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WE BARAAWKEAREGMHFB-ALLR — M+ 0% LAnER AL SHNE REEMAITHREREE, B0
HEAILEF R AB-ALLEZ TR £, WE . R KH, ALLE Lk & %% & R # 4 FCD80 (B7.1) &k ik
MR B TR 3k, S50 & o 40 B T BB H SR AR 4 B & T4 B (CTL) R Bl 5 15. AT, JLF Fr A BB-ALL 4 34 %
IKCDI9% @ #LB. H I, A B 5 F| F 81 2144 2 61 CD19 # 4 51 4K (scFv)/CD80 gk A % [ F kA ik 4 & &, 3t
B A& B T HCD19scFv, ¥ CD80% 4 2| B-ALL ¥ 1 J 40 }ff % &, %2 15 % v& CTL 40 Jf, A2 3 2515 & 1 % 48 A 9 1k
Bl EHAAEERIE F, Z8 A% G % 4B-ALLY I Z Nalm-6 40 i 5, 7 % Stk B 40 f 3 7, 2 b 28 JiL [/ F 7
PR 2 R AE R 48 i E 1 . DANalm-6 40 B 4E % 0% 8k G /DN R (Mus musculus) 7 3L & R S A, CD19
scFv/CD80R: & E Ak A M EME AR TR Z XK/ PNRNAFHRE. AARX LKA, gwbEa T FAB AR R
WL EIB-ALL 40 R 8 0t 3 L R IR 4R 2 40 i, 2 7 90 V8 48 3 0 0 0% ROBE, BLA % 78 B9 W R Rz A 1.

X587 CDI19, CD80, 2 & ik, ghA & &

Ji R 4R S PE T A0 B A 5 1 28 S B AT A4 375 e fie
AR EEF B, Mg i TS 5T
PO SR S N5 F IRk . PR S Ji PR il 12 1k
TRAUR I G WA 78 1B 8 19 5 I B, B i e 5
PETYH M 75 22 2 D PIAME 5 IS Re 3R AT 14 5 5%
PR AR R MBS 2 bR R ), B
TYH 52 1 Je 45 6 R S P E IMHC- T 8 112K+
T, B MG 5t P R S A A B A 4 B =R
BB 7 - (WB7 70 +) 5 TAH M 171 4 1 (W1CD28)
SN G, B AME SRR BT e A
Jafie”, AT RE LE 7 M8 5 S 1 4 i 55 T 48 il (cytotoxic

lymphocyte, CTL) ] 5 [ 1 37 151,

B 0 IR, 98 24 L = T L o ¥ 73 1 CD 80K IA [
i, T BE 2 MR 4 At 08 i G0 P2 M AL, TR T AN e 51 AR AL
A B 9% B JOOE MR R e I TAR SR AL ©F 2
T 6 T L) 8 2 - A EL AR P T G 5 24 A e 2 )
QYT SN, Ji R 4 i G CD8O 43 ¥ AT LA i fir s 4
(1) B 8 S A%, 51 RS TAH M A T 1) H i S L, A ATLAZR 7 B
CDSO" iy 4t ffu .

B A& SV Ik EL 41 g [ 1195 (acute B-cell lymphoblas-
tic leukemia, B-ALL) & 3k B 48 /& B bk B2 41 g 5= & T B
A 3 B P S0 S I e, RVE H AT AT BUOR B,
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11545 15% 11 J1 38 B-ALLA160% (1) i A\ B-ALL 2 3 K] %t
7 2 2 e ve . B R, TS AN AR,
B-ALL [ 1157 48 L % [l CD80 7 A P& AR, & dh ™",
S50 I 240 A B A B CTLAR ) 33 4%, 1 JLF
FT A I B-ALL 4 il 45 22 75 CD19R TH HL R . ASHE 78 B
FH 5256 2 /i BAA E - 3R0X (1) il & & F1CD19scFv/CD80
(1), #FCD19scFv!' 5 B-ALLZH il 1 45 4, # CD80
KI5 T B-ALLAH MY, 8 14k P A1 SE 56, B 78 1% f & &
FI¥HECTL . A5 A 00555 40 B (1 76 A, WB-ALL [ 1
995 1) G BE VAR T B AL S0 KL A

1 RS 5%
L1 ZifsssR

A B-ALL 41| s % Nalm-6 41 2 F1 7, it 5 40 i 5
MCF-741 i, 15 3% T & 10% fi 4 1137 (Gibeo, 3£ )
RPMI 164085 783, #£37°C, 5% CO.35 37 46 th 15 9%,
EOT i 26 K U 440 i g AT S 56

1.2 AP J] i bk B2 40 i 3% 5%

HIE o fg B A 2 A0 R oM, o 3 AN A Al A,
B 10% fii 4 11 RPMI 164055 7% W T 37°C, 5% CO,
W9 E 15 h, 25 BRI RE A A 2, R AR K Ik T8 4
(PBLs, 80% LA [ ACD3" Tibk L4 A), 1 %40 f ik B &
1x10%mL.

L3 3k L0 B A S 0

Wi £ 5 B4 K 3 0 Nalm-6 40 i, 28 30Gy 8 5
Jei LLax 10%/FL 82 Fh T 96 FLAL, 43 il in N A [ 346 % 1
CD19scFv/CD80 il & & H & PBS (X ), E37°C, 5%
CO M E 2 h. FEFLIIA2x10° ik 1.275 ¥4 % I PBLs
ML, R E I N E 4 ANIL-250 U/mL, E37°C, 5%
COJEFRMIREFE. 327205, IDAMTT (5 mg/mL,
Sigma, 3% [#) 10 uL, 37°C, 4h, 3 £, A 100 uL
DMSO, & ¥ 18 &) Ji FI B AR A 13k HL546 nmii K 4k 1%

HAE(A).
PBLsH4 5 Yo=(fil A 25 [ Ab B 2H A~V 35 {H X HE 2H 4
SEAAE )/ R 20 AT ) {E < 100%

1.4 21 fifs A7 IFN-y 7K F 3l <&
1 2% 3 19 A PBLs LA 2x10%/ 4L in A T 25 &

1398

30Gy H& % I 4 CD19scFv (3 pg/mL) . Rl & & A
CD19scFv/CD80 (0, 0.75, 1.5, 3, 6 ng/mL)4-# fJNalm-6
iR, B37°C, 5% CO.45 7546 4L 15 7796 h, 70 51 55
DUEE FIE, fEARFIFR AR, $% B ELISAR ) £ (R&D,
5 ) ) AR U, T BE bR A 450 nm (R 90 3 ) Fi
570 nm (&E?&K)?&‘[ﬁf)ﬂ\ﬂ%[]&7‘[615(14450*1]14570), ?/ﬁ\ ﬁ
P h 2, 38 1B S 0RO (R A H RS 3R B3 TR IFN-y
(IR .

1.5 CD19scFv/CD80I & & H 4 S5 1 40 i 5 4E B

H1 381 4% (19 APBLs (1.2x10%4L) 530Gy 8 5 i 1)
Nalm-640if1(2.4x10°/4L) 3555 75 T RPMI 16408 75 (&
2 ArIL-2, 30 U/mL), JI ACD19scFv/CD80 (6 pg/mL)
RlEE B, A RN G0 A0 3L 5 SRR R oA
CD19scFv s (3 pg/mL) B PBS & Jy Xt HE 20 ; % # A K&
91 () Nalm-6 44 fitd ATMCE-7 48 sy % 44 o

JS2 FH CytoTox 96" <l Fit S 4 441 ifd 25 14 72: (Promega,
5 [ ) A% Rk £ 2 19 6 Nalm-6 40 g (0 7% 47 135 1, 4% 3
B PR, o e e R AN R K H 4= 107, B AN 1
R ELA51(50:1, 25:1, 12.5:1, 6.25:1, 3.2: 1 F11.6: 1) AEUJE
96FLIR ¥ B T HI 6 R RS2 B Al 3R FL): B 9R3E Y
FO IR B IE X R FRAE AR B R R B
HORRE . RN AN B R RO S5 4H. B 37°C, 5%
CO, % & 4 h. $LHT45 min #8240 i f KR FBOR AR B RS
IEFLANT0 puL (10x)40 Ho S A7, 218xg &5 024 min. F75
50 uL _Fi8 2 53— 96 FLHT g b AR ik AT FL IR Mt S I
W 7E , B FRAL490 nm P 7E WBOGAB (Aaoo). THEL 211
W HEAB (Aaoo), T2 T 512 Tt S 40 L CTL 2R ¥ 48 B 1)
B R A0 I Yo=( S 56 2H Ao FEAH M B SRR T
Aaor=RU LI B E SRR T A 02)/ (CHE AT MY B KT T A sor— B
21 i B SRR Tl Aao2)

1.6 fhEE B X 3w S B vE 97 /R

M HR ] B 2R 2 B S B T AL BT 4520 H 4
HYNOD/SCID /) F (Mus musculus), 2% 5256 o #2368 i
7 [ AR A B IO 2 e (ML A TS A sh P
P ot SPFARAF N 57728 J5 4252 150Gy a5
(Cs137) B 4T, L NA, B, CFIDA, FH4H5 A, 211
)5S hJR E kT S PBSHL & 1R 5140 il £ 200 uL. A
ZH: 3x10* Nalm-64f1; BZH: 3x10* Nalm-64 1 5110’
PBLsTE A4 fL; CZH: 3x10* Nalm-640f. 1x10’ PBLs 5
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7.5 ng CD19scFviR A BE RIVE ST, 5512812536 hii kb 78
7.5 ug CD19scFv; D41: 3x10* Nalm-641fig . 1x10’
PBLs 515 pug CD19scFv/CD8ORH & 4 A TR A [t B v
9, 5 12F1 5536 h AN 78 1E ST 15 pg CD19scFv/CD80Fl:
GEA. B VDS80S, AR H I A
AAEI, el 2. AR TN B, FFREARE . DI E K
/N AR R T TR AR S R AT I e
WSS, FExt BB BT B Oy RS EAT
o B 7

L7 Hiitsasb el

P S5 ) B 4 37K, Student r-test H T3 B 4%,
Kplane-Meiery% H T NOD/SCID /) 5, 4 77 #A o 467 %047
BT K A A7 Bl 2R 22 1), Mantel-Cox log-rank i H F Lb %5
NOD/SCID/) iR % S 2H AR A7 I e v 27 2 5. P<0.05
FREFRUER ST HE N P<001RK A BEEZER.

2 gEH

2.1 CD19scFv/CD80E! A 2 FH 14 5 T 21 Jd il 14 51

MTTH5E S5 7, CD1938 34 FH 4 [ Nalm-6 2 iy
YRR 5, 5ANFIRFEICD19scFv/CDROf &
FEDIFE, 55 S THE4HFPBLs (CD3” PBLs>80%)
AHEAE G, R B SRS TN f g A, HS kA AR
JE SRR OC R (K]2), RIACDI19™ 1) L% 4 4
CD19scFv/CD8OME M J 2 21| 1 B0E TAH R Yk 2 A .

2.2 CD19scFv/CDS80 filt & & 1 1 75 3k B 20 JE 43
W IFN-y

K F ELISA VA Ml CD19scFv, CD19scFv/CD80fi

(His), CD8OESN X (Gly,Ser),

CD19scFv-VL

& & F AL HE ) Nalm-6. 40 il 5 6k 4 B 2L 55 77 i
IFN-y & &, 45 B B 7R CD19scFv 4 55 5% 135 7 $4TFN-y
K-V 5PBS X I 4H A 7% 5, T CD19scFv/CD8Ofil &
B ] 52 BT B 4 WATFN -y, H 27 &K #io% R
(F13).

2.3 CD19scFv/CD80 R & 25 1 44 3 ik I 20 i 4 e
ok 240 il 5 4

N LDHA A 525646 1 CD 19scFv/CD8OR & 2% 1
J& 15 Al LA 5 40 A 75 T4 X5 CD19 BH 14 1 175 40 it
7405, 45 R % W, Fl CD19scFv/CDSO0 il A 85 (1 ) 34
AN [ AL o ) ot bk E 4 i, ) ) S 5 1 5 HL RS S M
i 92 20 25 4 (&1 4), o 4 1 FH I8 2 250 BL 7 384
T 1458, W5 A7 4 2 (1 PBLs 28 3805 Ak J5 78 5HE L 5011
S X N ATm-6 41 B 4 S P 2% 4% EL 431 43 33 9 53.31% 11
75.42%, T % MCF-74H fu 35 Jo Rk S 1t A A5 7E H.

2.4 CD19scFv/CD80fit & 2 % H I /N LI 3R
I7 1E H

Nalm-64 i £ 18 5 INOD/SCID /) i i J 13 & A=
FI IS, R 9% 2R 100%, 3% IR J5 JBOE e, 40 M2k A
WS R ER I B R AT/ B 2 IR 1 IS A AR IR .
5A, B, C3/MN AR Lk, DA1CD19scFv/CD80 & 3 4E
£ 7 NOD/SCID [ L7 /)N 5% ¥ A= 47 f (] (15). o HE 2.
NOD/SCID/ AETE I /N TF45°K, A, B, CAL/N R A
LA AF 1190 1) 40, 43 K136 K, T DAL A Az A A7 3
59K, X HR 2 2 | A= A7 BTG B 35 G i 5 22 R/ (P>0.05).
DZH [ 4= A7 BA A EL X A SE K T 65%, B B3 14
T4 7% 7 (P<0.05) .

CD19scFv-VH

BamH1 EcoR|

(Gly,Ser),

pET22b(+)

TIB T lacRHUT Neol  Hind lll

L —

Amp’

B 1 CD19scFv/CD8ORAE B &M~ =B
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**: P<0.01

A 80r
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o 80F —=—PBS
t;i—/{ —— MCF-7
o]
= 40 -
e
a
=

20
0 G i —
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B 80
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ﬁ 40
«
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20+
e e ]
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Bl 4 CD19scFv/CDSO0R-A 2 B 5k B 40 3 5B 45 R 1k
A

AFIB S A5 LR35 2 40 F&] I vk B2 40 Ffd 2 C D 19scFv/C D8O 11 7]
I , AE N [ 2505 L i Nalm-6 20 A 1) % 4% 1 H

1400

100
804 l « A.PBS
o B. PBLs
< e C. PBLs + CD19scFv
;‘; o m D. PBLs + CD19scFv/CD80
ﬁ.{b 40
20
0
0 20 40 60 80 (X)
Es5 AREBTHDNRERHLZE
3 Wit

OV 2 P T 3L 5y 7 AH B R T 38 5 40 e
G 8 R B TR T SRS, TR 40 it %5 % C D80 (B7) 4 T
AL 5 58 R T IhRE e S BT R, 3 IR A
() T3 1R AE IR FH T I R I 52 313 22 IR 1] AR 7155 YeB7 7
) P e R 2 i, e S R AR R AR 4
M, b Br g B de. KORTE Ja SRR AR B IR A 2 R
AP 5 TSR FH 3 RYE T B R BB AR T S A SR R
IR FAR, ToEAREAH G PR AR T iR 4 i ok, B
SR RIE K TCiE ARG B i, 0 B 1 22 4 1n) R AR 1A
AN 22 57 TG 5 A T, BRI B3k T 92 8 B T I R
ULEERE Ay 2 S I W i U R A= S
Boor 7, S gE A T R gl f SR, T RE R — N K
B ARy =2,

AR AT TAER T T 2 i 77 B4 M it
Jé I1)CD19scFv/CD8OFR IS # i, IE1E R IL RE
FIkRh & E . NHELISA. VN0 AR &5 7732, E S
T %G A A R 5B R R LR CD19
Sh4, CDSOE T B R 41 i 22 TH . AHE 70 1 SEim
PRGN B 3L 35 77 0515, 3N J5 TH X CD19scFv/CD8OFl
HERANREIAT T 94 @4 & A 5CD19" Nalm-6
1 I 20 R 285 4 S, DA 3 11 7 ) iph B2 4
(SR . WA 40 M DR - 9 P A B R e e B B i
o3 200 Ji 25 A

N T 3B PF CD19scFv/CD8O0R & 45 1A i 44 Y
J7 34, 7ENOD/SCID % % #i# e B, o B D 8 37 7 B-ALL
9 L7 A5 R 97 28 100%, CD19scFv/CD80R! & 2
BB B N bk B 4T i T S S KN SR B AE A, BT
SELBEOR, 1% Rl G BT T {06 Rk Ao 22 PR () B AR A
JH A 255 kb B A RS T80 0 R B S 0 L, 3 I R S
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BT B 4H i Ji 8 G 92 S

H A2 18 Mk a8 i 3 v DL &% B 28 i itk 2
MG IRIEIT, B 7497 . FA B E &L EMIGIT
AL T BLULAN, A S 18T N — AT IR T SR
W, 1717 3 1 R T8 [ %S P 5 52 4R T2 i (chimeric antigen
receptor T-cell immunotherapy, CAR-T)F R &1 304F
R R IRAT T 25808 B 1Rk, LT o — Ml e &
PSR NS RTINS PN S 4 DR N
Ji T (3 g i AR AR T R T — R BT
100955 40 FRL AR 57 5 5 I CAR-THIE 52 2%, HL bt CD 193
LR, T M6 5k S Ik B4 g (1 1 s A0k B 98
Y6 T FICD19 CAR-T CVEMHIG R 1R 56 (NCT 02975687,
NCT 03029338), 77 J& Tl R ik SR 1 CAR-TH AR AE
i PRS2 FH o H B 7 8 L DR R T SR A . B e/
RN e 2 FE A R RN 4k, CAR-TAE N —Ff
AR ST 74, BRI 2%, 75 BN 349 i 2k

25 3Rk

1THEE B AR A, OFERERE TR R4
&4 . CAR-THH MM ob 35 75 4 38 K [mldar. A0 H %
i, RIEMCDI19scFv/CDSORN & 2 11, i i H ik A
Bt 5B-ALL A MR A f s 7 45 &, i CD80 7y F3RIA T
B-ALL4H M K TH, 0% H 5 CTLANM, ik 24 5~
B-ALL 1755 41 i (149 7 FH , o] K i Sy — i FH 8997 7%,
F T B2 b I 196 97

4 Z5g

AT F ik CD19scFv/CDSO fill & % 1
ALRE 5 45 A B A R R 3R T CD19 Bt i, B0tk
4 M 3G 5, (R A R R T gy s, AR R R
4 o 75 7€ . ENOD/SCID /)™ B, (1 1L 9% 5 47 45 Al o |
CD19scFv/CD80H & [ Ik A v vk E 248 o T Il 25 4
Ko/ BRI AE A7 .
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Study on the anti-leukemia effect of a novel recombinant
protein CD19scFv/CD80

CHEN LiPing', RAO Qing', CHEN Sen’, XING HaiYan', WANG Min' & WANG JianXiang'

1 State Key Laboratory of Experimental Hematology, Institute of Hematology and Blood Diseases Hospital,
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China;
2 Tianjin Children’s Hospital, Tianjin 300134, China

B-cell acute lymphoblastic leukemia (B-ALL) is a very common hematological malignancy. Despite the curative effect
of chemotherapy observed in children and adults with B-ALL, still some patients fail to respond to chemotherapy and
suffer from poor prognosis. Studies have shown that the costimulatory molecule CD80 (B7.1) is expressed at low levels
on ALL cells, which avoids leukemia cells being recognized and killed by cytotoxic T cells (CTLs). However, almost all
B-ALL cells express CD19 antigen. Therefore, in this study, the previously constructed recombinant CD19scFv/CD80
protein, consisting of the extracellular domain of human CD80 (B7.1) and a single-chain variable fragment antibody
to human CD19 antigen (CD19scFv), was used as a bridge to decorate B-ALL cells with the costimulatory molecule
CD80 through the binding of CD19scFv to CD19 antigen. Using this strategy, CTLs could be activated by B-ALL cells
pretreated with CD19scFv/CD8O0 fusion protein, and thus, they could exert their killing effect on leukemia cells. In the in
vitro study, it was observed B-ALL Nalm-6 cells cocultured with the recombinant CD19scFv/CD80 fusion protein were
capable of inducing donor T-cell-specific expansion, cytokine production, and cytolytic activity. In a leukemic xenograft
NOD/SCID mouse model, intravenous injection of CD19scFv/CD80 fusion protein was able to significantly prolong the
survival time of mice with leukemia. In conclusion, the novel CD19scFv/CD80 fusion protein could effectively modify
B-ALL cells, which evade the immune surveillance, into antigen-presenting cells, which could thus activate specific
immune responses, thereby implying a potential clinical value.

CD19, CD80, single-chain variable fragment antibody, fusion protein
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