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B 3]5F s+ (Hepatitis B virus, HBV) ¢ 3¢ = 4 55 & 142 f {457
Koo ptpd e fv (HBe) £- Bty 4 3 854
Wg R Ll Fhe 7o § #4923 FEOFURE R AITL I B
B opia @~ LR At GRS FRET RS e B9 A TR
oML A EE ¢ A2 F L bR S Lol Bl g % TRA
7 HBe i B3 A& HA LA e o AR %R EH2 F IR HBe
B0 T UG E AR RHEIme BHT wied e 0 ¥ HBe
AU A STE Pane B A A B i 4 T B dear 4t
DB S fhinve ik HART F]T o AWTY A B £4 HBe #0)
KB#= wie e - FoRig*+F IR > HBe ¢ 4 % resting B i = im
*z 2. CD19 ~ CD21 ~ CD69 ~ CD80 ~ CD86 ~ MHC | ~ MHC Il 2 sigM
HEREAR o PR o d iRk ipihiE B f T e g
it Ap g o F]ptJap] HBe ¥ ¢
FREC B #HT mie §E
£ anti-CD40 % 2 7 (crosslink) B # = m®e £ & < 48> :&m 313 B #H

EREBMT wmrz iy o 50 FAR
¢ % 3| HBe e 55 A 87 7 ] * anti-lgM
= fmPe i o foanti-IgM £ anti-CD40 =ni®* T > B k¥ fwmfz 2. &
&%+ > 40 CD19~CD69 ~CD86 ~MHC | & MHC Il » = =2p &g + = >
4r% #-B i © fm¥e 22 anti-lgM~anti-CD40 £2 HBe + F 12 % p5>CD19 ~
CD69~CD86~MHC | :74 3. F] HBe 2 v * { & 3 3 »+&fb anti-IgM
% anti-CD40 #% #2. MHC Il + 2 ¢ % 7| HBe 2z F#r | o pt 3r ] 7% £
L4 R M 1L HBe # € 74| LPS % ¥ 2 MHC 1l # 4 - &%
22 BE% ViR FR o FE A HBV B 4 ¥ HBV
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Abstract

Hepatitis B virus (HBV) infects human liver cells and may cause
acute or chronic infection. Up to the present, the reason why HBV causes
chronic infection is largely unknown. Hepatitis B virus e protein (HBe) is
a nonstructural protein which is neither required for viral replication nor
for viral infection. However, the woodchuck hepatitis B virus with the e
deletion could not cause chronic infection in newborn woodchucks; and
the ducks infected with duck hepatitis B virus with the e mutation
produced an increased amount of anti-core antibodies. These findings
suggest that HBe may exert an immunomodulatory function in the host.
Previously, our laboratory found that HBe could bind human and mouse
monocytes and B lymphocytes. HBe was shown to suppress the
respiratory burst of monocytes and to modulate the secretion of
cytokines/chemokines from monocytes. My thesis’ focus is on the effect
of HBe on mouse B lymphocytes. | found that HBe could induce the
expression of activation molecules on resting B lymphocytes, such as
CD19, CD21, CD69, CD80, CD86, MHC I, MHC 11 and slgM, and the
cell size were increased. Since these molecules are crucial for B cell
activation, HBe may affect some functions of B cells. To understand
whether HBe could affect the antigen-stimulated B cells, | used anti-lgM
plus anti-CD40 antibodies to crosslink B cell receptors for activation.
Under the stimulation of anti-IgM plus anti-CD40, CD19, CD69, CD86,
MHC | and MHC Il molecules were upregulated as expected. When HBe
was added into the culture, the anti-lgM- plus anti-CD40-induced
expression of CD19, CD69, CD86 and MHC | were further increased on
B cells. On the contrary, the induction of MHC Il molecules was
downregulated in the presence of the HBe protein. This HBe-inhibited
MHC Il expression is specific for anti-IgM- plus anti-CD40-activated B
cells because HBe does not suppress the expression of MHC Il on
LPS-activated B cells. During HBV infection, a suppressive effect of
HBe on the induction of MHC Il on activated B cells may result in the
incomplete activation and/or differentiation of HBV-specific B cells and
downregulation of anti-HBV neutralizing antibodies. This study may shed
light on the understanding of the immune tolerance during HBV
infection.
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B ] "+ X i 4  (hepatitis B virus, HBV) 3 P%’ e E4
(hapadnavirus) e B2 — > #2352 fRFFEd ~ gef
34 )?5,,, NEN 1}\»&“””‘?} )%J,, 2 B A “}I%"* - B ']84'-:,2:)‘;‘3,% ¥ A%
g > &1L (acute) et APt (chronic) B A 0 pF A RS ERE
AEFFoRAF R A MR ALY BL A RRET ATE BFA
#p (perinatal) g % ~ &2 R $Jﬁ B ii%]i % 14 {7 % (Rehermann,
2005) - it 2R R F C LRA Y EEE BAFLRERE S
Pz RIFFADIALRY B AFLRAL R FE 2L
L E ARG AR BAF B4 @ S g g~ (World Health
Organization, 2008) - & # =** B 31" {4 g % 1% B v (B
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(Rehermann, 2005) - iz&3t&gr BAFLpx4 g A& - BEL& 2
ok s FAE

B”'“I‘k}ﬁﬁ%éq’iﬁ%ﬁ"‘l»}' etk sk DNA > > & % 3.2kb > 2%

AFIME 3 v BipS £ oo g 45 % (open reading frame) - ¥ &
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4 =4 %% v (surface protein) : = A~ 7 A~ B L w Fv > B &
fi# (polymerase) » 7+ F-v (core protein) » % & B2 v » X &=
82 edd (B-) BAF LRI HIFHIEELYE 420
d oo g ez P Hebde BEd Lo Fo ez
Hpple fopd » 033 R & p52 A 7148 (W =) (Liang, 2009) -

BAPF i pd R A FAZ W - BAHIME L o 3
iz i {79 5 T (endocytosis) - 4% F Jm =+ F 3w Ak 0 DNA R

£ pF o & & Bent R TR DNA AT = 5 5 35 2 B TRk
DNA (covalently closed circular DNA, cccDNA) » & f]#* y* DNA 3 #i2
# » 24 mRNA % pregenomic RNA > # # pregenomic RNA £ % &
v € pis 3o ¢ B :f}isi R R B & pF 2 pregenomic RNA
AHCE R BT S & 0k DNA S 3 5 380 sk DNA > 32
FRAFIFREMEAG v ¢ BRI TFE ORI et (Ble)
(Rehermann, 2005) -

B AWt p+ B ity = Bmd LAY
(Immunotolerance) ~ & % 7% i #F  (Immunoactive) ~ < & 4§ # #F (Low
replication) (%] ) (Rehermann, 2005) » % & & @t < ) > J ook i ¥ &
R3] < £ 0 HBV DNA ¥ HBe #v > #R =@ )I%EL &P e ALT

(alanine aminotransferase)sz £ 5 & % > BT m A LA A RT AL



FREN RFFLpA R R T ML P TR BT
FhLERFIOARAFEIBRLAT R EE N LAE D
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ALT 7 2 % > HBV DNA § ¥ <& ALT 3

\F‘b

FIAE o BRiSiE
B AT L o R R R R £ HBV DNA > ALT 7 £48% &
¥ o d RITI HBe 2 did 0w HBV MR F 2 B iR P de ko
i R T anti-HBs iefd R (2l 2 a LG R R R RT
PI3] anti-HBs #4f o P w TR E BB L 0 A A AP m2 R T
anti-HBs =48 s i F)1% 2R % ;Fi*{o

BalF i pd in S WS ASuEr RFIDH EAIP 5 L

P BALRFAVAAGSFRGLOLR S REGEN R

IR HEOE A S E R el B olicfip 4 Y A
mip el & e 4pF fL4F & 48 (major histocompatibility complex,
MHC) % s & k1 A & ¢ Suisad o a4 A A4 Fap 3
(human immunodeficiency virus, HIV) & Tat F-v %gd RN
CIITA (class Il transactivator) » + 3 # £2 fm¥2 p cyclin T1 % & » B 5

w2 MHC Il & 4% i * (Kanazawa, 2000) - 7&1;3%”,}'%&?,1%:}%%

(Varicella-zoster virus)%g F 7T '% e e STAT1 22 JAK2 v 2 & &k



P4l d vy F # % (interferon-y, IFN-y) 3 # 2 CHTA & 4 1
(Abendroth,2000) - * #f 'w %2 B * J % (Human cytomegalovirus,
HCMV)jE o 44 mse STATL g5t i (Le Roy,1999) % it JAKL 3
v '% f2 (Miller, 1998) k#riligd v+ 4 ZF F2 CHTA G 2 > B
¥i 1% ] (Mycobacterium tuberculosis) ,’{ﬁ“z} # .- #4 19kDa = -] 2. *3
3-v kdrdld vy F 32 H 2 IRFL (interferon-regulatory factor 1) ¢
CHTA 4 2 (Pai, 2003) > ¥ *h4 § g4 fEd B A e chfihy
.‘L/,?c KAk AL arﬂyjuﬁs% FIE3-19K F-v Jfd £ 4w
*z  TAP (transporter associated with antigen processing).s & - #r 4
tapasin &2 TAP A= 4 & %8 » B 5F R mi/gic ( Bennett, 1999) » &
)7}1};3% 68 4] (Murine gammaherpesvirus-68, MHV-68) ¢ # # — #& E3
i@ FfF mK3 s it & - e @ MHC class | 3+ ;2 %% (ubiquitin) »
MHC class | 3¢ " f2 » Fl@m + 3 wbz 2_FLR i;;& ( Boname, 2001) >

4 EB J5#+ (Epstein-barr virus) éhEBNAL 3-¢ > & & F-d [ 5 515

€4 thy ez (glycine) 2 5 vept (alanine) "Rz FL A 5 H ¥ L7

himre o ded FEREA fE 0 R e 0 R R S FuR (Levitskaya,
1995) « § fhd F A wmre ik G XM B L o @ e kg

Fripd e R AL MR A e AL we ik TIRARE



R ehie® o> 4oBl 7 fh4 68 A M2 Fed § i B~ wmie s s %
- e FREB e L5 F & (Siegel, 2008) -

Bals it edvd (HBe) p# B A FLmentd  p o hfpht
I 5 - B HBV I et 4f W hdpih > R0 chd i 302
FH o HBe & HBc & * - B F%if /% > it424o48 (start codon)
¥ 72F (Bl=) >HBe 39 % - fas i dv > @ & 5 pre-core -
v o pre-core F1z 7 i A F-v (signal peptide) > F-v figiFis €
A B 4 (endoplasmic reticulum, ER) 512 47 2 > “f signal peptide {&
1Az gee F 0 FRT A e (Milich, 2003) « s eieh i
'ri:/};s%;rsja EFede AFRRE] e v T F R ;Bwn‘
i g W12 g R 4841 (Chen, 1992) » 4 i v chd R+ 5
koo dd VAHWH RS B R REL AN 0 ARG R
YRR e W AT B 2 R Rd B2 A
e 3-v pFo ;};;J, BRI E SRR 2ant 5] ¢ T % (Cote, 2000) -
R A FEEE T e kv AFIRE GRS HA R FET AR
Prow et fAES A BH 4 (Zhang, 1999) - EF e Bv T £ F I
G5 & Xuenizh gy o

AF % T ES FIHBe § B4 A HZ ] Rl wie  Eriim e

2Bk me @ T wrz Rl E (Chen, 2000) > &7 HBe & 3% 35
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SH G o BT FIR HBe &2 A 35 H
Hlmre (F% {5 € @ we o iash > i F (IL-6)~ %+ /v F
(IL-10) » % = 481t F|5 (CCL2) ~ % = 481 F|5 (CCL4) » & & $rl

HPimie 225 i 4 (Lu, 2003) » Frdlimde chis ds o e T
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k=1

#w e o B HBe 3 g B4 1 e kg o it L g 4R B

/i?c 'wre (antigen presenting cell, APC) kB ErimF B T we aif

L (Ho, 2010) o d ** HBe & 4 s & A #2 /| R B off = ‘m%% ehip 4 >
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RGN e Sl T NVAS 271 B SR i NE S IR\ 2
R R g 2T LR FRMLAB iz (B cell receptor,

BCR) & % 8 d fm ¥+ g

NS

Ik 39 (surface immunoglobulin, slg )

g BE o 31 EE B T wmie st Mgt s ARE L
4 CD19 ~ CD80 ~ CD86 ~ MHC Il - 7 s + » CD80 ~ CD86 ¢ £ T
H T imrz b CD28 4 s ikt 2 T e (Chen, 2004) -
MHC class Il * i\_L)‘Jc#mF? 1375~ CD19 & B WPz + CD21 ~ CD81 %
£ Bz £ X4 (B cell coreceptor) » %% X #+ §/24 B 'm
X Rl E S T B yfs v gl (Tsubata,1999) - p B #f = fm¥e ;‘g

d MHC class Il #-4<k Bé‘_’?&fajgk.zgﬁﬁ FREMHTHTme  BET



i .fém’?é'%‘gé CDA0L & B 4 ® Pz + enCD40 % & » T B i ® 'w
PRI IS B T e iE - A ;“Ff;,fsmé (plasma cell) &2 #
Ee NI AR EER I RV Y SRR RER A i o R ) N - = 7
fnre - S FERX M (pattern recognition receptors, PRR)¥ 5433
e b g o 3 R blacsp @ X 48 % 3] (Toll-like receptor 4,
TLRA)T snimF M & % - FFo sl mre it fHimik2 PR % o o
WD B AFRpA MR A p Lo WM &2 @RI T3 HBs

(anti-HBs) ikt fitll > #Tre v 35 G T i IFd 2 BT

L

‘QH-

= & KRB B wmre chx i o

A ef % %A% C57BL/6 | Bk B # = ‘% 5 F 54t %o 24
BBk T mie o a5 FH HBe chie* »— 537§ X /E L chBwmbe »
A RAARFURIE DB T % ¥ - WL PR B
mie o FHREI L 04 B weSHET SR R - FRAE
PUHABHT wmedcd ? 5o A anti-IgM 8 AJ2 B e o
PR B B e X 2 a2 anti-CD40 Fulli g T 'me 57 B
R S L 0 KR P Ben B b T it o F L st R
BT w0 B2 HBe g 7 b & 0 Fid intwre kiRl E BT

wre % o ~ 3+ (B cell surface molecules) =% L& » % I HBe 3t &

miten Bk ” e (RestingBcell) ¢ @i¢ # 45 43+ 23E A



4~ CD19 ~ CD21 ~ CD69 ~ CD80 ~ CD86 ~ MHC | ~ MHC Il £ sigM -
Pegigmiz g > Ko HBe 9 ¥ U & BT mechd G A F
I o 2 F X I anti-IgM ~ anti-CD40 & i 0 B #% ¥ fove (fift
L% &Elt 2 Bi#® wrz) »HBe ¢ & B i ¥ ¥ e MHC class
Il 238 T od 3> MHCclass Il #F %2 A B #~ @23 T H~ i
P iEHh iEm BE B kT wfe At 2843 M 0 Agot HBe ?é‘i%’gﬁ T
FFRRFRMEOB KT mfe MHC class Il 23L& > 25 B w & L
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)R
@ 5% % C57TBL/GINarl & & 2. 2/ & (M3 Rt v o 2ab)

’J‘ I:b\'lj:"’i.gﬁi 6__L 14-&

35 FRMT &

#-F-v T AL S kAR 2 Sample buffer ( 2.5% SDS, 20%
glycerol,125mM  Tris-HCI, 0.01%  bromophenol  blue, 10%
B-mercaptoethanol, pH 6.8) m &8 11 R & > 3% 95°C k¥ 44 10

ks oo 2 18 %4 Gallagher & = &% 48 3 42 ( Gallagher, 1998)i& =

SDS-10%%} 44 2_ & 7 o

v FOEM R A fS 2 WA v 4% F & (Silver staining Kit,
Invitrogen, USA) & ¢ - %482 100 = = fix solution ( 40% ethanol, 10%
acetic acid) ** T HE 16 - FF > & F ™ 100 £ 2 2 30%IFF ix e
10 ~ 45 > £ * 100 = = 2_ sensitize solution ;=72 10 4~ 45 > '~ 100
2 30%iFp iR 10 ~ 4803 F * 100 =2 2 35 kixie 10 ~ 48
£ 2 100 = # staining solution % ¢ 15 4~ 43 > * 100 = 2 4 33 -k &

2 304 > #&F* 100 £ 2 development solution % ¢ » & & = = {5 4¢

-11 -



~ 10 £ < stopping solution ;&;2 10 4 4& > 2_ {8 * P8 4p V44 -

Coomassie blue % ¢
-0 FOLRET At Y48 1 Coomassie Blue 2 ¢ = & ¢ - 9148 1 fix

solution (50% methanol, 10% acetic acid) ** B BT 2 -] FFi{s » B>
coomassie blue staining solution (0.1% Coomassie Blue, 50% methanol,

10% acetic acid) % ¢ 30 4 4&- % ** destaining solution (40% methanol,

10% acetic acid w33 % » 2 (S * jpi84p R -

VI 1 PP

o FRMT AR PHY LN gF e 70 T2 0]
P KRR b 2 Fe9 B E > PVDF (polyvinylidene fluoride) #t >
2. 154 PVDF %8 2t 5§ 5% 2 452 PBS 3k ® » % 4C T ik
16 | pro2_ {501 3 5 e #4748 (rabbit) 2 1%% %3 2 4 (1:1000) **
TR T IER XL pF s B F @ % washing buffer (PBS with 0.05% Tween
20)7#% 3 =x » & = 10 »~ 48 > 4% % ' anti-rabbit I9G (goat)-HRP 2. 1%
g 2 45 (1:2000)> 3 £ T fE* 1 ] pF oo 2 {50 * washing buffer 3
e 3= & 10 & 450 B 18 12 Western light (Perkinelmer Life Science,
USA) & ¢ #& % ¢ » # PVDF "%/ * Luminal reagent ¥
Oxidizing reagent(1:1) 7R &3 7% ¥ 1 A 4802 {5 ML k& 47k dp

W H %fu’l”\#"‘ °
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s dm e R

miE Eom A F 2 A E R Y RN w2 ik (Cyflow, Partec,
Germany) i& (7| E o &-Fip e x>t 100 pc 2. 4CPBS ® 5 1Y
¥ kAR iE 74 4 -B220-PE~CD19-FITC~CD21-FITC~CD80-FITC ~
CD86-FITC~F4/80-PE~CD3-PE~MHC class I-FITC~MHC class II-FITC
CD69-PE (BD Pharmigen) ~CD81-biotin~streptavidin-FITC ~ IgM-FITC
IgD-PE ~ CD19-FITC ~ CD21-FITC (eBioscience) - % ¢ pFRF % 30
fodl o 2 fsther 2222 PBS Fik s 11 400g B 5 44 0 R

o BFmEHRAAC2 L E A PBS ® oo 2 (8N e kPR e

L

i 3 enE kR R 0 4 medium fluorescent intensity & {7 & it 0 &t

Fon me R A T TR AT o

F A&

B A'F 4 m4 e 3d 2 LEAJI* v LB A (BCA protein
assay kit, PIERCE, USA) &7 % & » pe B A 7IfF R 2 R85> &%
#-reagent A (sodium carbonate, sodium bicarbonate, sodium tartrate,
0.1N sodium hydroxide) £2 reagent B (4% cupric sultate pentahydrate)
rUREAE v 50:1 3R & pe ¥ & working reagent > & iRtk B otk 5

working reagent /g8 45 1:8 * AR & > 3 60CT iv* 30 440 2

-13 -



By ARk R ELE 570 0 2R R ¥ AR RE 52 %

ks HHRER. E’]?Ei*ﬂ-gd’ B FRIFR S GG ET SR S

(7

FHEE BT @SR TR

# 3 pRSET-HBe 1
Fil# i B sEA (High-speed plasmid mini Kit, Geneaid, USA) >
i {7 pRSET-HBe j7 4 thi it o % 3 pRSET-HBe ¢+ % %  DH5a
FtR# & > 7 7 Ampicillin (100 pg/ml, Sigma) 2. 10 £ = % f& LB 3
%A 50 FA A E Y > Az 2 180 w4 0 0 3TC TR E
16 | pF > 2 {5 #x B~ 15 ¥ 2 2 Fip >t 15 & 2 jicge # 0 12 150009
oo 1 448> 2 (54 » 200 fic= 22 PD1 buffers 7 & & > £ 4 » 200
M 2. PD2 buffer> fsid& 10 =t {4 »# § 2 4 48> 4 » 300 sig= PD3 buffer
ot 10 = 15 » 12 150009 e 2 A 48 0 #-b Fi B B R T 2
fc § ¢ » 4 150009 -~ 30 #; » 4c » 400 fic= W1 buffer » 2 150009
s 30 4 > 4¢ ~ 600 fic= Wash buffer » 12 150009 &t~ 30 £ » 2 {4
2 HF ka8, 2 150009 #3448 B 18 4 ~ 50 fc elution buffer

(10mM Tris-HCI, pH 8.5) 4% 10 4 4

» 2 150009 &< 30 £ » <

% plasmid 273 ;% *¢ 1.5 & 2 jcdge o

-14 -



S A

HARNF Fep 2 8% B F A (LAL assay Kit, 5%, S#) i&
FREF AN M A EESRE AERFREES L 50y
£ XEpREREBAFRACK AL AIERFREESRE A
Bl R A4 L2 fe3t s ¢ > @ % Thermo multiscan spectrophotometer ig|

¥ ODgs2.m ki > BBV A 57 T HRApNF 3 ER o

B BAFRES e X9

FI# & i 432 #¥-pRSET-HBe F 48 & » < % {5 [ BL21 'w ¥ >
¥-Fr % 4 27 7 Ampicillin (100 pg/ml, Sigma, USA) 2 H i LB 33

AR AR EMY UITCRATERS 16 FF > 2 S EV X FEZ
FIth > s Lie* k& B APFUmE e v 2 Fk o REF DD
PRSET-HBe 2. # i£ Atk > 3 % &7 7 Ampicillin (100 pg/ml) 2 10 ¥
AR LB AASOEA g ? o AR E MY 0180 #/ s o
J7C A 16 P> 2 tswP 4 F 42 Eiedl 73 Ampicillin (100
ug/ml) 2. 200 =2 % i LB 3 & £ 1000 £ 2 2§ = &487)5g 7 >
AT 160 #4030 3TC TR A 0§ 3B R TR ODe > %
7% 0.6 pF > 4c » IPTG (isopropyl B-D-thiogalactoside, Sigma) i H
IPTG ¥ ER 5 ImM > 2 s & 7 2 160 &/~ > > 37CT % 3

JPE S #-200 F S E R~ 250 F 2 F g s F o 2 8000g 3 4T T

-15 -



Yo 30 44> B FF BAPFL A e b 2 Mo HFIFF B
A E’r:"kﬁ:)}%i e 39 2 ¥ > * lysis buffer (100 mM NaH,PO,, 10 mM
Tris-HCI, 6 M GUHCI, pH 8.0) #-F#.:3 f2 & 200 % = Fiz 7 8 2. F
B.4e » 18 2 lysis buffer > >+ 8 7 2 7% f% (100 /4 ) 1 -]

2 fe BB R B3) 30 £ B g g o0 12 10000g v 4°C T A 30
A B Fi 0 3t FiR 4o~ imidazole (4 k& 20mM, MERCK,
Germany) - #-6 = 1} jr s 2 2 2 4 sk 7y (Qiagen, Germany)
WEALY EFRE > R S AR 25/ AR A 1P 2k
FRER L O RB RIS 0 4vr 8 £ wash buffer 1 (100 mM
NaH,PO4, 10 mM Tris-HCI, 8 M Urea, pH 6.3)i& {7 i# % 2 & » £ 4c ~ 8
= 1 wash buffer 2 (50 mM NaH,PO,4, 300mM NaCl, 20 mM imidazole,
pH8.0) &7k 2 =t > 2t 12 4 £ 2 elution buffer (50 mM NaH,PO,,
300mM NaCl, 250 mM imidazole, pH 8.0):#- B 4%+ L 54 e F-d i+ ix
Ak B AR EFE T (Tk m/w, Thermo, USA) ¢ » 4. 4CT
v gy 1:1000 &2 PBS i {7447 0 7 3]i% % PBS (9B 3| HJ—IEﬁﬁi e

o
0 R e

2% BAFLpE e Fv BV P 4

fl* v #Hrzaik? P& %2 ¢4 (EndoTrap red, Profos AG,

1:>»

Germany) 2 % BAPFLpm+ e dv Bi? dhp s F o g Agin 3

-16 -



% 2! regeneration buffer i+ ;& 2 =z » & 12 equilibration buffer 7+ & 2 =t >

Z i HBAPFL RS e v BREE R VRBIRPNFFHS

Bt R B M~ wie
C57BL/6INarl = -] Bt = § i  pgR 1S B0 BUM-% B30 7 5

5 2 MD (Mishell-Dutton) 3 % & (minimum essential medium 1
package (Invitrogen) ~ 50 mM Hepes ~ 15.8mM NaHCO; ~ 5.58x10% uM
2-mercaptoethanol ~ 1X pen-strep (Biological Industries) ~ 5% fetal bovine
serum) 2 6 A mfERE A r ¢ oo TR FHE T o ST R A
T IR F E .,%gf%\z Pl o B FRTF IR AAEETE
N N S 57 - B & hip St @ F L 4er 54 MD B £
AREAFFEE AL RKEMTRBALI0ETL 25 w2 MDER A
B IS 2 dpe g 400xg 0 e 5 a4k TR R 0 T R e
Bufrdie 4r » 10 2 ACK buffer (155 mM NH,CIl, 10mM NaHCOs;,
1mM EDTA) » %% 12 400Xg » 4t 54480 29 F% » T & w5
Frigiste» 10T 2 MDA A #97@ 1022 54 w2 MD 1
HRAE10 2 mies g > AN (B37C 5% CO,) 4% 1
EES 2 (AP A b K 2R e 5 F e e % 2k 12 400X -
Boubhs TR FRT ARt 5F A MDE A A

B3z & AR NIE A% 3k anti-CD8 Fulz. 10 > 2 fme i % » 303 %

-17 -



fap B37C 5% COy) %2 30448 2 (6B Ar F k2t
oo K7 g dmre et A A 400xg e S A A TR iR TR
M LT 0 5 F L MD B AR B A A Y NI AL S
anti-CD4 4748 2_ 10 &> s e s % o308 £ a0 (37°C 5% CO,)
%30 448 2 (8P Ar k2R mre o B LR RATE & )
B AR B e mie %23 > wmie R UV w2 R P B we ko &

+(B220) %] » T35 Bmed R 5 95% -

WeE o RN B H T
M| B Bt T e 1 Ix10° B amrE o 32 & T 96 T R It

oo BB 5 150 pie o F 1 Bk dwre %] 2 anti-mouse IgM

-

(Jackson ImmunoResearch, USA) > anti-mouse CD40 (eBioscience, USA)

Spug/ml ~ 10pg/ml > 32 &332 % fap (37°C » 5% CO,) 24 &7 48 /] p >

-—\\

EaR %RVt ;R 4m PE Tiéi?‘]ﬁj—é L4 B # © i LG A F o
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R

BA" i pd e Fv (HBe) il 4
@2 HBe 3¢ kp #% % % 4l # 42 pRSET-HBe 1 #
(M=) grAspALEe g ok mfhiksite iy al

(BA)od 20 A B pEE TAdhs 2 i Fy As P4

$

(Lipopolysaccharides, LPS) > @ &~ § %% | 8 B # ¥ ‘w2 + L 5 p

B

X W—5p8 < 8% e 4] (Toll-like receptor 4, TLR4) » 2+ 7z 7 p

AR E A% TR B HT mre kLm0 & T RE

Ny

PEFOEMR R FBL o BE P A F TR RAREN 4G
o RAF T 9 99.9%:p & £ 02 5 s F BT F 2 HBe kv (W]

1)

R B = dmve il
2 EPBHES B HT w0 B B 0 & anti-CD4
2 anti-CD8 g g w3 T H = ‘mie %3 4 “,f fg > B3 B#T mie ik

W XA N RETBHT we SR (FL) THBmHA

5 95% o

HBe 3¢ € fljc | R B#= w2 A3 2R+ 2

57 7 f32HBe 30 # | K B#T miznitt » AR BB KT
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w?e 2 PBS fy 4] = 87 FEAR v HBe 39 (0.5, 1, 1.5ug/ml) %
P32 % 48 s 2 sV me RPIEBHT wmeda s+ LR
&+ (CD69~CD80-~CD8 ~MHCI~MHCIIl) 2 B wmfz £ X 48 4 1
£ (CD19-~CD21-~CD81) > %% &1 > HBe 39 & 3 Tl B # = wm

CERE A WA

ErHawd (Bl+- ~B+=) %% HBe kR &

‘i\u-

% » CD80 (B~ = a)~ CD86 (B~ = b)~ MHC I (Fl+ = c)~ MHCII
(B~ = d)~ CD19 (B~ = a)-CD21 (B~ = b)~CD69 (Bl = c) %
FE 2 PBS frdliedpi ¥ BEF et 2 o A o FlHBe 3v A
PR e e N S Wg%g\,a/ﬂ\; 2E 2 E 4 HBe #v
HANG ZOTER > FHRHFET NG e (BT B 2)
#-B kT e 0.6 ng/ml ehp & Z:2 73 % 0 0.6 ng/ml ehp £ 3
L HBe 30 Aumenb kR ® (15ugml) #7153 cop 3 2 > 2% -
¥4 PR B#T mhd g A3 £ LE CD69 (F1+ = b)-CDSO (B
+7 a)~CD86(R+7 b)~MHCI(B+7 c)>MHCII (B3 d)-B
Wi £ e 244 LB : CD19 (B1+ + a) - CD21 (B+ = c) -~ CD8L (&l
L d)e BEET06Ng/MIP}F EAIEZ Bipk® wieew » 24
WG R IRE LG e 1.5ug/ml HBe v kg o Bor Fladl
HBe #-v “t#Rkehd m » F+ 2R E F 2 & HBe 39 tk ~#77 0 LPS

FOEREM

\
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HBe 3% ¢ fijc ] B B # = smre %+
PS8 T HBe € flic B w2 dm a3+ 2 ME A > 5
TR B T e BE RO LS LRk o U AR R Y - B B
AT dmre PR e A g o B L (8 B T e
A2 HBe 3% (0.5, 1, 1.5pg/ml) 48 -] P s » r2im s e Rip| B m¥e
Ao (R -) ¥ 2 HBe 39 (kBB 0 Bt ™ et )

LEFERA (RZ) o HBed Tl BT e g chi 4 o

HBe 3-v € {l | R BH= % 45 IgM 3 %

Blmef it frind — Bigth > wie & s LA FY M(IgM) &£ D
(IgD) e B F B~ wie B IgM 2302 + = » IgD £ 3R
ER T Eod e Wit HBe 2.7 ¢ B IgM & IgD sh& R E >
NS B T e 52 PBS- M # % (0.6 ng/ml) & HBe %+
(1pg/ml) 24 2 48 /| BFis > 12 yn ;8 dmoz R E e £ 5 IgM 22 IgD %

£ (BlL~) 2557 B#= w1 HBe §v AJT 24 2 48 /| p&
o IgM 2B R 2 (B~ 4 a)0 IgD R > IgD ¥
T i A2 HBe 6@ 2 ER " (B4 b)- F F Lo B
23 LB o 7 HBe it & 0 1gM ~ IgD sc %22 HBe v & %7 3

SRR S
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BAF X p# e F-d gdrilB it BB H = wiw MHC Il 2R E + &
d 3 bk ef 2% F R HBe ¥ ik # 59 B # = ‘w2 (Resting B
cell) ehie* » A7 f2 HBe F-v #" X FLhiF 1t 2 B oz e
T > B B e X i i AL ¥ RPN RRB G
FRFRE B RE Ay 003 F ER &I A ET B
T ime 3k s UEEIR T B mr e 2L B wmet in
CD40 » #42B m*z % §8(anti-lgM) 32 3= CD40 (anti-CD40) s £ %
B2 B M= mie > Bk B i ST R EL ) R A 3MA B
dmPe A AL o U P2 x o Kea B o-IgM, o-CD40 FuAgk & (Spg/ml,
10pg/ml) 7# it eh B # = % fr pF4c » PBS & HBe 3¢ (lpg/ml) s
72 48 -] pFis > BlE B fwr2 CD19 ~ CD69 ~ CD86 ~ MHC | ~ MHC I
R IE (Bl- L) %87 > &0 BT % Aiu? HBe 3-v
s » CD19 (Bl= +-- d)~CD69 (Bl=- +- a)~CD86 (B=- +- b)#
MHC | (Bl= +- e)#RE 3 ¥ Mt 2 » e MHC Il 8.4 ¥ [+
T (Bl - oc) o d 2t G e %L HBe v R iRt B e
(Resting B cell) ¢ & CD19 ~CD69 ~ CD86 ~ MHC | &2 MHC Il £ 3 &
FAE A E I Bk w2 (activating B cell) > HBe F-v #r-#_i¢
MHC Il #& ™% > Bt #rd] MHC Il 2 & F 2 chie* § & -

[ g4t i T B e b o
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Mmoe T fEMIE ZFE B A ARG M AR algM,
0-CD40 #48k & (0.5ug/ml, 1ug/ml, 1.5pug/ml) /& i B # = ‘mie e
pF4c ~ PBS & HBe 3¢ (lug/ml) 32 244872 | P&is » LR fmve
Zm MHC Il 2 3E (B=- - =) 2% &1 > = a-IgM, a-CD40 o
FERAJET (B #® e 0 &% 5] HBe F-v AJZ 72 - BF {5 » MHC
Il c4 T8 27 PBS 4p v* » 39 5 88 1 chig b (Bl = + = C)e e 27 24 ~
48 ] AR > pdrd] (T A a-IgM, 0-CD40 #iddik B (0.5pg/ml,
lug/ml) ]2 F (5% o BT o7 b (5% 22 % 3] o-IgM, 0-CDA0 $Rf e p
4B

5 4Rk gl MHC I 57 2.5 5] HBe 36 2 A 57§ p 4 4 7
WROAKBHT wiz = b a-lgM, 0-CD40 #it8k & © 2.5 pg/ml -
5 pug/ml ~ 10 pg/ml AJZ B = fm% i@ 375 4 > b pEAJL PBS &1 48
m#F % kA (1ng, 10 ng,100 ng, 1000 ng, 10000 ng/ml) 48 -] {3 » B
ZEMHCH 278 (Bl= L w)o 2587 0 5t 3n B H T fmoe
3 Ing/ml h 4 % 48 /[ BFi% > MHC Il 28 2 PBS Apst - iz $ 7
FAEF AP Er (B2 L abc) st kA F 2 HBe AL in#r § ¢
LPS k& (0.6 ng/ml)> @ #r4]iv* & 3] 10 ng/ml p & % d2 1 7 8 %
AL B > 57t HBe 35 #r4] MHC 1l 23L& chir* & HBe 3-v

N S VLR
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77 fRAeRIEr £ F L - HeniEr AR FRE M HBHT m
o (AF % B e SHERAREL) AT B R
MFEEREET B T % (1 ng, 10 ng,100 ng, 1000 ng, 10000
ng/ml) » I P A2 PBS & HBe (1 ug/ml) 48 -] F¥t5 » B] & MHC Il £

¢ 9] HBe AT T o B% 1 0 B HT e R e
ME EERET T ¥ AJE PBS & HBe (lug/ml) 48 -] ts » MHC I
ZMEA LG X P Fed (B~ 1) B HBe #4] MHC Il £ 31

T eni®* § & - Heni®* A% 7| aIgM, 0-CD40 bl i@ @ 5 1 0 B
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B 415 4 e v i

2,

lTIj" }35 175;7

RAP o B AR b A Re g
i HA T AT R LG MEE
A E R

i fo HBe Jov 824 b
Z41& M (Chen, 1992) > A @ #77 .’mv; ﬂ%]i:)gai 3
AT e Fev é"]m}‘f»,},%(}i};lj )

POy
e

Fl -

e A ,-]];‘355 ¥ oa B3
Fj _— 7
FRER i S R R FRE AL e i o

* f

~6 0 RBlp &
3 AR PR 7 ’mi%g‘f‘”‘ (Cote, 2000) > & *grs it 4 %
v oA TR %R

e 3
47\;%};4#@,}%%#,\,%4@:774;& g+
(Zhang, 1999) » # &7 e 3-v Vit £ F B EHA AL L B o d
WiEd AR HREFATY F M HBe v N B AT E e s Bl
et Bk ™ e 4 o (Chen, 2000) » * H 53k iw®e £ 3] HBe v A&
BECHAAFF P 2 B0 L0 2 A2 F AL
FARB ek BAR FIF o B A AR me e v € B
L imre s i P AT FHREFLL FRe b f ) BERRE
Lf&“m”é’ KRBT wrz e it (Ho,2010)
d L A% e P HBe v U2 1 B#® w45 » ¢ B
fwrechat iy 5 A 2 P TR PR RLE R R
B Z R PIFLHBs ekl &g Blwmfe #6503 ¥ av X I HBe 2 5 >
AR B P A B w78

o AR B g B nve A M
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AR - AR EPFRE DB HT e (ki B wme) >

g AF B HT w4 e 4+ CD19-CD21-CD69~CD80-CD86~
MHCI-MHCIl 2 (B+- ~B-+z)-me%+ (#2) IgM %
BEFE (BL4) k7 HBe v 2+ B~ mie 2§ Hwmwe @
W A4 > P RREL BT BAM IR E 2 A MG (BS
TR A)ed B kg A E AL BHT miv R RFA T

R > 4 CD19 ~ CD80 ~ CD86 ~ MHC Il - CD80 ~ CD86 # B i = m¥e
EiC AT T T e cnCD28 8 (78 & 68 T v &1 WL
§ 84 fmz 75 i+ (Chen, 2004) » CD19 ¥ #2 CD21 ~ CD81 75 % B ‘m# &
X2 X4 §es Bwie Xk o0k & (Tsubata,1999):

MHC Il ¥ i/’;%:;}isi FRET wmoe 350 §2t B = e 514 (Was,
2008) > B EBH T wmrE A EAREF TR R PEFLD

LEFA o Rm HBe v R 4G A3+ AhE i f2 F8 -0 e

7~ —_—

e E R SR ) RPN LR RS R S i f T2

FoBIER R o FmAJIF R ET B R T e 2 RE BT
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m > FEd AL BT e anti-IgM fat & 2 T B e 4 R
Binfe s MAAFLR R L @ & A2 B3 mwe it BB # fmoe Bihis
L g 0 ¥ ¥ anti-CDA0 #ik i & + B # ™ % 4 6 } ¢ CD40 »

K#E B ™ mre 5 it ifer > R B 2T wre CD40 ligand ¥ B

#H = dmie £ oo 1 CD40 2 & il AR %ﬁ¢ﬂ B g > Rk B

S LER S Pl - S j’%‘ %3t HBe 3" X B it 2. B = wmve
FRRE e FRESET > &L HBe $-v (8 F BT e &

>+ % ILE 4 CD19 ~ CD69 ~ CD86 ~ MHC | 2 7 &g ¥ |4 e 4v >

H

BTA 00 HBe Fov BT AE M2 B ™ e i R4 o 40| F &
HBe #-v @ £ g o+ 2 4| A F M EFE L h B ke mre @ 4p
fe o #Rm & MHC % 38§ ¢} ’?éT“?éﬁﬂB%“’ﬁmFéﬁ@;HBe}ég
#@ MHC Il 23E 7% - e MHC | 278 + & - 5% HBe }v ¢ v
HEC B HT e MHC Il 28 2 > @ » #5545 2 HBe 3
BHRANATONE Z AT BRMT L U N F ZEL BHT wme
T2 HBe a2 18 302 5 3 MHC 1l £ & % D|drd] > BT 2t Fr i)
MHC Il 2 L F Henier § 8 - Benit* AF R LB HT
(ORI S VNI

Bih® et i > MHC Il chi E 4 £ & et if B~

L2 &S BFEML @R (McHeyzer-Williams, 2005) »
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T BMTwme hBame XX REE S €% BHT wiz s
- BEEE > BF B wmir g BdiRigd 2 5 IR N e p
(Vascotto, 2007) » & &= -] fer¥diigd > 2 {5 4(* MHC Il » 3 #-5%
PR i R lmie e > PEFE R REF RN T BT e € %“ﬁ“r} T
¢ < %8 (T cell receptor, TCR) 7% B lwmfz ' £ 5 32?485 MHC
> &i¢ T imre CD40 ligand (CD40L) # HEH 4r > 42 F T w¥e o
CDAOL ¥ B 'm®2 1 CDA0 2 £ » 58 B im%e ¥ — BiE it 218 - # B
WmrE v UMD IEFE BT A L P < (germinal centers) o
BN T RANE T ML T s A A j]*i‘m”é’fifr 4 gl o
BA 4 RGP o & MHC Il 04 T B # ® b2 ehis
hIIBFALE DA o
MHC Il en% £ 31 & d - &2 513 CHTA (class Il
transactivator) #7334 (Reith, 2005) > m CHTA A & i ke < 333
#= (LeibundGut-Landmann, 2004) > o »* A chF % 4 # HBe 3-v ¥ %
g Frifld p FE TR B % MHCI F 2 > & £ &8 AR
B B e 4 F ded] MHC Il eni®® o daip] HBe 3ev (7% s
B g RfhiEit 64 g MHC I £ g + 2 4] ¢
F %1

| e % HMHC 11 MRNA 4 35

IR

W

4R B

=

s

P32 B CHTA 04 3k (Pai, 2002) - » 3 7 &+ B
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HT e LR S fd FlgrERB Mm% MHC I 28 + 2
3 £4Ed + = MHC Il mRNA & £ CIITA mRNA ¢ £ (Casals,
2007) > A1 e B4 MHC Il £ L8 228 - 4] & (5% » e A k7
jEd RI® MHC Il 2 CITA s mRNA & 36 % £ » 474 HBe 39
SRR E Y18 B imre MHC I 238 chis ) 5 @
RpA P s s > Mapl § BAPFUpIR A HAm > B
A rf@cedd EBHTw2da R8s BF edo #3013 X

Pl 4 Lk s L R E T BT e (restingBeell) 0 § FEH £ 5
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- IBAFUpE R R TRA Bk

Feature

Public-health impact

In the world

Clinical course of infection
Vertical transmission, outcome

Horizontal transmission, outcome
Disease progression

Preventive vaccination

Hepatitis B infection
350 million people infected

Most common from mother to
neonate, 90% of people have
chronically evolving hepatitis
Intravenous drug, parenteral,
sexual, 90% of people recover
Liver cirrhosis, hepatocellular
carcinoma

Yes

(Modified from Rehermann, 2005)
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2= BHT m% 13 kA HBe 39 AJR 48 /| FF{s 2w % /|

Treatment
PBS 0.5ug/ml HBe 1ug/ml HBe 1.5ug/ml HBe
mean of forward 1.840.2 2 240.1* 2 340 5* 2 8+0.2*
scatter®
#, meanz standard deviation
*, p<0.05
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B =55 = high

HBsAg prevalence

. . 2
[ 22-7% = intermediate j

O <2%=low

- 2 ERAC X BAFRBIRFHF AV LA TR

A5

SRR XY Y IR LEE SR P PR S

()3 2%) ~ A (¢ R 2%~7%)~ 7% (E R+

5 8%) > 245 B

A3FE B BB 7 F enR R (CDC. Travelers’ Health; Yellow Book,

2008)
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Middle

(+) strand

{-) strand

W= :BAFLES AFIHSHER

B AF o4 A FIH SR hE ) Bl 5 S o9 Ae R DNA >
Bl G w B AS T A D coe iF mRNAC B BIR AR A 2 2
-0 B o a3 <~ ¢ sl A& R-9 (small, middle, large surface
protein) - & & f¥ (polymerase) > 1% F-v (core protein) » X #v %

pre-core v - (Rehermann, 2005)
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HBCcAg

Virion RT/Pol
Lipid
Bilayer
HBV
DNA

W= :BAFLp3 iR
B Al s 4 4 (Virion) &7 g 5 = f84 & Fd  (HBsAQ) #fi
Lt H) 54 d P hed (HBCAQ) T2 20 & & > 425

7 opd AL 2 R EpF (RT/Pol) 122 DNA - (Liang, 2009)
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11 ¥z 7+ o (Rehermann, 2005)

-44 -

Cytoplasm



| HBcAg-specific antibodies]

[[Serum HBeAg | HBeAg-specific antibodies |

[Serum HBsAg |

100+ Serum

HEV DA e aciy
hepatitis

Increase (% of maximum)
on
[an]

0 ”
, - )

0 10 20 21 30 A 4041 50
Time after infection (years)

Immuno-  Immunoactive  Low replicative High replicative
tolerance phase phase phase

WI:BAFLHSRELEETIE

B A7 4 chi I R AR 4 5 & & @ #F (Immunotolerance)
%% % * B (Immunoactive) ~ ™ & 48 @ #F (Low replication) » % ¢ %
=< 8 >+~ £ 9 HBV DNA ¥2 HBe #-v T#’;l-‘fl'ﬁ,&ﬁ'_il’%“‘ N O = g
ALT Z 25 ¥ B FREEN LRFB D PR J AT 57

%,

CH Bk Sire# ok ALT 2 2 % 'HBV DNA 7 &% & ALT

i
P
W

|l
[t

FERERAS > BCE MAAFEYD > 2 %P T R3]~ E HBV

DNA » ALT %z £4&< i ¥ - (Rehermann, 2005)
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ATG ATG

pre-core Core region
-10 149 183
S.P HBe protein
g 183

Core protein

W= : HBe A 4

- BARH: BB+ 33  ghpre-core 7 3 A A Erx4d (signal
peptide, SP) » F-v Ligifis § AL AL TSI TS AR 2 22 s
signal peptide (% ¢ T 3*)% k zE30 A 32 Pi4ais 4 £ % FarHBe 39 >

EFHRE N mre ob o (modified from Milich, 2003)
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Hind Il

Nhe |

6xHis

PRSET-HBe
3.4 kb

T7 promoter
f1 origin

ColE1l

Ampicillin

W-= : pRSET-HBe {2 &
LT HEs L Efp > &% HBe A7 (ayw) 7 3 477bp > A 7
A B2 I 27 fF 7 % Nhe | 22 Hind 11> HBe 3-v 2. ZA %] 5 7| %

PG V- HEF - Bz gz DNA A7) -
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16.5 kDa

B~ ¥ HBe v FiFfA® L ERLgIREIFLT

HBe F-—v it g2 ¢ 2 & & 12 SDS 3-v F 7 A {0 55 coomassie blue
4 ¢ {28 % > M.omarker ~ 1. F¥. v lysis buffer cd® (5 2. 39 & 4 -

2. lysate ' & 44 fczk 3 P {8 2 Jg d1iR ~ 3. g+ wash bufferl i i {2
2_jm M ~4. g 44 wash buffer 2 3 i {6 2 jg 2% ~5. ¢ 4112 Elution

buffer i i {5 2 g 4% ©
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(@) M sample (b) M sample

16.5 kDa—

16.5 kDa— "% w

-~
W1 :F5%* HBe 3-v #5423 2 7 2 B 2.2
B4 (@)F%* HBe Fv 3% 2 SDS ¥-v F ik » 8L ES 5 B
1 (b)5F=%* HBe 3¢ ;2212 SDS F-v HRiA- > 50 > B2 155
% o BE ALY 5 39 FIRH 5 165kDa =% > HBe v 4 F £ % ]

% 16.9 kDa > M: marker -
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HBe:
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(a) CcD19 (b) CD21
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P <0.01
P<0001 P<0001 P <0.001 o T
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PBS 0.5 ug/mlHBe 1 ug/ml HBe

1.5 ug/ml HBe

SSC
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B dmre gt e ve R € e < o] > Forward scatter (FSC) Z ‘m¥z =

/| 4 #% - Side scatter (SSC) = lw?# #E {45 1% o
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