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Abstract: The envelope proteins of hepatitis B virus (HBV) include large (L), middle (M) and small (S)
envelope proteins, with S protein being the most abundant viral transmembrane protein. Functional cure is
currently regarded as the therapeutic goal for chronic hepatitis B. One of the key indicators of functional
cure is the sustained clearance of circulating hepatitis B surface antigen ( HBsAg). However, the
mechanisms whereby intracellular S protein is degraded remain elusive. The previous study of this research
group demonstrated that G12-CAR, a chimeric antigen receptor (CAR) specifically targeting hepatitis B
virus envelope proteins, inhibited S protein secretion and promoted its intracellular degradation. In this
study, Huh-7 hepatoma cells transfected by different vectors expressing S protein were treated with

bafilomycin Al and bortezomib, respectively inhibiting lysosomal autophagy and proteasomal degradation
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pathways. Subsequently, intracellular and extracellular S proteins were detected by Western blot and

enzyme-linked immunosorbent assay (ELISA). The results showed that S protein can be degraded via both

lysosomal and proteasomal pathways, while other HBV components also can regulate S degradation. Both L

protein and 3'-untranslated region (3'-UTR) sequences of the viral S mRNA were identified to affect

intracellular S degradation. Hence, these findings may offer novel therapeutic targets for promoting HBsAg

clearance.
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Huh-7 cells were co-transfected by pAAV-S or 0.7 mer or pCH-9/3091 plasmids and control or G12-CAR-I expressing plasmids. Two days

later, cells were separately treated for 48 h with DMSO, bafilomycin Al, or bortezomib.

A, C, E: Extracellular HBsAg from three independent experiments was detected by ELISA. The dotted line shows the cut-off value of

ELISA. ™ P<C0.001, compared with the control group.

B, D, F: Cells were harvested for the analysis of intracellular S by Western blotting. Intracellular S was semi-quantitated by normalizing to

the one which was from DMSO treated cells expressing control CAR-I and set at 100% .

B1 —L&ZBRFRBEHEREX S EAKRBRIZM
Fig. 1 Influence of other components of the HBV on the degr:

2.2 LEB#WT SEBNMHE K ELE

RS 0. 7T A5 ARFRIAR L S M EH &R
SN S B R AR AT TR EE 0.7 mer-M/S
0.7 mer-L/S BURLIYIX 2 FhBORLS3 51H 0. 7 £ 14
Bk L& H M M H RS S SRR

adation of S protein

“ACG”. /il 4k M. S E A M L.S &AM (WK
2A) SR 1 3 S TR 43 1 A G12-CAR Jit f A
Yt Huh-7 4iiffl, F DMSO. b g5 & Al FIHlE
HEke 43 ) &b FB 40 ffg 48 h, i 17 Western blot #l
ELISA 43 BIA i 8 AM Y S B K. 5 15



KFET L 55

SN T 5 995 T /N B IR 1 IR 14005 2 2 PR SR O TS <5

—3(, G12-CAR L2l 7 S EHM W (P <
0.001, WLIE 2B #12D), SHFAERL 0. 7 54K Bk %
YezBE BURL, B0 9% B 3 AL R AR 2 K b 2K BB
fd1 0. 7 mer-L/S BUbr e g 19 S 8 HK V- T

L 20) s (HEME R Al HEEM 0. 7 mer-M/S
FOR gL A ) S B FKE TR WK 2E) . PRI,
PLESSRAE/R 0.7 AR BURL R 1Y L 2R 2 1
YL S B 1138 o I A A

A ATG ATG ATG
0.7mer-L/M/S+ [ PreS1 | PreS2 | S |
ATG ACG ATG
0.7mer-L/S+ [ _PreS1__| PreS2 | S |
ATC ATG ATG
0.7mer-M/S+ [ PreS1 | PreS2 | S |
B 08~ 0.7mer-L/S+ D 30r 0.7mer-W/S + F 2.5 pAAV-S + pCMV-M
2.5F L =
oL ol = 2.0
o I— o B o
% < < 1.5F
8 04tM .I_ 8150 i °[h -I—
a a T Q 4ol
(@] (@] 1.0F o !
0.2F *_T_* - . 0.5+ 0.5F
0 ||T| ||—r| ||*| ) 0 Or-.i (\'F-i 63:4 0 18 =T |$ )
QO O RY AN N O O R
& &S ¥ S ¥ S
Q & g Q ° @ Q R v
‘& & (‘b\\ 06' %\\\ 06'
° < Q Q & <&
ctr-VRC-CAR; =mG12-CAR
C 0.7mer-L/S+ E 0.7mer-M/S+ G pAAV-S+pCMV-M
4 4
CAR ctrl [G12ctrlIG12]ctrl[G12 § KD CAR ctrl [G1 ctrl [G12 ctrl [G12 CAR ctrl [G12ctrl [G12[ctrl[G12 § kDa
DMSO| Baf | Btz o kP2 DMSO| Baf | Biz kDa DMSO| Baf | Bz =
- |- - . = 2 s L
S 20 S S
s e~ - —20 — —-20
S N o7
——— |37 - M e e ' -
actin h-.--d_ 4o actin |-..-.'—42 actin | e e o 42
200 0.7mer-L/S + 0.7mer-M/S + pAAV-S + pCMV-M
ctrl-CAR-| 600 —ctri-cAR-I 8001 —ctri-cAR-I
=21G12-CAR-l E=3G12-CAR- =1G12-CAR-|
2 150 S ] & 600f
s & 400+ =
5 100+ B 5 400+
o o o
X X200 B
o 50F ’-I-‘ P ﬂ 200}
ST RN I—Il ' g ﬂo' o q ' 0 l_lcS o o
@ & & & & S g Q N
& & &F » & F » & F
N SN S
e P P P e P

A: The structure of 0.7 mer plasmids encoding L/M/S, M/S or L/S. Huh-7 cells were co-transfected by 0.7 mer plasmids encoding M/S or

L/S and control or G12-CAR-I expressing plasmids. Two days later, cells were separately treated for 48 h with DMSO, bafilomycin Al, or

bortezomib.

B, D, F: Extracellular HBsAg from three independent experiments was detected by ELISA. The dotted line shows the cut-off value of

ELISA. P<20.001, compared with the control group.

C, E. G: Cells were harvested for the analysis of intracellular S by Western blotting. Intracellular S was semi-quantitated by normalizing to

the one which was from DMSO treated cells expressing control CAR-I and set at 100%.
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Fig. 2 Influence of L proteins on the intracellular degradation of S proteins



6. WA S5YE Journal of Microbes and Infections , February 25, 2025, 20(1); 1-8

BEAh, AHERR M B X S 2R R A A VR AR AR
FH L ARBFZ0 6 Bl 2655 M A R ki 5 G12-CAR
kL e % Y Huh-7 40 ffd, 38 3F Western blot 1
ELISA 25K i iy o1 S 8 A E ik, 5 i —
., G12-CAR &Ml 7 S HE A i (P<<
0. 001, WLIEI 2F) , 28 3 #0 i F Ah B A5 4R AL P S 2R H
A BHERLE 2G), 5 0. 7-M/S JiRL % e = A
(1) S EHACFEERIML, FL, P& R HER M &
FIXT AP S B R A 08 52 e JF AN 2%
2.3 HBVEREAHEEEBMRNA3’-UTRF 5
IR S ORI

5 HBV JBeht 5509 RNA 25001, 0. 7 f5 1Ak
R S #E RNA f & 37-UTR ¥4, % 5 41
AR RNA 1 W 5E B | R M R B 46 ot

PR ORBRSE AL A UTR 800 S f iR (A
FEIR FURIFE s Huh-7 206, TGN 200 At P 4/ Ml s 2
FIKF . 5 Bk g5 —3, G12-CAR 15 fig % 5¢
SIS B 943 (P<<0. 001, WKl 3A F1 3C),
BIE BB EE R B oR  fERIBE E UTR JFAI0 S 2
JEHE 1 28 3% BRI Huh-7 480, 5 DMSO &b 3
AR, IR B R AL AbH A i S & HKF
FhE ARBPR K IF AR MEAEN S B A I (I
K 3B), X—&54Em 37-UTR T4 7 S &
B A BARGE B R AR . 2SS L8R Rk ok
et (JUK 3D) . 5 DMSO 434 A, L ik &
2 AL AR AORAFRERRNBE MBI S B /KTt
Fe X—ZERUE—AIE L B AN S E A%
it A 368 I o it EL AT — 2 5

A PCMV-S-UTR-SV40pA B PCMV-S-UTR-SV40pA
3.0r 5 Ctrl-CAR-I 600 = Ctrl-CAR-|
2.5 TICG12-COR PCMV-S-UTR-SV40pA _ MGz CAR
20l CAR ctrl [G12ctr G12ctrl[G12 5 £ 400l
g DMSO| Baf | Bz o kDa —
2 1.5 L
g S - e x5
1.0 - 32 200F
—20 o
0.51 . ﬁ
1l e et T actin b...--.‘—d,z 0 ﬂ s s
O S e & ®
s SN
Q QO <\0 Q ’&o (@
Q,’b Q)O @Q Q)O

C  pCMV-S-UTR-SV40pA+pCMV-L

D pCMV-S-UTR-SV40pA+pCMV-L
X

pCMV-S-UTR-SV40pA+pCMV-L

3.0r ==Ctrl-CAR-I CAR ctrl [G1Zctrl G122 ctrl[G12 S 2001 = Ctrl-CAR-I
2 5. =IG12-CAR-| DMSO| Baf | Btz o kDa E==G12-CAR-l
e — e 25 < 150F
.20F s - )
3 - e - 20 T
S 150 B 100}
(] S)
O 4ot L -..m X
0.5 D
0 e Y S 1Y e I '.f**". i 1 1 1
0 %O'_‘ S < actin l-..--+ 42 0 O = ©
N\ Q) & N S S
IS 4S Q N v
O ¢ 4 NS ¥
F * <

Huh-7 cells were co-transfected by pCMV-S-UTR-SV40pA encoding S only and control or G12-CAR-I expressing plasmids. Two days later,

cells were separately treated for 48 h with DMSO. bafilomycin Al, or bortezomib.

A Extracellular HBsAg from three independent experiments was detected by ELISA. The dotted line shows the cut-off value. ™ P<C0.001

compared with the control group.

B: Cells were harvested for the analysis of intracellular S by Western blotting. Huh-7 cells were co-transfected by pCMV-S-UTR-SV40pA

encoding S only, pCMV-L plasmids and control or G12-CAR-I expressing plasmids.

C: Extracellular HBsAg from three independent experiments was detected by ELISA.

D: Cells were harvested for the analysis of intracellular S by Western blotting.

E 3 HBVERFEEAHEEEA mRNA 3'-UTR FFHIXERA S T QKBRS0

Fig.3

S protein

Influence of envelope protein mRNA 3'-UTR sequence in the HBV genome on the degradation of intracellular
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