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Pk 2 7R AT 28 955 25 (Hepatitis B virus, HBV)EHL, wlidk ply™ & AT IE%, 8
P NFAEE . HaTEE R HBV IEGLHIIRTT 259 T ZAHE TP F 2K (Interferon)
R % IR IS4 (Nucleoside/Nucleotide analogues) 35 . a7 18 HBV &k
) H AR B IR FAREIF 28 s ) A AT s 55 2R W B i A A2,
It PR o A VR 7 44 e A B8 38 0 3 & B I 9% 0 55 3% T 0 5L (HBSAQ) LI 27 [ 5% B
I35 5 5% # (HBsAg loss or HBsAg SR), 1HINA 244 SEBliZ H AR AT R+ A B

(1 FEHVEIT HBsAQ B#E il H <5%, IEKIGIT HBsAg B #E Z il JF<10%),
RLtE,  ERxt it HBV IR GYE K FEOIRTI . Re IR dE 0% S 52 M BTG T 254
IWIRr S ERZINIE AT 3

181 HBV JEGL 8 B = A 20N PT HBV & %y, 4518 32 J0iEA 205
B A AT 75 o LR S e B2 IR AS T B8 T8 B S B AEATL A A 150 T S e N
T I B A AT T3 ke Tt TR B 1B I HBV e e i 2 RS TR S
P2 M 40 MU B8 T2 %5 B 1(programmed cell death protein 1, PD-1) & H: fic &
(programmed cell death 1 ligand 1, PD-L1)AH E.A%E i A 53 1 e 8 N 2 il 12 5 5
HEALE DIAE O . T8I SR B AR SE STV B I 145 = 38 6 m] BERs % S y%imd 52,
MREET HBV R E ) T A0S, 3805 1E 50 HBV Sy N2 DA E I 25 1Y
THBR, SRR YE HBV 1697 8 5P B S 58 7 i) 22—

AHEF B IR A VGITIE 71 Pt PD-1 141 PD-L1 B g pEHIAR, JETERrE:
#itr HBV B/ SR th gD IR R N ] TR 7 12 1% HBV IS Al AT 1%
FATHA A KAt 18 S5 R0k R G 2R 51 S AL T B, RIS FF AL SRAT N TEAT B
JR B PD-1 Al PD-L1 % A # i 4b X (Human PD-1-aa21-aal70 » Human
PD-L1-aa20-aa238. Mouse PD-1-aal-al67. Mouse PD-L1-aa20-aa240), Pl A%t
b EE L 1R B, PD-1/PD-L1 =41 8 AR AN BAE H B IERAL 2 RO S e 73
Brie KA fE N PD-1 RN PD-L1 & FIfF M % )5 %% BALB/C /MR,
AW TS %% T 38 BRASE 70 WA B PTA PD-1 A1 18 Az AE 70 BT A PD-L1
BT R PUAA R AR AN Ak, 8 R A S RO S R VAL T IR LA B A L U
S B U 2 B ) S B TR ISR FH A3 B 3 GRS 7 A X e i 5 s e Rk
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hPD-1 5 hPD-L1 () 293 4 i Bift, I EHLPEAL T e A 1% PD-1/PD-L1 4
AMFAELAE R BEIE M . 3£ FHi A PD-1/PD-L1 X i, PD-1/PD-L1 HAG %8 X% M
PEIX —RF i, FRAHE HBV R AL PR/ B A 7 H A AR 6 #k Anti-PD1 Hifk
A6 &k Anti-PD-L1 $iif4 o 45 2R Bos EAEF#IKESS Anti-PD1 8¢ Anti-PD-L1 HifA ]
#75 HBV /NRUIMIE HBV DNA J HBsAg /KT & AW F B, Hd i A 2
PRk, 23 Bl Anti-PD-1 7A1 Al Anti-PD-L1 10E4, F5)3E 5} 48 /NG AT
5 HBV #E 3R/ BRUB0E: AT L% HBV DNA JK-F %14 1.0 log10, If1Li% HBsAg
K FEAIR 4 50%.
g EPR, ARHEFCKIE T BN Sk 5rF PD-1 R PD-L1 1 2 1 5 5 B LK,

FAE HBV 5L RN RS AR AL P IESE T Anti-PD-1 A1 Anti-PD-L1 #15 J Bt 4
TIRITIBIE HBV AR 77, it — 38 NUEAL IR YT PRI B T kAt .
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Abstract

Abstract

Chronic infection of Hepatatis B virus (HBV) usually causes serious liver
diseases and poses a great threat to human. Recent drugs for HBV chronic infection
include interferon and NAs (Nucleoside/Nucleotide analogues). The treatment of
chronic HBV infection aims to prevent the end-stage liver diseases including severe
hepatitis (liver failure), hepatocirrhosis and hepatocellular carcinoma (HCC); and
clinically to get serum-HBsAg (hepatitis-B surface antigen) loss or HBsAg SR. But
the curative effect of existing drugs is quite limited (either the percentage of HBSAg
loss below5% after drug treatment one year or below 10% for longer time). Hence,
new drugs and cure strategies for chronic HBV infection, especially to overcome the
immune tolerance, are in urgent need.

The uneffective immune response to HBV, which prevents host cells from
removing virus, is the main reason for chronic HBV. The mechanisms responsible for
immune tolerance may due to the inhibitory of virus immune defence mechanism
towards host cells’ immune response. Recent data has shown that the programmed
death 1 (PD-1) and its ligand 1(PD-L1) , which function together to induce the
negative co-stimulatory signal, correlated withT and B cells inactivation, are
responsible for this immune tolerance in chronic HBV infection. Since blocking
PD-1/PD-Lpathway could activate HBV specific T cells proliferation, restore the
function ofexhanstedTcells, improve viral clearance, and finally reverse the immune
tolerance, it becomes one of the key research directions for developing new drugs for
chronic HBV.

The purpose of our research is to get specific monoclonal antibodies against
anti-PD-1 or PD-L1 and preliminary exploration of the feasibility of its application in
the treatment of chronic HBV infection by using HBV tranfecting mice. We employed
E. coli expression and series chromatography purification system to get extracellular

regions of human and mouse PD-1/PD-L1(PD-1: aal-aal70; PD-L1: aa20-aa238).
i



Abstract

Based on the above work, we developed CLEIA analysis, whichefficiently assess the
protein interaction between PD-1/PD-L1. By immune BALB/C mouse with purified
recombinationproteins of human PD-1 and PD-L1, 38 monoclonalantibodyhybridoma
cell lines against PD-1 and 18 lines against PD-L1 were obtained. In addition, the
activities of individual antibody were examined by indirect chemiluminescence
immune  with  human  (mice) recombinated proteins, and indirect
immunofluorescenceon the stable PD-1 or PD-L1 expression 293 cell strains
respectively, and finally to quantitatively assess the blockage activity of the mAbs to
PD-1/PD-L1 interaction in vitro. Because of the cross reactions between human and
mouse PD-1/PD-L1, we test the ability of immune activation of six Anti-PD1 mAbs
and six Anti-PDL1 mAbs by injecting HBV infecting mice. Intravenous injection
directly of these mAbs induce dramatically decrease of HBV DNA copies, HBSAg
levels in serum. Among them, the most promising two antibodies were anti-PD-1
7Aland anti-PD-L1 10E4, with which one dose injection efficiently lowersserum
HBV DNA cipies by 1.0 log10, and HBsAg by 50% comparing with pre-injection
level.

To conclude, in this research we obtained monoclonal antibodies against PD-1
and PD-L1, and results on HBV transgenic mice model proved them as candidates for
immunotherapy of chronic HBV infection, and finally provides suggestment

forclinical applicationsof humanized therapeutic antibodies.

Key words:PD-1, PD-L1, Therapeutic monoclonal antibodies, HBY,

Immunotherapy
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1. ZERXRE

R R, TR CATRTE, B0Fk HBV Rl Hepatitis B virus. T /& 4%
T3 BRI 230G R MR AR R, TS BUB YL R AR 1 £ BT %% (Chronic
Hepatitis B), 1 & R RBCATEME 2 FFATRELL, & M R4 i 2 e 5 A A
o PEIRIE , SEREEAEEELL 100 73 ABET B HBV B4 K I B 51 2 AR IS ™
HBV BB YLt N (1 A A7 R FR A BT BRI I

1.1 HBV fREB4EH

I % 95 B (HBV) /&2 — FF DNA i 8, 25 T AT DNA i 5 £
(Hepadnavirus), 434 7 IEFE I DNA %i# )& (Orthohepadnavirus)f1E& g/ DNA
%z (Avihepadnavirus), X PR JE 2 X A TG 1E 32 Hrf, 1IEFE/H DNA
I BEJE I 1E ALY (Mammals), 1 & W& i DNA £ J& (Avihepadnavirus),
AL, EERE F NS (Bird).

5HAMVET DNA 8RN0 B IRIEARL, HBV [EER A NESR, XU
DNA =KANZ) 3200bp, HXUFEKEAXIHR, A7 52K 15~40%, 2K
W 7BE SR mRNA AN, BN 5K um [l 5, KJE4) 1700-2600nt. HBV %k
RI4H A 3L 4 D IFFREELHE (Open Reading Frame, ORF), Bfl: S ORF. P ORF.
C ORF 1 X ORF, 47l ORF 7354 % HKE BT . S ORF 7 A4t =Lk
F: L-HBsAg(preS1+preS2+S). M-HBsAg (preS2+S)#1 S-HBsAg(S)™" .

KF HBV KR EELS A MR, 5 52 B Blumberg 55 A EB K FI T 28 A I
YRR A o R LI FEASURL ™ s T i SR ARV 9 R IO R 7 L AR e o RIS Bl 3 P AL
ZEKJ: Dane ki (Dane Particle, HARKERFEHURL, BEHRZ) 44nm). /NERIR UKL

(Spherical Subviral Particle, E.4£%) 22nm) FIE IR kL (Tubular Subviral Particle,
HAE 22nm. K JE 100~300 nm). X 3 Ff I 2 RO L 5 44 AN ZEL R A BT X i
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Ja —E BRI R F) HBY AMEER A4 A, (EA A REAZIR, A EA B
WA Dane Bk B A SE R s L. AR, Rels e i, JFfed
2 I AR

1.1.1 Dane Jh (Dane Particle)

SEREN) PR SORCIR, B FR Y Dane Fiifi. 1 Dane 7EHLBE N AL
TRERIORL I AR 13 ka4 . A Dane FURLZ FAT B 1 52 %2 (1) HBV
ki, RIRIE, HRL) 42-47 nm, SAPERE, WEAKTE, HNBEEAE2XEE DNA
73+ DNA REHES5 . Dane UKL AMIIRSE KA 24 T — o s AU, H0UE
HiE HESFN1995 75 2% 171 0 IR (Hepatitis B surface Antigen, HBsAQ)4L . ka1
PR B 3R KPR (L-HBsAg). i (M-HBsAg) MEHTE (S-HBsAg
5 HBsAQ), iX 3 FhRIHHURI 7 HBIZA 1: 1. 40 2357 2B 2 141
KFeJa, AT EENEERN 27nm WIEZ HHEHAEZ L, XEHEHFZOPE
(hepatitis B core Antigen, HBcAg) AdIEmk (B 1. i NIMTERE A aifb 3R
1911) Dane ki, JH electron cryomicroscopy (cryo-EM)MIEER] W, T=4 KBk
FIT=3 CNFURD PARSRL, 43 180 F1 240 4~ HBCAg HAZH AL, H A%
EREERA" . REZOPEZ WEFRER e PR (hepatitis Be Antigen,
HBeAg), wJLLEMEF. ZIHFIAHEZ-OPURIES . HBeAg 1 HBCAg fF1EA—
B, AU AW, IR T ML b, 5 A AE T GY 5 1 4 i
N, AT ST .



&l 1: Dane BURISMERKFEREHTE "
Fig.1 Model and cartoon of HBV virions

1.1.2 KRR ERL (Spherical Subviral Particle)

TRTFIR NS E AR S 2R FTE R4S = AR R R T R, X LR T
JE A S R F A S A P TR B, T OB S R A (s, RS
TE IR Dane FJ0RL AL P RPEURI I 3, BI/INERDR SR AN IR S0k

INERR TR 2 955 N L i Hh A i 22 (s 2R R, AR s Dane UL (1)
1000-10000 fif . {EAFE K, XFBURLAE M7E H e 2 DL e, I
TESEBRIZH R, ToIR R AE I RE P RIA 118 & 55 771K CHO-cell FRIEH L LT,
# At S-HBsAg TE 1 /N ERIR R .

/NERIRBURL 5 Dane BURLZEHIA—FE, BAME, ToR7E, HHEUN, B
22nm, A1 ()R ER R AR A BT IR 1 P SR R R I LR AL, — A R
T E BT (S-HBsAQ) FI IR LR AT 28 8¢ il N ER TR KL . 17 Gilbert %58 H] Cryo-EM
ST HBSAQ 4% 5 R B LI RN ERIRBORL IR 2548, 3 He 2 12-A (1 2), Elfy
FIRE) 53 AT 8 S S 7 I ot/ INERCDR JORE P 65 A6 AN RS LI )\ ik g 4, I HL 45
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