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[HE] ARSI CD3XCD87 H4E SRR PR T 1Y AL AU M X CD87" R 5 i MM A R AR . 1
S5, FIFHELN TR T B, M8 T pET24a/3t CD3xCD87 Bk XU S HT 1A JF A% 26 3k #1488 41 4801 # 1k BL-21
(DE3) Rz 3520, ] IPTG 158 13835 SRR 1) TR S PR i, e/t 4544 T EAnalifb B A, R A
TR M AT seBsAb AT M. LUk, A TR A MR KM ZR B 2640 1Y scBsAb S PIFHRI LR 2 A 18 L.
J& 83T CCK-8 WA A1 & 1M A% 40 ( PBMCs ) % CD87 BRPEFTHI Iz 40 il PC-3 AU AR, 45 53,
HN TRTBEE T B4 Y scBsAb;scBsAb fiE 5 PC-3 4l CD87 7 ih4i &, IF ELAES CD3 15 Rk 4h
4 3scBsAb FHRFE MR L2 scBsAb - S E . FEFGIE LR 101, 5eBsAb YREE R 100 pg/mL B e KA
FIKF] 40.86% ; 1F scBsAb HEE N 100 pg/mL, SR LN 401 Ik E) R KA 60.9%. BE4M, ELISA A0 78
scBsAb S/ PBMCs $15] CD87 FHE I AR A i R i IFN-y BY7KST S 238 . G5 HIET  scBsAb REBE AR S
AR TR0 QAT CD8T B e Jg 4t .
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Bispecific Anti-CD3xAnti-CD87 Single-Chain Antibody Mediates Cytolytic
Activity of Mononuclear Cells Against CD87-Positive Prostate Cancer in vitro

Gao Wanli,Yang Li,Liu Shan,Zhao Zhihui

(School of Life Sciences,Nanjing Normal University, Institute of Biochemistry and Biological Products,

Jiangsu Key Laboratory for Molecular and Medical Biotechnology, Nanjing 210023, China)

Abstract: In this study,the aim was to investigate whether anti-CD3Xanti-CD87 single-chain bi-functional specific anti-
body ( scBsAb) could mediate the cytotoxicity of peripheral blood mononuclear cells( PBMCs ) against CD87-positive pros-
tatic cancer cells. First,the prokaryotic expression vector of pET24a/scBsAb was constructed and transformed into com-
petent cells of E. coil BL-21(DE3)by genetic engineering technique. After induction with IPTG, the bacteria were ultra-
sonicated ,and scBsAb in the form of inclusion bodies were harvested by centrifugation. The scBsAb was further purified
by affinity chromatography under denaturing conditions and refolded by dilution. Second,the antigens binding activity of
scBsAb was examined by flow cytometry. Lastly,the scBsAb-mediated cytotoxicity of PBMCs against CD87-positive pros-
tatic cancer cell line PC-3 was determined by using CCK-8 assay. Our results showed that the scBsAb with high purity
was obtained. scBsAb could both specifically bind to CD87 and CD3. The scBsAb-mediated killing of PBMCs against
CD87" PC-3 cells was related to the concentration of used scBsAb and the ratio of effector to target( E:T). When E:T
was 10:1 and the scBsAb concentration was 100 wg/mL,the killing rate was 40.86% ; whereas when the E : T ratio was
40:1 and scBsAb concentration was 100 pwg/mL, the killing rate was 60.9%. In addition, ELISA assay showed that IFN-y
level in the co-culture system was significantly increased during the killing process. Our data indicate that anti-CD3 xanti-
CD87 scBsAb could mediate PBMCs to kill CD87-positive tumor cells in vitro.
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RURE YA (BsAb) J& H TR S8 1A 7 I F A A8 P28 7 iR 8 1) 967 o, o AL A MU S
PR T A WA PR 19 45 A A7 a5, o — A S g 25007 40 M 2 TTBE R, S — 4 e e A0 A G B R
(TAA) ). CD3 2% ULAY T 40 #0 a0, 76 T A0 e i ¥4 £3A50), ii H cD3 B & A il % T 4
BV RE , DI H 1) CD3 0 B4 S MR BU AR B ) 12 0F 5. CD8T S Bk hy Bk 184 Tl 780 £ 7 Tl DA 3 0% 771 32 1A
(uPAR). CD87 & BEM LA () BABE I EE 11, 70 T8 29} 50 kDa~60 kDa'*'. CD87 E— AL IhEE 1,
T LRI RS RGP KRR Z A0, i 5 A A 1w o T A BEAER , S5 R R R4 3
ol B R, C AR AN RS B | 0 M T RS I A A A TR A AR 2R N R B e B S AR D8  AE
M G R A AT I P R AT A SR 4T TR A A T IR EL AR AN B AR A AN (NK ) IR SR
FELTANMD, i/ SR Y B bR E AR T Ik L i i e 1 R ek o0 H RS R W CD87 A FKIA K S
Jigeg (R AR B A 5 PR A iR 41 4 CD87 Y3 3A /K Tt v T A TE B 4H 4R R g b ik 3
K. ABFFEH RIS 2 Y pET24a/41 CD3XCD87 Sk WU SPERU AR Bk, ik 4lifl seBsAb , I %) H:
A3 3500; 4 L ) CD87 FH A His 8] Ao 200 M ) (AR S A 33 VE F R T1F 5

1 AR5k

1.1+

TEREF R E. coil TOP10, FiK WK E. coil BL21(DE3) JFA% FA AR pET24a 2 ARSI E AT B4
H Taq . dNTP mix .6 Xloading buffer B il 14 N VI B BamH 1 1 Xho 1 | T4 % . 10xT4 buffer, 10xK
buffer  J83Z 25 4 M ] £ 1570) G R AZ BRARMEAR X 43 BT it Y90 T Takara 24 ). B/ & R0 g w1l
A& T Axygen. &3 FEARMEN T Thermo /A F], B L) 4 HUY) A1 2R 1R T OXOID A H]. RARE
2R S NHE-B-D-FACEFLREE (IPTG) (LA 2R B /5 H s | A A B e H KA R 2R T 2R 5 AR W)
FHEABRA . PEG20000 FIE Ak T 255 B bR A BR A R, BT His B 5w REHTAR I T e 5t B
AR R A A BRI AL W (HRP ) ARic i 1L E0 B 0 T e AR R A BR A A

2 B 35 Al FH B P AE 26 (100 U/ml 8 E M 100 pe/ml 855 2 ) B K5 5 3L DMEM Al RPMI
1640 14 H Wisent 23 f). G4 IM3EMA H T Hyclone /A H]. CCK-8 I &4 T Rt 2 E RAEVRHH A RA
Al WKL BT TR R A YR A B F]L i 1L-2 W F e s AR R A R A | BT A
CD87 ML REHUAIA T R&D A H]. FITC & ARSI & T Pierce AF]. A THEZE -y ELISA X7 & T
LT AE R IR AR 51 s R R A F A

NI A BT R A5 SR 1 1S K .
1.2 FENUF

Biofuge Pico = % 5 3 B0 L, BBS060UV £ i 1 77 46 . HEAL FORCE 4% 445  ELx 808 HFHR{X .
SS—-325 & 7&K A5 \ DC1010 TE /KA S BB 2O0 B | Accuri C6 Wi 40 ML 5.
1.3 XWAHE
1.3.1 4% CD3xXCD87 A& B K By ik it Fok ik H Ak ey #y

FRARE SCHR AR IE Bt CD3 AT CD87' ™ B s AR B T A8 X JE R - B, AR Z K G4S (Glyd-Ser)
B JFARYE pET24a RKIRHARMN 2 va ke sk SR AL, Bt PCR 9738514, JF7E B R iles 910 57 B
S EIA BamH 1 F1 Xho 1 BV &5 (R RIZAR ).

U514 :5'-CGCGGATCCATGGAGTCTGGGGCTGAACTGGC-3" (BamH 1 ) ;

TSI .5 -CCGCTCGAGCCGTTTTATTTCCAGCTTGG-3" (Xho 1 ).

PLE LAY pET28a/scBsAb S AR , PCR 9714 & M VI 07 23 1Y seBsAb K& I, #1) i 4l 4k /N TE 4 1Y 2%
. IR ER | 1% S N MR I FEL VK 2 DI R B K /N 1) (DA™ A T AU , T4 3 102 18 12 1 28K
FIH LR BB M8 pET24a/scBsAb ik AK. K H BB E 7= Y1554k TOP 10 B2 5400, IR TR IB
St b, 37 CHEIE RS0, PRI ERE | 2R 75 PCR . BamH 1 1 Xho T BEYIIIE | 45 BH P v B 42 1 /N 4
kL B TR 2 BN ZRIN T T 25 5 5 H RS i BUT SR T LT K I 1 0 %) 5 41 SR A 448
pET24a/scBsAb.
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1.3.2 pET24a/scBsAb R4k ik

# pET24a 23 4 ORI A pET24a/scBsAb FURIFE 4L 2 BL21(DE3) %445 TR 38 LB P4 |, 37 C 8 &
Br 2 7. PRBCA L AP T4 50 pe/mL RABEFE K LB KT FR3EH 37 °C ,220 v/min JRIHHGTFE. M
4 OD 600 Z9°4 0.5~0.6 Z [AIHF, MIA IPTG ELHEE A 0.2 mmol/L,24 °C, 180 r/min 5T 10 h. 345
JEHC1 mL 5 YA 1.5 mL .08 ,12 000 r/min B2 mln,ﬁﬁ(ﬁ,ﬁ%@”%ﬁx{ﬂﬁ FH 800 L 1x
PBS SRR, BT UKIE Tl i e, 7S AR I TAE 5 s, [A18R 6 s, D158 300 W. ARS8 15 , 4
AR | LR FUTE T SDS-PAGE 44T,

1.3.3 scBsAb 894 2 52

MR OD 600 254 0.5~0.6 Z[AIF, LA IPTG EZHEE A 0.1 mmol/L, 16 C,100 r/min, 75 18 h,
RS B O IERIRUUE. His SR B AR ERT IxPBS, B TUKIE P B B, K LR piiE =9
12 000 g,4 CE§.C> 15 min, PERMLIRIA. LA H B T PRSI T (20 mmol/L Tris,2 mol/L JRE , 1 mmol/L
EDTA-2Na, 1% Triton X-100,1 mol/L SfL4H) , s 5 WKAT 357, 850 WO A TR A, FH Y9 04k R Ok 4% 0 Tk 1K
2 3,55 3 i IxPBS YEU. et AR i T AR 22 I (8 mol/L JR 2,50 mmol/L Tris—5k R 2% i
W ,pH 7.6) , REWRFT, vk LI ## 60 min.

SEAF Ni-IDA BEIE RS H A FAOTATR L REZ Ni KErf I LU [ v J32 10K s 2w g e ., WA 4 28
ORI [F] Ve B2 KW U K . 28 SDS-PAGE il , 5 5 H A 2R 11 B Kk PR R 22 12 2 R A 4 AR &2
P (0.6 mol/L L-Arg, 10 mmol/L DTT, 1 mmol/L it JERIAHEH AK) ,4 CHE K. &M 4515 24tk
e 5 AR AR SR F BCA 85 ARSI 2XR) G0l o AR 1 BV B2 Western: Blotting il Ve 47 25 1. 4k
HAFE VRO T -80 CHA7# .

1.3.4 FITC 47T scBsAb

4lifb 152019 scBsAb KR Pierce 2wl FH UL AT S SR 2L R (FITC) Anic. 767853 iB AT bR 251
B FITC J5 , BOLAE A7 T-20 C.

1.3.5 2 B 5h R 3 A5 2w o

Fi B 43 BRI 553 B9 15 3] PBMCs. 53 2545 39 PBMCs H & 10% JI6 4R 113 .50 U/mL IL-2,
100 U/mL 8 E M1 100 pg/mL 555 KA RPMI 1640 K537 5E7E 37 °C,5% CO, 40MI R 3548 1s 3%,

1.3.6 aX A

B 1x10° P 4IHE (CD87 FHA:/ FAME IR 40 i 22 5 PBMCs ) FH 1xXPBA B0 18— | A5 40 A b
Halifk scBsAb-FITC (100 pg/mL) {215, K L#EEHEE 60 min. B5.075 25 BIE, BRI 1xXPBS BL.OUEGK
FEEL 2 k. ZJGHIH Accuri C6 FRICANMALAS I scBsAb 456761, R Accuri AL i =045 5 5.
1.3.7 scBsAb A~5-8 4a f Z4F A

K CCK-8 5 &M A2 scBsAb /R 4N EE/E . ¥O40AE R PC-3 B MCF-7, 00 4 LA PBMCs, 54X
HULER 101, seBsAb BN 5 pg/mL % 100 pg/mL, M5E LB .

Fi I 4x10° 20 M/ FLECR B2 AH A 22 96 FLART, T 37 °C 5% CO, B55=A 1595 6 h~8 h. Wi 96
FUAR P A PR A e s 75 L, PBMCs #2218 4x10* /FLASEE I A 96 FLFAR , FRIAAS A &2 19 scBsAb,37 C
FE 36 hy s ABEFREE, H I1xPBS YEAHAE 2 i , FEFLINA 10% B 25 17 1) DMEM 15 5%3E 100 wL J 10 pL
CCK-8 iAWk, HifRi B0, A0S T M N AR ZEEE 4 b, 20 0 BEAR AAE 450 nm T A& OD
{8, B 2 /0 3 AL,

AR LT AR AR5 A3 0% = (1-0D 5250 2H/0D X #2H ) x100%.

R _E RS A5 e seBsADb W JE R 100 pg/mL( BLVE R XF BEAGHT A CD87 B vg R A B M 100
pg/mL) , MEARFIREL LT seBsAb AR B 408 FiRSEE 2 /i 3 AL, S dE 3 k. s ]
Graph Prism F1 SPASS 13.0 S 50HT seBsAb /i SR 4N .

1.3.8 @il A -F a9 4]

Y IR 4x10° 40/ FLECE 2R PC-3 B MCF-7 & 96 LA, %00 418y PBMCs, BB 4 1011, seBsAb
WM 100 pg/mL, SCHZH RS scBsAb RN 20 i AN AN T 37 C K354 h L85 5% 24 he X REZE AU AR
YA, LA PR S S0 2 — 5, A 3 AN AL, B O URER TO A M B B # BN IFN-y ELISA 371
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100 B RS 4 5 TN -y /K7 IFN-y 25 i b i i e 3515 5.
1.3.9 %it ot

S B R FH (B AIFR TR (mean+SEM ) K387, Kt 18] 19 12 2P 22 5 F one-way ANOVA 5 ¢ 555,
Ky Graph Prism 5E8,. SC30 @ 3 el b, 24 P<0.05, = FRn BAG IR EES.

2 HR5irw

2.1 scBsAb BURIA 4k REE
BIIAE i A% e 3k 2R pET24a/scBsAb (&l 1),

xho 1 . VL CD3

ks 25 M E 2 pET24a Bk F LB K4 T 1 BL21 VH CD,,
(DE3) 1, IPTG 5 5 85 235, X B4R PTG, 1 VL CD,,
LA L35 MUTE AT SDS-PAGE HLyk. 25 H 4 VH CD,
Il 2(a) Fi7R, 7224 55 kDa Ab A5 B 5. B (976 1 10 3635 . PET24a/5cBsAD - amtl |

T7 promoter

S, T IR v Y0 2t 2 0 4 8 P e e gk
PRI e Vel AR T 5 8 mol/L FRE M AP
geopi b, ARPER H B M4 NI FESlifh Bk BT
T 45 53545 scBsAb. il it BCA 2 (M 22 & 7 % MK
FE LR, N 500 mL 3552 T 446 3K45 6.56 mg 1Y H 1Y
HH. 4ifbf3 3] scBsAb #£41T Western Blotting % %€ , 4%
R IRTEZ) 55 kDa 4047 H #2574 (B 2(b) ), WITIERH seBsAb 5 [ 32k ).

MW (kDa)
120—

B 1 ik pET24a/scBsAb EiE
Fig.1 The map of expression vector pET24a/scBsAb

IPTG (mmol/L)
MW (kDa)

90 —
SOA‘.

35—~ 50 —»

25—

35—
20—

(b)

(a) SDS-PAGE H5: H A9 8 1Y IE s MoARIESY T8 15 1R B9 pET24a 42752 IPTG I T 1) pET24a 427475
3. KESF 1 pET24a/scBsAb 418 ;4 IPTG 5 5 1Y pET24a/scBsAb 41 ; 5: IPTG % 5 1) pET24a/scBsAb B W ULTE
6:IPTG % S pET24a/scBsAb B . (b) Western Blotting %5 5 ¥k scBsAb; M FRifE4r F B 1 ;1. 4lifb B

(a)The SDS-PAGE analysis of total bacterial cell lysates, supernatant and sediment with and without induction by
IPTG. M, marker protein;Lanes 1-2,cells transformed with pET24a empty vector; Lanes 3-6, cells transformed with pET24a/
scBsAb. Lanes 1-4 are total bacterial cell lysates. Lane 5 is sediment of cells transformed with pET24a/scBsAb. Lane 6 is
supernatant of cells transformed with pET24a/scBsAb. (b) Expressed protein was identified by Western Blotting. M, protein
marker; Lane 1, purified scBsAb

B2 BHEENRZERETE
Fig.2 Expression and identification of scBsAb
2.2 RS
ARG, DIAFLBE A 5 MCF-7 VR B, DLm ik CD87 1Y AHT 51 fifdi 20 it 52 PC-3 LA
JeFeik CD3 1 PBMCs #0504, 734 scBsAb IUSS & i k. A&l 3 BT, seBsAb fERS 5 PC-3 4illfg K if
f) CD87 HF5eVES fr , PC-3 AL T AL IR 10 35 & T MCF-7 412, BLAh scBsAb fiES CD3 #5574k

£
4.
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500 - 500 - 500
400 |- 400 |- 400
Control
Control . scBsAb-FITC Control scBsAb-FITC \\ scBsAb-FITC
El \ £ \ El
: / 2 AN /!. :
© 200 © 200t | © 200 I."H
A
f fn
]
0 1 2 3 4 i’ 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
100 100 100 10' 10° 10° 10 100 100 100 10' 10° 10° 10 100 100 100 10° 10° 10° 10
FITC FITC FITC
(a) (b) (©)

(a) (b) ¥ MCF-7 4ifisl, PC-3 4l 5 scBsAb-FITC(ZLHIZE) WFE. (¢) ¥ PBMCs 5 scBsAb-FITC(ZLah<k) B E . Bk
FER BN 8 (B 5 scBsAb FL08AY MCF-7,PC-3 5F, PBMCs)

(a) (b) MCF-7 cells or PC-3 cells were incubated with scBsAb-FITC (red histogram). ( ¢) PBMCs were incubated with scBsAb-FITC
(red histogram) . Black histogram is negative control( MCF-7,PC-3,0r PBMCs alone)
B3 RRMAEARLN scBsAb & &iEH
Fig. 3 Flow cytometry based binding assay for scBsAb

2.3 scBsAb M S FIERMNE

K HI CCK-8 I MAE scBsAb /-5 PBMCs X g 40 i i) A8 A5 16 V. A T 323 R 1 25 1, SR FHAC
BN PBMCs VB0 4. 242550 R 1021, seBsAb ¥ S 0 we/mL~ 100 pe/mL, $E40 K PC-3
i, scBsAb 41 PBMCs #5553 PE A5 PC-3 H 480N 3.93 ~40.85; 7EAHIR &4 F , 2440 40 ifd & MCF-7 i},
B SR AT EAr BO AR, 0.87~7.87(E 4(a) ). LA EZEFRFM seBsAb A5 1 40 I 75 AR5 T 4 i %
[l CD87 MY L. 4 scBsAb ¥ JEh 100 pg/mL, R LEYE A 2.5:1~40:1 B, X} scBsAb 4519 [/ 4 it
AAGVEFIHEATIN G . FERCGHE LA F] 401 B, X5 T PC-3 4L AR E /3 BGAE T 60.9( & 4(b)). Vi PC-3
AN SR AN R , scBsAb A5 B 20 M 3 15 M 3% = THUN CD87 PATEREHT A ( P<0.05).

100

< O PC-3 < 100 7 scBsAb
< .

% gol O MCF-7 g goL [ anti-CD87
= =
= 60 = 60
3 sk 3
& 40 40
= « E
Q Q
2 20 2 20
Q j5)
A o

0 0

0 5 10 20 50 100 25:1  5:1 10:1 20:1  40:1
scBsAb(pg/mL) E:T ratio
(a) (b)

4 scBsAb 75 PBMCs 33 BPiEE IR 15 1€ A
Fig. 4 Killing of tumor by scBsAb-mediated PBMCs

2.4 AR EF IFN-y 7K F60)

400 - *
ELISA A5 A B, PIZHXT IRAHA By B — 2 i 1 TNy, ool *
LI PC-3 A ML S B0 AL R TFN-y KO B35 Tt 2
HEZL R MCF-7 52304 TFN-y f97KF-(P<0.05) , TFN-y 4} < 2001
iK% 275.3 pg/mL. é 100 |- ﬁl‘
3 e 0

MCE-7 PC-3
WFFERI], WU P UAR B A 5 T A A3 AR B5 ELISA & IFN-y #5533
}IEE}l{ﬁE[ 14] ) B Hﬁ E ﬁ Wj /I\ XR q:% E“ 'I’i j’ﬁ Mg %ﬂi ?HZ Y’E m JEH ﬂ: Ilﬁ % {é}' Fig.5 The secretion of IFN-y dectected by ELISA
7T A REBUA Y BT RAETER R Y TAA 5 FH Y TAA 24 CD19,CD20., - K¢ 4 fia B 43 22 1k
% S R 2 I erbB-2 R ZE R P2 RGNS FEARTESE K50 T CD87 & 75 REAE/E iRy i 91 i
— 55 —

-

Sy
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B R XU SRR AU R 25, T TR AMIFSE seBsAb 4% PBMCs HUl I /E . ish# it T pET24a/
scBsAb, ZJGXT scBsAbs 43 AT, & B B 8 L AE LW AU sE A oA (2 BB A 7E L
By oA  MEDTE P S AR 2 HE A, A seBsAb SUNHURT Fe B, I AF 5 2288 4l
AR R HP IR B R ALY Protein A/G SR FZEMT IO 4tk 77 =, 15 3L FI ] scBsAbs R A His PRk,
R 2R N Z MR Sifb T ik B 9 . (BRI I AR A B A R e s i 7E LI T
AIYAEYE scBsAb SR T MZNTHEAGE A RGN, R oA T 4l fb SR, SR T 7E A8 Pk 4 14 T 4l fu i
A H P E A, B RS scBsAb B4 b RIS, A5 T 505 24l B 1 scBsAb , B I X H A= 92 0 1 J I A
5%, il i =X A0 LA 2 AT HIE 52, seBsAb B 5 Ry #235 CD87 WY R4 i 9 40 il R PC-3 R k45 &, i H
scBsAb REFESFPES PBMCs R CD3 45 A 45 F 2 M, scBsAb GBS TE RS TR0 41 B 2 44 L 1)
CD87 PH:TITS) i 240 L (%) A0 M 28 ), EL: B (s R BT CD87 B v BB A4 X~ i 471 it 18 200 e %) &4 L 33 )
A . 27 M0 6 SCiik 720 S2i b SR PRI LG 2.5 11 ~40 1. S T 40T AR P 00 55 2, SR JF SR s i A
PBMCs YE NN A . 24 scBsAb #REEN 100 wg/mL, SCAE LR 40 : 1 B, i KA R BB 518 5] 60.9%. 11t
A, KB seBsAb A5 RN 20 0 52 H5E A A5 VE F A TRTSE P2 A 1 48 i KO TRN=y (943, B2 X #f ik — 4
AOAA N SE6 A seBsAb I PRIV FHBE 22 T LAt

[ &% 30K ]
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