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Antibody productivity of HBsAg containing both preS2 and
S regions expressed in Chinese hamster ovary cells

Sung-Kyun Chung*, Jung-Min Park, Sang-Bong Lee, Dong-Woo Park,
Dong-Yeon Kim, Ki-Ho Kim* and Hong-Jin Kim*#
Central Institute of Research, II Yang Pharmaceutical Co. Ltd. Yongin 449-726, Korea
*College of Pharmacy, Chung Ang University, 221, Huksuk-Dong, Dongjak-Ku, Seoul 156-756, Korea

Abstract — Many studies have provided evidences that hepatitis B surface antigen (HBsAg) including
preS region could be an ideal candidate for a new hepatitis B virus (HBV) vaccine with higher efficacy. We
established CHO cell lines, IY-CHO-2 and IY-CHO-11 expressing high levels of HBsAg containing preS2
and S protein by stable transfection method. These cell lines expressed the correct size (about 1 kb in
length) of HBsAg mRNA as expected. The purified protein from the culture supernatants of the clones
showed the same sizes as those expressed in native hepatitis B virus (24 kDa, 27 kDa, 34 kDa and 36 kDa).
Antibody productivity of CHO-derived HBsAg protein at lower dose challenge was higher than the protein
containing S region alone expressed in yeast system. These results indicate that CHO-derived HBsAg pro-
tein containing preS2 and S region can be effectively used for a better immune response as a HBV vaccine.

Keywords [ Hepatitis B virus, vaccine, CHO

Hepatitis B virus (HBV)&= 89S B3 ddEE  C 432 xuds wdsty, Xeads 23
S 280 Q= DNA Hlo]eiA2A, BY 7H9S o ohla s agsic, 2u@a 2 sl Hepatitis
o7l T8 ydAoish A AAKoz HBV Y B surface antigen(HBsAg)< S gene°l] 2J3lo] 2|4
A= oF 39 s3nbgEold o]E2 Tz, 733, =+ polypeptides} 172 FiAZ o|Fojx)og,
ZRro® g el W) A HBV 726 small(S), middle(M), large(L) 371%) wlaz 7Aw
3 S sk WS HBV o9 IgE ol S ©lEe 226 amino acids® FAER, 37HA]
Hepatitis B surface antigen(HBsAg)S o83t ¥A iz = 7P FRaich M 9zl e preS2 #ha 3f
9] ARE- o|t}, 5, S @Al N-terminaloll 55 amino acids?} %7}

HBVS] Algd 3E3aL-F22HP; polymerase), Bt L @A preSizty dh, M wlzle] N-
BEHFATAAKS; surface protein), SHTLFHAF  terminalel]l 108~119 amino acids?} F7HEH? o5
(C; core protein), X722 FAHEC 71 F B S, DAL 31te] open reading frame® 2 TFAIET,

A2 o ATG /WM zESE A2t HBV DNA

# B wmo et RO o] ARRIAR genome°l A preS1¥% preS2 region S regionH.t}
(43D 02-820-5613 (W) 02-820-5613 potisd
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CHOA|Zei Hgl preS2-S i HBsAgS] $ARES 709

HBVel tfgh 3 WA wkd 718 gxte] Fodloi
Fu]¥ HBsAg particles® ©]Folzthy o] wmale
a&2Ql Wale A HEg2 A, Fagel Agtz)
o2 e A%t e@e] AR A7 it o]
SEIP| figle] FAFEE o8 1} Al
2lo] =it o] #Ale- HBsAg particles
Z Sshgle] WHHEERE ARE HANEE AEE)
o] yeastolld AAFEIITE? S&49S HBV ol of
3|4} protective antibody response® L8 A
e AR 53 9 ebRAela f=3isic). 18
U SEelel] thsl 2.5~5.0%2) WY 7]50] HAE #
Ap= WS A ke Dol AED wEkA, o]
EE HYEE IS5 7 s AES A9 sl
Hedty I F preS FAE TFAA S Fd Bt
ohz} preS Feol tisiME WSS dov|e= A
o] ®uElw vt Neurath 52 non-responder
miceol] preS 2 S el digt FEdy S =
Bk = glom 51 preS A= 34 HBV 79 3
B3l HBV AA] 52 752 st sigict?
3 preS1 F-99) opu|iAt 21472 TS Q=
842 dggol, ujebA, preSl(aa 21~47)2]
A= HBVY s W3fisle] A#x|olx HBV 9
Zae it S99k Neurath 5 T3
preS2 F-41¢] oluliAl 120~1452 B M¥S} T Al
29| QAR Yol P webA preS2 YL S Fo
2 A7 BAER 2= nonresponders R3]
S AR Bt Qop e

Al S ¢ prokaryotic cell, yeast, mammalian
cell, recombinant baculovirus, insect cell, plant 7
2 o33 systemelld L&A= Uk T, dEFo]
7V B2 Escherichia coli®} 7351 glycosylation
o] o]F0jA|A] ¢ko} glycoprotein?! STAE LA
71of= A7 AT, yeast straing! Saccharomyces
cerevisiger= glycosylation®] human cello]] H|3] 5
Yol o|FojAA SFIe} Wo] g}, wepA £
ATl Ao F Holdk a7t 3= subtype!
adr®] preSe} ST FHAF 0] AHEL AL H
5231A| o]FoiA| 1, SFHgo] PR UHEAAE
Chinese hamster ovary(CHO) AXEoir 2EA7I1
2} et

mehA], B AtolAE preS2 @ S T 1 HE
£ AFsle] CHO AxE FF-$A# HBsAg
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CHO AZF5 =319tk ¥d4dse CHO Mo
/] HBsAg mRNAS} ©hiizlo] Fildoz dhyds v
PSS BRIFIGT v FFTHOoZHE HBsAgHH
A& AAIS Balb/c 2ol FAREHE &
Sl el=

HEYY

Plasmids — pI[EspHBVS2 Z&}Ar| 58 Fu[3}7]
&5}y Wx Hepatitis B surface antigen -f-3X=
ghgslal Q= ZEkAul pHBVE F30F PCR
(polymerase chain reaction)2 <33}t PCRel
o]g% ¢ Zeolme] HVIMEL 5-AGAGG-
CAAATCAGGTAGGA-3' o511 Hx3F Zeto]u|
SN L2 5-GACGGACATTTATCTGGAT-3' ©1%)
o} PCRE 94°ColM 1%, 60°CollA] 90%, 72°CollA
17 cycles 353 HbEste] F3slgict. EcoRIY
Xbalo 2 kst T Klenow enzyme )3t plEsp
o] PCR A& ASIAIA pIEspHBVS22} w3}
At

pIEspHBVS2¢] dihydrofolate reductase(DHFR)
XS AIE] $lsle] WA, pSV2-dhfr EelAu=
2 F3O 7, T7, T3-universal primer: ©] &3}
dhfr SRS PCRYCSE $FE3KRITE PCR 534
< plEspHBVS29] Clal #9]9] £%38to] plEsp-
HBVS2-dhfre}t Hg3i3ch.

plEspHBVS2-dhfr Z2}4~0| =Y HBsAg #-3Ak]
Q7149 B2 T7 sequenase system Ver 2.0
(Amersham Pharmacia Biotech, USA)S A}g&3F
Sanger dideoxy termination el 2J&}%ic}.

M Z8H2F — Chinese hamster ovary(dhfr-)Al X+
ATCC(American Type Culture Collection)ollX] 7]
5] 10% FBS(Gibco BRL Products Co., USA),
0.1 mM sodium hypoxanthine, 0.016 mM thymidine
(HT supplement; Gibco BRL Products Co. USA),
penicillin(100  U/mi)/streptomycin(100 ug/mf) (Gibco
BRL Products Co., USA) ¥ 25 mM HEPES(N-
2-hydroxyethylpiper-azine-N'-2-ethanesulfonic acid)”}
E8¥ MEM(minimal essential medium)-o, B}=R] ol
Al A8k

Transfection®} HEFEHN MU — Transfection
Calcium co-phosphate precipitation *¥g A3}
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1, BAAE &85 =o)7] 9151 plEspHBVS2-
dhfrg EcoRICE Hdslo] MHSAA ANSIGIcE 7
AZ¥9] transfectiond- 15% glycerol® 2%t 435
a3 & PBSE 23 A3l 10% FBS, 0.1
mM sodium hypoxanthine, 0.016 mM thymidine
-+ MEM-o. BIAJellA] NEZE HYsiAZ) ol &
/602 AEE 3lAste] AeulR|e] MEZE 273t
A} FAATAE AH3ITE A9EAE nucleo-
sides’} EEA 92 WiAE, MEM-o HiAol 10%
dialyzed FBS(Gibco BRL Products Co., USA), 2.0
g/L sodium bicarbonate, 1% penicillin-streptomycine
(P/S; Gibco BRL Products Co., USA :10,000 units/
n/ penicilin G sodium and 10,000 ug/m/ strepto-
mycin sulfate in 0.85% saline), 25 mM HEPES
(N-2-hydroxyethyl-piperazine-N'-2-ethane  sulfonic acid)
£ A7l ARgRISiT. olojN ZF e MEES
) x] o] 0.0056 uM MTX(methotraxate; Sigma
Co., USAHE H7MA Fulet F3FuA|elA 15643E
vjoFer 3 wljok Absodel] st AMIE SR
(Ausria II kit; Abbott Laboratories, IL, USA)&
Ao} opgulsg el AERE AE% ¥, th)
MTXY] 555 =77 7F84 HBsAgel ¥slo] &
71 MEFE st

RT-PCR-CHO FZAASAZHE FE|§ total
RNAZ #3072 RT(reverse transcription)-PCR-S
Fe3tch 60mm Ee0)E A+ AlEo|A High
Pure RNA Isolation Kit(Boehringer Mannhein,
Germany)E AM2319] total RNAE &3t} &
3t total RNA 1.5 pg, oligo(dT) primer, MMLV
reverse transcriptases ©]-8-319] GHAE 3%t H,
HBsAg cDNA F7149E o]83dle] Az 8%
Zejo|o(5-AGAGGCAAATCAGGTAGGA-3)s} <t
& Z2}o|o|(5-GACGGACATTTATCTGGAT-3)Z At
43l PCRE THsI3ith. PCR Whe2 94°ColA
305, 55°Celx] 353, 72°CollA] 4059 cycleS 303
Rl o= )

HBsAg tH4E H&| - HBsAgel ™3t monoclonal
antibody (mAb)E A§AFSH= hybridoma cellE v}
7ol AR A vhe2d] Ascite fluidE Bohdo
1 fluidfell 9= Anti-HBsAg mAb(25 mg)2} CNBr-
activated Sepharose-4B(Amersham Pharmacia Biotech,
USA) 3 g2 ATAA HBsAgZl 23 4= Sle 3

-3 AHE EHEISITE HBsAgE 'ddst=
CHOMEE wljekete] 42 wiof AJ5d4e 2000 rpm
oA 1027 9AERs] A 9 FEE AAR
t}. Phosphate buffered saline®BS; 137 mM NaCl,
15 mM sodium phosphate dibasic, 1.5 mM pota-
ssium phosphate monobasic, 3 mM potassium
chloride, pH 7.2)= %33}A17] HBsAg-mAb affinity
columnol F5HE& FHA7I PBSSt 05 M
NaCl(in PBS)E A%t 3, 3 M sodium thiocyanate
(in 10 mM sodium phosphate, pH 7.2)% whilzg
£Z39d. olojA PBSel dgle] FNE ¥
Centriplus(Amicon. Inc.,, USA)E ©|-83}] FH3IT]

Western Blot - §#¥ HBsAg(0.06 ug)°l tl3l
125% SDS-PAGEE- 4°83t ¥ Bio-Rad Mini Trans-
blot electrophoretic transfer cell= ©|-&3} gel A4
9] @AS pitrocellulose membrane % ZHo]A|H
t}. Nitrocellulose membraneS 5% skim milk®]
AL TR A A MAAIR FH 1XBST(Tiis-
buffered saline Tween, 20 mM Tris base, 137 mM
sodium chloride, 1 M hydrochloric acid, 0.1% Tween
2002 5%¥7F 291 A1, 1XBSTel| horseradish
peroxidase(HRP)7} ZA%tel &-HBsAg ©ASE 3
ElAT, ¢, I=HE EMste] FAIzE RESAIZT
3 th, 1XTBSTE 583t 28 A& ¥, ECL 7]
E(Pharmacia Biotech, Sweden)& AR5} filmel
7ZFAA A dEE A

X 8N s &9 -CHOMEAA w3, gitd
HBsAgel Al Ad%o] ASAE gokrr| S8t
Balb/c "0, )8 ol&sl] A3t #}
S25 AET 37 UxT 39 F 6woE U
T 7} olks 10 Wi wheAE igsisith. AdT
3Foll= CHO Alxoix 2d¥ HBsAgS 212t 1.25
pg, 0312 pg, 0.078 ng A FHzl] HxA &Frg
¥ 05 mgH 3 FH ALTE o83 F H9
1 mio] EA| 3o mpeA Bkl FARIG. T
379 mheiolE a8 3 BY 9 94l 1.25 pg,
0312 ng ¥ 0078 pgs B4l 1 3 FARIKIG
o 28 T AFo2RE] AE 500 wH FHat
I A2eA 1 ARRYERE WREle] SAIZ $- 25°C,
6400% gMicro 17R, 3, 3=h)o & 10%37F A%
2] & AUt o] FFEol T3 F-HBsAg
S1E enzygnost 3H-HBs II 7]1E(Enzygnost Anti-
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CHOAIFEoW 89 preS2-S 35 HBsAg 9l ks 711

HBs II Kit; Boehringer Mannheim, Germany)&
AMg-3le] ELISA Hloz Hasiint.

dEE  u#

HBsAg W8 CHO MZF & -HBsAg 23
CHO AXFE F&317] flste], 94 E/-5E20
E|Ql plEspHBVS2-dhfrs A2k thFig. 1). plE-
spHBVS2-dhfr Ze}~n= ] HBsAg cDNA2) §' wH}
2 $%o|= HCMV immediate-early enhancer
promotor sequence’} $IA3l Gl 3' HEE WogE
HSV-1 thymidine kinase polyadenylation signal
sequence’t $xI8kx k. &3k plEspHBVS2-dhfr
FAUEE MTXE o|8slo] HBsAg +47E 5
ZANZ 4 3% DHFR 345 Egstn Qirh
DHFR ##Ax9] 53 3'ZFo= SV40 promoter 9}t
SV40 polyA signal sequence”} 217+ HIA[3ka ot
CHO dnfr(-¥¥ell plEspHBVS2-dhfr7} & o=
298 AEFE 97] A3k HA nucleosides”}t 91
v AE|X|olA DHFR o METE Ak H
HBsAg 23 #13lo] DHFR¥} HBsAgES 25 4
sl MEFES Ysigith. DHFRY HBsAg B5
& BHle HEFE MTXEEE 95407 ZA
714 Bjeksle] HBsAge] oo S7H MEF Iv-
CHO-2, IY-CHO-119] <+ AXFE Agsigir).

2 AFtellA, 32 [ AEeix]elM ¥
DHFR 94 AEFE2 257 HBsAg ©de o
il Zo2 YERrh o= DHFR #2Ax7}F vk

Amp© BamH 1

pIEspHBVS2-dhfr
PreS2+S

Sall

HCMYV IEsp promoter
SV40 early promeoter

Fig. 1-HBsAg and DHFR expression plasmid (pIEsp-
HBVS2-dhfy). pIEspHBVS2-dhfr expresses HBsAg
containing preS2 and S region from the HCMV
imediate early enhancer promoter and DHFR
from the SV40 early promoter. BamHI and Sall
restriction sites are indicated.
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A7]1324; = HBsAg S-4xkel T3t e Yo &
Azl BAAS Al FAlo] CHO AIX U2 ==
T3 GA DNAYS] 5 dXlel A=A = 5
Al o] 7hs3lsie ACR Alsd olegt A
< X3 DHFR FA%E SFAAWHR: #3404
HBsAg 3T 37 $Fd F5S EYO=2A
HBsAg #3248 1 582 $EZAY F% glogg
Br}, £3 B Ao Zekan=g g 433
ANA P2 Aol ARggo g ZEkAn|= DNAZE
¥4z DNA Aoz =" o g 4 Q= Ze)
20| DNAY ApiE 7F5Ae AaARen g
3lo] DHFR¥} HBsAg 7 34 1882 g3t
A A FASHE AEFE E2 F UYE Ao
B},

CHO M Zo|AM HBsAg mRNA @ &ol -
HBsAgHAAt2 2 Age CHOAMXEA HBsAgol
oz des=r] #RIs] $fsie] WA RT-PCR

ADNA/HindIII

CHO-W
I'Y-CHO-11
IY-CHO-2

1183 bp —

Fig. 2 -mRNA expression of HBsAg containing preS2
and S region in [Y-CHO-2 and IY-CHO-11 cells.
RT-PCR was performed with total RNA extracted
from IY-CHO-2 and IY-CHO-11 cells. RT-PCR
products were then analysed on a 1% agarose gel
electrophoresis. Lane 1: HindIll digested A DNA
as a size marker. Lane 2: RT-PCR products with
total RNA extracted from untransfected CHO
cells. Lane 3 & 4: RT-PCR products with total
RNA from IY-CHO-2 and IY-CHO-11, respectively.
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E 35} Fg. 20 AAE A7 FHHEA AT A 119 HloleAellq A H3sAg &
%2 CHO AH¥oA #2]st RNAS AREst] RI- AAHpreS1+preS2+S)7F 2H=HH 24 kDa, 33 kDa,
PCRE TIPS wis SFAE] vehbA] egkod, 42 kDa @Ad ol 22t & A% Ful 27
4 AgA IV-CHO-2, IY-CHO-11914 X=2]3t  kDa, 36 kDa, 4 kDa® F 6557 7|2 w@¥izo]

RNAE ARE3l0] RT-PCRE 338158 Wi o &5
ZAE 7] 1,183 bpst 22 2712 band’} YEFEE
o}, X3 ZZALEo] HBsAg H3ARIAE EQ15P)
23] RT-PCR AFE-Z Xbal v Xwolo® Auts)
o] B 43 AT Xoglo B oS w= 457
bpt 726 bpe] BHol UEPHIL XwoloE HIARS
= 351 bpet 832 bp AHo] YehKFig. 3), IY-
CHO-29} TY-CHO-11°lA] HBsAg mRNAZ} ¢33
o7 HHET YSS ERIE F Y3k
CHOMIZO|A A4H MK El HBsAg THHA gol -
IY-CHO-2E vt &, v Asdoz e A)-3
34 A2vtE Y9 E YAF HBsAg @A S
SDS-PAGES}4], silver staining®} Western blot<

s
2
3
T
Q
a

W
’

EES
%2R
a7 qQ
OO O
janianiien
SRS
ol lis

b DN A/Hind1T

832 bp
726 bp
457 bp
351 bp

Fig. 3 — Confirmation for identity of RT-PCR product. RT-
PCR products were digested with Xbal or Xhol
and then analysed by 1% agarose gel elec-
trophoresis. Lanel: Hindlll digested A DNA as a
size marker. Lane 2 & 3: RT-PCR products
digested with Xbal (lane 2 for IY-CHO-2 and lane
3 for IY-CHO-11). Lane 4 & 5: RT-PCR products
digested with Xhol (lane 4 for IY-CHO-2 and lane
5 for IY-CHO-11).

gt g2, preS2gt S F9u HAHEE 7=
 IY-CHO-2 MEollx] /9% HBsAg i3 £4F
#2 24kDa, 33 kDa?} olE2 T A% HEA 27
kDa, 36kDa% <IA49t}t? AnE AT Iy
CHO-290141 23 ¥ HBsAge 24kDa, 27kDa, 33
kDa, 36 kDa=719] @¥izo] WE= 2o vepst
thFig. 4). WetA, HBsAg WWE 2 FAdge
CHOMEM ¥ HBsAgS A 7HF mlojg~
oA WH== HBsAge 22 7|9 diizlo]w] =
3 FEFE vl olFolds HolEr) mg
preS2 #9)°)) 3sH= 33 kDa¥} 36 kDa®) @z
o] 2 FFoF WPHE o] EUHRL o)A
& el pIEspHBVS2-dhfroll E3Eo] Q=
HBsAg F-2-9] #A7} vzl wdlds dA} ol7] of
Folglal oA

W E xi=gt HBsAge| SAHMs &l - Idd

M 1 2

Fig. 4 — Confirmation for HBsAg produced in IY-CHO-2
cells. HBsAg were purified from the culture
medium of IY-CHO-2 cells by antibody affinity
chromatography. Purified protein were applied on
to a SDS/PAGE and were then subjected to
either silver staining or Western blotting. M:
high molecular weight size marker. Lane 1:
HBsAg with silver staining. Lane 2; HBsAg with
antibody hybridization in Western blotting.
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CHO Mol 2is) preS2-S B9 HBsAg?) Akl 713

100 p
O Yeast-derived HBsAg

B CHO-drived HBsAg
80 ¢+

60 |

a0}

A j

o .

0.08 0.31 1.25
HBsAg g

Fig. 5 — Antibody productivity of HBsAg produced in IY-
CHO-2 cells. ELISA was performed with the
serum drown from the mice intrapenitoneally
injected with HBsAg produced in IY-CHO-2 cells
or in yeasts. Data were expressed as a percentage of
mice produced antibody against HBsAg protein to
the total number of mice in a group.

% anti-HBs positive

HBsAgo| A frksEo] AR ERlsh] sk
Balb/orh 2o SRS AR A8
IV-CHO-2 i} 5oz e He] Zald HBsAg
< MR, diETS S v x3E 5Ra
HBsAgS AMg-3HlTh whe-A] B} Yz Eojst &
S do] HBsAgell tist &A1E o] 83t ELISAY
o= ne~ X F 3F-HBsAg I 52 AR
Rk 1 A%, 1.25 ug/mite IY-CHO-2% th&d+
EFolA 100%2] FA LS JeRil, 0312
pg/mitol = IY-CHO-2& 83.3%, hZT-S 50%<]
g4 S-S vehigith a8y, 0.078 png/mite
IY-CHO-20l M5+ ZA7E 3= QAckFig. 5). mhebA,
IY-CHO-2 & HBsAgS s Eolx AEF-
HBsAg#}l g Q&2 Zou), e FrorE o
S ZAERD ) A EE 7R A o) Bl
At ©]72 IY-CHO-2004 A841¥ HBsAge] preS2
& g438kn 2 T3 yeast systemolt] Brh=
FHEYe) aEF 0T Yojupy] WEY FoF o4
ot

4 g
2 dFoA A&dEY CHO MAEFNA Aitd
HBsAge= preS2 F91& 33k 3lon o] chilzle
XA ikl S FLAT X8t 9l HBsAg K.

O AsrelA A g5 Holut preSyt ke
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CHO M #2) whaido] 713 wjolelzol chalo] @
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