score of the thermodynamic stability.  Moreover, the sequence of siRNA 1317-1337 

on the Luc
+
/fPRE, pgRNA, preS1, and preS2/S mRNAs were not predicted to form 

actual stem-loops.  Interestingly, none of the selected siRNA target sites were 

predicted to form proper hairpin structure of the X transcript (Figure 19).  

Furthermore, all of the sites could strongly inhibit the expression of the X gene in the 

similar extent.  Therefore, the result suggested that the secondary structure is the very 

important feature that affects the activity of siRNAs.  This finding supports the 

previous report from Yoshinari et al. (2004) and Schubert et al. (2005). 
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Table 13  The summarized scores of essential properties of siRNA target sites.  “-” 

indicates unwanted features. 

 

Properties 

 

 

Score of positions References 

1317-

1337 

1357-

1377 

1644-

1664 

Average GC content 

(32-79%) 

(full scores = 4) 

4 3 3 Elbashir et al. (2002), 

Amarzguioui and Prydz 

(2004), Reynolds et al. 

(2004) and Takasaki et 

al. (2004) 

 

Base preferences 

(full scores = 15) 

5 -2 2 Amarzguioui and Prydz 

(2004), Hsieh et al. 

(2004), Reynolds et al. 

(2004), Takasaki et al. 

(2004), Ui-Tei et al. 

(2004) and Katoh and 

Suzuki (2007) 

 

Thermodynamic 

stability 

(full scores = 6) 

3 0 2 Amarzguioui and Prydz 

(2004) Reynolds et al. 

(2004) and Ui-Tei et al. 

(2004) 

 

Consensus sequence 

(AAN19) 

(full score = 1) 

 

1 1 1 Elbashir et al. (2002) 

Not form secondary 

structure 

(full scores = 5) 

5 1 1 Zuker (2003) 
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6. This study will potentially be developed as an antiviral therapeutics for 

HBV chronic patients.  However, the stably expression of siRNA expression plasmids 

and the delivery system have to be further investigated.  
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CONCLUSION 

 

1. By using combined-predicting siRNA programs, predicting siRNA 

target sites were grouped into 9 clusters.  Three potential siRNA target sites were 

chosen from the three major clusters (III, IV and IX).  The selected siRNA target sites 

were named siRNA 1317-1337, 1357-1377 and 1644-1664. 

 

2. The siRNA expression plasmids namely pShH1-1357, pShH1-1644, 

pShCMV-1317, pShCMV-1357 and pShCMV-1644 were successfully constructed. 

 

3. The siRNAs that were expressed under RNA polymerase III (H1) 

promoter had a strong inhibitory effect whereas the siRNAs expressed under RNA 

polymerase II (CMV) promoter had no effect on the Luc
+
 and HBV transcripts.  The 

inhibitory effects of siRNAs driven by H1 promoter were summarized in Table 14. 

 

Table 14  The summarized table of inhibitory effect from H1 promoter. 

 

Inhibitory 

effects 

Positions 

1317-1337 1357-1377 1644-1664 

% p-value % p-value % p-value 

Luc
+
 90.47 0.001 13.48 0.05 70.64 0.001 

cccDNA No effect - 36.21 0.05 No effect - 

Core 94.10 0.01 70.32 0.05 75.70 0.05 

Surface 94.76 0.01 74.36 0.05 80.96 0.01 

X 97.48 0.01 88.74 0.05 97.84 0.01 

 

4. All effective siRNA expression plasmids such as pShPRE 1317-1337, 

pShH1-1357 and pShH1-1644 did not induce IFN response and had no cytotoxicity 

effect. 

  



67 

LITERATURE CITED 

 

Amarzguioui, M. and H. Prydz.  2004.  An algorithm for selection of functional 

siRNA sequences.  Biochem Biophys Res Commun 316: 1050-1058. 

 

Ambion.  2008.  siRNA Target Finder.  Available Source: 

http://www.ambion.com/techlib/misc/siRNA_finder.html, August 31, 2010. 

 

Andronescu, M., Z. C. Zhang and A. Condon.  2005.  Secondary structure prediction 

of interacting RNA molecules.  J Mol Biol 345: 987-1001. 

 

Bartholomeusz, A. and S. Schaefer.  2004.  Hepatitis B virus genotypes: comparison 

of genotyping methods.  Rev Med Virol 14: 3-16. 

 

Beck, J. and M. Nassal.  2007.  Hepatitis B virus replication.  World J Gastroenterol 

13: 48-64. 

 

Bernstein, E., A. A. Caudy, S. M. Hammond and G. J. Hannon.  2001.  Role for a 

bidentate ribonuclease in the initiation step of RNA interference.  Nature 409: 

363-366. 

 

Castanotto, D., K. Sakurai, R. Lingeman, H. Li, L. Shively, L. Aagaard, H. Soifer, A. 

Gatignol, A. Riggs and J. J. Rossi.  2007.  Combinatorial delivery of small 

interfering RNAs reduces RNAi efficacy by selective incorporation into RISC.  

Nucleic Acids Res 35: 5154-5164. 

 

Chen, C. J., L. Y. Wang and M. W. Yu.  2000.  Epidemiology of hepatitis B virus 

infection in the Asia-Pacific region.  J Gastroenterol Hepatol. 15 Suppl: E3-

6. 

 

Chiu, Y. L. and T. M. Rana.  2002.  RNAi in human cells: basic structural and 

functional features of small interfering RNA.  Mol Cell 10: 549-561. 



68 

Clemens, M. J. and C. M. Vaquero.  1978.  Inhibition of protein synthesis by double-

stranded RNA in reticulocyte lysates: evidence for activation of an 

endoribonuclease.  Biochem Biophys Res Commun 83: 59-68. 

 

Dienstag, J. L.  2008.  Hepatitis B virus infection.  N Engl J Med. 359: 1486-1500. 

 

Dudek, P. and D. Picard.  2004.  TROD: T7 RNAi Oligo Designer.  Nucleic Acids 

Res. 32: W121-123. 

 

Ehlers, I., S. Horke, K. Reumann, A. Rang, F. Grosse, H. Will and T. Heise.  2004.  

Functional characterization of the interaction between human La and hepatitis 

B virus RNA.  J Biol Chem. 279: 43437-43447. 

 

Elbashir, S. M., J. Harborth, K. Weber and T. Tuschl.  2002.  Analysis of gene 

function in somatic mammalian cells using small interfering RNAs.  Methods 

26: 199-213. 

 

Ely, A., T. Naidoo, S. Mufamadi, C. Crowther and P. Arbuthnot.  2008.  Expressed 

anti-HBV primary microRNA shuttles inhibit viral replication efficiently in 

vitro and in vivo.  Mol Ther. 16: 1105-1112. 

 

Fire, A., S. Xu, M. K. Montgomery, S. A. Kostas, S. E. Driver and C. C. Mello.  

1998.  Potent and specific genetic interference by double-stranded RNA in 

Caenorhabditis elegans.  Nature 391: 806-811. 

 

Ganem, D. and A. M. Prince.  2004.  Hepatitis B virus infection--natural history and 

clinical consequences.  N Engl J Med 350: 1118-1129. 

 

GenScript.  2008.  siRNA Target Finder.  Available Source: 

https://www.genscript.com/ssl-bin/app/rnai, August 31, 2010. 



69 

Giladi, H., M. Ketzinel-Gilad, L. Rivkin, Y. Felig, O. Nussbaum and E. Galun.  2003.  

Small interfering RNA inhibits hepatitis B virus replication in mice.  Mol 

Ther. 8: 769-776. 

 

Guo, W., Y. Zhang, T. Chen, Y. Wang, J. Xue, W. Xiao, X. Mo and Y. Lu.  2011.  

Efficacy of RNAi targeting of pyruvate kinase M2 combined with cisplatin in 

a lung cancer model.  J Cancer Res Clin Oncol. 137: 65-72. 

 

Hamasaki, K., K. Nakao, K. Matsumoto, T. Ichikawa, H. Ishikawa and K. Eguchi.  

2003.  Short interfering RNA-directed inhibition of hepatitis B virus 

replication.  FEBS Lett. 543: 51-54. 

 

Heise, T., G. Sommer, K. Reumann, I. Meyer, H. Will and H. Schaal.  2006.  The 

hepatitis B virus PRE contains a splicing regulatory element.  Nucleic Acids 

Res. 34: 353-363. 

 

Hepatitis B Foundation - Cause for a cure.  2009.  Hepatitis B vaccine history.  

Available Source: http://www.hepb.org/professionals/hepatitis_b_vaccine.htm, 

August 18, 2011. 

 

Hornung, V., M. Guenthner-Biller, C. Bourquin, A. Ablasser, M. Schlee, S. Uematsu, 

A. Noronha, M. Manoharan, S. Akira, A. de Fougerolles, S. Endres and G. 

Hartmann.  2005.  Sequence-specific potent induction of IFN-alpha by short 

interfering RNA in plasmacytoid dendritic cells through TLR7.  Nat Med. 11: 

263-270. 

 

Howard, C. R.  1986.  The biology of hepadnaviruses.  J Gen Virol 67 ( Pt 7): 1215-

1235. 

 

 

 



70 

Hsieh, A. C., R. Bo, J. Manola, F. Vazquez, O. Bare, A. Khvorova, S. Scaringe and 

W. R. Sellers.  2004.  A library of siRNA duplexes targeting the 

phosphoinositide 3-kinase pathway: determinants of gene silencing for use in 

cell-based screens.  Nucleic Acids Res 32: 893-901. 

 

Huang, Z. M. and T. S. Yen.  1995.  Role of the hepatitis B virus posttranscriptional 

regulatory element in export of intronless transcripts.  Mol Cell Biol. 15: 

3864-3869. 

 

Ichihara, M., Y. Murakumo, A. Masuda, T. Matsuura, N. Asai, M. Jijiwa, M. Ishida, 

J. Shinmi, H. Yatsuya, S. Qiao, M. Takahashi and K. Ohno.  2007.  

Thermodynamic instability of siRNA duplex is a prerequisite for dependable 

prediction of siRNA activities.  Nucleic Acids Res 35: e123. 

 

Invitrogen.  2008.  BLOCK-iT RNAi Designer.  Available Source: 

https://rnaidesigner.invitrogen.com/rnaiexpress/?, August 31, 2010. 

 

InvivoGen.  2006.  RNA Interference: Induction of the IFN Response Review.  

Available Source: http://www.invivogen.com/review-rna-interference-ifn-

response, June 25, 2011. 

 

Jones, D.  2009.  Teaming up to tackle RNAi delivery challenge.  Nat Rev Drug 

Discov. 8: 525-526. 

 

Judge, A. D., V. Sood, J. R. Shaw, D. Fang, K. McClintock and I. MacLachlan.  2005.  

Sequence-dependent stimulation of the mammalian innate immune response 

by synthetic siRNA.  Nat Biotechnol. 23: 457-462. 

 

Karayiannis, P.  2003.  Hepatitis B virus: old, new and future approaches to antiviral 

treatment.  J Antimicrob Chemother. 51: 761-785. 

 

 



71 

Kariko, K., P. Bhuyan, J. Capodici, H. Ni, J. Lubinski, H. Friedman and D. 

Weissman.  2004.  Exogenous siRNA mediates sequence-independent gene 

suppression by signaling through toll-like receptor 3.  Cells Tissues Organs 

177: 132-138. 

 

Katoh, T. and T. Suzuki.  2007.  Specific residues at every third position of siRNA 

shape its efficient RNAi activity.  Nucleic Acids Res. 35: e27. 

 

Kay, A. and F. Zoulim.  2007.  Hepatitis B virus genetic variability and evolution.  

Virus Res 127: 164-176. 

 

Kayhan, H., E. Karatayli, A. R. Turkyilmaz, F. Sahin, C. Yurdaydin and A. M. 

Bozdayi.  2007.  Inhibition of hepatitis B virus replication by shRNAs in 

stably HBV expressed HEPG2 2.2.15 cell lines.  Arch Virol. 152: 871-879. 

 

Khvorova, A., A. Reynolds and S. D. Jayasena.  2003.  Functional siRNAs and 

miRNAs exhibit strand bias.  Cell 115: 209-216. 

 

Kim, D. H., M. A. Behlke, S. D. Rose, M. S. Chang, S. Choi and J. J. Rossi.  2005.  

Synthetic dsRNA Dicer substrates enhance RNAi potency and efficacy.  Nat 

Biotechnol. 23: 222-226. 

 

Lai, C. L. and M. F. Yuen.  2007.  The natural history and treatment of chronic 

hepatitis B: a critical evaluation of standard treatment criteria and end points.  

Ann Intern Med. 147: 58-61. 

 

Levraud, J. P., P. Boudinot, I. Colin, A. Benmansour, N. Peyrieras, P. Herbomel and 

G. Lutfalla.  2007.  Identification of the zebrafish IFN receptor: implications 

for the origin of the vertebrate IFN system.  J Immunol 178: 4385-4394. 

 

Li, L. and Y. Shen.  2009.  Overcoming obstacles to develop effective and safe siRNA 

therapeutics.  Expert Opin Biol Ther. 9: 609-619. 



72 

 

Li, W., X. Miao, Z. Qi, W. Zeng, J. Liang and Z. Liang.  2010.  Hepatitis B virus X 

protein upregulates HSP90alpha expression via activation of c-Myc in human 

hepatocarcinoma cell line, HepG2.  Virol J. 7: 45. 

 

Li, Z. and T. M. Rana.  2012.  Molecular mechanisms of RNA-triggered gene 

silencing machineries.  Acc Chem Res 45: 1122-1131. 

 

Libbus, M. K. and L. M. Phillips.  2009.  Public health management of perinatal 

hepatitis B virus.  Public Health Nurs 26: 353-361. 

 

Magnius, L. O. and H. Norder.  1995.  Subtypes, genotypes and molecular 

epidemiology of the hepatitis B virus as reflected by sequence variability of 

the S-gene.  Inter Virology 38: 24-34. 

 

McBride, J. L., R. L. Boudreau, S. Q. Harper, P. D. Staber, A. M. Monteys, I. 

Martins, B. L. Gilmore, H. Burstein, R. W. Peluso, B. Polisky, B. J. Carter and 

B. L. Davidson.  2008.  Artificial miRNAs mitigate shRNA-mediated toxicity 

in the brain: implications for the therapeutic development of RNAi.  Proc Natl 

Acad Sci U S A 105: 5868-5873. 

 

Miyoshi, K., T. Miyoshi, J. V. Hartig, H. Siomi and M. C. Siomi.  2010.  Molecular 

mechanisms that funnel RNA precursors into endogenous small-interfering 

RNA and microRNA biogenesis pathways in Drosophila.  RNA 16: 506-515. 

 

Naito, Y., J. Yoshimura, S. Morishita and K. Ui-Tei.  2009.  siDirect 2.0: updated 

software for designing functional siRNA with reduced seed-dependent off-

target effect.  BMC Bioinformatics 10: 392. 

 

Nicholson, R. H. and A. W. Nicholson.  2002.  Molecular characterization of a mouse 

cDNA encoding Dicer, a ribonuclease III ortholog involved in RNA 

interference.  Mamm Genome 13: 67-73. 



73 

 

Norder, H., A. M. Courouce and L. O. Magnius.  1994.  Complete genomes, 

phylogenetic relatedness, and structural proteins of six strains of the hepatitis 

B virus, four of which represent two new genotypes.  Virology 198: 489-503. 

 

O'Connell, R. M., S. K. Saha, S. A. Vaidya, K. W. Bruhn, G. A. Miranda, B. 

Zarnegar, A. K. Perry, B. O. Nguyen, T. F. Lane, T. Taniguchi, J. F. Miller 

and G. Cheng.  2004.  Type I interferon production enhances susceptibility to 

Listeria monocytogenes infection.  J Exp Med 200: 437-445. 

 

Panjaworayan, N. and C. M. Brown.  2011.  Effects of HBV Genetic Variability on 

RNAi Strategies.  Hepat Res Treat. 2011: 367908. 

 

Panjaworayan, N., S. Payungporn, Y. Poovorawan and C. M. Brown.  2010.  

Identification of an effective siRNA target site and functional regulatory 

elements, within the hepatitis B virus posttranscriptional regulatory element.  

Virol J. 7: 216. 

 

Panjaworayan, N., S. K. Roessner, A. E. Firth and C. M. Brown.  2007.  HBVRegDB: 

annotation, comparison, detection and visualization of regulatory elements in 

hepatitis B virus sequences.  Virol J. 4: 136. 

 

Park, Y. K., S. M. Park, Y. C. Choi, D. Lee, M. Won and Y. J. Kim.  2008.  

AsiDesigner: exon-based siRNA design server considering alternative 

splicing.  Nucleic Acids Res. 36: W97-103. 

 

Promega.  2005.  siRNA Target Designer Version 1.6.  Available Source: 

http://www.promega.com/siRNADesigner/program/, August 31, 2010. 

 

Rana, T. M.  2007.  Illuminating the silence: understanding the structure and function 

of small RNAs.  Nat Rev Mol Cell Biol 8: 23-36. 

 



74 

Rebouillat, D. and A. G. Hovanessian.  1999.  The human 2',5'-oligoadenylate 

synthetase family: interferon-induced proteins with unique enzymatic 

properties.  J Interferon Cytokine Res 19: 295-308. 

 

Ren, X., G. Luo, Z. Xie, L. Zhou, X. Kong and A. Xu.  2006.  Inhibition of multiple 

gene expression and virus replication of HBV by stable RNA interference in 

2.2.15 cells.  J Hepatol. 44: 663-670. 

 

Reynolds, A., D. Leake, Q. Boese, S. Scaringe, W. S. Marshall and A. Khvorova.  

2004.  Rational siRNA design for RNA interference.  Nat Biotechnol. 22: 

326-330. 

 

Sadler, A. J. and B. R. Williams.  2008.  Interferon-inducible antiviral effectors.  Nat 

Rev Immunol 8: 559-568. 

 

Schubert, S., A. Grunweller, V. A. Erdmann and J. Kurreck.  2005.  Local RNA target 

structure influences siRNA efficacy: systematic analysis of intentionally 

designed binding regions.  J Mol Biol 348: 883-893. 

 

Schwarz, D. S., G. Hutvagner, T. Du, Z. Xu, N. Aronin and P. D. Zamore.  2003.  

Asymmetry in the assembly of the RNAi enzyme complex.  Cell 115: 199-

208. 

 

Seeger, C. and W. S. Mason.  2000.  Hepatitis B virus biology.  Microbiol Mol Biol 

Rev 64: 51-68. 

 

Shi, Z., X. Li, L. Ma and Y. Yang.  2010a.  Hepatitis B immunoglobulin injection in 

pregnancy to interrupt hepatitis B virus mother-to-child transmission-a meta-

analysis.  Int J Infect Dis. 14: e622-634. 

 



75 

Shi, Z., Y. Yang, L. Ma, X. Li and A. Schreiber.  2010b.  Lamivudine in late 

pregnancy to interrupt in utero transmission of hepatitis B virus: a systematic 

review and meta-analysis.  Obstet Gynecol 116: 147-159. 

 

Sioud, M.  2005.  Induction of inflammatory cytokines and interferon responses by 

double-stranded and single-stranded siRNAs is sequence-dependent and 

requires endosomal localization.  J Mol Biol. 348: 1079-1090. 

 

Sioud, M. and D. R. Sorensen.  2003.  Cationic liposome-mediated delivery of 

siRNAs in adult mice.  Biochem Biophys Res Commun 312: 1220-1225. 

 

Snyder, L. L., I. Ahmed and L. F. Steel.  2009.  RNA polymerase III can drive 

polycistronic expression of functional interfering RNAs designed to resemble 

microRNAs.  Nucleic Acids Res 37: e127. 

 

Snyder, L. L., J. M. Esser, C. J. Pachuk and L. F. Steel.  2008.  Vector design for 

liver-specific expression of multiple interfering RNAs that target hepatitis B 

virus transcripts.  Antiviral Res 80: 36-44. 

 

Summers, J. and W. S. Mason.  1982.  Replication of the genome of a hepatitis B--

like virus by reverse transcription of an RNA intermediate.  Cell 29: 403-415. 

 

Sun, D., C. Rosler, K. Kidd-Ljunggren and M. Nassal.  2010.  Quantitative 

assessment of the antiviral potencies of 21 shRNA vectors targeting 

conserved, including structured, hepatitis B virus sites.  J Hepatol 52: 817-

826. 

 

Sun, Y., Z. Li, L. Li, J. Li, X. Liu and W. Li.  2007.  Effective inhibition of hepatitis 

B virus replication by small interfering RNAs expressed from human foamy 

virus vectors.  Int J Mol Med. 19: 705-711. 

 



76 

Takasaki, S., S. Kotani and A. Konagaya.  2004.  An effective method for selecting 

siRNA target sequences in mammalian cells.  Cell Cycle 3: 790-795. 

 

Tangkijvanich, P., V. Mahachai, P. Komolmit, J. Fongsarun, A. Theamboonlers and 

Y. Poovorawan.  2005.  Hepatitis B virus genotypes and hepatocellular 

carcinoma in Thailand.  World J Gastroenterol. 11: 2238-2243. 

 

Tatematsu, K., Y. Tanaka, F. Kurbanov, F. Sugauchi, S. Mano, T. Maeshiro, T. 

Nakayoshi, M. Wakuta, Y. Miyakawa and M. Mizokami.  2009.  A genetic 

variant of hepatitis B virus divergent from known human and ape genotypes 

isolated from a Japanese patient and provisionally assigned to new genotype J.  

J Virol 83: 10538-10547. 

 

Thermo Fisher Scientific.  2008.  siDESIGN Center.  Available Source: 

http://www.dharmacon.com/designcenter/designcenterpage.aspx, August 31, 

2010. 

 

Thongthae, N. and N. Panjaworayan  2011.  Identification and Characterization of 

RNA Interference Target Sites within Hepatitis B Post-transcriptional 

Regulatory Element, p.^pp. 1-5. In Proceedings of the 3rd International 

Conference on Biochemistry and Molecular Biology. April 6-8, 2011, 

Department of Biochemistry, Faculty of Medicine, Chiang Mai University, 

Chiang Mai, Thailand. 

 

Tillmann, H. L.  2007.  Antiviral therapy and resistance with hepatitis B virus 

infection.  World J Gastroenterol. 13: 125-140. 

 

Ui-Tei, K., Y. Naito, F. Takahashi, T. Haraguchi, H. Ohki-Hamazaki, A. Juni, R. 

Ueda and K. Saigo.  2004.  Guidelines for the selection of highly effective 

siRNA sequences for mammalian and chick RNA interference.  Nucleic Acids 

Res 32: 936-948. 

 



77 

Verdel, A., S. Jia, S. Gerber, T. Sugiyama, S. Gygi, S. I. Grewal and D. Moazed.  

2004. RNAi-mediated targeting of heterochromatin by the RITS complex.  

Science 303: 672-676. 

 

Vert, J. P., N. Foveau, C. Lajaunie and Y. Vandenbrouck.  2006.  An accurate and 

interpretable model for siRNA efficacy prediction.  BMC Bioinformatics 7: 

520. 

 

Will, H., W. Reiser, T. Weimer, E. Pfaff, M. Buscher, R. Sprengel, R. Cattaneo and 

H. Schaller.  1987.  Replication strategy of human hepatitis B virus.  J Virol. 

61: 904-911. 

 

Wu, H. L., P. J. Chen, M. H. Lin and D. S. Chen.  1991.  Temporal aspects of major 

viral transcript expression in Hep G2 cells transfected with cloned hepatitis B 

virus DNA: with emphasis on the X transcript.  Virology 185: 644-651. 

 

Wu, H. L., L. R. Huang, C. C. Huang, H. L. Lai, C. J. Liu, Y. T. Huang, Y. W. Hsu, 

C. Y. Lu, D. S. Chen and P. J. Chen.  2005.  RNA interference-mediated 

control of hepatitis B virus and emergence of resistant mutant.  

Gastroenterology 128: 708-716. 

 

Wu, R. H., T. L. Cheng, S. R. Lo, H. C. Hsu, C. F. Hung, C. F. Teng, M. P. Wu, W. 

H. Tsai and W. T. Chang.  2007.  A tightly regulated and reversibly inducible 

siRNA expression system for conditional RNAi-mediated gene silencing in 

mammalian cells.  J Gene Med 9: 620-634. 

 

Yang, R., G. Castriota, Y. Chen, M. A. Cleary, K. Ellsworth, M. K. Shin, J. L. Tran, 

T. F. Vogt, M. Wu, S. Xu, X. Yang, B. B. Zhang, J. P. Berger and S. A. 

Qureshi.  2011.  RNAi-mediated germline knockdown of FABP4 increases 

body weight but does not improve the deranged nutrient metabolism of diet-

induced obese mice.  Int J Obes (Lond) 35: 217-225. 

 



78 

Yoshinari, K., M. Miyagishi and K. Taira.  2004.  Effects on RNAi of the tight 

structure, sequence and position of the targeted region.  Nucleic Acids Res 32: 

691-699. 

 

Yu, H., Q. Yuan, S. X. Ge, H. Y. Wang, Y. L. Zhang, Q. R. Chen, J. Zhang, P. J. 

Chen and N. S. Xia.  2010.  Molecular and phylogenetic analyses suggest an 

additional hepatitis B virus genotype "I".  PLoS One 5: e9297. 

 

Zeng, Y., R. Yi and B. R. Cullen.  2003.  MicroRNAs and small interfering RNAs can 

inhibit mRNA expression by similar mechanisms.  Proc Natl Acad Sci U S A 

100: 9779-9784. 

 

Zimet, G. D., R. Kee, Y. Winston, S. M. Perkins and K. Maharry.  2001.  Acceptance 

of hepatitis B vaccination among adult patients with sexually transmitted 

diseases.  Sex Transm Dis. 28: 678-680. 

 

Zuker, M.  2003.  Mfold web server for nucleic acid folding and hybridization 

prediction.  Nucleic Acids Res 31: 3406-3415. 

 

  



79 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

  



80 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 

Vector maps 

  



81 

 

 

Appendix Figure A1  Vector map of pBasic/fPRE. 

 

 

 

Appendix Figure A2  Vector map of pCMV-RLuc. 
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Appendix Figure A3  Vector map of pHBV-48. 

 

 

 

Appendix Figure A4  Vector map of pSilencer 3.0-H1. 
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Appendix Figure A5  Vector map of pSilencer 4.1-CMV neo. 
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Melt curve analysis 
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Appendix Figure B1  The melt curve analysis of cccDNA amplicon. 

 

 

 

Appendix Figure B2  The melt curve analysis of core amplicon. 

 

 

 

Appendix Figure B3  The melt curve analysis of surface amplicon. 
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Appendix Figure B4  The melt curve analysis of X amplicon. 

 

 

 

Appendix Figure B5  The melt curve analysis of beta-globin amplicon. 

 

 

 

Appendix Figure B6  The melt curve analysis of beta-actin amplicon. 
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Appendix Figure B7  The melt curve analysis of STAT1 amplicon. 

 

 

 

Appendix Figure B8  The melt curve analysis of OAS1 amplicon. 
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