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Expression, Identification and Bioactivity Characterization
of an anti-CD3/anti-CD20 Bispecific Single-chain Antibody
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EFRAEAE B ELENEEAE SR K peDNAS/FRT F IRk # 4 Flp-In™ CHO m i, K F R L AL mieHh , B9 & 9
bk b e Rk #4954 300pg/Le R Ni-NTA Hxt 447 7 4 4L, % SDS-PAGE B & & 5k & Western-blot 5 4 £ A%, 4 m
EHREHEHRON S TFELHTIOD. EHME R -5 . FwEELEEEER AR R EBIEY R CD3/4L CD20 %
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Abstract The synthetic gene with 1640bp encoding for the anti-CD3/anti-CD20 bispecific single-chain antibody was designed
and obtained by SOE (splicing by overlap extension) PCR. The ¢DNA was cloned into Flp-In™ expression vector pcDNAS/FRT
and transfeced into Flp-In™ CHO cells to generate a stable expression cell line with a capacity for expressing anti-CD3/anti-CD20
bispecific single-chain antibody at 300;:g/L. The protein, which had a molecular weight of about 70 kD, was purified by Ni-NTA
affinity chromatography and identified by SDS-PAGE and Western-blot analysis. Immunofluorescence assay and cellular rosetting
showed that it can react specifically on Jurkat( CD3 + ) and Ramous( CD20 + ) cells. The lysis of human PBL against CD20-
positive lymphoma Ramous cells in the presence of the anti-CD3/anti-CD20 bispecific single-chain antibody can observed by

microscope . All these results would lighten the further study of its biological functions in vitro and in vivo .

Key words  bispecific single-chain antibody , expression, identification, bioactivity characterization

BiTEs (bispecific T cell engagers) & LI T £l ffi {E gLk HEARAME X Z V), -linker-Vy, -linker-
AR AR SERETR, R AREI K V,.-linker-V, . BiTEs B.A W MR 45 & 500, af LA
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By . H CD3/HT CD20 AU 4F 5 1 % gk ik Bl 2
— & BiTEs ERX B HAE, E ol LA T 410 B 40 M0 %
W F L 4 7 CD3.CD20 R F L4,
T T 40 H A0 B 3 40 B 22 ] 3 — P L i% B, AT
AR E R A T AR i R DB ik BLA T
BAHMOH B ER. KRR BT E 7 CD3/
i CD20 XUKF 7 M A 55 TR R E K, I 7E Flp-In™
CHO M LB I BRERE A HE B A KEE
R PRIA T LAY R B 1 A .

1 KA %

1.1 #§

1.1.1 iR ARESEHK. e SBAERBHRK
peDNAS/FRT . Flp-In™ CHO 40HfI %3 A Invitrogen 23 7]
CD3 PHE A B Jurkat #1 CD20 FHM 40 M Ramous 19 B
o [ P B B K2 B Bk s 2 40 o0 5 KB #F UK
F 7540 DHSo W H 1B &0 A

1.1.2 AH| . H R E Taq f§ Pyrobest . T4 DNA i% 4§
ERREERYIME B Il MHEEDTEARL A
FRAEIMEA UIEE Nhe I . Not 1 W3 A Biolabs % & ; DNA
marker [l % H K 4 B 14 W4 BR 2 A 5 50 RE 42 Bt
#A& BB Rl & . DNA clean-up i Ml & W H
Promega /A 7l s B H B R BLA B B 50 58 |y L
A SERL . F Y il Lipofectamine ™ 2000 . Anti-
His ( C-term )-HRP Antibody. Anti-His ( C-term )-FITC
Antibody W8 Invitrogen 25A] A B AR B AYIL-1Ra
HAMENTIEMREZREFE LEE. N 2R
BOHEBN A RIEBEETAR .

1.2 Hi&

1.2.1 37 CD3/4 CD20 X4 5 M B 5 B A 4% 1 B2
FEIR BT S 3 R SCER[3.4,5 [ #iE R HL CD3
P CD20 EHE AT AR X (V) MRS A AKX (V, ) By
HFH, KA (Cly,Ser) fE A EH K, RiITEHE D
Y e0bp WERTBR B, BHEBHIWC-HEEY
20bp WYBR 2 B %, i3 & LEfH PCR (SOE PCR) 15
BT 2K H 1640bp B HT CD3/HT CD20 M 5 57 M &
SRS BERIFI  H e T TEOmAL T
PR 3 SN A BB AR %  Not 1 BEYI L5, IFTEA
AR SR INA E M RERG V) O 5, DA TE R BR &
HEAMRS IERF PR 53 N L Nhe 1 BBV L 5
KOZAK 3 I &7 5. HeEHFxER N
T:—KOZAK 5 ¥|—H/ & F Fl— Vi —(Gy 8)—
Viens— (G, S) —( Gy S)3—Vion—HE Il A T

37 Vieow

{i A —(His), DY RN I o L
514 :5"-CTAGCTAGCG CCGCCAGCC-3'. F#EsI4y:
5'-GTTTTCCTTT TGCGGCCGCC TA-3"
1.2.2 FREHAEWHE AGE BIH T CD3/HL CD20
W SR N Nre T F1 Not T XLEE )
&, T4 &R E E B RAEL Nhe | F1 Not 1 B8V
WIE 5 A IR pcDNAS/FRT o, ¥ 1k K 5 #F
E‘s‘]‘ DHSa, $ B PH M 5 2 £ 7% PCR FIRS VI 9 40 &
J& % LA w Y
1.2.3 REBEWRE FHE Y R B IR R (R Wy
IEH &R BEE B peDNAS/FRT ik 5 £XE
4§ Flp ) pOG44 BRI 4L B2 Flp-In™ CHO ¥ 2 40
FfL, #4E & B 4% Invitrogen 2 F] ) Lipofectamine'™ 2000
SRR & U BT L T R IR B S 500/ mL (1
Hyromyein B iifi 2% PR 4 70 % -
1.2.4 HEZFELSARMNBMWRRAMWES FFr
BRKAE. M LERAEET S ELISA R H
FEFERN RS, SEROT: A 200pL 5357 LHE (T
% BB AT (e 4 & L BA PR XS B A 8% Ut peDNAS/FRT
TEAEM Flp-In™ CHO 408 L& FHMEXT BN & H
HEIP AR IL-1Ra) 18 96 LI R 4Cid k.
L E L PBST #E7% 4 1K, 0 A 2001 3% BSA #f 4],
37°CiE 7R, F PBST #ti% 3 1K, N A 3% BSA #i By
anti-His( C-term)-HRP #7014 ,37°C 1h- H PBST {%£i% 4
K. MA TMB 27 A.BE& 1 #,37C 10 ~
30min (GRESE) . S A S0pL Tmol/L H,S0, £ Ik 2 Ky,
M EBE G, fir{ 450nm & oD f -
1.2.5 $i CD3/# CD20 W4 5 1 ek R w4 1L .
WS SR Flp-In™ CHO L iE 3% Lil. MA
MR E N Smmol/L BYBK ME K Inmol/L BY CaCl, , LA
ImL/min #J 7 % 5 Ni-NTA # /5. % B PBS F £
T, REH & 0.5mol/L NaCl #J PBS i 2 & H . &5
FH Bk M8 ¥ B 43 %] 24 20mmol/L . 100mmol/L . 200mmol/
L.400mmol/L #J PBS ¥t HRIE H
1.2.6 SDS-PAGE & (1 B Ik ¥ 1) 2 Western-blot 7
Hr U B A VR AT 129% 9 SDS-PAGE S H K,
WA E T E PVDF B L, 3% BSA £ E £ A
2ho B FFEEAFYARED 6 x His 7% . H anti-His(C-
term)-HRP {F 2 % W 47 f& 52 6 2 00 1h, PBST % % 4
x 4min. 2R 5 H T H BB (DAB) B
1.2.7 ¥ CD3/¥L CD20 WiF S HEHAS
Ramous & Jurkat 20 B B &5 & 15 PE Y W 5 .
FHR AR RELE B ERERE R
CD3/#1 CD20 FUFs FHE R FE TR S 1 x 10° Ramous B
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Jurkat 4 8 4°C 3t [A] % B 1h, 3000r/min 4°C & L
3min, PBS ¥ 3 ¥k, fA 50uL 1:500 # B A anti-His
(C-term)-FITC antibody, 4°C # 7 /2 M 1h, 3000r/min
4°CE L 3min, PBS ¥ 4 (R, KA BHE T WEIHF K
-

HBAEALE - ERENATES 1 x
10°Ramous #l LIE & ,4CHH & 4h, 4CE L, F L
. PBS YRR 3 K. S 1 x 107 Jurkat 400, 1B,
4CTHEH 4h, HFEDHE T MBEBEARITY B .
1.2.8 i CD3/#i CD20 WAF R REHEIIEN FH
SN E Ik B 40 B (PBL) & £4 B i 278 48 B Ramous
MIESENE BN AR LKEAR, 1Y
160u/mL ) 1L-2 F1 5% f& 4 M1 7% &Y 1640 35 37 JE 45 5%
4d 5,5 Ramous 4B LA 10:1 B HL BN A 96 FL AR
H, A 0.8ug/mL HIHT CD3/HT CD20 XU 4F 7+ &
SR, 37°C I 48h, b2 B AEE N MEHMIES .

2 # R

2.1 ¥ CD3/#1 CD20 W R R HERKEENRE

WItAMENTN 60 bp WEKFERFE.FH
SREITI AN B BXE 4 20bp ML A B 4 REE
iR PCR, 8% T £+ 7 1640bp A3 CD3/41 CD20
W FHERER kSR ETFY (LE 1), ZEHTF
FIE) 5 % &H Nhe 1 B3YIHL S (KOZAK J¥ 5 FI AT &
B3, 78 35 & Not | MY 5 A EBRARS

M I 2 3 4 5 6 7 M

492 386 320 498 686 1160 1040 bp
B 1 HL CD3/4L CD20 BUHE 5tk s s 4L 4 2 B8 & BRI
PCR 4325 74
Fig.1 Step PCR products during the progress of the assembly
¢DNA of anti-CD3/anti-CD20 bispecific single-chain antibody
M:DNA marker Il ; 1 ~ 4:the four fragments (1,2,3 and 4) obtained by
the first PCR; 5:fragments 5 obtained by PCR from fragments 2 and 3; 6:
fragments 6 obtained by PCR from fragments 1 and 5; 7:complete ¢cDNA

assembled (obtained by PCR from fragments 4 and 6) .

2.2 REBAEPHHE
%A B HEKEA KK pcDNAS/FRT-CD3/
CD20 Z2BR 4| Nhe I Not I BV, 1.5% B g

B2 B pcDNAS/FRT-antiCD3/antiCD20 B ¥] % &
Fig.2 Restriction analysis of recombinant plasmid
pcDNAS5/FRT-antiCD3/antiCD20
M: DNA marker Il .

Ampicillin - PCMV

Viens

_Nhel

Linker

pUC ont pcDNAS/FRT-gene  Viyep:

6605 bp Linker
Vienao
SV40 pA Vicow ~ Linker
nke
oXHis-Tag
Hygromycin i
F AN
Dr/( i\.'nll

B3 #i CD3/4 CD20 W Fe 5t g I (A Rk ik
pecDNAS/FRT-antiCD3/antiCD20 ) #4 &
Fig.3 Construction of expression vector

pcDNAS/FRT-antiCD3/ antiCD20

PRk ERE RBY BRSBTS RAT. U
T rRER1619p BEMER(ILE 2) . HI DNA
A ERB R EIINREREFI 5HHTE
— 3, B T BT M E T 4T CD3/4T CD20 WEF = 1%
HEEPARE R BHEKE3),
23 mMCDIYM CD20 HEREREREAER L
Flp-In™ CHO i h R EHAR N

F 500pg/mL B Hyromycin B ¥ 1€ ¥ % f5 89 FH 4%
FORE UMM S SR 48h, IR EME R HEX
Pk ELISA Ml £, BAT 3 M7, BUEY
{8, ZEX Bl 0Dy, 4 0, MELE R ILE 4,551
FH Flp-In™ CHO A FER T THEAMRITE M E K
EH, UEHEEN TAEBITEMN IL-1Ra S
MW EHERII SN ERNERREEN N 300pg/L.
2.4 3 CD3/#u CD20 X4 7 M 2 sk I 4K B0 SDS-
PAGE H % B Western-blot 53 1

12%#) SDS-PAGE & H H Uk 25 R B /R, 768 Bk i
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Fig.1 'The expression of the anti-CD3/anti-CD20 bispecific B 5 H GO CD20 ALH 5 PE YR T Y
single-chain antibody. detected by ELISA SPS-PAGE( A) 5 Western-blot 4587 (B)

Fig.5 SDS-PAGE(A) and Western-hla nnnt}':\'r.qf B) of the

#eE % 100mmol/L F1 250mmol/L B ¥ ¥ENE F T F1AY
i, H 4T &2 % 10k, Western-hlot 43 b7 £iF B
anti-His( C-term)-HRP $ii (4 {8 17 1% 4 F1 R4 T 57 1% {O0mmal/L imidazols 21 proteins eluted by 250mmol/L imiduzol.
e el CD3AH CD20 KUK 5% 1 641 H 51 47 20 A A 51
2.5 # CDX/AR CD20 TR R0 SR MASE Ramous g o s i pRL) U ER B 3867980 44 B0 Ramous
K Jurkat £ fi1 g €8 & E _
AN B ST AR WS S A, Ramous 1 3 TR

Jurkar 7 M 555 €034 D20 DU 5Pk i (A B 47 A 2 0 S o R [ 4 40 % 4 0 4 4 A
iR G, £ anti-His( C-tern)-FITC SEARMIAE g e il 20 LA (05 0 36240 3 1.5710. 77
L AETE R s B ol IWEg{ade Y (LB 6A.B). [ o BT B T 0 B 1~ 13 37 ik ol A
W) A 7 i MR TR BRL . U R i cDa/d D20 ALER BT A %R IS DL 29 ~ 40 K WL, 2 5 S0%
Bk o aE LA B A 4 95 Ramous M1 Jurkar 70 1 45 CD20 = Fh 1Rk 04 1) ) 2 L 4 r} CHE AR
AHOTEPE IRE T SR BU YR T ML O RE . E ST, CD20 {VAERT B IR E M Rk AR B E 410
SAEFR Y0 G5 HUE I | PR 0T EAFIRE A Ramous 1y o B o 170 00 Mo T2 90 B9 B 7 3 400 o 2 i,
Turkar 40 HEL28 & A0 40 I 8] HE W 42 T 7 2 00 1 b 2 2 A 1 20 B L R S S B

2.6 FLCDYH CD20 WFFHRBERETSHA ik BT oSy B AR | EF CD20 Y #E
ShFE B 4R B (PBL) 45 B M EMRERNE Ramous 1k 5 47 b 35 A9 9 4 IR V% , 2 22 4 AE 66 18 CD20
MR SFAR W HARIT B ?ﬂiwzﬂf FEL o 60 7R AL

Wi 58 Al T Ol LG 3 5 RE A BiTEs ff Jg — b 5 |5 T % R0 45 5 Pk 0 S 4L (4,

B2 () Ramous 20 I RH 50 R vk o (WL &) 7). i3 4 fEAR T FESHER T A IR R Y AR EE T T A0

anti-CN3/anti- CD20 hispecific aingle chain antibody

M low midlieila pmlvirl Wil 5 !:p:uln_'hu eluted Liv

(s
FE6 i S MR 5 2 0 K T CD3M CD20 AU S PR AR E IR T RannousCA) 11 Juckat C FTME PR AY & 35 1 52 OB AE #2480 C)

f‘lg.(! Hilll'hllp :ll'[ll'll:.' of the anti-CD3/unti- CD20D |J|»|ll:r'l|u' HI’IHII‘—I'}!HII'I antibody o Riamoust A) and Judkatl B detsseled

by Imimunollusreacence analvsis and eellular rosetingel 12]
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T EF .40 CD3/A CD20 4 5 1 Ik o e ok Mok RO 2 293

Bl 7 e 5T AL CD/DT CD20 AU 57 G (Al 500 P 080 0 8 0 (PRL) 2R £ B 3 B9 40 Rarmous
Fig.7  Lysis of human PBL against CH20-positive lymphoma Ramous cells in the presence of the anti-CD3/anti: ¢D20

hispreeific simple-clum antibody
Azpegative conroly By ami-GD3/anti (D20 Lispecific sirgle-chamn antihardy ftient

(CTL) I8 28 A5 R, & W R T 1 88 1) fk o7 (5 e
R A9 b D T 4 O T o 1 S o 4
T BRI 2 e 1 BT B R R R
S o 0 S A S A £ O S R Y b LA
WELERO G IR . T BiTES 2 540 T 410 I B 4
P £ 9 ) (i 2 T T W R o B T 440 i 1) )
LK 10 ~ 50pg/ml. ", Fl a-CD20 B & 41 (K 25 4
rituximab Al H:, Micromet 4% &) (1 a-CDI9-BilE & /b
100 000 15 i % 2 1 JT1 98 400 o 1y B e, i o K K ok
fIC 25 ¥ a0 71 7= sl A

BEAb e A i L TE T BITES 7 0897 Mg 2l
AP B E 4 A . Jan De Jonge "™ #Edlt i T A KR
AT 7 i DS (2080 B9 /0 RUBE 2 St TE VA BATEs 5 5L 1) Fi
20 ST M anti-CD3/anti-Idiotype 755797 B 41 B B2
BB . SRR, FR A PR s S T
WEHIREG TR BB AR -2 i 7 A
AR AEAE [ RS | o 0 e B By i AT 3 0 0R
T AR R EBFE T

B i o O AR % %+ RiTRs 16 74 i) 145 5
P (R ag R Mo, {ﬁﬁf Micromer 2> ) ﬁ*‘fﬁﬂ
AYET 3 B MA@ G019 5T A9 BITEs 25 4% MT103
U — M HE A HE AT N Y BITES it 25 48
HATIE W B T JE b 4 218 B 4008 ik 2 55
(NHL) IR T WA BT 9% | H B i A NHL Ff8 44 i
LA AL B o o Il A T/ T M G 9 L EL R en2o
FUIR ) BITEs [ 0T A R i

TATVA(G.S), R He ik, # €3 . cD20 fy %2 i
b TR T — R 2 b e 3| AL
AR, MRS H 7 CDIL CD20 W bk
BELPL (A IR I T HAE Flp-ta™-CHO 408 9 E
SE AR S Ni-NTA #4616 T B30 CD3/A cp20 WAS
P MG IR B T Ramous K Jurkat 41 HE 4% 5 (0

17 I REAT A0/ SO S A UL B A A R B i
BT Ramous- LI | %% 54 8 30— 35 A BT Co3idi
CD20 AEF 5P 1k BB 57T UK ) A 400 o7 0 1k R PR A R Ay
AOE R TR,
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