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1M L RURT R TE (HBV) G 5 AR T A1 FH240 B e e o 2 1) B30
REZ —. FbE BRI AERE (ALD) & — i3 47 75 (1 DU 5 1 45 M W T A i
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(ALDOB) N Z FFR PR (HBs) [fEE 4 G R EA 2 —, iXFP il B 456 76
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B AR BER L AL s 7E HepG2 41 b F AL - & [ Bax, Bid, Bim, Puma ff]
FOEA F BT TR E Bel-2 #1 Mcl-1 (R IA .
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Abstract

Abstract

Chronic infection with hepatitis B virus (HBV) is a cause of end-stage liver
disease and hepatocellular carcinoma. D-fructose-1,6-bisphosphate aldolase (EC
4.1.2.13) (aldolase) is a ubiquitous tetrameric structure enzyme of glycolysis that
catalyze the reversible cleavage of fructose-1,6-bisphosphate (FBP) or fructose
1-phosphate (F1P) to dihydroxyacetone phosphate and either
glyceraldehyde-3-phosphate or glyceraldehyde, respectively. Previously, we screened
fructose-bisphosphate  aldolase B (ALDOB) as a candidate binding protein of
hepatitis B surface antigen (HBs) using the yeast two-hybrid assay. Our aim is to
examine the effects of ALDOB interacted with HBsAg in HCC cell lines.

In this study, we aimed to confirm the ALDOB as a binding protein of HBs and
to investigate the function and involved mechanism between its interactions during
Hepatocellular carcinoma (HCC) development. Our results demonstrated that both of
exogeneous and endogeneous ALDOB proteins bind to HBs and co-localized in the
cytoplasm in vitro. The coexistence of HBs and ALDOB inhibit cisplatin-induced
HepG2 cell apoptosis. Furthermore, western blot analysis showed the coexistence of
HBs and ALDOB enhance the phosphorylation of AKT and downstream of GSK-3p;
decreased expression of the pro-apoptotic proteins Bax, Bid, Bim, Puma and
increased expression of the pro-survival proteins Bcl-2 and Mcl-1 in HepG2 cells.

Our results showed the coexistence of HBs and ALDOB inhibit HepG2 cell
apoptosis. Furthermore, we defined the coexistence of HBs and ALDOB enhance the
phosphorylation of AKT and downstream of GSK-3p; alter the expression of Bcl-2
family proteins in HepG2 cells. These findings suggest that its interaction might be
applied as a potential therapeutic target during the treatment of HBV-related hepatitis
or HCC.

Key words: ALDOB; HBs binding protein; HepG2 cell apoptosis
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1.1 ZHF=mEME (HBsAg)

LR 989w EE (hepatitis B virus) 2fa 51 AR E. BV %) DNA J%EE,
AR HBV. 181 ZBHFK (CHB) &Rk ™ B M@ R e —" " it AR
RPN RR, HilEk 3.5 2N C ARG 2R 92 ik 7 B AL .
RIREFEL 05 HE 1.2 AT H I #5458 PR s PRI ¢

(chronic active hepatitis) « AFf#E{L Cliver cirrhosis) 5 & ETE (primary liver
cancer) SF7E R IEZ ™ ¥

JHEm L (HCC) & a7 BUmse 2 R H, i 5 R Bl AR G 2 A
T PO I DA SRV BV i U S e R BRI B R 22 TR 2R L AR 4 A e P
FETETI SO AL, HBV RS RV R REY), KA EREE
PR BT HBV $FERR AL 8, OBk ST 5800 55 Ik G A <€ O HHe e
fElBURHE R —" " "

CBIRFRIFTFEEIE T DNA W5 KRB DNA WiEE, 21245 2R
Ft /N DNA K TE . AR AL AT UG8 K& B8 A% (5 S OF I S7 AR 1 40
NS SR, L b, HBV SEBREHIRERALEN, M E v aa A &
AR IR AL I . HBV FEFI AR L) 3.2kb, Z AR DNA XUEE 1
Zik. WG S IX, CIX, P XA X XPYA I BRI EEHE (ORF) , Zfd 7
FhightsE AR &, AT S i, HBsAg, i cdi/ii, HBcAg , HBeAg,
HBXAg /% DNA 4. S X H S ZEF MY 163 M= FEER . Pre S1 1 Pre S2 &
HRET S ZEF AR . 754tz 0Pt (epatitis B core antigen, HbcAg) IR
C R A4wiD e #iJR C(hepatitis B e antigen, HbeAg) f) C JEKFL[E 41K C X
RERAFHEKMPIX, gmidmaifk DNA £ Z i (polymerase). H 154 N IFEFRA
B X & A Chepatitis B X protein, HBx) B X X &R 4ifY. S FEF Y 226 4
FER PN ES . NEA. PEANKE QX =M E A a3t



BN B 5 R I TR HBs B H 45 &4 HepG2 A1 i 1=

[l C-K i 226 NEIERR, /NEF (SHBs) U4 S HIAK; A S2 Al S HEAKX
KA ER (MI-HBs) ¢ B XKIE&K, SAH S1. BT S2 & S HEIX)
HREE (LHBs) , 5 226 MAAERK/NEBM 174 & IR . SHBs FT
LBl s, 295 90% 747, MHBs Hik, LHBs /b, A FEERMEAN S E
Mo ZAFRMPURBIMEIRRAFE HBV &Y, e PUARRIZ OFLIAZR 15 3= 41 Py
HBV {54 TR ZHEARAS, R e PriaKIHM M, W HBV DNA &
ATE F g ik DNA S, IFERARA S HINGGE, T3R5 5508 Lk
JEYe, BRI RN . 25% AR 75 % MR A (LR (0 E B 2
ZIFRIEPUFD SEFELLE) HBV M. 7R YL M b al $8 20 K B 1) 2 fF 2R 1
PR, ik HBsAg BAMES 75212 W7 2 BT 200 BRI e 1) - o4 hn . HA P ME
[f) HBsAg, RIS A= 4: HBs 55 MEduds, DRt 2 P2 v 1) d 3 4

1.1.1 HBsAg 4ENF4HE

HARZ) 40-49nm [KERTYIE T DNA Jp ¢ H BB ARZ A S 4k, MR TER T
RACHIFENELE N, NIBIZA TGN BR, BARZ) 27~35nm, TCA%IR G & F kY ak
LR YRR AT AALE T IR iiiE v . 25% IR AN 75 % FE R 1 (Ll
M ZE R 2 QIR R ) SERIA R HBV FMi.

EHTFRME T, HBV FERIN 3 MAFMIEALM. a. Dane ki
B KERTERORLSE M, NEAE 42nm SR FEERTE HBV Fiki, 54 HBsAg,
UL AR R G R 28 . B AMNERGEERR G, BT HER. AR 2Inm £
AR OSSR e, OS5 P AA/E HBcAg. HBV DNA K& DNA % K[
(DNA Poly-merase) 4%, Dane ki Lt K HBV EHREARMAE, FUfE
W E R M O R A T, Dane BIURLA UL 5% 2 S R I . b NERIESS
e AR R A A LI 8 Wy TR, A — TG R I % SR
B A% 22nm BRI B ERIRZE R, & R Dane ki R4 1000 1%, HICHT 50K W]
RESE 23 Dane MURLIN i 29 2 MLV TP AR AF ) HBSAg. ¢ B TERRL: & TN
& HARKLILE 50~70nm [8] i (K /NERTE UL 54 . HBV RIURL i FH 7E MIAZ I i3k
WG A B R 4125 1) HBCcAg. HBsAg B, RN, K HBYV A
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A WG A o AR A Bz Bk s oA FC At U 2 R R L R AR A 2t e A
R B YE R EE HBV WIFRED . KEIr H4Eierh HBV [H % 75 Btk i 1
Mk, AN AR, AR S A A R RERE I B CAERIB IR N
PR R A 1k T 3020 A 72 4R L P9 19 HBV-DNA, TR &5, Horb DUR A0 A5 A
F . HBsAg A {7-7E T Dane Ji 33 500RL . BRI BURLAVE T S00R00S 25 B0 Y, {E 24
HBsAg 1776 T fa P A2 4 HBV DNA;  HBsAQ AT LU i /b e 2 EL AR Y
HBV DNA I~ [ B2, 4k T A THT s B P-4 e ) i PRI R B2

1.1.2 HBsAg ZERTZERAANE S\ BREFRIXER

M T A AR N AR YIRS B RIS EE B KRR 25, IR
Wik gk HENGNAZ, T RFA IRk DNA (rcDNA) , reDNA FIJ 7 g e 7
I S DNA E B S0 P & 3Rk DNA (cccDNAD DA% P 247 P4
A IR DNA AR DL A RNA i 5% o 654 mRNA AHT3E R Z2H mRNA R 5 3
T . ERE mRNA 57 #0 DNA P A A 3isi 65 5, AR A dar st
K1ZH RNA(PGRNA), Fif K 2 mRINA ¥ 5650 16 J5 T2 50 25 2 B OGN AH A
BE A% L T 1 40 P A% Co S0 LA pgRNA 4% HbcAg £ 32 FITEit. e v 70 ks
TREBTEM PR, A Tof 7 B R BB R TR I R 2H B 2 0 N 20 A T A
cccDNA, BRIz Ah, IR 1 7 SR A 5T I A1 2 1 2H 206 — AN e B 11
TREERURL, [ 40 M 7073 W

HBYV DNA R &HE B A% FFERHEN HBV DNA, R — AN 58 B [ XUEE IR
DNA, #Ef4 L 4 B mRNA™ ™, 7%t mRNA (3.5kb) & H R E L (S
B, BN e ar &R A Yang™ BF 58 K3, cccDNA [F5E —Fig AT
DHBV 1 WHV 12 &G T4 . cccDNA ] E LA E RORYE & 267 DNA
HAWL . EALH cccDNA AL, &5 EHMUAE 2 —FE [ cccDNA I
Ff o ccCDNA H%: k2t DNA JG LI RT R R0 1, R s XUEE 2 E DNA,
TIAEXUEE IR DNA. SR1, XUEEZE M DNA B41R] DURE AR BOUEE PR IR DNA.

TER BB N HBsAQ RIUAEIRAESEL, JERY, A, sRigvRId I
P (ORISR [ B RN AR A, B0 ) JE B ) X 5 MBS i1 R
¥ HBsAQ 41 AW, — 504 T 20 HOH 100 P o PRI RZ B, IS PR ) i 3 22
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BN B 5 R I TR HBs B H 45 &4 HepG2 A1 i 1=

AU S AR BT P IR G b, 51— RONERE N, AL ToaTE N Bk,
BRI, 5405 B REERY)BIEL, SO R an R oy
T 3 35 T 41 B2 (ground glass hepatocyte, GGH)™ *"'. H 7t &, i oLk E
TR 73 1 07 V5 FT LAAS 21 9 A 350 P, A ag A% A Ao T A2 5 O
KIMAEAEANFIIRT S XRAE, | 8 GGH &A1 S1 kKRR AE, HBsAg RILNA
AR LR, 5 R R B AR A B AT, ARAE R IR R E A I B o)
— M GGH SRR TRALARIIHT S2 X, HBsAg H HR7E B 3 = 52 il B B sl A 41 28 2
PRI A0 B S | oA
IEAER, AFEZRME) GGH, EFERNE QY5 B 20 N TR 73 A T 20
T XA, ST 73 A R PEAN [F) 2R 2 1) GGH AR 3 O R . AE 5T
TN, EEESARAER A RS SEOCEH AT S2 KB RAR, JEdH
At LRI ) T 15 PR A P S o A S T G S, X T RR 2R HBV Sl K
Ao HAh, AESH B AR HLA BRI EEE T 4038608 T4 GGH
NEIM N, — BT S2 Xk RRA M, ZPUREAERIR 5, &4 S EUF40
AWML FrLL, AEAF3E- B W T2 HBV MM 5 118 GGH Z I8 i)
PNAERR R XA [FIZR AL ) HBsAg FHYEZAI I/ 560 5 K€ 28 B S RAZ, #EM LI
AR EIE AT N

1.1.3 HBsAg BT RNAFERREFARENRELR

HBsAg i s i i AL BTN RE,  WRESRM AR RACHT, 4R A= R A g iR T
IR, A O R B oA R A Ok LA {5 S A IR R AR . RREER
IR ST RTEGUE, AR SEHUAAN 5 AH [ A5 5 s, AR I A a4 2 1 o s S5 A
H o WK BB BT 1 (1 40 o AN e AR A AR A T A ARG E BRPIRAS, anahEiss
BN RS, IR 5 2 T2 2™ . Hildt 28 A&, /T S2 {75 A
FIEFHIREA (LHBS) Mt (MHBS) 2/ 38 5 2 1% Ab i 4
WHET, MU RS T 3E . £ M-HBs STARIL /N, 551
Fi&1% craf-1/Erk2 #30E, BEABEE C (PKC) MRS 55 FEE TS
M-HBs ) S SB0EE ARG, 47T S2 XA PKCal b 45 & B ER 10 S8R A 1
P2 PKC #<#t c-Raf-1/MAP2- 1B 5 5% T8 I Mk 2B, BEmBaE st &R -1
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(AP-1) , #ZPT-xB (NFKB) HiEHEH-2 (AP-2) , IiFKRMET (SRF) ,
SP1 il c-myc Z5He sk A 7. LR R AR I HUE REE (LHBs) AA A
s SRR, JF HidiEd PKC 15 5% 3812 5 c-Raf-1/MAP2- il (= 5 ¥
SHE RN R A, B SRR T AP-1, NF-KB #0400 5 5 18 26 ol 4%,
SEAE R MR CEIR, #64> LHBs 3k A\ ibig 2 & @il ii-S1. #i-S2 X
TERH RIS S 05 N M B3, 55 2 IO R ORI 06 . — 49 LHBs @ id A-S1.
HT-S2 XA [0 MBI REAN LA, 51 S 58 i o o I g e M (0], o B 448 o
FRITIT-S2 X & 4% 30 e B0 1 FH l 2 Sl e AN 40 B 15 55 AR S A 2= EARAE A
Wbk T BAARImPURIIRESN, BATIEFTIRABTL S FEE (HBs) [ ART)AE,
0 Je A PBOE A RAEH o

LR JRIF B E UM I G, A s 5 2 DR M R4, A S
FLEERFAMI Y425 . B, AR HE S5 H DNA 4 3 s BB E A, dkimi s
Wi e A ARARSS, FE RSB BRI R AR . HBV AT gt A= i 5 4 i
B A BRI B R R, I 5 1 S AT AR AR AR RN ARG BER)
R, CHFERMPUEEEA (HBs) Rl I BE U A F Gy JLUTTE 5 T 4
FURAEA AR (B2, 15 HBsAg MHIRERIHA V) 245G B B i 5 85U K g
DFHLEM ARSI 25 LFTER, HBsAg FEREHLE. Mo EY S ThReRIE—5
WEFAE HBV AH IR 1 T Va7 7 T R A R e ATV, AW
FfAe il R B b, Nk AT RNIAT 2 3R B R A bl i) S 3L
KIEWER, FFIFR BRI QR T A 225, DUER CFRmbtE, A

NI

1.2 Ei4alE B (ALDOB)

FEAR S = PR AT IO 7o, AT B B S SE B e Y HBs fiside
gha R ARl B . D-JUHE-1, 6- BEMRIESNE (EC4.1.2.13) ([E4ile) 7&
PURRE AR, OBl A A e AL i R v A B AR o IR AE LR A 20 AT

2. SR



BN B 5 R I TR HBs B H 45 &4 HepG2 A1 i 1=

1.2.1 B4RSR & IS YFFHIE

Wedillg (ALD) f&—Fhai b NU SRk MRt llg, A7 e T H AR ™
1936 4F, H.H1 Meyerhof % N 56K, 5% 40 Wl AN R0 1) A JOms e A4 F
DIAHR, 16 Fhal iR 3L [F) 4 BB 445 1, e 4y & 160,000, 7EAUT 2
HE AL IR RE 1, 6- R (FBP) EARME-1-BEIR (FIP) Zf@A: sifig —
FR AN -3 BERR" . EIAESNIL A ZEE b R B T I A i ) RS A7, JF
OIS K BRIt i . BT ARC %0 1l 30 M4, K4
AFE AN BE AT e For, | SRREAERE A S AN & S R ) Hh S B s
SR, 1 AT AN A T8 R B 1 P BT SR o TEARSCHR, FRATT A B A | SRR

MEAARE ALY (A B, R (B ) , B (C ) X —=FpA[HE[FE
TR B T =S b MG R, ENRRFRERERET, X
e ) TR A Bz ()2 U . EE4ERE B /EA T 1,6- @R LRE (FBP)
BCRPE-1-BER (FIP) BPYEMEAHE, ‘B 25 I R AR S A X 9 S A S R AR Y
AR UV BT IE ) REAERG [F) T B Bk = i 2 S 808 & P RN AT 52 RE K
Ao IR AR SRR B MoK S &2 S BT DI E , K& FEUHE
PRF= AT LERTF AL R R I A N b 1,6- - BRFRE 4G B B ALDOB K4 fi5 .

TERRRG W T L2 K 5 ALD-A, {E2 A RT B BB SRR IT 1R IR A 2L,
Bt I 2310 B MR R 2 B Bk, C BUBESRTEIS 1 I& W o, A BU BSR4
FAEFHRAKE, HIBAES . B BIREAREG O I IE & — [F) TR . SO 46 )
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