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HLA-DRB1

B 204

 (131 73 ) 50 ALT < 

2X  ( 83.6 ) 154 ALT  2X

( 81.3 ) HLA-DRB1

-

18% 8% HLA-DRB1*1101(

OR 0.23  p = 0.020) 4%  9.4%(p = 0.094)

DRB1*1101 B

HLA-DRB1*1101 B

D D  (VDR)

6 250 B

 (BsmI (rs1544410) ApaI (rs7975232) TaqI 

(rs731236)) D B/b B/a

B/T B/a/T  (7% 20% p=0.009 1% 

9% p=0.004 3% 10% p=0.007 1% 9% p=0.005)

T/t A/T A/t b/A/t  (8% 3%

p=0.003 49% 34% p=0.027 2% 1% P=0.004 0.5% 

0% p=0.001) HBeAg B/b B/B T/t b/A B/a B/A B/T

B/t A/t b/A/T B/a/T B/A/T B/A/t b/A/t

D D

B

-3 B
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B -3

127 B

64 B C

ALT  (-13.466 95%  -17.202 - 9.730 p < 0.001)

B -3

 (14.61 ± 13.49  9.70 ± 4.61 p < 0.001) B

-3

-3 mRNA  (0.47 ± 0.30

1 ) 12 5

-3 5 -3

1.5 1.7

-3 0.5 0.7 10

48 -3

1.2 B

ALT -3

-3

lamivudine HBV RNA RNA

B

 ( ) HBV RNA HBV DNA RNA

B PCR

2 3 10

44 48 (5 lamivudine 5 entecavir) 6

lamivudine 3 lamivudine 20

24 HBV RNA

15 HBV RNA HBV DNA (8.1 
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± 2.4  7.7 ± 1.4 5.1 ± 0.3 log10 copies/ml p = 0.06)

 (45.5 ± 2.0  49.7 ± 5.6  48.7 ± 6.4 p = 0.32) HBV 

RNA 

(100%  0% p

0.001) lamivudine HBV RNA

HBV RNA HBV DNA 

HBV RNA

B D 3
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Which host immunogenetic factors and immune receptors correlate with hepatitis 

severity in chronic hepatitis B (CHB) patients (pts) remain unclear. We aimed to study 

association of HLA-DRB1 with hepatitis severity in male HBV carriers. 204 HBV

carriers (131 men, 73 women) who were followed-up for >1y were enrolled. 50 HBV

carriers (group I) with ALT <2x ULN (mean f/u 83.6m) were compared with 154

CHB patients (group II) with ALT �2x ULN (mean f/u 81.3m). HLA-DRB1 alleles

were typed by PCR-sequence specific oligonucleotide probe hybridization and HBV

genotypes by melting curve analysis. HLA-DRB1*1101 was found in 18% of group I 

vs. 8% of group II in male (OR 0.23, p=0.020, adjusted for age) and 4% vs. 9.4% in 

female (p=0.094). In male harboring DRB1*1101, distribution of HBV genotype was 

comparable between 2 groups. HLA-DRB1*1101 correlates with less severe hepatitis 

in Taiwanese male carriers of HBV. 

Vitamin D receptor (VDR) has immunomodulatory and antiproliferative effects. 

We genotyped BsmI (rs1544410), ApaI (rs7975232), TaqI (rs731236) of VDR gene in 

250 HBV carriers who were categorized into 6 phenotypes. After adjustment for age 

and sex, frequencies of VDR B/b, B/a, B/T, B/a/T in pts with hepatitis flare(s) were 

lower than those without (7%vs.20%, p=0.009; 1%vs.9%, p=0.004; 3%vs.10%, 

p=0.007; 1%vs.9%, p=0.005), in contrast, T/t, A/T, A/t, b/A/t were higher in flare(s)
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(8% vs. 3%, p=0.003; 49% vs. 34%, p=0.027; 2% vs. 1%, p=0.004; 0.5% vs. 0%, 

p=0.001). In addition, B/b, B/B, T/t, b/A, B/a, B/A, B/T, B/t, A/t, b/A/T, B/a/T, B/A/T, 

B/A/t, b/A/t were higher in HBeAg positive pts. Distribution of VDR genotypes was 

comparable between pts with and without hepatoma. VDR gene polymorphisms are 

associated with distinct clinical phenotypes but not with hepatoma. 

Innate immune receptor toll-like receptor-3 (TLR3) gene variants correlate with 

CHB. We aimed to investigate TLR3 expression in PBMCs and liver cells of CHB pts 

and its response to immunomodulation (pegylated-interferon therapy (peg-IFN)). We 

enrolled 127 CHB pts and 64 HBsAg-negative, anti-HCV negative controls. Compare 

to controls, pts had a lower TLR3 mean fluorescence intensity (MFI) on PBMCs

(14.61 ± 13.49 versus 9.70 ± 4.61, p<0.001), independent of age, gender and ALT

(-13.466, 95% CI -17.202 – -9.730, p<0.001). Pts had limited TLR3 stains on Kupffer 

cells, controls had diffuse stains on Kupffer and hepatocytes. Hepatic TLR3 mRNA 

was lower in pts than controls (0.47 ± 0.30 versus 1 fold). Using pre-treatment TLR3 

MFI as referent, among 5 of 12 peg-IFN treated pts with sustained virological 

response (SVR), TLR3 MFI restored to a mean of 1.5-1.7 folds immediately after 

therapy. Among 7 non-responders or relapsers, TLR3 MFI reduced to a mean of 

0.5-0.7 fold. Among 10 entecavir (ETV)-treated pts with on-treatment virological 

response, TLR3 MFI gradually restored to a mean of 1.2 folds during 48-week therapy.
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CHB pts have reduced TLR3 expressions on PBMCs, independent of age, gender,

ALT and on liver cells. Pts with peg-IFN induced SVR have a more significant 

restoration of TLR3 expression than those under ETV.

Serum HBV RNA is detected during lamivudine therapy as the consequence of 

unaffected RNA replicative intermediates. We aimed to determine inhibitory effect of 

immunomodulation (interferon, IFN) on serum HBV RNA in CHB pts. HBV DNA 

and RNA were quantified by reverse transcription of HBV nucleic acid extract and

real-time PCR; every 2 wks to 3m in 10 male treated with nucleoside analogue 

monotherapy for 44-48wks (5 lamivudine (LMV), 5 ETV), 6 males with sequential 

IFN and LMV combination, and 3 males with LMV monotherapy for 20-24 wks.

HBV RNA was not detectable in all pts before any therapy, but became detectable in 

15 during therapy. Among the 3 groups, pretreatment HBV DNA (8.1±2.4 vs. 7.7±1.4 

vs. 5.1±0.3 log cp/mL, p=0.06), treatment and follow-up durations (45.5±2.0 vs. 

49.7±5.6 vs. 48.7±6.4 wks, p=0.32) were comparable. HBV RNA was detectable at

end of therapy or follow-up in all pts with monotherapy, but none of sequential 

combination (100% vs. 0%, p<0.001). Compared to LMV with detectable serum HBV

RNA, immunomodulation of IFN may reduce HBV DNA replication through 

inhibition of HBV RNA replicative intermediates, resulting in loss of serum HBV

RNA.
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Keywords: hepatitis B; immune; human leukocyte antigen; vitamin D receptor; 

toll-like receptor-3; ribonucleic acid; interferon 
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  B

B  (hepatitis B virus HBV) 1965

 (Chen 1993; Kao and Chen 2000; Kao and Chen 2002;

Lee 1997)

3 5 4 6 4 5

B

B

0.2% 1% 5% 10%

B 2% 20%

B

(Steven et al. 1975) B 2005

5400 B  (Wasley et al. 2007) 120 B

 (McQuillan et al. 1989; CDC 1991)

B B

 (Hann et al. 2007) 5000 B

 (Lin and Kirchner 2004) B

40 90 B 15%

20 73 B

10% 1%

B 8

2
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1.1 B

B  (DNA)  (Dane particle) 

42-nm  (core)  (envelope)

DNA DNA  (polymerase)  (HBcAg) e-

(HBeAg)  (HBsAg) DNA 3,200

 (base pairs) 4  (open reading frames) : 

(S gene)  (C gene)  (P gene) X  (X gene) DNA

P  (reverse transcription) DNA

C

B e- C

e- B

e- e- e-

S pre-S1 pre-S2 B

B B X 2

 (transcriptional activator)

HBV RNA DNA HBV

DNA

DNA (cccDNA) cccDNA RNA

DNA DNA

(Ganem et al. 1987)

1.2 B

B 40 180  ( 60 )

10-25% 
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 (HBsAg) e-

 (HBeAg) HBV DNA

HBsAg HBV DNA  (anti-HBs) 

" " e-

 (ALT) e-  (anti-HBe) 

e-

B

 (anti-HBc)  (HBcAg) 

B

IgM  (IgM anti-HBc)

IgG IgM

IgM B IgG

IgM

B IgM

2.4  2.5 0.8 1.2

B Huang et al. 2006a IgM

B

B B C

B (Huang et al. 2008a) B

B B C

(Huang et al. 2008a)

1.3 B

B B

T  (cytotoxic T lymphocyte, CTL) B

B

e-
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95% B B

3% 5% B

B 4 :

(1)  (immune tolerance): B e-

HBV DNA AST ALT

(2)  (immune clearance): 

T B

e-  (HBeAg seroconversion) HBV DNA 

(3) 

(integrated or residual phase): AST ALT e-

e- HBV DNA DNA

(4)  (reactivation phase): e-

B e-

B

 (Huang et al. 2006b Huang and Chung 2012)

 (Huo et al. 2000; 

Realdi et al. 1994)

B  (Iloeje et al. 

2006)  (Realdi et al. 1994; Huo et al. 

2000)  (Huo et al. 2000 Huang et al. 2011) HBeAg

(Realdi et al. 1994) B C  (Kao et al. 2000) C

 (Liu et al. 2005) D  (Tamura et al. 

1993) pre-S  (Chen et al. 2006)  (Lin 

et al. 2005) HIV

(Kao 2007)
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B 97

2.1  (Human Leukocyte Antigen HLA)  

B  (Chisari et al. 1995)

 (human leukocyte antigen HLA)

T-  (Benichou et al. 1990)

 (HLA polymorphism)

(Tiwari and Terasaki 1989) B

6p21.3 (Campbell 

and Trowsdale 1993)  (locus) 

alpha

HLA-A -B  -C HLA-DP -DQ

-DR 800kb alpha beta Alpha beta

DRA DRB DQA DQB DPA DPB DRB

DR alpha DQ alpha DP alpha 

beta-

 (peptide) T-

 (Ceppellini et al. 1989)

 (polygeny)

 (polymorphism)

(locus)  (allele)
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 (haplotype) HLA-DRB 400

 (residue)  (peptide-binding groove) 

T-  (Bjorkman et al. 1987)

 (exon) alpha-beta  (heterodimer)

 (peptide-binding cleft) alpha  (helical wall) beta

 (pleated sheet floor) 

T Beta alpha

DQA1

2.2 B

B

 (Almarri and Batchelor 1994; Forzani et al. 1984; Hohler et al. 

1997; Mota et al. 1987; Thio et al. 1999; Thio et al. 2003; Thursz et al. 1995; van 

Hattum et al. 1987; Wu et al. 2004; Yang et al. 1989) B

HLA-DRB1  (Almarri and 

Batchelor 1994; Forzani et al. 1984; Hohler et al. 1997; Thio et al. 1999; Thio et al. 

2003; Thursz et al. 1995; Wu et al. 2004; Yang et al. 1989)

 (Wu et al. 2004; Yang et al. 1989)

1984 44 B  (HBsAg) 

526

HLA-DR3  (36.4% vs. 17.1% p=0.03) HLA-DR4

(0% vs. 18.5% p=0.002) HLA-A B C  (Forzani et 

al. 1984) 37 200 HBsAg

anti-HBs HLA-DQw1  (37.8% vs. 

67.8% p=0.043) HLA-A B C DR
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 (standard microlymphocytotoxicity tests)

 (serological method) HLA  (van Hattum et al. 1987)

 (Qatar) 21 B 100

HBsAg anti-HBs HLA-DR2

(14% vs. 46% p<0.01) HLA-DR7  (57% vs. 28% p<0.05)

 (HLA class I)

HLA DR DQ

 (DNA) -  (restriction fragment length 

polymorphism RFLP)  (Almarri and Batchelor l994)

1995  (HLA class II DR

DQ)  (polymerase chain reaction PCR)

 (Gambia) 40  (persistent)

 (B B IgG (IgG anti-HBc) B

IgM (IgM anti-HBc) ) 195  (transient) 

(B B IgG (IgG anti-HBc) B

IgM (IgM anti-HBc) ) HLA-DRB1*1302

 (7.5% vs. 25.6% p=0.012) HLA-A, B, C

(Thursz et al. 1995) B B

 (anti-HBs)

 (Caucasian ) 70 B

( IgG

 (ALT) HBV DNA ) 101

HLA-DRB1*1301 *1302  (5.7% vs. 26.7% p=0.025)

24 B  ( IgG ) 
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HLA-DRB1*1301 *1302  (5.7% vs. 33.3% p=0.004) HLA-A

B C DQA1  (Hohler et al. 1997)

31 B  (

IgG ) 

60 B  ( IgG )

HLA-DQA1*0501 (40% vs. 20% p=0.05)

DQB1*0301  (32% vs. 12% p=0.01) HLA-A B DRB1

-

 (PCR-sequence specific primer, PCR-SSP)

 (single-strand conformation polymorphism)

 -  (Thio et al. 1999)

194 B  (

) 342 B

( IgG

) HLA-A*0301 (8.1% vs. 15.7% p=0.0005)

DRB1*1302  (4.9% vs. 2.1% p=0.03) HLA-B*08  (12.2% 

vs. 8.1% p=0.03) B*44  (19.4% vs. 11.9% p=0.001)

-  (sequence-specific 

oligonucleotide SSO)

 (single-strand conformation polymorphism)

-  (Thio et al. 2003)

B

HLA-DP B

(Guo et al. 2011; Kamatani et al. 2009) HLA-DQ
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B  (Mbarek et al. 2011)

B

2.3 B

B

HLA-DRB1 74

 (chronic active hepatitis) 95 HBsAg

HLA-DR3 (37% vs. 10% p<0.05)  (serological 

method) HLA

 (Yang et al. 1989) 98

 ( ) 324 B

(HBsAg anti-HBs ) HLA-DRB1*0406  (0% 

vs. 4% p<0.001) HLA-A B

-  (sequence-specific 

oligonucleotide probe hybridization SSOPH)  (Wu et al. 2004)

B HLA-B61

HLA-DQB1*0503 e  (Wu et al. 2006)

HLA-DRB1 B

B

3.1 D

D

 (Haussler et al. 1998) D

 (Uitterlinden et al. 
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2004) D 1,25 - D D

 (Haussler et al. 1998) T D

CD8 T  (Veldman et al. 2000)

D D

DNA

VDR 1,25 - D

VDR  ( ) 

VDR VDR

 (RFLP)

VDR  ( )

VDR

VDR

RFLP

D 12q13.1 100 kb

D BsmI

(rs1544410 A – G B/B B/b b/b) ApaI (rs7975232

G – T A/A A/a a/a) TaqI (rs731236 T – C

T/T T/t t/t) (Uitterlinden et al. 2004) t/t

D B D

 (Bellamy et al. 1999; Pourgholami et al. 

2000) D B
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3.2

 (Pattern recognition 

receptors, PRRs)

(pathogen-associated molecular patterns, PAMPs) PRRs

NOD  (NLRs) RIG  (RLRs)  (TLRs)

DNA  (Carty and Bowie 2010; Hornung et al. 2009; Janeway 1992; Kawai 

and Akira 2009; Yanai et al. 2009)

TLRs  (Leucine-rich repeat, 

LRR) - -1 -  (Toll-interleukin-1 

receptor-resistance, TIR)

-3 7 8 9

 (Kumar et al. 2009)

 (Uematsu and Akira 

2007)

MyD88 ( 88)

MAL ( MyD88 TIRAP) TRIF ( TIR

IFN-beta TICAM1) TRAM (TRIF

TICAM2) TIR  (O’Neill and Bowie 2007)

SARM (sterile alpha- and armadillo-motif-containing protein) TRIF

 (Carty et al. 2006) TIR

TRAF IRAK NF-kappa B (

-kappa B) IRF ( )

 (O’Neill and Bowie 2007) NF-kappa B IL-6

 (TNF) IFN-beta NF-kappa B

IRF3 IFN-alpha IRF7 (Takeuchi and Akira 2009)

IRF3 IRF7
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MAP NF-kappa B  (Barton and 

Kagan 2009)

88 (MyD88) - 1  (TIR)-

IFN-beta (TRIF)-  (Kawai and Akira 2009; Takeuchi and Akira 2009; 

Yokota et al. 2010) NF-kappa B

TLR3 TRIF

TLR3 IRF-3 IFN-beta

TLR2 MyD88

TLR4 TLR4 NF-kappa B IFN

RIG-I MDA5 DAI IRF3

 (

 [mDCs] Langerhans )

 (  [pDCs] T B )

TLR7 TLR9 mDCs TLR3 TLR8 pDCs TLR4

pDCs mDCs

 (Vaccinia virus, 

VACV) A46R TIR

A52R IRAK2

NF-kappa B  (Maloney et al. 2005; Stack et al. 2005) C  (HCV) 

NS3/4A

TRIF NS5A MyD88 (Abe et al. 2007; Li et al. 2005)

 (Bowie and Unterholzner 2008)

TLR1 TLR2 TLR3 TLR4 TLR6

TLR7 TLR8 TLR9 (Takeuchi and Akira 2009)
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-3 7 8 9 -3

-7 8 9  (Iwasaki and Medzhitov 2004) -3

(Matsumoto and Seya 2008; Ranjith-Kumar et al. 2007) -3

RNA RNA RNA

DNA  (Yoneyama and Fujita 2010) -3

 (Nahum et al. 

2011)  (Hidaka et al. 2006)  (HSV) 

 (Zhang et al. 2007) -3

 (Bousfiha et al. 2010; Netea and van der Meer 2011)

-3  (Schulz et al. 

2005) -3

B

4.1

 (PAMPs)

 (IFNs)

(DC)

T B pDC mDC

IFN-beta IFN-lambda

-1 beta (IL-1 beta)
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IL-6 IL-8 -  (GM-CSF)

-alpha (TNF-alpha) DCs (

Langerhans )

mDCs pDCs IFN-gamma

10 (IP-10) 1 (MCP-1) -2 (MIP-2)

MIP-3 alpha MIP-3 beta DCs

DCs

NK NKT DCs T

B DCs

T

(regulatory T cells)

4.2 B

/

PAMP

(immune anergy) (immune tolerance)

B B

alpha (van der Molen et al. 

2004) B (dendritic cells) T

(Beckebaum et al. 2002, 2003; Milich et al. 

1995; Zheng et al. 2004) B
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 (Wu et al. 2009) B

-3 -beta (Yu et al. 2010) B

-alpha -gamma

RNA  (Foster et al. 1991)

-3 -4

-5 -7 -9 alpha/beta  - B

-2  (Isogawa et al. 2005)

-3  (non-parenchymal cells, NPCs)

-beta B  (Wu et al. 2007) B

Fas-L  (Tang et al. 2003) B

(Tang et al. 2003) B e-  (HBeAg)

B e- (Peripheral blood mononuclear 

cells, PBMC) -2 -4

(Visvanathan et al. 2007) -2 e- B

TNF-alpha IL-6 -2

4.3  ( ) B   

B  (interferon) 

(nucleos(t)ide analogues)

 (Lok and McMahon 2007) Lamivudine

B  (Huang 

et al. 2012a; Lok and McMahon 2007)  (integrated) HBV 

DNA  (Doong et al.

1991)
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lamivudine  (HBV RNA)

 (Hatakeyama et al. 2007; Huang et al. 2008b; Zhang et al. 

2003) HBV RNA lamivudine 

 (Hatakeyama et al. 2007) B

 (Dienstag 2008)

 (Huang et al. 2012b)

 (lamivudine)

lamivudine 24 HbeAg

(Lau et al. 2005; Sarin et al. 2005) ALT HBV DNA

(Marcellin et al. 2004; Sarin et al. 2005)
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B

B

� B

( ) B

(Chen 

1993)

e-

e-

e-

� e

 (TLR) -3 7 8 9

-3 -7 8 9  (Iwasaki and 

Medzhitov 2004) -3

� -3
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 (HBV RNA 

replicative intermediates)

 (HBV RNA)  ( ) 

HBV RNA

��  ( ) 

 (human leukocyte antigen HLA)

(allele) HLA-DR3

HLA-DRB1*0301 *0302 HLA-DRB1  (allele)

B

HLA-DRB1

� HLA-DRB1 B

 (allele)

HLA-DRB1 HLA-DRB1

B

B
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 (Chu et al. 1983) B

 (Chen et al. 2000)

�� B HLA-DRB1

D t/t B D

 (Bellamy et al. 1999; Pourgholami et 

al. 2000)

� D B

e B

-3 RNA RNA

RNA DNA  (Yoneyama and Fujita 2010)

� -3

 (HBV RNA)

�  ( ) 
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HLA-DRB1

HLA-DRB1 B

D B

D B

B

-3

B

-3

 ( ) 

 (HBV RNA)

B  ( ) 

HBV RNA
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HLA-DRB1 B

204  (131

73 )

C D

ALT

ALT “ ” 

(Lok and McMahon 2007) 50 ALT

 (25 25 ) 83.6  ( 12

382 ) ALT 80 U/L 154

81.3  ( 12 231 ) ALT

 (106 48 )

ALT

ALT 2

3 ALT ALT 6 12

 -200C 6 12
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D B e-

1990 1995 250 B

 (178 72 16 70 ) 

2003 10

B B

6 ( )

C D

 ( 50 )

B 6  (Kao et al. 2002) A

HBeAg HBeAg B

HBeAg HBeAg C

HBeAg HBeAg

D HBeAg E

HBeAg F

 (Bruix and Sherman 2005)

ALT (40 IU/L) 5  (200 IU/L)  (Kao et al. 

2001) ALT 3 ALT

ALT 6 ALT

-20 6
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B -3

2009 6

2012 8 127 B 64 B  (HBsAg)

C  (anti-HCV) B

B 6

 ( )

C D

 ( ) B  (HBV RNA)

19 B

lamivudine

10 ( 44.2 30 74 )  44 48

6 ( 47.3 39

56 ) 5 34 52 lamivudine 24 36

4 20

36 32 lamivudine

12 3 ( 51.3 41 64 )

20 24 lamivudine 22 36

2 3
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-80

C  (anti-HCV) D  (anti-HDV)

Murex anti-HCV Murex anti-delta  (Murex Biotech, Kyalami, South Africa 

Murex Biotech, Dartford, UK) B  (HBV 

DNA) B PCR

 (Yeh et al. 2004)

HLA-DRB1 B

 (HBsAg)

(anti-HBs) Enzygnost HBsAg 5.0 anti-HBs II (Dade Behring

Marburg Germany)

D B e-

HBsAg HBeAg Ausria-II IMx HBe  (Abbott 

Laboratories, North Chicago, IL, USA) 

B -3

B  (qHBsAg)  B e-  (HBeAg) C

Architect i2000 SR (Abbott Laboratories, Abbott Park, IL, USA)
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B DNA Abbott m2000 sp (Abbott Laboratories, Abbott Park, IL, USA)

 ( ) B  (HBV RNA)

B e-  (HBeAg) B e-  (anti-HBe)

chemiluminescent immunoassay (Architect HBeAg and Architect HBeAb, Abbott 

Japan, Tokyo, Japan)

HLA-DRB1

QIAamp  (Qiagen Inc.Valencia CA)

 (genomic DNA)

- HLA-DRB1  (Scharf et al. 

1991) HLA-DRB1  (exon) 

 (primer set)

 (5’-biotinylated)

D

 (genomic DNA)  (Riggs et 

al. 1995) (polymerase chain reaction PCR)

 (restriction fragment length polymorphism, RFLP) 

 (BsmI  [rs1544410] ApaI

[rs7975232] D 7 8 TaqI

 [rs731236] 9 ) (Riggs et al. 1995) 7

BsmI 5’- CAACCAAGACTACAAGTACCGCGTCAGTGA
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-3’ 7 BsmI 5’- AACCAGCGGGAAGAGGTCA

AGGG -3’ 8 ApaI TaqI 5’- 

CAGAGCATGGACAGGGAGC -3’ 9 ApaI TaqI

5’- AGGAGAGGCAGCGGTACTG -3’ BsmI PCR

940C  5 35  940C 30 660C 30 720C 30

720C 5 ApaI TaqI PCR

680C BsmI PCR 800bp BsmI

600 bps 200 bps ApaI TaqI PCR

480 bps ApaI 250 bps

230 bps TaqI 280 bps 200 bps 2

 (agarose gels)  (ethidium bromide)

 (TLR)- 3

B

CD14-FITC TLR3-PE (eBioscience San Diego CA USA)

-3 IgG1  (eBioscience

San Diego CA USA) FACSCalibur  (Becton Dickinson San Jose

CA USA) 50,000

CD14+  (scatter profile)

CD14+  (mean fluorescence intensity MFI)

50,000 CD14+ 

WinMDI  (Becton Dickinson and Company Franklin Lakes NJ USA)

 (TLR)- 3

B

 (optimal cutting temperature OCT) (Ames Company Elkhart
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IN)  -80 oC

RNA  (RT-PCR) 

RNA (total RNA) RNeasy  (Qiagen Inc., Valencia, CA, 

USA) 1 total RNA iScript cDNA  (Bio-Rad, Hercules, CA)

iQ SYBR Green Supermix (Bio-Rad) DNA Engine 

Opticon 2 (Bio-Rad) -3

5'- TTG CCT TGT ATC TAC TTT TGG GG -3' 5'- GCG GCT 

GGT AAT CTT CTG AGT T -3' GAPDH 5'- GTC CAC TGG 

CGT GTT CAC CA -3' 5'- GTG GCA GTG ATG GCA TGG AC -3'

 (20 ) 25 ng RNA (5 ) 2x Master Mix (10 ) 5

uM  (2 ) 3 ddH20 (Kapa Biosystems, Inc, 

Woburn, MA, United States)

1 95oC 3 40 / 95oC

10 58 oC 30 25 ngtotal RNA

GAPDH mRNA -3 mRNA

GAPDH mRNA –�CT = - (CT(TLR3) - CT(GAPDH)) 

-3 mRNA GAPDH mRNA 2-�CT

x K K

-3  (immunohistochemical, IHC 

stain) 

-L-  (poly-L-lysine)

30 100 15

 (phosphate buffered saline, PBS) 5 2% 

 (H2O2) 25  (endogenous 

peroxidase) 1% 1:50 -3



41

 (ab13915) (Abcam, Cambridge, MA, USA) PBS

NovoLink Polymer (Leica Biosystems, Newcastle, United Kingdom)

30 DAB  (Leica Biosystems, 

Newcastle, United Kingdom) Mayer’s haematoxylin

B  (HBV RNA) PCR

B

(Hatakeyama et al. 2007) SMI TEST EX-R&D  (Genome Science 

Laboratories, Tokyo, Japan) 100ul 18ul

I II

I  (DNA) II

(random primer) (Takara Bio Inc., Shiga, Japan) M-MLV  (ReverTra 

Ace, TOYOBO Co., Osaka, Japan) DNA cDNA

25pM 65 5

5 5 ×  (4ul) 10mM 

dNTP (2ul) 0.1M  (dithiothreitol) (2ul) 8

100 M-MLV 30 42 10

60 99 5

HBV DNA cDNA  (Hatakeyama et al. 2007)

1ul I II PCR ABI Prism 7300

 (Sequence Detection System) (Applied Biosystems, Foster City, CA, 

USA) 25ul SYBR 

Green PCR Master Mix (Applied Biosystems) 200nM 

(5’-TTTGGGGCATGGACATTGAC-3’ 1893-1912) 200nM 

(5’-TTTGGGGCATGGACATTGAC-3’ 2029-2049) 1ul I
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II PCR 50 2 95 10

PCR 40 95 15 60 60

103 copies/ml HBV RNA II

I  ( PCR B

PCR HBV DNA)

e- e-

ALT ±

Student t-test Kruskal-Wallis test

Pearson’s ;

5 Yates Fisher s exact test

p 0.05

 (log-transformed)

HLA-DRB1

 (global test)  (relative odds)

(specific test) “ ” (common types) (reference 

category)

D p 10,000

(permutations)

(multiple testing) SAS 9.2  (SAS Institute, Inc, Cary, NC)

SAS -3
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HLA-DRB1 B

204 B ALT 80U/L  (

42 22 75 ) ALT < 80U/L ( 46 20 79 )

 (p=0.042)  (106 vs. 25 p=0.016)  (e-

e- ) B

HLA-DRB1

 ( HLA-DRB1*09)  (reference category) 5%

“ ” ALT < 80 U/L

HLA-DRB1*1101 ALT � 80U/L  (18.0% vs. 8.0% OR 0.23

p 0.020) ALT < 80U/L HLA-DRB1*14 ALT

� 80U/L  (16.0% vs. 8.0% OR 0.23 p 0.025) HLA-DRB1*14

“ ”

5% DRB1*1401 (8.0% vs. 4.7%

p 0.111) ALT B HLA-DRB1

ALT

HLA-DRB1*1101 ALT < 80U/L  ( )

ALT < 80U/L ALT � 80U/L B

HLA-DRB1*1101  (odds ratio)

0.39 (95% CI 0.16 – 0.95)

DRB1*1101 B ALT 80U/L B
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67% B 20% C 0% B C 0% B C ALT < 

80U/L 67% 22% 11% 0% (p 0.41)

D B e-

HBeAg  (A B C ) HBeAg  (D

E )  (41.9 ± 11.3 51.7 ± 12.6 p < 0.001)

B  (B C D ) B

 (A E )  (41.5 ± 9.8 51.0 ± 13.5  p < 

0.001) B  (A B C D E

) B  (F )  (46.2 ± 12.9 

62.7 ± 17.9 p < 0.001) HBV DNA B

 (A E )  (B

C D ) B D

BsmI TaqI

 ( p = 0.011 p = 0.012)

D BsmI B/b  (7.2% 

19.8 p = 0.009) D TaqI T/t

 (7.5% 2.5 p = 0.0029)

BsmI–ApaI BsmI–TaqI ApaI–TaqI BsmI–ApaI–TaqI

 ( p = 0.010 p = 0.004 p = 0.013 p = 0.009)

A/T A/t b/A/t

( 48% 34% p = 0.027 2% 1% p = 0.004  0.5% 

0% p = 0.001) B/a B/T B/a/T

 ( 1% 9% p = 0.004
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3% 10% p = 0.007 1% 9% p = 0.005) D

D’

HBeAg  (A B C ) HBeAg  (D E )

B D

BsmI TaqI

( p = 0.004 p = 0.002) HBeAg D BsmI

B/b B/B HBeAg  ( 19% 9%  p = 

0.015 2% 1%  p < 0.001) HBeAg D

TaqI T/t HBeAg  (7% 2% p = 0.002)

D BsmI–ApaI BsmI–TaqI ApaI–TaqI BsmI–ApaI–TaqI

 ( p = 0.004, p = 0.002 p = 0.021 p = 0.004)

HBeAg b/A B/a B/A B/T B/t A/t b/A/T B/a/T B/A/T

B/A/t b/A/t HBeAg  ( 45% 

34% p = 0.039 7% 4% p = 0.006 4% 1% p < 0.001 9% 

5% p = 0.009 1.8% 0.5% p < 0.001 2.2% 0.5%  p < 0.001

44% 34%  p = 0.043 7% 4%  p = 0.004 2% 1%  p 

= 0.007 1.8% 0.5% p < 0.001 0.4% 0% p < 0.001)

D BsmI ApaI TaqI

B -3

B -3

127 B 64 B C

B ALT
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B -3  (MFI)

 (9.70 ± 4.61 14.61 ± 13.49  p < 0.001) ( )

-3 B C  (9.0 ± 3.7  10.2 ± 

4.7, p = 0.259) -3

ALT B

-3  ( p < 0.001) ( a) B

ALT B e- B B

DNA -3 

 (p = 0.511) ( b) -3

 ( )

B -3

 (Kupffer cells)  ( c d 

)  ( b

) G (IgG) 

 ( a) 55 B

-3 mRNA 3  (0.47 ± 0.30

1 ) ( )

B

-3

22 B AASLD  (Lok et 

al. 2007) 12  ( /  10/2 41 ± 9.7 B DNA

 6.1 ± 1.4 IU / mL 42% B e- 100% B )

B DNA B 12

24 5



47

(sustained virological response, SVR) 6 B

DNA < 2000 IU / mL ( ) -3

48 -3

-3

1.5 1.7 12 85% -3

45% 60% 24 48 -3

 ( ) 7 -3

0.5 0.7  ( ) 7 12 24

-3 30% ( )

-3 -3

1.1 1.8 -3 0.6 0.7

-3

-3 1.74 ± 0.99

12 -3

1.5 1.7

-3

0.69 ± 0.33 0.74 ± 0.24

-3

0.5 0.7

10  ( /  10/0 48 ± 14 B

DNA  5.3 ± 2.0 IU / mL 30% B e- 80% B )

24 48 B DNA
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-3 48 -3

1.2  ( ) 24 48 60% 80% 

-3 5% ( ) 120 -3

1.5  ( ) -3

 ( ) B  (HBV RNA)

/ B

ALT HBeAg HBV DNA

HBV RNA

HBV RNA

HBV RNA

15  (79%) 14 lamivudine

HBV RNA 10  (71%) 5

entecavir HBV RNA  (100%)

lamivudine HBV RNA 4.2

7.0 log10 copies/ml entecavir 7.2 9.6 log10 copies 

/ml

HBV RNA

HBV RNA

HBV RNA  ( ) lamivudine

HBV RNA  ( )
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lamivudine HBV RNA

 ( ) HBV RNA

HBV RNA

2 4 HBV RNA 13  (87%)

11  (73%)
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HLA-DRB1 B

B B

95% 3% 5% 

B B

ALT B ALT

(human leukocyte antigen, HLA) HLA

HLA

 (Martin and Carrington 2005) HLA-DR, CD80 ICAM-I

(Yu et al. 2006) HLA-DR

 (Singh et al. 2007)

CD8+ T  (cytotoxic T lymphocyte, CTL) T  (TCR) 

CD4+ T (Schoenberger et al. 

1998) HLA  (Elahi and Horton 2012)

Fas/FasL  (Poonia et al. 2009) B 

(Granzyme B, GzmB) (Migueles et al. 2008) CD8+ T

(Saez-Cirion et al. 2007) 

(Betts et al. 2006 Horton et al. 2006) CD8+ T

HLA CD4+ T B

(Penna et al. 1997) T
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B  (Vermehren et al. 2012)

CD8+ T HLA T

HLA-B27 HLA-B57

( ) CD8+ T

HLA

CD8+ T (Horton et al. 2006) T

T

T CD8+ T / (Genesca 2011)

CTL

T (Tregs)

B

(Genome Wide Association Study) B HLA-DP

HLA-DPA1 HLA-DPB1 (single 

nucleotide polymorphism, SNP) (Kamatani et al. 2009)

HLA-DP  ( HLA-DPA1 rs3077 HLA-DPB1 rs9277535) 

(An et al. 

2011; Guo et al. 2011; Kamatani et al. 2009; Li et al. 2011; Wang et al. 2011)

HLA-DPB1 rs9277535 B

(Cheng et al. 2013) HLA-DPA1 rs3077 HLA-DPB1 rs9277535

A alleles B

HLA-DPA1 HLA-DPB1 B

ALT B  (Vermehren et al. 2012) B

HLA-DPA1 rs3077 (An et 

al. 2011; Li et al. 2011) HLA-DP SNP B

HLA-DRB1*1101 B
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(HLA DRB1*0403 *1302  *0901 ) B

HLA

HLA-DRB1*1101 C C  (Cramp 

et al. 1998; Thursz et al. 1999) HLA-DRB1*1101 B C

400 35

(8.8%) HLA-DRB1*1101 ( ) 204 B

37  (18.1%) HLA-DRB1*1101 (p=0.001)

HLA-DRB1*1101 B B

HLA-DRB1*1101 B

 ( ) ALT  80U/L

B

HLA-DRB1*1101

B

B

 (Stevens et al. 1975)

B B

 (Chu and Liaw 2007a)

B ALT

ALT  (Chu and Liaw

2007b) ALT

 (Chu et al. 2004) 1.0

ALT ALT
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B ALT

ALT

e  (38% vs. 29%)

e

ALT  (Chu 2000)

HLA-DRB1*1101/1104 B

(Jiang et al. 2003) B

DRB1*1101

B

DRB1*11  (Hohler et al. 1998) DRB1

B

HLA-DRB1

HLA

B B

B

ALT

HLA

ALT ALT

 (Shiffman et al. 2000) ALT
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ALT

HLA-DRB1*1101 ALT 80U/L

80U/L B DRB1*1101 B

B

HLA HLA

(1) 

(2) (3) -MHC T

(4) T (5) (6)

(1) HLA (2) (3)

 ( HLA HLA ) HLA

B HLA-DRB1*1101

HLA (allele)

B

B DRB1*1101

D B e

Baker 1988 D cDNA  (Baker et al. 1988)

10 VDR Miyamoto

 (Miyamoto et al. 1997)
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VDR 12 Labuda

(Labuda et al. 1992) Taymans (Taymans et al. 

1999)  (FISH) 

VDR 100 kb VDR

VDR

VDR

Uitterlinden VDR (Uitterlinden et al. 2004)

12q13 VDR

VDR

12q13.1 VDR

VDR  ( 100 kb)

VDR

VDR

D  B

ApaI

(Faraco et al. 1989) BsmI (Morrison et al. 1992) TaqI (Morrison et al. 1994) VDR

3’ (RFLPs)

VDR

B
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(Chu 2000; Chu and Liaw 2007a; Chu and Liaw 2007b; Chu et al. 2004)

D

D

B

B

(ALT)  ( ) 

ALT

Shiffman et al. 2000 ALT ALT

ALT

B

D ApaI TaqI

B  (Bellamy et al. 1999; Suneetha et al. 2006)

D t/t B

(Bellamy et al. 1999) B t/t

D ApaI TaqI B

 (Suneetha et al. 2006) ApaI a/a

DNA  (Suneetha et al. 2006) a/a

ApaI  “ ”

ApaI  (

)  (p = 0.082 ) Suneetha et al.

B DNA

ALT 1.5
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ALT 5

B DNA

DNA B DNA

 ( ) 

D TaqI B  (Li et al. 

2006a; Li et al. 2006b)

D B/b B/a B/T B/a/T

B

T/t

A/T A/t b/A/t B

 (Huo et al. 2000; Realdi et al. 1994)

3 6 B

ALT  (Lok et al. 2007)

1 2 ALT

D HBeAg HBeAg

B HBeAg

B  (Chu 2000) D

B HBeAg

B/b B/B T/t b/A B/a B/A B/T B/t A/t b/A/T B/a/T B/A/T

B/A/t b/A/t B

  

D B

B
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D

 (Valdivielso and Fernandez 2006)

D B

(Risch and Merikangas 1996)

D

 (allelic interaction)

D B

B  (HBeAg ) 

B B/b B/B T/t b/A B/a

B/A B/T B/t A/t b/A/T B/a/T , B/A/T B/A/t b/A/t

B B/b

B/a B/T B/a/T B

B

T/t A/t b/A/t

B HBeAg

(permutation test)  (Potter 2005)

p

1

D BsmI ApaI TaqI

D

D D
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 (Pourgholami and Morris 2004) D Seocalcitol

 (Dalhoff et al. 2003)

D D

D

BsmI – ApaI BsmI – TaqI ApaI – TaqI BsmI – 

ApaI – TaqI  ( p = 0.094 p = 0.319 p = 0.713 p 

= 0.302 ) D

D

B

VDR  (Zmuda et al. 

2000) BsmI (minor allele) ”B” 42% 7%

36% ApaI  ”A” 44% 74% 31%

TaqI  ”T” 43% 8% 31% (Uitterlinden 

et al. 2004) Bsm-Apa-Taq  (haplotype) baT 43%

75% 26% haplotype BAt 39% 7% 16%

haplotype bAT 11% 17% 59% (Uitterlinden et al. 

2004)

DNA

D  (VDR) D

1,25(OH)2D3 D (TLRs)

cathelicidin (Liu et al. 
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2006) D 1,25(OH)2D3

1,25(OH)2D3

MHC T Th1 IL-2

IFN-gamma CD4+ T Th2 (Hayes et al. 2003; Van Etten and 

Mathieu 2005) D Th1

1,25(OH)2D3 D

Th2  (Hayes et al. 2003) D

12q12-14 25

SNPs 100  (Uitterlinden et al. 2004) D

D  (Hereditary vitamin D 

resistant rickets, HVDRR) (Hayes et al. 2003)

1,25(OH)2D3

(Hayes et al. 2003)

HBeAg B HBeAg

B  (Chu 2000)

D B

HBeAg

B

-3

 (PAMP) (Roy and 

Mocarski 2007) PAMP  (TLR)

 (nucleotide binding, oligomerization domain-like 
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receptors) C RNA (dsRNA) DNA (dsDNA)

 (

[IFN]-alpha -beta [TNF]-alpha [IL] -6 IL-12)

B

B

B

B

ALT B -3

B -3

-3 mRNA

-3

B -3

-3 B

B

B  -2

-4  -9  (Chen et al. 2008; Visvanathan et al. 2007; Woltman 

et al. 2011; Xie et al. 2009; Xu et al. 2009) B

-3 -alpha  (Heiberg et al. 2012)

B  (Wu et al. 

2009) B -3

-beta (Yu et al. 2010) B
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-alpha -gamma RNA

(Foster et al. 1991)

-3 B

B -3

B -3

-3 dsRNA

-3 T

T (Schulz et al. 2005) -3

T B

B -3

 (NPCs)

-3

NPCs -beta B  (Wu et al. 

2007) B Fas-L

 (Tang et al. 2003) B

 (Tang et al. 2003) -3

B

-3

 ( b)

(http://www.proteinatlas.org/ENSG00000164342/normal/liver)

-3

B -3 -3

RNA B DNA RNA

 (Liang 2009; Huang et al. 2009) -3

RNA RNA poly (I:C)
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 (Lai et al. 2011) Lai et al. RNA B

H-cp183 (Porterfield et al. 2010)

poly (I:C) RNA -3  (Lai et al. 

2011) B H-cp149 RNA

-3  (Lai et al. 2011) B

B -3 beta B

-3  (Yu et al. 2010) B

B -3

-3 B

 (Chen et al. 2008; Wang et al. 2010) B

ALT

-3 Chen et al. B

-3 mRNA  (Chen et al. 2008) Wang et al. 

B -3

mRNA  (Wang et al. 2010)

ALT e

B DNA B -3

B

B  (ACLF) -3

beta  (Li et al. 2009)

 (Lambotin et al. 2010)

-3 B

(Tjwa et al. 2012) B

B
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-3

B DNA -3

-3

-3

B

B -3

 (Tjwa et 

al. 2012) -3

(Chew et al. 2012)

-3

B

ALT -3

-3

B

-3

 ( ) B  (HBV 

RNA)

entecavir lamivudine  ( ) B

RNA (Hatakeyama et al. 2007) entecavir lamivudine

cccDNA B RNA

cccDNA

cccDNA (Sung et al. 2005; 

Yuen et al. 2005) cccDNA cccDNA (Wong et al. 2004; Yuen et al. 
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2005) lamivudine

B RNA cccDNA  (

)

HBV RNA B

 (Hatakeyama et al. 2007)

PCR HBV DNA 1% 

(Hatakeyama et al. 2007) HBV RNA

lamivudine entecavir  ( )

lamivudine  ( )

HBV RNA

HBV RNA lamivudine

lamivudine HBV RNA lamivudine

lamivudine

HBV RNA HBV RNA

lamivudine lamivudine

lamivudine HBV RNA

lamivudine

HBV RNA

 (pegylated interferon) lamivudine

HBV RNA HBV RNA 12 24

48 72  (Huang et al. )
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HBV RNA B

- HepG2.2.15

lamivudine B RNA

 (Doong et al. 1991) 4

17 HBV RNA (Huang et 

al. )  Lamivudine  (integrated) 

HBV DNA HBV RNA integrated HBV DNA  (Doong et al.

1991) HBV RNA

-alpha HBV RNA

-alpha/beta -

(polyinosinic-polycytidylic acid poly I:C -3 ) B

(McClary et al. 2000) B

B

HBV RNA  (McClary et al. 2000)

-alpha/beta RNA

 (Wieland et al. 2000)

B B

 (Thomas et al. 2003) -beta -gamma B

 (Pasquetto et al. 

2002) 2’,5’-  (oligoadenyl synthetase) / 

RNAse L  (Lengyel 1981)

2’,5’-  (endoribonuclease) RNAse L 2’,5’-

 (oligoadenyl phosphodiesterase) RNAse L

RNA  (Thomas et al. 2003)

 (ribonuclease) 

(Lengyel 1981)
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HBV DNA RNA

HBV DNA RNA

entecavir HBV RNA

lamivudine  (8.6 ± 1.0 5.6 ± 1.0 p  0.001)

entecavir HBV RNA lamivudine

 (100% 71% p = 0.48) HBV RNA

 (Huang et al. 2009)

HBV RNA lamivudine 24

(Rokuhara et al. 2006)

 (sucrose density gradient fractionation studies)

HBV DNA 1 2

HBV RNA

HBV RNA B 1%

lamivudine  (Zhang et al. 2003)

lamivudine HBV RNA B

1%  (Gerelsaikhan et al. 1996)

HBV RNA HBV RNA

 (Hatakeyama et al. 2007) B -

HepG2.2.15  (Huang et al. )

HBV RNA

lamivudine HBV DNA

HBV RNA  (Rokuhara et al. 2006)

lamivudine HBV RNA

HBV RNA lamivudine

lamivudine HBV RNA
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lamivudine HBV DNA RNA

 (Rokuhara et al. 2006)

HBV RNA

HBV RNA

Lamivudine HBV DNA

HBV RNA

HBV DNA

HBV 

RNA HBV DNA

(Dienstag 2008) RNA DNA

HBV RNA

B B

 (Transcription-mediated amplification and hybridization protection 

assay, TMA-HPA) Amplicor B  (HBV Monitor 

test) TMA-HPA T7 RNA RNA

 (Kamisango et al. 1999) B DNA B

RNA B

TMA-HPA (Hatakeyama et al. 2007)

B RNA B RNA

lamivudine B RNA  (Zhang et 

al. 2003)

(truncated) B RNA (Su et al. 2001; Zhang et al. 2003)

lamivudine B DNA B RNA

RNA

B DNA B
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B RNA

lamivudine HBV RNA

HBV RNA HBV RNA

HBV RNA

B
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HLA-DRB1 B

(Genome Wide Association Study, GWAS) B

B

GWAS (SNPs) B

 (Vermehren et al. 2012) GWAS

B

-DRB1 B

B

HLA-DRB1*11 DQB1*0301 C B

B C

HLA-DRB1*11 C

HLA-DRB1*11 CD8+ C  (epitope) 

B

HLA HLA

 (conditional ligands) HLA

(libraries) HLA (Chang et al. 2013)
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(heterogeneity)

MHC (MHC-based 

multimer arrays) T

MHC HLA

(tetramers) CD8+ T B

T

 (Stark et al. 1998)

HLA HLA CD8

(epitope) HLA

HLA

B HLA T

(Singh et al. 2007) HLA

T

D B e
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DNA

5 3 UTR

D

Bsm-Apa-Taq  (haplotype) (marker haplotypes) 

(allele) 

(linkage) 

(marker haplotype) 

D

 (haplotype map)
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D 3 UTR

mRNA Morrison 3 UTR

(differential luciferase activity) haplotypes

baT BAt (Morrison et al. 1994) Durrin UTR

(destabilizing elements) D -mRNA

(Durrin et al. 1999) UTR baT

BAt haplotype mRNA (Durrin et al. 1999)

3 UTR (cell-type-specific) mRNA

UTR mRNA

allelic 

D

D

D allele  haplotypes 

D

mRNA

allele

D

D D

D
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D D

 (Bornman et al. 2004; Liu et al. 2006)

D D-1-

cathelicidin  (Liu et al. 

2006) D B

B

-3

B -3

-3

-3 beta B

 (ACLF)  (Li 

et al. 2009) -3 B

 (Al-Qahtani et al. 2012; Rong et al. 2012) B

-3

-3

 (Tjwa et al. 2012)

B -3

 ( ) -3

-3 B

Ampligen -3 poly(I C) HIV

 (Gowen et al. 2007) poly(I C) poly ICLC
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(Polyinosinic – Polycytidylic Acid stabilized with Polylysine and 

Carboxymethylcellulose) RSV

SARS (Wong et al. 2009) PIKA ( poly(I:C) ) -3

(Lau et al. 2009) -3 -9

HSV-2 (Gill et al. 2006)

(Ank et al. 2008) -3 B

B

(Sorensen et al. 2008)

HSV-2 -2 -9

-2/-9

-2/-9

HSV

 (Sato et al. 2006)

MCMV -7 -9

-7 DNA

(Zucchini et al. 2008)

PRRs

(Modified Vaccinia Ankara, MVA) HIV/AIDS

-2/-6 -5 

(MDA-5) NALP3 (Delaloye et al. 2009)

-3 B

B
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B

B

 (Coffin and Michalak 1999) B B

(Coffin and Michalak 

1999; Lew and Michalak 2001) B

 (Breiner et al. 2001) B

B

-3

-gamma -10

(interferon-gamma inducible protein-10)  (Sonneveld et al. 2013)

-3

-3

 - 

-3 (Vaccinia Virus, VACV)

 (Howell et al. 2006)

 (Bowie and Unterholzner 

2008)



77

 ( ) B  (HBV 

RNA) 

 (Yu et al. 2010)

RIG-I (RIG-I-like helicases) 

TRIF

-3 IPS-1 RIG-I

TBK1 / IKK epsilon -3 

(IRF3) IRF7 (Takeuchi and 

Akira 2009)

B alpha  beta (McClary et al. 

2000; Wieland et al. 2000) B

B

B RNA

B T

T  ' ' (exhaustion)

IL-2

(Shin and Wherry 2007)
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-1 (Programmed cell death-1, PD-1) 

T PD-1

-1 -2 (Programmed cell death ligand-1, PD-L1

Programmed cell death ligand-2, PD-L2) T

(Barber et al. 2006) B CD8+ T PD-1 

(Rouse and Sehrawat 2010) T 4 (CTL-associated protein 4, 

CTLA-4) B PD-1

T  (exhaustion) (Kaufmann et al. 2007 Neumann-Haefelin et al. 

2006 Schurich et al. 2011) CD4+ T CTLA-4

CD80/CD86 IL-2 T

(Kaufmann et al. 2007) CD8+ T

2B4 LAG-3 CD160 (Blackburn et al. 

2009)

PD-1 T

B HBV

B

B B

B B RNA

B

RNA B

RNA DNA

B RNA

B
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RNA  (Hatakeyama et al. 2007)

B RNA B

B RNA B RNA

(Tsuge et al. 2013) B

RNA (Huang et al. 

2012c) B RNA

(Lau et 

al. 2005; Marcellin et al. 2004; Sarin et al. 2005)

HBV RNA

B
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 (Summary)

Hepatitis B virus (HBV, Family Hepadnaviridae, Genus Orthohepadnavirus)

infection is a global health problem. About 2 billion people in the world have been 

infected by HBV, and 400 million of them are chronic carriers of the virus (Kao and 

Chen 2002). Even in the United States where HBV infection is not endemic, an 

estimated 1.25 million individuals are carriers of HBV (McQuillan et al. 1989). HBV 

infection causes a wide spectrum of clinical manifestations, ranging from acute or 

fulminant hepatitis to various forms of chronic liver diseases, including inactive 

carrier states, chronic hepatitis, cirrhosis, and even hepatocellular carcinomas (Kao 

and Chen 2002; Chen 1993). 

The natural history of carriers of HBV who are infected early in life (i.e. 

perinatal transmission) can be divided into four dynamic phases based on the 

virus-host interaction: immune tolerance phase, immune clearance phase, integration 

or low replication phase, and reactivation phase (Chen 1993). During the immune 

clearance phase, repeated hepatitis may accelerate the progression of chronic hepatitis 

to cirrhosis resulting in poor prognosis. HBV reactivation may also occur when the 

patients receiving chemotherapy or organ transplantation (Huang et al. 2006b; Huang 

and Chung 2012). Furthermore, the frequency and severity of hepatitis activity differ 

greatly among individual carriers of HBV.  
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It is generally believed that the liver injury associated with HBV infection is 

predominantly mediated through immune mechanisms such as vigorous multi-specific 

T cell responses (Kao and Chen 2002; Chisari 1997). The known risk factors 

associated with more severe liver diseases include: high serum HBV DNA level 

(Iloeje et al. 2006), older age or longer duration of infection, repeated hepatitis flares 

(Huo et al. 2000; Realdi et al. 1994), male gender, diabetes (Huo et al. 2000),

persistence of HBeAg (Realdi et al. 1994), HBV genotype C infection (Kao et al. 

2000), co-infection with hepatitis C (Liu et al. 2005) or delta virus (Tamura et al. 

1993), pre-S deletion mutants (Chen et al. 2006), basal core promoter mutants (Lin et 

al. 2005), alcohol abuse, liver fat, and altered host’s immune status, such as HIV 

infection or post transplantation (Kao 2007). Which host immunogenetic factors and 

immune receptors correlate with hepatitis severity and HBeAg status in chronic 

hepatitis B (CHB) patients remain largely unclear.

I. Immunogenetics in chronic hepatitis B (CHB): The association of HLA-DRB1

polymorphisms with hepatitis activity of male CHB patients

An important host factor which may correlate with severity of hepatitis is the 

human leukocyte antigen (HLA). HLA is a crucial host genetic factor that regulates 

immune responses by presenting antigens including viral peptides to T lymphocytes 
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(Ceppellini et al. 1989). Although the association of disease susceptibility or 

resistance with HLA polymorphisms has been extensively investigated (Tiwari and 

Terasaki 1989), the association between HBV infection and HLA polymorphisms is 

only partially clarified. For example, specific HLA alleles are associated with 

clearance or persistence of HBV after acute infection (Forzani et al. 1984; Almarri 

and Batchelor 1994; Thursz et al. 1995; Hohler et al. 1997; Thio et al. 1999; Thio et al. 

2003, Yang et al. 1989; Wu et al. 2004), such association has been linked to 

HLA-DRB1 polymorphisms, in both Western (Forzani et al. 1984; Almarri and 

Batchelor 1994; Thursz et al. 1995; Hohler et al. 1997; Thio et al. 1999; Thio et al. 

2003) and Taiwanese populations (Yang et al. 1989; Wu et al. 2004). 

Male gender is another apparent host factor associated with severity of hepatitis 

in perinatally transmitted carriers of HBV. A study reported that abnormal alanine 

aminotransferase (ALT) levels are much more frequent in male carriers of HBV than 

female carriers (Chu et al. 1983). In addition, an epidemiological study focusing on 

HBsAg seroprevalence also confirmed that subjects with chronic HBV infection are 

predominantly males (Chen et al. 2000).

Much less data are available on the association between HLA-DRB1 

polymorphisms with severity of hepatitis in CHB patients, especially male subjects 

who have more severe hepatitis. The hypothesis of this study was that specific 



83

HLA-DRB1 allele might be associated with severity of hepatitis in male CHB patients. 

In this prospective cohort study, a total of 204 carriers of hepatitis B virus (131 

men and 73 women) who have been followed-up for more than 1 year at the 

outpatient clinic of a university hospital were collected consecutively. Fifty carriers of 

hepatitis B virus (group I) with alanine aminotransferase < 2x upper limit of normal 

(mean follow-up 83.6 months) were compared with 154 chronic hepatitis B patients 

(group II) with alanine aminotransferase >= 2x upper limit of normal (mean follow-up 

81.3 months). Alleles of HLA - DRB1 were typed by polymerase chain reaction - 

sequence specific oligonucleotide probe hybridization and genotypes of hepatitis B 

virus by melting curve analysis. HLA - DRB1*1101 was found in 18% of group I 

versus 8% of group II in male carriers (OR 0.23, p=0.020, after adjustment for age) 

and 4% versus 9.4% in female carriers (p=0.094). In male carriers harboring 

DRB1*1101, the distribution of hepatitis B viral genotype was comparable between 

the two groups.  

In conclusion, in Taiwanese Han ethnic group, HLA-DRB1*1101 correlates with 

less severe hepatitis in male carriers of HBV. Genotype of HBV has little impact on 

the clinical course of carriers of HBV harbouring DRB1*1101. 

II. Immune receptor in CHB: The association of vitamin D receptor gene 
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polymorphisms with distinct clinical phenotype of CHB patients

Vitamin D is involved in the metabolism of skeleton as a systemic hormone but 

also plays important roles in the regulation of host immune responses and 

development of cancer (Haussler et al. 1998). For example, vitamin D inhibits 

lymphocyte proliferation, stimulates monocyte differentiation, and exhibits 

anti-proliferation activities in several types of cancer cells (Uitterlinden et al. 2004).

The active form of vitamin D, 1,25-dihydroxyvitamin D, exerts immunomodulatory 

effects via the vitamin D receptor (VDR) (Haussler et al. 1998), and high 

concentration of VDR is detected in the macrophages and T lymphocytes, especially 

CD8-positive lymphocytes (Veldman et al. 2000).

The VDR locus is located at chromosome 12q13.1 with a size of over 100 kb. 

Three adjacent restriction polymorphic sites in the VDR gene, the BsmI (rs1544410, A

to G base change, designate as genotype B/B, B/b, b/b), ApaI (rs7975232, G to T base 

change, designate as genotype A/A, A/a, a/a), and TaqI (rs731236, T to C base change, 

designate as genotype T/T, T/t, t/t), have been reported and extensively studied in 

several diseases (Uitterlinden et al. 2004). Although VDR gene variant of genotype t/t 

was reported to be associated with HBV clearance and active form of vitamin D was 

shown to inhibit HCC cell proliferation in vitro and in vivo (Bellamy et al. 1999; 

Pourgholami et al. 2000), the association of VDR gene polymorphisms with distinct 
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clinical phenotypes of CHB patients remain largely unclear. Taking advantage of 

rampant HBV infection in Taiwan, the aim of this study is to investigate the 

association of vitamin D receptor gene polymorphisms with distinct clinical 

phenotypes of Taiwanese CHB patients as well as the risk of HCC development.

We genotyped BsmI (rs1544410), ApaI (rs7975232), and TaqI (rs731236) 

polymorphisms of VDR gene in 250 Taiwanese chronic HBV carriers, who were 

categorized into 6 phenotypes. After adjustment for age and sex, the frequencies of 

VDR B/b, B/a, B/T, B/a/T in patients with hepatitis flare(s) were lower than those 

without (7% vs. 20%, p=0.01; 1% vs. 9%, p=0.007; 3% vs. 10%, p=0.01; 1% vs. 9%,

p=0.007; respectively), in contrast, b/A A/T, b/A/T were higher in flare(s) (47% vs. 

33%, p=0.04; 49% vs. 34%, p=0.005; 46% vs. 33%, p=0.046; respectively). In 

addition, B/b, T/t, b/A, B/a, B/A, B/T, B/t, A/T, A/t, b/A/T, B/a/T, B/A/t were higher in 

patients positive for HBeAg. The distribution of VDR genotypes was comparable 

between patients with and without hepatoma.  

In summary, these findings convincingly demonstrated the association of VDR 

genotype and haplotype polymorphisms with hepatitis flares and HBeAg positivity in 

Taiwanese HBV carriers.

III. Innate immune receptor in CHB: TLR3 expressions in PBMCs and liver cells 
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of CHB patients with its response to immunomodulation (interferon therapy)

In recent years, our understanding of innate immunity is much improved due to 

the discovery of pathogen-associated pattern recognition receptors, including the 

toll-like receptors (TLR). In transgenic mice models, TLR3, TLR4, TLR5, TLR7, 

����� 	
�� �
�� ����� �������� 	������� ����	��� ���� ���������
�� ��� ��� ����

interferon-dependent manner (Isogawa et al. 2005). In comparison with hepatitis B 

e-antigen (HBeAg) -negative patients, HBeAg-positive had a reduced expression of 

TLR2, but not TLR4, on peripheral blood mononuclear cells (PBMCs), hepatocytes, 

and Kupffer cells (Visvanathan et al. 2007).  

TLR3, 7, 8, and 9 are known to recognize nucleic acids of viruses, and human 

TLR3 has a significant homology with TLR7, 8, and 9 (Iwasaki and Medzhitov 2004).

TLR3 is comprised of a huge ligand-binding ecto-domain, which localizes on plasma 

membrane or endosome (Ranjith-Kumar et al. 2007). Patients with mutations in 

TLR3 gene are associated with chronic cytomegalovirus disease including hepatitis 

and viremia (Nahum et al. 2011), influenza-associated encephalopathy (Hidaka et al. 

2006), as well as herpes simplex virus (HSV) encephalitis (Zhang et al. 2007).

Recurrences in two HSV encephalitis patients suggested the role of TLR3 in HSV 

latency (Bousfiha et al. 2010; Netea and van der Meer 2011). Variants in TLR3 gene 

have been correlated with CHB and/or HBV-related acute on chronic liver failure 
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(Al-Qahtani et al. 2012; Rong et al. 2012). Furthermore, TLR3 signaling may mediate 

adaptive immunity against viral infections (Schulz et al. 2005). In this study, we 

aimed to investigate the expression of TLR3 on PBMCs and liver cells of CHB 

patients and its response to immunomodulation (pegylated-interferon therapy). 

We consecutively enrolled 127 CHB patients and 64 HBsAg-negative, 

anti-hepatitis C virus negative healthy individuals as controls.  We compared the 

TLR3 expressions on fresh PBMCs and liver cells from patients and controls, before 

and during pegylated-interferon or nucleoside analogues therapy. 

Compare to controls, patients had a lower TLR3 mean fluorescence intensity

(MFI) on PBMCs (14.61 ± 13.49 versus 9.70 ± 4.61,p < 0.001), independent of age, 

gender and ALT (-13.466, 95% CI -17.202 – -9.730, p < 0.001). Patients had limited 

TLR3 stains on Kupffer cells, controls had diffuse stains on Kupffer and hepatocytes. 

Hepatic TLR3 mRNA was lower in patients than controls (0.47 ± 0.30 versus 1 fold). 

Using pre-treatment TLR3 MFI as referent, among five of 12 pegylated-interferon 

treated patients with sustained virological response (SVR), TLR3 MFI restored to a 

mean of 1.5 to 1.7 folds immediately after treatment. Among seven non-responders or 

relapsers, TLR3 MFI reduced to a mean of 0.5 to 0.7 fold. Among ten 

entecavir-treated patients with on-treatment virological response, TLR3 MFI 

gradually restored to a mean of 1.2 folds during 48-week therapy. 
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CHB patients have reduced TLR3 expressions on PBMCs, independent of age, 

gender, ALT and on liver cells. Patients with pegylated-interferon induced SVR have 

a more significant restoration of TLR3 expression than those under entecavir.

IV. Effect of immunomodulation (interferon therapy) on serum HBV RNA (HBV 

replicative intermediates)

HBV is a unique DNA virus which replicates via pregenomic RNA. The steps in 

HBV replication include: 1. In the nucleus of infected hepatocytes, the asymmetric 

DNA in virions converts to covalently closed circular DNA (cccDNA); 2. cccDNA 

was transcribed to pregenomic RNA; 3. synthesis of minus strand of viral DNA by 

reverse transcriptase; 4. synthesis of plus strand to mature genomic DNA (Ganem et al. 

1987). Both interferon and nucleos(t)ide analogues have been approved for the 

treatment of chronic hepatitis B (CHB). All of these agents have viral suppression 

effects, while interferon has additional immune modulatory properties (Lok and 

McMahon 2007). Lamivudine is the first approved nucleoside analogue, however, the 

development of resistant mutants are high (Huang et al. 2012a; Lok and McMahon 

2007). Furthermore, it does not affect the integrated HBV DNAs and their transcripts, 

the RNA replicative intermediates (Doong et al. 1991). Thus, lamivudine as well as 

other nucleos(t)ide analogues need indefinite duration of therapy for continued viral 
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suppression. In contrast, interferon has a finite duration of therapy and a higher rate of 

hepatitis B surface antigen (HBsAg) seroclearance than nucleos(t)ide analogues 

(Dienstag 2008). Our study and others showed that serum HBV RNA could be 

detected during lamivudine therapy as the consequence of unaffected RNA replicative 

intermediates as well as interrupted reverse transcription (Hatakeyama et al. 2007; 

Huang et al. 2008b; Zhang et al. 2003).  

Previous clinical trials indicated that simultaneous combination therapy of 

interferon-�� ����� ��mivudine leads to greater on-treatment viral suppression and 

higher sustained response rates than lamivudine monotherapy (Dienstag 2008).

However, the detectability and patterns of serum HBV RNA in patients receiving 

sequential combination therapy of interferon and lamivudine compared to those with 

lamivudine monotherapy remain largely unknown. We thus explored the inhibitory 

effect of immunomodulation (interferon) on serum HBV RNA (HBV replicative 

intermediates) in CHB patients.

HBV DNA and RNA were quantified by reverse transcription of HBV nucleic 

acid extract and real-time PCR every 2 weeks to 3 months in 10 male patients treated 

with nucleoside analogue monotherapy for 44 to 48 weeks (5 with lamivudine and 5 

with entecavir), 6 males with sequential interferon and lamivudine combination 

therapy, and 3 males with lamivudine monotherapy for 20 to 24 weeks. 
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HBV RNA was not detectable in all patients before any treatment, but became 

detectable in 15 during antiviral treatments. Among these three groups, pretreatment 

HBV DNA (8.1 ± 2.4 vs. 7.7 ± 1.4 vs. 5.1 ± 0.3 log copies/mL, p = 0.06), treatment 

and follow-up durations (45.5 ± 2.0 vs. 49.7 ± 5.6 vs. 48.7 ± 6.4 weeks, p = 0.32) 

were comparable. HBV RNA was detectable at the end of treatment or follow-up in 

all patients with monotherapy, but none in those with sequential combination therapy 

(100% vs. 0%, p < 0.001).  

In conclusion, compared to lamivudine therapy with detectable serum HBV RNA 

in patients with chronic HBV infection, interferon treatment (immunomodulation) 

may reduce HBV DNA replication through the inhibition of HBV RNA replicative 

intermediates, resulting in the loss of serum HBV RNA.
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HLA-DRB1*1101

HLA-DRB1*1101

ALT 80U/L ALT 80U/L B
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D BsmI ApaI TaqI  (linkage 

disequilibrium)

D’ Haploview 4.0  (Barrett et al. 2005)

D’  -1 1 D’  > 0.8

D’  × 100

D D’
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B  (CHB)  – 3 (TLR3)

 (PBMC)

 (n = 64) B  (n = 127)

3  (14.61 ± 13.49 9.70 ± 4.61 p < 0.001) 

 (n = 3) B  (n = 55) 3

mRNA  ( 1 0.47 ± 0.30 )
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B 3 (TLR3)

a G (IgG) b 3

( )  ( )  ( ) c d B

3  ( )  ( )
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48 B

3

12 5  (SVR)

6 HBV DNA  < 2000 IU / mL 7

3 48

3

3

1.5  1.7

3

0.5 0.7

48 3

1.2
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6 HBV DNA  < 2000 IU / mL

B 3

12 80% (4/5) 3

45% 60% (3/5) 24 48 3



126

B

3

 (7/7) 12 24 3

30%
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B 3

24 48 60% (6/10) 80% (8/10)

3 5%
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B 3

10 3 3

1.2 1.5
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44 48 lamivudine entecavir

HBV RNA HBV RNA DNA ALT  ( ) 

HBV RNA

ALT below detection limit time, weeks
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lamivudine HBV RNA DNA

ALT ( ) 

34 52 lamivudine 24 26

4 20

HBV RNA

ALT interferon below detection limit

Time, weeks
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20-24 lamivudine HBV RNA DNA ALT

( ) 

44 56 HBV RNA

ALT below detection limit time, weeks
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204 B

N ALT< 80U/L      N    ALT 80U/L     P   
 ( ) 50  45.9 ± 12.6 154  42.1 ± 10.9  0.042 

50 154  0.016 
 25 (50.0)               106 (68.8) 

 25 (50.0)               48 (31.2) 
 ( )   50  83.6 ± 57.6 154  81.3 ± 51.9  0.800 

e 41 128  0.296 
 12 (29.3)              49 (38.3) 
 29 (70.7)                79 (61.7) 

e 41 128  0.846 
 26 (63.4)                79 (61.7) 
 15 (36.6)                49 (38.3) 

50   151  0.319 
B                     31 (62.0)               106 (70.2) 
C  16 (32.0)                 42 (27.8) 
B C   2 (4.0)               1 (0.7) 

B C     1 (2.0)               2 (1.3) 
HBV DNA       42  5.53 ± 1.95 120  5.44 ± 1.95   0.812 

 ±  (%) ALT

 (log-transformed)
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131 B HLA-DRB1

DRB1                   

      ALT<80U/L    ALT 80U/L      OR(95% CI)          P           OR(95% CI)b             P b 

a  (genotype-global test)

b

c 5%  “  (Others)”
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73 B HLA-DRB1

DRB1                 

      ALT<80U/L     ALT 80U/L      OR(95% CI)          P          OR(95% CI)b               P b  

a  (genotype-global test)

b

c 5%  “  (Others)”
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250 B

  

   A (n = 36)   B (n = 37)   C (n = 40)   D (n = 22)  E (n = 90)  F (n = 25)  p a  

( ) 46.3±14.8 40.2±8.3 39.5±8.8 47.1±11.9 52.8±12.6 62.7±17.9 0.001 

  b 0.003 0.001 0.761 <0.001 <0.001   

  b 0.575 0.001 <0.001 <0.001   

    b <0.001 <0.001 <0.001   

      b 0.006 <0.001   

        b <0.001   

            0.146 

25(69.4)  28(75.7)  29(72.5)  13(59.1)  60(66.7)  23(92.0)    

11(30.6)   9(33.3)  11(27.5)   9(40.9)  30(33.3)   2(8.0)    

  b 0.460 0.722 0.315 0.766 0.003   

    b  0.715 0.066 0.179 0.029   

      b  0.160 0.388 0.007   

        b  0.379 <0.001   

          b  <0.001   

HBV DNA 12.9±4.7 11.7±4.5 11.4±4.5 10.1±2.8 10.4±3.3 11.1±3.7 0.235 

(log cp/ml) b  0.210 0.079 0.007 0.001 0.095   

    b  0.665 0.198 0.070 0.611   

      b  0.317 0.153 0.868   

        b 0.772 0.344   

          b 0.323   

HBV             0.137 

 B 19(54.3)  25(75.8)  21(56.8)  10(50.0)  51(69.9)  12(54.6)    

 C 16(45.7)   8(24.2)  15(40.5)   9(45.0)  17(23.3)   7(31.8)    

 B C  0(0.0)   0(0.0)   1(2.7)   1(5.0)   3(4.1)   1(4.5)    

B C  0(0.0)   0(0.0)   0(0.0)   0(0.0)   2(2.7)   2(9.1)    

  b 0.012 0.546 0.227 0.002 0.008   

    b 0.021 0.007 0.242 0.006   

      b 0.635 0.037 0.050   

        b 0.038 0.252   

          b 0.110   

HBV B DNA  ± 

 (%) a Analysis of variance (ANOVA) (2

b T (2  / Fisher’s exact
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 (A E )  (B C D )
B D

/ (%) (%) (95% CI)   p-   (95% CI)a p- a

BsmI A+E (n=121) B+C+D (n=97)  0.093 b   0.011b  

b / b 95(78.5)  89(91.8)          

B / b 24(19.8)  7(7.2)  0.31(0.13-0.76)  0.018 0.29(0.11-0.74)  0.009 

B / B 2(1.7)  1(1.0)  0.53(0.05-5.99)  0.404 1.34(0.06-32.27)  0.666 

ApaI   (n=120)   (n=93)    0.037 b    0.082 b

a / a 68(56.7)  39(41.9)          

A / a 20(16.7)  16(17.2)  1.43(0.66-3.09)  0.357 1.33(0.57-3.08)  0.504 

 A / A 32(26.7)  38(40.9)  2.18(1.18-4.03)  0.009 2.09(1.07-4.08)  0.021 

TaqI  (n=120)   (n=93)    0.102 b    0.012 b

T / t 117(97.5)  86(92.5)          

t / t  3(2.5)  7(7.5)  3.17(0.80-12.63)  0.036 4.62(0.83-24.45) 0.0029 

T / T  0(0.0)  0(0.0)          — —        — —

BsmI–ApaI       0.004 b    0.010 b  

b / a 142(55.91)  96(48.48)          

b / A 84(33.07)  93(46.97)  1.64(1.11-2.43)  0.050 1.54(1.01-2.36)  0.114 

B / a 23(9.06)  2(1.01)  0.13(0.03-0.56)  0.004 0.13(0.03-0.57)  0.004 

B / A  5(1.97)  7(3.54)  2.07(0.64-6.72)  0.298 3.26(0.77-13.82) 0.165 

BsmI–TaqI       0.004 b    0.004 b  

b / T 225(88.58)  185(93.43)          

B / T 26(10.24)   6(3.03)  0.28(0.09-0.72)  0.004 0.28(0.11-0.74)  0.007 

B / t 2(0.79)  3(1.52)  1.82(0.21-22.03)  0.491 3.41(0.36-32.14) 0.166 

b / t  1(0.39)  4(2.02)   4.85(0.47-240.62)  0.089 4.34(0.43-43.73) 0.112 

ApaI–TaqI       0.010 b    0.013 b  

a / T 164(64.57)  95(47.98)          

A / T 87(34.25)  96(48.48)  1.90(1.27-2.85)  0.010 1.81(1.19-2.73)  0.027 

A / t 2(0.79)  4(2.02)  3.44(0.48-38.65)  0.069 7.37(0.97-55.85) 0.004 

a / t 1(0.39)    3(1.52)  5.15(0.41-99.99)  0.005 3.13(0.30-33.13) 0.183 

BsmI–ApaI–TaqI       0.004 b    0.009 b  

b / a / T 141(55.51)  93(46.97)          

b / A / T 84(33.07)  92(46.46)  1.66(1.10-2.51)  0.042 1.54(1.01-2.36)  0.117 

B / a / T 23(9.06)  2(1.01)  0.13(0.02-0.56)   0.13 0.13(0.03-0.59)  0.005 

B / A / T 3(1.18)  4(2.02)  2.02(0.33-14.07)  0.314 2.86(0.45-18.07) 0.235 

B / A / t 2(0.79) 3(1.52)  2.27(0.26-27.62)  0.312 4.14(0.44-39.13) 0.106 

b / a / t 1(0.39)  3(1.52)  4.52(0.36-99.99)  0.020 2.71(0.26-28.63) 0.252 

b / A / t 0(0.00)    1(0.51)  1.50(0.04-99.99)  0.022 99.99(0.01-99.99) 0.001 
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CI

“ ”

a

b
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HBeAg  (D E ) HBeAg  (A B C ) B
D

/   HBeAg (%) HBeAg (%) (95%CI)   p-   (95%CI)a p- a  

BsmI  D+E (n=107)  A+B+C (n=111) 0.194b    0.004b

  b / b 96(89.7)  88(79.3)          

B / b 10(9.4)  21(18.9)  2.29(1.02-5.13)  0.043 2.84(1.18-6.85)  0.015 

B / B 1(0.9)  2(1.8)  2.18(0.19-24.48)  0.174 13.88(0.77-99.99)  <0.001 

ApaI  (n=104)   (n=109)    0.063b    0.134b  

a / a 60(57.7)   46(42.2)          

A / a 16(15.4)  20(18.4)  1.63(0.71-3.76)  0.207 1.58(0.68-3.66)  0.295 

A / A 28(26.9)  43(39.4)  2.00(1.04-3.87)  0.016 1.89(0.97-3.67)  0.051 

TaqI   (n=104)   (n=109)    0.034b    0.002b  

T / T 102(98.0)  101(92.7)          

T / t 2(2.0)  8(7.3)  4.02(0.78-39.73)  0.034 6.88(1.04-45.31)  0.002 

t / t 0(0.0)  0(0.0)         — —         — —

BsmI–ApaI       0.006b    0.004b  

b / a 137(61.2)  101(44.3)          

b / A 75(33.5)  102(44.7)  1.84(1.24-2.74)  0.020 1.75(1.14-2.69)  0.039 

B / a 9(4.0)  16(7.0)  2.41(1.02-5.68)  0.036 3.06(1.22-7.64)  0.006 

  B / A 3(1.3)  9(4.0)  4.07(1.07-15.41)  0.064 10.45(2.02-54.10)  <0.001 

BsmI–TaqI       0.021b    0.002b  

b / T 211(94.20)  199(87.28)          

B / T 11(4.91)  21(9.21)  2.02(0.90-4.77)  0.053 2.82(1.22-6.49)  0.009 

  B / t 1(0.45)  4(1.75)  4.23(0.41-209.84)  0.084 14.60(1.08-99.99)  <0.001 

b/ t 1(0.45)  4(1.75)  4.23(0.41-209.84)  0.098 3.68(0.36-37.14)  0.277 

ApaI–TaqI       0.016b    0.021b  

a / T 145(64.73)  114(50.00)          

A / T 77(34.38)   106(46.49)  1.75(1.17-2.62)  0.023 1.62(1.07-2.46)  0.071 

A / t 1(0.45)  5(2.19)  6.32(0.69-99.99)  0.005 19.30(1.66-99.99)  <0.001 

a / t 1(0.45)  3(1.32)  3.80(0.30-99.99)  0.021 2.17(0.21-22.72)  0.470 

BsmI–ApaI–TaqI       0.005b    0.004b  

b / a / T 136(60.71)  98(42.98)          

b / A / T 75(33.48)  101(44.30)  1.87(1.23-2.83)  0.017 1.75(1.14-2.69)  0.043 

  B / a / T 9(4.02)  16(7.02)  2.46(0.98-6.59)  0.027 3.12(1.24-7.80)  0.004 

B/ A / T 2(0.89)  5(2.19)  3.45(0.55-36.95)  0.104 7.33(0.95-56.50)  0.007 

B / A / t 1(0.45)  4(1.75)  5.52(0.54-99.99)  0.002 18.56(1.36-99.99)  <0.001 

b / a / t 1(0.45) 3(1.32)  4.14(0.33-99.99)  0.011 2.40(0.23-25.40)  0.444 

b / A / t 0(0.00)  1(0.44)  1.37(0.04-99.99)  0.003 99.99(0.01-99.99)  <0.001 
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CI

“ ” p 10000

(permutations)

a

b
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127 B  (CHB) 64

B p

N 127 64

91 (72%) 33 (52%) 0.006*

42.3 ± 11.2 43.9 ± 10.4 0.321^ 

ALT 138.9 ± 377.9 38.0 ± 34.7 0.036^ 

HBeAg 44 (35%) NA

(n) log10 qHBsAg (109) 3.1 ± 1.1 NA

(n) log10 HBV DNA (115) 5.3 ± 2.0 NA

(n)HBV (B/C/B+C/U) (107) 75/19/1/12 NA

 ± ( )

(n) U

* Pearson’s chi-square ^ Student’s t-test

ALT NA

qHBsAg B
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3

a B  (CHB) * 

95% p

B

16.258

-13.466 

9.947 – 22.569 

-17.202 – -9.730 

<0.001 

<0.001 

-0.022 -0.155 – 0.111 0.751

ALT

0.542

-0.024 

-2.598 – 3.682 

-0.091 – 0.043 

0.736

0.478

*p  < 0.001  

b B **

95% p

log10 qHBsAg

6.236

0.253

1.397 – 11.075 

-0.756 – 1.262 

0.013

0.625

0.013 -0.065 – 0.091 0.745

ALT

HBeAg

log10 HBV DNA

-0.201 

0.001

-1.377 

0.376

-1.908 – 1.506 

-0.001 – 0.003 

-3.500 – 0.746 

-0.163 – 0.915 

0.818

0.261

0.207

0.175

**p 0.511  

ALT

qHBsAg B
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3

a B  (CHB) * 

95% p

B

11.457 

-5.063 

4.458 – 18.456 

-9.438 – -0.688 

0.002

0.025

-0.056 -0.191 – 0.079 0.419

ALT

2.817

0.039

-0.488 – 6.122 

-0.032 – 0.110 

0.097

0.287

*p  0.002 

b B **

95% p

log10 qHBsAg

-0.401 

0.190

-2.584 – 1.782 

-0.269 – 0.649 

0.720

0.418

0.011 -0.024 – 0.046 0.531

ALT

HBeAg

log10 HBV DNA

0.348

0.00003

-0.913 

0.176

-0.514 – 1.210 

0.00003 – 0.00003 

-1.885 – 0.059 

-0.089 – 0.441 

0.432

0.954

0.070

0.197

**p  0.164 

ALT

qHBsAg B



143

/ B

a 44 48 lamivudine(3TC) entecavir(ETV)

b 34 52 3TC 24 36

4 20

c 20 24 3TC 22 36

d Kruskal-Wallis test

e Fisher’s exact test

ALT HBeAg B e cp copies

a b c        p

 (3TC/ETV) n 

±

 ( / ) n 

ALT U/L ± 

HBeAg % (+/-) 

HBVDNA,log10cp/ml±



144

/ B HBV RNA

a 44 48 lamivudine(3TC) entecavir(ETV)

b 34 52 3TC 24 36

4 20

c 20 24 3TC 22 36

d Kruskal-Wallis test

e Fisher’s exact test cp copies

a b c p

 (3TC/ETV) n 

% 

n (%) 

log10 cp/ml ± 

 ( )  ± 

n (%) 
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