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[ Abstract] Hepatitis B virus (HBV) is a prototype of hepadnavirus, and hepatitis B caused by HBV infection is a
serious public health problem. Using the currently available anti-HBV drugs, including nucleotide analogs and interferon-
a, it is difficult to achieve a “clinical cure” endpoint. Thus, new anti-HBV drugs and combination therapy strategies are
urgently needed, as are appropriate animal models for preclinical evaluations. Woodchuck hepatitis virus (WHV) was first
discovered in woodchucks at the Philadelphia Zoo in the United States in 1978, and has been classified as hepadnavirus due
to its comparable genomic structure and replication cycle with HBV. Furthermore, the natural history of WHV infection in
woodchucks is highly similar to that of HBV infection in humans; therefore the woodchuck model has been used to evaluate

HBV DNA vaccines and anti-HBV drugs for decades. In recent years, many cytokines, their receptors, and other immune
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cell surface markers have been cloned and identified. Additionally, detection method for T cell responses, including

lymphocyte proliferation assays and CD107a degranulation assays, have been established and have greatly promoted the

woodchuck model for studies of the immune-pathogenesis and immunomodulatory therapy of HBV infection. This review

summarizes the immunological features of the WHV-infected woodchuck model and its application for evaluating anti-HBV

drugs and immunomodulation therapies.
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LAY R 9% 7% (hepatitis B virus, HBV ) Ji& 4L it
B B BE T A 2 7™ HE 52 ) N R B A {11
g rEyn . 2R 204 20 /¢ N8 &G HBV, H
/b2 4 AR FE EYE HBY B H RN R
65 JT NBLT HBV 2% 54 BT SO JH 5 v | A Ak A i
KA M, FRIEE HBV B s A X, Bk L
JFFSE B S 4 M 2l s 1 %2 LR 4l )L HBsAg
oA R 1% LI, {H HBsAg A3 AR5 R AT 5
K 7. 18% , i MU A R BUA A9 48 1k HBY JE e
219300 J1 N, Hrb g 1k 2RI 4 5K 29 2000 T34,
EINE M LB R K51 R i T v T RE AL I
I ATy 53 e A PRH A AL R AN B LA 1Y
PO BE 24 W) 40T B0 2 R S B R YT ROR A
1, ZRINF R B S AT AR B IR . HBV AH R}
WAL B2 25 W) ik A M ATS 70 AS W42 28 LA 0 51
UFH HBV B4 25 Wy sl A= Wil 5], X 224 A W)
il 70 LA e — BB IG5 35 7 SR e 1) i R T34 2 B AN
THEE R Zh YRR . HBYV HA ™4 19 T &
RSt (BB N RS AR R, PRI 5 HBV [H]
JE W& T DNA 5 2 % 5 10 1 3k BT R W 7
( woodchuck hepatitis virus, WHV) DA K& B8 2, fF95 5
(duck hepatitis B virus, DHBV ) JE&4% 1) 1 & KNS
CIFREILE R BF R A SR gE i 1)z A
EELER T WHY B 3k B RL Y f 5 2 e
Tk, DL BAZ BTN £ R B 25 W0 VP AN A i o
P AL U ASE S

1 TR/ 25 WHV Bl

WHYV (9% B8 32 19 42 80 410, B AEE
] 9% 0 s 4 el B9 19 7 7 4 B A 33T AR
W) ke & B, WHY 5 HBV [H )& i i
DNA J% % B} IE R AT DNA J5 %% , P& SL 25 4k
HHL, FETEAZIR 7 51 RN SE R /K T 2 5 ]
PE: LA W A A el R S B s B AR A ]
(T A 3R B WHYV LIS A4 I3 25 A BE 27
SAEIEL T AZE HBV 2L 5] Gn 5 ifi 375 P B AG: 0 51)

SERETEPURL AN, L n] A I 2] i WHYV &8 H 4
JSAFFR FINBRIE R . AL AN ok, WHYV g
T EUE R AR LSS &Y HBY & KA,
N HBV JEZL J5 125 ) 55 IR I 1) 4 % B S AR OG 1
NG AL 5% ~ 10% %12 PEAL T 909% Y [ )™
R J5 A SR M IR AR 8k Bl WHY g
JEABPEALRAR T 5% |, Mgh4E L8k Bl WHY BGL 18
HEALRITIE 60%~75% ', WAk, LR A WHY
YT bR 5, ORI 9 AT RE A R B A9 WHY
DNA K FRAF I SAE R, 3X 7T B A Mk & IR 1k
G RESE 42k 5 HCC RAEM RS,

%7 +3% B ( Eastern woodchuck ) JRFRIEIM + &
F. ( American woodchuck ) , 7& Marmota monax BJ1H
R, RS BRAF (Sciuridae ) SHU&E ( Marmota) 3h4Y) , IR
CIREyS S ey I 2 =) DN R T N ES A E [
RIE, Rl e WHY SRy 3k B, B A% s &, 7
FEE Iz B A A — i R R, Fe P L X
HEBW A, FEAHE DR 28 ( Marmota
himalayana) JK5H( Marmota baibacina ) F1HK & 5
W Marmota caudata) 55 . AT kK = Dy A
S LA RIBR A X WHYV (85 B 5 Jgk , WHY g
Ja 5 2 ~4 F ML P H WHsAg \WHV DNA 25 4 ~
6 JEK it WHeAb, 7655 10 J& Ab 36 5 9 R 4 41 41
FEAS, ZEJF N A i HBV & il v [H] 1A | WHsAg Al
WHeAg, HBGL 280 AR 3 B WHY e 72
HARRLT . B RNA-seq FiA, FATHE T +4k
FRURI A0 i e ) W) 5, 285 51 3 74.% (19 741 [
WEPE R 35 90% ~ 100% , 9. 9% 11 )5 41 ) U5 5 3k
80%~90% ,7. 67% (1T 5 [F IR L &5 35 60% ~ 70%
RN T W S A P ) e B AR RLAE TR SO
FATHEAR Ty A P SRR N 5 5 v Al 52 0055 18 8 PR
h PR B

2 TR WHV Bl g R B 4T

A 22 1) 9F 5 3 W 0 2 25 W I S e A
PRSI SEBUE M LI PRI A A T RERY T
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B AR B WHY BRG] T e I8 35 16 Y7 W5
T 8 e Tk BUSRE AE IEE TB, LABE XT s A
WHV L5 1Y e 2R E A TIEGY . 4R, 270
TR BUR R G2 | BRARE S5 43 1 i SO i HE R
SePE T A0 AN 7 vE S, ROR e i T 4k
SR IR A 2 BT A8 R AL IS R B I
2.1 #ERIRHZE

#3391 32 K ( pattern recognition receptors,
PRR) J& i 25 B4 J7 3l KR f e I/ SR A5 M fe g
MEZST, HAETZ A Lk B PRR C#) vebé
R AT T A8 43 H, A 4 Toll K 52 14 ( toll-like
receptor, TLR)2 ' TLR3 \,TLR4 .TLR7 .TLR8 \TLR9 .1
WE v S HEH 16 ( gamma-interferon-inducible
protein 16, IF116) . AIM-2 ( absent in melanoma 2 ) I
4 H fig i 5 3 I ( retinoic acid-inducible gene I,
RIG-1) , FRATHIWF5E & B TLR2 4 BC A4 v] 476 NF-
kB PI3K/ Akt FIF#E4r MAPK {551 1%, i75 5 1T 41 it
FEAEAR R AR - TLR2 Be AR F5 S 10 KSR
PR FEAR HepG2. 2. 15 4 HBV 5 +3k
JEACUTF AR TR WHV A3 75 52 i) 71256 PR 3R kK
& B WHV 02 P s g w), Ah R B 2 An i
( peripheral blood mononuclear cell, PBMC ) F1JH-2H 21
HY TLR2 (833K 7P AR A T o e SRR e i B
RFHLIHRIE PG £ % W, PBMC  TLR2 %
IEKF-5 WHY DNA Ji B 2 A6 R iF e
P27 20 L 75 W JHE DNA %6 8¢ /2% ¢ TLR2 41 S 99T
FRTEI 2 TP R AR, TLR2 15 5 75 218 1
WHV BYLit i 22 5 5 518 v 2 P S g ik v A
SHEMAE, FATHDFTE b & I+ % B IFIe A
AIM2 7£ DNA /5% IFN-B Fl IL-1B ()15 5 il B
SR S G BE AR 5 IF1L6 Al AIM2 76 S ¥ 8 2tk
WHYV JEGL e T HE RIS _E 3R, 1 TFT16 748 4 /e
Y5 MR U8, TF1L6 LR VACV ds 70 mer &
N Y S IFI6 F IFN-B B9 F i, #8275 IF116 A 7]
AEFER HBV IR)TROBHIAR
2.2 HREFREZME

o TIZE (interferon o, IFN-a) W HTE
PECHT R BT T2 09T, SR T W & RN s, T 4R
K, KT 4k B IFN-a BUTATRBORBIR A, A7 A
ALY -k B TFN-o Je B B, 3 3 A 2 2 A
B TFN-o JER AR B WHY A8 PR - LA i
ARSI PN, W (5 JFF20 B 9 WHsAg 52 7] 2 AR 1
Y BEJS 10 AR 3 B IFN-o0 18 A7 Y

B SR IFN-o 9% & B0, — % B 3k % & 0 6] IR
PECBT L FE Poly (1.C) HIlF, AU WHY ) +
B PBMC A 774 1.4 .5 & IFN-a, #2758 + 3k
IFN-a WERIAE PBMC 26 FRIL  mit8 4 WHV &
Y+ 4% B PBMC A9 TFN-a P50 /0 , #2818 4 HBV
BYLH Y IFN N2, 3 BRAR 0 BT R
ZAK(IFNARL2) F 40 B Eh % 5 78 TFNa/y
BRI , 3k BURCHT 40 IFNAR2 f 3 3k 7K SF
e e R YL BT IFNAR] Fil IFNAR2 (/3%
IRACE AR I E 4L A9 + 3k B TFN-o 369718
P WHV B 4% B 15 J8JS , 8 RNA-seq Kl T
INHE L AR | 55 51 TFN-o 1755 OO 35 3800
5P TN SRR DR ) 22 8 A B I A DG T 5
JHPI NK/T 4t Ji i) o S bm i A G, #2878 IFN-o0 155
HIBTIREEON B 45 NK/T 40 A S 00 40 i 3% 4
RIS AN AR RN A SE

HAZE 10 (interleukin 10, IL-]O)%—-@EE@
] S 3 it 5 HAZ K (IL-10R ) 256 & %
B eI R TR, 3k BRAY TL-10R E g veke, IFHl
T HARR 2P0 IR PR REAE R SME K B2 WHY
JEY - 2 BG5BT 40 A 384 B R S
THREM w7

14+ 2 12 (interleukin 12, 1L-12) 7615 SHi% 5
YA G pie N 25 h R PR E AR, PR RN
S5 TL-12 JE PR A B 7 20, 1 RE 76 IS 2 2%
TR E WHY JERGL 3% B b R AR I BP0 7 4L
7 e A 2 R S R S REAR g M 2 P BT
FRRERLN W] fiE 5 TGF-B Al Treg 43 5, 7£ & 1 B W
TGF-B FIREE Treg REVKIZ T 40MI X TL-12 B9 W 2%,
SRIMTEAR NI A TGF-B 1l 14 22 KA BE Treg 475
ANRERAFAR U (BT B R

HAZE 15 (interleukin 15, IL-15) TE RSR FNFRAS
P A farh R EZ AR, AT T LK R
IR IL-15 43, FF R BLE AL 1L-15 8 AE IR
I AR /N ERUBLE i 22 1 B PBMC 3458 D) fig | 15 14
WHV B 4% BUIFIE Y TL-15 AYZBREE iR
2.3 THRNE

O WFoE R WL, 8 52 R S R A9 T 240 i 7 24 7
HBV WER R B ZAE M, T 415 3% 1 br 2 02 X
4y T AR Sede 2514, BLZE T A0 T ge o Hr
Anf sk, + & B CD4,CD28 , CTLA4  PD-1 PD-
L1 .PD-12 . Tim-3 ,Galectin-9 % T 4iJfi = HAr & E
FoRESE T BATHIA AP R CD4 ek
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LR (G2) FEARIMEA AWl ConA 53 1Yk 12 41
Js | e fd e 44k UK PN BETE bR 60% CD4 " T 41
ML, AT CD4 ™ T 4HHIAT RE PR X ConA HIIH Y 2
R ik RS WHY JRYLET CDS T 40 -
PD-1 BRI R T, HYS WHY sk 2
IEMIE; BB RSB IR T, Bl %W 35 2k = 0 R %,
CD8* T 4iffl | PD-1 kK PRz P>, 218
P WHV JE& G it PBMC I PD-LI A £ A HE
&, R AMBELIBT PD-L1 1 PD-12 BE#B43 b8 WHV Jgk
Ye 44k R PBMC (938 5 FIBEUR D BE >

K 75 S vk T 40 B 2h BE R 1 Bk BRURR R
FHTF 928 % 9 ML R G 088 R 5 96 97 19 Se bk 2k 1
B ST B 88 BT 20 B Dy REAG I ik 2 3 T ]
P ZEITL T H BRI Al J REERA 14 bk [ 200 B 1 5 S 565, ol
FH WHV 5l 3 Bl PBMC & VMR N KR 18
ASCRSEIN B 240 L 5 BB i [ HL ] A i %) g W e 5 it
I BRI, Menne 267 & B WHY JEe 3 J& R]
RIS H 38 Z Y F X WHsAg . WHeAg LA Bz WHeAg
97-110aa Z2RKAY T 4 I 227, I 759 5 15 b HH 5 2]
FE , FRERIEIR | ARSI R S T 40 N 2
REFE WHV B MG Rt B A 4k R Fb
WHYV J& , 155 WHV B ARAE S0t 101 B ] A 5 2
22 0 5 B 90 7 R S 0 9 2 17 2, T WHV
TSz By 1 A VR ) e g 0 28 LY B R
YHMIA Y A Ji B TR HE OO 2R — LR R 35 F e
i ( carboxyfluorescein diacetate succinimidyl ester,
CFSE ) 4 -4 FRUbk T 200 Mt 348 51 370 28437 12 Bt )t
B sz CD107a W] LAAE R 40 M S 0E T 40 g
(eytotoxic T lymphocyte , CTL) R URL f b5 &5, vl 9% H
TG B 4 S B CTL o 2550 o 2 S Y
CD107a [k it 20 40 f £ R | Frank 2500 23, &
P WHV Y ) + 4% B PBMC, ] WHeAg 96-110aa
Z KA , Wi 75 8 il i v e d0) 28 e I 15 Al
REAS SR ANAY CTL W 255 1M 18 M WHY 8 -3k B
WASRERS Y BE AR S CTL B2, Lk iroy a5 R
Y157 HBV JBYe J R HBV SR i T 41 i
V725 e B A
3 TR WHV BEBERREHR
43Ty R O KL R

IR IG R 1 (88 A A% 1 28 U L 6 hr ok Ok
(lamivudine, LAM) BoJ 5 4% 55 fif ( adefovir, ADV) |
B M 1645 (tenofovir, TDF) ¥ 1E + 4k iR
BRI T TR, DA AR 5 0, 4k B4l

BH0.5.1.5 305. 0 mg/kg A7 FE i 4 13 Ak B
4 J&, I WHV DNA 7K 2 g 35 B, (H 1 3
WHecAb #1 WHsAb P WHV RNA T i 2748 £k 52
R4 s 13 T WHsAg AT WHV 42 i H ]
PRAFE P WHY $0 5 2 08 1 B — 3 PR R,
A PURTFRIAIT & HIV B AR IR I & A
YUK IAIT REAE HBV 1677 h BUS B I 1916 97 3L
R P TDF L1 2 90k 7F + 3% FRAS A o
AT TV, S & B ADV Fl LAM X H] | TDF
FE R 75 ( emdtricitabine, FTC) BXH] 24 J& , fig !
F AR AL R WHY 5 8 0 K F, Bk R 25
BRI FH 48 JE 38R UL b g A B A Ak R i
SR IR 257 + ik BRI HT WHYV J7 5%
REAS T 25 e A8 M 0T B P it HBY 8973, AT
FEELE LAM Bl 2008647 T P ass,
LRI R A5 FH 04407 25 24 4 BT A AR S B
M LAM FZ 5% 5 7E L4k BRUBE R 4T WHY B997
RS H8PE 2T B E BT HBY I RBFSE h 7Rl
BInT AL WHY 5 22 A FFF N WHY DNA & il 7K
S RIS 2R R A R AT 45 SRR, SR £
FeEXT WHY B #il e m, X it — i WHV
PR YY ) + 3% RASE R BT DUVE A48 2 IFP0% 53R
725 RS HERIF SRR A

BRAZ T AU A, 4k BRUBE R ol ok A 1
TLR7 HI# GS-9620 Myl R ATAFZE >, #F 98 &3
GS-9620 AIPRH | G2 H RFLE A £k B v WHYV
DNA  JiF 4 WHV DNA & il /8] & . JF 4 WHV
cccDNA F1 WHV RNA /K, {117 WHsAg 7KK
T BR, GS9620 iff nl i S 3 4 + % LX)
WHsAg J= A RFEL M PTIR N Z  AERF SRR B 3R 1Y
Ak B S AR R A R A R iR g R
7~ TLR7 % 3h 7 GS-9620 (%) %5 #{fi F 7] 15 5 WHV
PR + 3 U= AR RS BT 75 N 2, A AT RE
NS T BE T SE BT RE RV A

R 3 AR T 2B e TLRT 38l
P RRTIF ST 45 S A 0 A1 e b 39 00 5k 2 25 40 £ 18 1 2
JH & H BT HBV J72, SR T el 1A 55 A AN TR
K, EIREEWY (nucleic acid polymers, NAP) #
&I AT BH Wi HBV Jgk 24 1T 41 g b HBsAg 19 BB,
NAP A% bk DHBV YL 1 L7 DHBsAg, I 8 3%
AR 235 5k A HBV 12 £ o HBV/HDV H &
JERYLRT Y HBsAg, BARTE 3k RUFI/IN U N S8 REAS
HWiFh NAP REP 2139 Fi1 REP 2055 FUZR 4, 4k I
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IRFIFP NAP 7 WHV JE& L -4k [ HBV Jg&ZL SCID-
Hu /N HBV #3E /N R B R BB AR L 1A Bt
WHYV 4T HBV &0, #EM AT BE 2 W 145 25 34 -4
it 2 T i OB 119 25 FiC K 43 AN TR) - N HBV A
s DHBV ¢ |

4 TR WHV BERRREREIAT
BT R A A

R M T 40 M 2 AE HBV W5 B b & 4%
FEEEH, HIGEH & HBV JER YL HR4E AU AR A
L, A RIETT B AR HBV 47 5 M1
CTL THREDT, Sk, 3k B WHV 18 pgjent
BERHiH7 B LA S E CTL &>, W
AT HE IR IT R & S 8 A IR T AT g S 5L I8 P
I RIG B B A T RER S

FIk WHV 0PUE Y DNA B 1 40 Uk G 28 il
JR IR L 1 4 iR e R AE /D R 3k R B RS &
SRZUM) CD8 " T 4N &, H4H 5 R R H I Al
FJE Al WHV PR YL 4% B 4= WHsAg
WHeAg #5510 CD4* 1 CD8 * T 4 M 25, HAFR A
il WHV &, 4E R /K- WHsAg, Hd 4 H 44k
B A W LE R R 545 2 5 5 4k F WHsAg (19 1L
TR BRI A R R PR IR TS
DNA P B HIUR G g2 - B B 952 17 3 iR 5928 1) 7 52
A AT RERCA R YE R R T %

PV 5 Vo B TR AT, 0 A I8 A A 1l IX 1 35 %
MERERCK, H P2 P AT A7 A 1 35 1 s i g 14 JXL
W B FRATHAE - Pk BB R4 T i 2
VI PE B S BEAE HBV 2288 ) Wil v e 1, 38
AR R 5 BR 2 sl ] DNA e, Tl 4% B
FERG  WHV 3250 5 A 1 80 7 100E , 355 5k 42
YA T AR G AT LAFRHT WHV B PR R
YU T AR T, AT AT A B il
SR A T 1 BE S HBV 2 88 J5 101 B i 2K
J5 58 R 2 X 2 R v ) 5% D 38 A A b DX B
CIFPER TN Ol s AR B, HBV 285 5 1
BB R A LA

ATC649 7] AR H T 1 32 00 5 B 1 R 48 4t
JEE S 200, 98T A0 R A R BRI Ak T 4H e 7Y
NZE ., AIC649 X HBV % B[Rl /IN B AT 7 A A5 ] T 4%
Wit B PUE BE RN, A R 1Y 52 ALC649 TR YT TE
WHYV P28 1)+ 4k BRU™ A2 W) IR 7 I 2, WHY
DNA Fl WHsAg 7EIRIT W10 i, B 5 W) 8 25 B AR
HERIFEHNG, X8 AIC649 FHE WHV 455

PG N A
PR 5B e th PD-1/PD-L1 FOAH B AE X T

4 Ty G FE v 2= OC 22 BH BT PD-1/PD-L1 (% 4H &

YERITTE KA T Al DI fg . 181 2 3 F g

PE WHV B -4k R i s 48 =0k T 40 11 PD-1

Fe3k LA, AR SMBE B PD-1/PD-L1 (A0 A JH AT 35

SHIRE T METIRE, TR O B HE TR

WHYV 18 PR ) 1 3% B, B R 13097 B RB kT

PD-1 Wy3%ik, BILPUREEZIK & PD-1/PD-L1 fH

WA ] B AL B0 B 25 W) R A5 SE A 19T AL, I

WA — IR 58 2 0. 7 F AR IR BT 8 WHV 2 M

L T4k B b, PD-LL HUARFN R R F5 8 e R

5 B 2GR YT HE G b ST B A INUAE T WHsAg (1)

Pl SR e A B P B Byt R

R MR T PUiR EE 25 . DNA FE A PD-1/

PD-L1 FHWAYER G S8 16 97 SR, FeA11 & 3 PD-1

Pk DNA ZEF A B R, AT [R5 50 08 25 4

Sk T AR DI RE , U550 o 1k BRI BE U R

T WHsAg LT FH40>  XSeifgs 45 5 8t 2

JHFER) S BE PR 1T IR T SR IS TR AL T B T R

Mz BT WHV f1 HBV 7450 A=W

2R B E Y A AR i B G e R

TEX S HBV = B, PR 49k B WHV Bk e i

DU TR WP 5 A B 0 A E, B E

JUZREH o B R TR G 2 2 RR AR Y ) B R G s

SR T 1 0 o 4 | AR G B8 R VR T R W S

BT R IPAE Ty B A E R R KR, 85T

TREE D HE AR i Je | Bl 2 4k RS L A S 22 4

PEZ A E AR AR A ) B 2 vh i g g

—Lve ., SR, T R B s AL WHY

I HBV HAFAE—E 225, BTk A 4k B

TSI I 5 285 SR AT e T
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