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W OE EKBERESE AR (PBMC) RS REN R E NN ERHNNG, % EBY B4, R
MERBBEE RN SR K BRAEPIERN B M Z X PCR VMM ERENK T T X EB(V,/V, cDNA), A
R (Gly, Ser); WIE #h 5 7 HE R ScFv cDNA(V,-linker-V, ) , BB R ABK USES RF, i > E A FREEF RE.
AR RARAMER A PBMCEEG ELISABM 0% MAFRBEEARNAS R THRAMME RN, UL
SRR G N RS R BBV L PR M A AR S A RHEREA IS AR AR R

LKy

XA KBE BEEEH, SEEHEK, EBY ¥, A4RE, BAMERW

hESHEES R739.6 XWIFIRSB A

A AL HgE B (ScFv) 78 Fib 8 W5 B 1z 3 B0 38 K
ARG T EEHL RN T A& A48 HAMA
BB (AFLRBUERR ), AR TR/ ES AL
. BEEAREEERVREZERS DA
RUTHET RO TRARSEY . B, 84
BARCKBERENAFHENIFREREEA R
BH K. B RX T B RS R bk p R R
£ HREAESEATEERIER B LTHE
PR B/ FH SRR, DR BB LR,
9 £, RECHHENF L AR EAT BRI
R, AR KIGEES PBMCHETIH AR
R MR BB PR, (B % T 1k 15 B A I B O
Piik 5P E B E R A BEY X TR S MK
WhkERER X, HRRERCE - $—EH
EEER/D, 4 10%:Hie GRS HFREHRREN
EEMEIWLU L, MEMEAPKEARETARE
RERHWEHMER, MR AEEFAK, AT
AR A R BZRATIRE
FHONNRERAN BARKER L EXHE
fEhERTEIRBFERABVMEREFNREMND
BV, 1V, MRS (orgina) AL Xt ' BBtk , AT AR
AN EES WSS B ARk RRERTR
RN, ATHIREMAMRT FEDUE, RITR

W B 1 -2001-01-05, # A A # :2001-04-06,
HEETH :BF AR ER S BT A (39900141) .

3 ¥ 48 5 1000-3061 (2001 )05-0526-05

IR R N EBV 5L B AR, kA b S R
869 b 98 e A5 R i B 4 4 B8 ( PBMC ) , WA 1 3R 18
KA FREENIN R XEN BAKTE,
FRHAEREATEREA, Mk A& 2
DNA HAHKAKE BARABEMIH vy/v, B
B, FRREREERRA,

1 ##fr s

1.1 #H8

1.1.1 ARk HARBER: AXBBHARES
HRT-18, 0% I 2 5 41 BB 40 B Bk 9 B9S-8, ¥ &
FERHF, RS 10% FH4E /M I F RPMI-1640 35
FH, P, E. coli MCI1061, E. coli K802, E. coli

K91Kan R Z IR W B4k fUSE 5 ¥ 1 £ EH Yale X%
Gmﬂﬁﬁ%go

T1.1.2 EEFENE MR MLV (FCS) R Ak /4 ¥

(NBS) i M 19 2= 9 24 & 7, 24 BfS % 40 B o 35 3%
BB N5 % Gibeo/BRL 4% A] = 5, thIl-2, B &,
MR INEH KR HEE A ¥R Signa 27 =&,
TN Y dnmol/L B H B X 2mmol/L. A M
.

1.1.3 KBERV I AXEBEERFETEHRE
BREFHEER, SRENBIS IS HE . R X
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XWEKED 5 mL,

1.1.4 FEAN: HRP HRICH I M13 B R Hi A&
{HRP/Anti-M13) #] B Pharmacia Biotech %% &), TRIzol
i€ ¥ A Gibco/BRL /2 ], HRP $FiC 8L A 1gG/M
Rt FFB E 4 6l 7= &, 100bp DNA marker 7 MBI 2
A= G, 2% PCR BRI YRE Ca 57 itk %
SR 5 NN B2

1.2 Ak

1.2.1 KR40 M50 5 i) 45 \EBV B 58 ¥ #) 1
Ik B % AR 5 41 3 1M 8 % 41 B ( PBMC) 43 351
MaHBE CAM BRI ; EBV HEB N
KK BoS-8 MM T B RAIEHEBEE L
B4 3 PBMC,

1.2.2 KBEHE PBMC B4R 5 Bl . 40 M i R 3%
K% 410 : PBMC = 1: 10 B )50 A 35 37 &) PBMC
F,F 37C5%CO, BAKEF 6~8d. FERT 10%
FCS # RPMI-1640 52 2 4% & (& 20u/mL thIL-2)
1.2.3 EBV #%4k: it B3 H)E & PBMC, 3% 4 x 10°
PBMCHTA ImL EBV ¥ # L, T CO, BERE
B 2hBF LW, NS 2pg/ml RAEE A,20u/ml
) 10% FCS RPMI-1640, #248f. 5 x 10° PBMC 7+ ¥ A
24 FLANM BS 35 4R (Costar) P, B Ha Sd R B, 55
Fa R R B KRS x 10° 40/ FLHE
ERTFooflARFEHE, a0 2 AL, WEH
L BT ELISA BB BB 4

1.2.4 [6§ ELISA KNS M EHE: A XHEAR
HRT-18 G BT A MR LR AR, 42 0. 15% I — 8 = T &
% 20 min, 1% BSA 37°CH ] 1h,PBS 364k 3 K. &
SIMA R B MBS L. 37CHE 2h K 4C
%, PBS ¥EAR 5 1K, in A HRP #RiC B HTLA 1gG/M(1
:2000),37°CHEH |h PBS ¥itR 5 X, ABTS B, M &
BMAE (As) o BPERX RS 19%BSA 155, BB
AN BN A EHESH 3 FHREE2
o

1.2.5 AREBRERES B KEEARRIER
B 40 B . BFZ L ELISA FI¥£ 7L B 410, 4% 8 1L 40,
10.1 4 BAKKEMA 96 FL U AR HIE e |,
F 37°C,5%CO, WA 10 ~ 144, 7T B ERE ML
WHEIHEAAA BHELERNT ELSA 8 (kR
1.2.4) Mk BEBE R4 BLG, THE 24 L4
IS FRIER, T 10d £4, W& 25em” BRI
(Costar) P H - 3 %, MY = 10° ~ 10°, BV A
F & RNA Hi$E

1.2.6 [H¥: B HM R B RNA B4 & A 5 % AL
cDNA(E | 8) W ES W KB BIEK 10° ~ 10°
4~ B M TERE (M 8 H 99-7-5AgB12), PBS ¥t %41
2 ¥, H TRIzol B0 2 HL & RNA, Lt 4 BE 4R F o §%
A& (Invitrogen 722 F] )& K cDNACSE 1 8) , - 4E
FHEEAAMERWEHT, &5 T 100C 3min K&
L2, 8

1.2.7 H@ghik(ScF)EEMN TR S ELAREN
WE:SWLXE(7), #ELERMRBRDT (1) A PCR
T 1% 1G/IgM R X (V) B —fEE X (Cy, ) %
HUE «c R A BT EEEHE, HEERTEXER
MBRERGNSHTEXERNEZANRM FHE
EHRK (Gly,Ser), M H 3 ¥ %5 (2) F§ PCR #1 3 1,
Vy-Linker-V, B ScFv ¢DNA; (3)ScFv ¢DNA 5 22k 0%
WK fUSE SRF A 3E 8 ; (5)ScFv{USESRF A #8
HIEEAANE MCI1061 R FRE, FEBURWHE
hTiRE,

1.2.8 FiKIn & 9K (HRT-18) M IE ¥ A PBMC 7
P KB ScFv B & H1 4% : HRT-18 40 MEAE 75cm’
BEEFEPKHBERLE AXMEEER I K, A
Jai 8mL 10% NBS RPMI-1640 353, & 37CREF
U ERFRRFELE SN S. EH— K Panning
T, 0 2% M B 4K 4 1k B 4% ( wifvol ) PEG/O. Smol/L
NaCl JLEELE4L, 7 Tk, B E B R B,
x 10" TU( Transducing unit) & 4mL & 10% NBS RPMI-
1640 FE R 37CHE 1h, UH A LR E&ED
EOESRME S, L MERANZE H
FiF# HRT-18 1M E R , EEHHE 2h, i
RESHIEHE, B X ¥ PBS ¥k % HRT-18 404 10
WL RIE 1mL 0. 1mol/L = Z B (TEA) T 37T CHE
M S min, ST BDHTA 0.5mL Tris-HC1(pH7.6) * Fl,
MHGEHEEEKS SuL WHAKEBWEB E. coli
K91Kan B &, F 37°C# 1L B Y 30min /5 , B 7 4
HEEE 15Spg/mL WHFER 2x YT HAERE PR L,
PHERWEEARREARERAR, s KETHEHE
N 30mL F 15pg/mL IR ER LB R P RELK,
LI wephik, EEHEMEREL R 2K, ERG
—EFPEES, IS 10% NBS RPMI-1640 8 B &
By e m Tk 10°TU/mL, BL 10mL N E C 5+
BEHHIER A PBMC(1 x 10°)%, F 37CIEBH 1h, 5
LEBREEIE 1 x10° IE# A PBMC #1, i 3
W EHEMOEEERSRE E. coliK91Kan HE, 4
Fox YT HIGH P i, S EEFR, F_KERPD
W% 2ml S WM E LBEED, F37CRIES#,
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BORE EWE, CHF T 4C, BT ELSA 2447 2 BE
1.2.9 ELISA 4M#7: F HRT-18 40/ ELISA #1575 $IR -

WEREAE LE. AR T - MEARESR 2.0 FRBELAREEBVEAN BANK

Eos LML FER L KERREG, H0.15%1% NEKEBBREN PBMC, £ &S BREER
Z BB % 20min, PBS ¥E4R 3 %X ,1% BSA-PBS F 37°C i 6~8d/5,% EBV ¥4k, 553 € 24 fLAMEKE R
HAh, AERREBEEKREK LESHERRER B0 KRG, % 5% 10° J08/7.65 2 $ 96 FLAAM

B ZB0,%5 1%BSA-PBS & 100pL E2RBF 30min, B, ST TR E K, ELISA M%) 25% LA

R nmAHBERGEIL S, BZER 20, PBSBES K HAORSRUGE. RAAERNEZEARY
Ja ,BIA 100p1/fl HRP/Anti-M13(1:2500),37CIRE ¥, #TABRER, 5 1 AR S5k LA
1h,PBS ¥Eilt 6 1K, ABTS R 5. THEHR{{(ELB800)E  FEER, 10 MM/ABEEERE Y 6% (4 7.),
M ALME. USHWEEK USE 5 BT, 40 M HBR/ALEO TR AERE N 37.5% (27T ). £
R RF47 3 1. ELISA 7047, Heh 4 L Qw ) IR B R KB #H &4
1.2.10 DNA§8U4rH - BEBB 3 BMWEEM 1041 B, W ALMHBRFENA B2 ¥ K%,

PtEsifE ,PCR T B A R B SIS EAERA 2.2 vy/v, EEANEEAEAREHE&NME
5147,5' %519 :5'-GGT GTT CCT TTG GCC ATG GAC $H 99-7-5AgB12 A & RNA, & RNA £ 3%
TCG GCC GAC GTG GCC-3' 3' 35| #: 5'-TTT TCC S FHMKEMRBK 0D,/ 0Dy > 1.8;% RT-PCR § H i
CTC GAG TGC GGC CGC AGT TTC GGC CCC AGC 2 Fh V,-Cy, () cDNA,—Fb V,-C, ¢cDNA, S+ F /N8
GGC CCC-3"0 PCR P/ FBLHINE Hinf [ B8 3 _ 700bp (F 2a), % 2 & PCR 1 1h 2 B V,-V,,
#0,37°CHEA 3h, 4 1.5% Agarose BERLH K SHT o (¥) cDNA,2 F V.-J, cDNA, 4+ F K /N9 3 ~ 400bp

["‘"’.’;"‘,J,‘E“ °Hm"ﬁu’§'c"u£f“%‘ﬁ?§§"§$ ;‘;,'f;‘s] (H 2b),2 # V,cDNA F1 2 # V, cDNA £ 41 &, PCR

TER R linker ) ScFv ¢<DNA(B 2¢). WH S EE
(P icin | foageamin o SEERAE | gy by fUSE SRE B LA B E S E. ol
MC1061, 2 PU3F G 0% 2579 31 6.3 x 10° TR W
RAYIRTERE . W\ B0 2% Bt o P b 1 3 B o Bl LR B

Bl LERERHREHBE

Fig.1 Schematic representation of the experimental

procedure used to obtain human-antigen-specific 10 > ¥ RE B 37 EPCRY HBEMAREBRFBHA
antibodies against colorectal cancer HEH80%,
M 1 2 3 4 5 6 M 1 2 3 4 5

T00bp— $00bp—
400bp

(@) &)

B2 PCRYWBHRZRAEANERER
Fig.2 Antibody genes of variable region amplified and cloned by PCR.M:100 bp DNA ladder markers
(a)1.Vy1,4,6-Cyy (¥) 52. Va2-Con (1) 53.Vyy3,5-Cpy ()54 V,1.4-C,35.V,2,3,6-C.36.V,5-C,
(b)1.Vy1,4,6-J;132. Vy2-J3133.Vy3,5-Jy:4 .V, 1,41, 1:5.V,1,4),2
(e)1.Vy1,4,6 linker-J,1;2.¥g1,4,6-linker-],2;3. V3, 5-linker-]_1;4. Vg3, 5-linker-J,2

2.3 iR WRERSREN R ELISA 5 A WA A : A <0.2 HBH(-), AT

AHRT-18 M E &85 3 ERER, HMA 02~ 1.0 2@ AEM(+), 4, >1.0 yEHHE
MBOEWSESAERBEMSERTESINAEERTEA  (+4+),
RAMBEHEGE, SBRMBRETEMEN 2.4 HRT-18 4158 ELISA PR ZEEA DNA #5514
10065, &B 3 RFEMEER,90% (2527 FIHE PCRY B 10 MR E AN EREPHEAD
B SN HRT-18 54 (£ 1),80% MIBE  Schv &£ W, LI A N B R ~ 800bp, H4 K ScFv %
HATRERSMHEARBRASES SN (E), HANE3a). & Hinf] BB R HESEESE
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21 ELISARWHHEZES HRT-B ARNE SRR
Table 1 ELISA tests phage antibodies for
binding to HRT-18 cells

Clones

Panning step
- + + +

1 12 1
2 14 4
3 2 4 21

Enrich for tumor-specific clones from scFv fusion phage library after 3
rounds of panning on HRT-18 cells. Phage clones were randomly selecled for
ELISA after each panning step

—3 (@ 3b),3 T~ HEBA/NMYH ~ 150bp. ~ 300bp.
~450bp, 503 10 THERE R E RS F AR
MPERERA,

(b)

B3 ScFv siBEHT Hint ] $5LL5HHT
Fig.3 Hinfl fingerprinting analysis of 10 ELISA-positive
ScFv clones from phage library after 3 rounds of panning of
phage-displayed antibody library on colorectal cancer cells.
Marker: 100bp DNA ladder markers.
{a)PCR products of 10 ScFv fusion phage clones.
(b)The product digested with Hinf1 .

1234567 89I10011213141516171819202122232425262
Clone number

B4 ScrvBEH{kHiik 5 HRT-18 &) ELISA R M4 3
Fig.4 Whole-cell ELISA with phage antibodies prepared from 27
clones randomly picked after 3 rounds of panning on HRT-18 cells

3 3 #®
EARGERGE D, BERNTKN L%

R EIRPRAAZRERAGARBERTNER,
RSB 758, DA b 98 440 B 0 0 B O B ok
HEERE BMHEAR, EHREEHN®RET, RAR
R4 5 B 4B B4 Ak RIRY, Ptk e R X R
A RKBREE NMEERER DK, —BERR
HEEEMIM IgC Xl , XM PCR I H ikl
TXHEER V, (v BT R ;X ) 3 2% 55 55 70
pal:End b E X EINE S SR i

FEEBVEAIRD BEHERMNOER —EWRE
MR EXEE, AARREBLE TR BN KE
BHAKR B ARE, S 0.5 T4aR/FLH 1 TRy
REH SRR SRV I EREK , BSEHR
BO.S MEM/SLEER AR R, AW RIER
K. XUESEHABHMER X RIKRHET 40 4
HM/FLA 10 T AMR/FL K ERFTERBE, K
BTHEREBNEILE,

AT 5 Tt A A A R P 4 B K P
ek BT RAERME, ZH 2 RHk,
BITRBREE T 5P A HBERHBAERRE, 5§ 3
RRENHtEARTEL, RHEERTERREER
Va/V, ARET A8 LA B 4}, i EBV ¥4k
MPCREAKMEEN KK ERAKZREREN,
B RS 8 MR R W AR OHAE R
At ,10 I 58 DNA 1§ S0H 5% 5 4 — B4 W B S EH X
— B, RINTART T HALEREKEEEH31Y,
PCRY WM RE RN, it FETHHEAL
EHEER, B gM 8 3 B V,cDNA,IgM £ 3 &
V4cDNA,6 # V_cDNA & 3 # V,cDNA, B3 v, &
TR 8 12G 2 # V,cDNA K 2 # V_cDNA, X
AREM IR TH AR EHEERT 1| ML HRE B
490 B ke B

T 0 g B Uk B K LR, B 25 5 i 4 B
FRER BIMMATERA PBMC ¥R EE5FE%¥
PBMC 4 f 45 & e B AR B0 4, e AR 18 4 R 30
MBREHNS, EREE, ERMAK 245K
HE—BEMASRT pH(BEBEB) B4 4 T4
b A B RS IAY (B, Becerril 21 % B0 B
RHEREATEHARERR, FHETZEL AL
A B AR P It AR 4 3 B 4 o B A L AR
MU ERKSRE ST SRBANLN, RERN
PIRTH SR T — 8" BRI a8
8 VS (1 e 2 - A B R S A B PR O O,
BETEENN RERENES,
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Cloning and Expression of Human Anti-colonic Cancer Single-chain Fv Fragment

ZHU Jian-Gao LI Guan-Cheng LI Yue-Hui Hu Jin-Yue ZHOU Guo-Hua
HU Zhi-Wei SUN Qu-Bing LI Xiao-Ling”
{ Cancer Research Instituie , Hunan Medical University , Changsha 410078, China )

Abstract We report a new strategy for the generation of human anticolon cancer monoclonal antibodies based on the molecular
cloning and expression of immunoglobulin variable region ¢cDNAs derived from peripheral bloed mononuclear cells (PBMC) that
were transformed by EBV . The immortalized B cells secreting tumor-specific antibodies were identified by HRT-18 cell ELISA and
cloned by limiting dilution . Heavy-and light-chain Vy;-Cy; (¥) and V,-C, ¢cDNAs were rescued from ELISA-positive cells wells by
RT-PCR.V, and V, were amplified by 2nd PCR and linked them together by 3rd PCR assembly with the use of a { Gly,Ser),
linker. The ScFv ¢DNAs were then cloned into the fUSE 5 vector and displayed on phage . Phage clones were selected on HRT-18
cells and normal human PBMC . ELISA tested phage clones randomly picked after each panning step. > 80% of the clones showed
a strong ELISA reaction, demenstrating the effectiveness of the panning procedure for selecting anticolon cancer antibodies. This
approach offers an effective method by combining in vitre immunization, B-cell expansion for enrichment of specific B-lympho-
cytes, PCR gene cloning and phage display to make high-affinity human anticolon cancer monoclonal antibody molecules .

Key words colorectal carcinoma, phage display, single-chain Fv molecule, EBV transformation, in witro immunization, poly-

merase chain reaction
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