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B Z:CAR-T @y ikl fed it 5 iF 98 m ek @45, MR RGN mit, 55k R RAMNIB RIS =
AR AL, B AR IR EMERGALERKEKEF LR 2 (HER2) 49 CAR &R ERAF ¥, VABRES
TR BN % A4 HEK293T @t €03, #14& CAR 12 &84 lenti-car, & F AN B fo 4% 4m i3k 13 HER2
Ye6) 49 CAR-T @@, F o A7 Fxt HER2 Fa bk e [ b I G 20 I8 69 45 F M 51 OR . A4 R AW, M6 CAR-T
e T A HER-2 FEME 69 Y I8 e s - E . b K E X EM MR E T IFN-y A= IL-2. ER ek F48 5
HF, M4 HER2 ¥2%) CAR-T @@ fest HER2 Fa 49 AP £ 5% 4 bk SK-OV-3 94 K47 % £ 4 (58.47+1.72)%,
REZTAEA (P<0.05); Mt HER2 B Mag AR M8 R & fo % 2 ek K562 94 K37 H &4 (11.74+2.37)%,
HatRaXEF E7+ (P>0.05). #—F, £ K562 e 454 A HER2 A& B4k 5L HER2 fatE, 1) HER2
$e%) CAR-T @ fitst H a9 A& K474 % LA 4 (30.41£7.59)%, 4% HER2 M K562 B A 8% £ % (P<0.05). A7 4
R AU, MEH HER2 ¥a@) 89 % =X CAR-T @ T th M 3bir ] 5 R ik HER2 B @ et A Kk, Br7
Hxt HER2 Fa bk i 78 3E 4T 40 i S, 956 97 64 16 SR BL R AT 7

: CAR-T @, AREKAEKAFZIR2(HER2), &, %absT
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Abstract: CAR-T cell therapy that targets surface antigens to kill tumor cells specifically has recently become another
cornerstone in tumor immunotherapy. In this study, a lentiviral expression plasmid of CAR targeting human epidermal growth
factor receptor 2 (HER2) was constructed by genetic engineering. The recombinant plasmid was co-transfected with other
packaging plasmids into HEK293T cells by calcium phosphate precipitation to generate lenti-car, which are CAR lentiviral
particles. HER2-specific CAR-T cells were obtained by transducing human peripheral blood mononuclear cells with lenti-car.
Their specific inhibitory effects on HER2-positive and HER2-negative tumor cells were analyzed in vitro. The constructed
CAR-T cells were specifically activated by HER2-expressing tumor cells as indicated by secretion of IFN-y and IL-2. The
inhibitory rate on HER2-positive SK-OV-3 cell line was (58.47+1.72)%, significantly higher than that on the mock-treated
control group (P<0.05). The inhibitory rate on HER2-negative K562 cell lines was (11.74+2.37)%, which was not significantly
different from that on the control group (P>0.05). Furthermore, when we transfected a HER2-expressing vector into K562, the
inhibitory rate increased to (30.41+7.59)%, which was higher than that on HER2-negative K562 (P<0.05). Thus, the
constructed second-generation HER2-specific CAR-T cells specifically suppressed growth of tumor cells overexpressing
HER?2 protein, suggesting that HER2-specific CAR-T cells might prove useful for immunotherapy of HER2-positive cancer.

Keywords: CAR-T cells, HER2, tumor, immunotherapy

CAR-T 418575 (Chimeric antigen receptor
T-cell immunotherapy) 4% Mk S HUIRZAR T 40
MG E YT vk, SRl o B DN AR v R e e
SR REEPUAE N S T M5 55 3 X
R4z, Rl — 2 m AR5 8] T 4 rp i gkas
CAR-T 4l s 6E S5 K B A4 - Bt Jot 4 5 M 45 5 8 1 LU
K T A M R e ss & T — 1k, 7EA
WM T FEALMEVER SRR T, &0
R I R PR, R S s N R S
AN T A0, BT 20 G 58 5 R b e 4
Bt FHT, CAR-T 4HMLYT ik BN iR S sis i
7 AU B WS R, JEIELL CD19 Dy # AT A
CAR-T 43577 Ik B 20 i 13 1t g 7 T 7 R0 B Oy 58
8 2017 45, [ FDA 4351F 8 #1110 A %
ESd R Y S S e o N S /N R TR
CAR-T 7 il I FH T LB g 40 s A7 1
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CD19 #15 ZK T4 B 20 il bk £ 983 252 1M
PR 240 B TR, T At A TR an ST A 9Rg 24 i
FHHAEE R EO DI 7E SRR 0 S ih
Jr O, CAR-T #FR NN, KREZIFETER
RSz B B O O3 B 2 KR T-32 4K 2 (Human
epidermal growth factor receptor 2, HER2) J&3& %
KT ZARF AR A B o A R — R L
B bR AR G HT L, HER2 ) 28 38 55 T b 1) %
A RIS R A CHEYEMERN, R 2
FIPEAL PR 19 2R s 2 — 02, B0, HER2
ENRIEHHURH L AR B H M RIL, 1M
7 30% LA B b 2k 1 3RGs, HAT40
MIRTE , Zy iR, AT AR Ry R e R IR T
Y FRARE 5 O ER X HER2 JF % 1 8 5 e
PuiRR 23y, lZEk . MEKRE, CLWEE
FDA HEHE b in i 208 55 SRR 1Y I IR G
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J7, IR EITR, XUEM HER2 fE K il
TEEVARIT I A I AN, ML HER2 J#R
R CAR-T Al Sz ifny 7 ok mk , Haij{iha i 1
AN TS A I PR A B O, % JC B FDA HHE v Y
e

AL LABT HER2 BB IA N #1043, LA%E
—AE T AR, M HER2 1958 AR
CAR-T 4ifig, FF 5 A HAE MRS X HER2 BH 4 F1 ]
P T 20 B A R S R B R DAV A
HER2 FH M i Jgg 1E 47 200 i 5 932 38 97 14 I R 1 P
1 mB5F®
1.1 w7l
111 SEHhR

Pt HER2 BgEHTIK (anti-HER2-scFv) #ik
Jo A FR R A8 JE K 2 TH 42 1L 4 RS B James
Marks 22 B IE A = M5 cD28 Fit
il B Genecopoeia 23 ) ; CD3E ki H 32 [ [E 37
JLE AR5 Nk F V5T Allan Weissman i
T3 Addgene 45 (#11507)17; 185 KA
& pCDH-CMV-EF1-GFP+Puro J&i ki (74 3C Hh i #x
7 pPCDH)I [ System Biosciences 23 f) ; LAt
5 7% 40 % i B pMD2.G . pMDL-G/P-RRE il
PRSV-REV ¥ H i 11 R T.2% BE Y Didier
Trono 1# -1 i1 Addgene 435 (#12259 ., #12251 .
#12253)1"8); HER2 1k kL perbB2-EGFP 1 B il
FI R A0 e BB K241 Offterdinger 183 i
Addgene 435 (#39321)1%; A JH i B A% 40 i SR B2
TR HEK293T 20 bk . s 20 Jia bk
SK-BR-3 (A ZLARIRFE ML) . SK-OV-3( A B S
Yifif) . HepG2 (N M) . HT-29 (A 45 )% 41
Jf1) . Jurkat (A T 94k B 48 Y 1 1 40 ) - K562 (A
15 B D 0 IS 0 B ) W b R 2 B T A
b o

&: 010-64807509

1.1.2 ZZERAN

Taq DNA RA& . AZBRFR T E N VI Nhe T
NotI . BamH I . T4 DNA i##2i§F1 DL2000 DNA
2 F& Marker I H TaKaRa K%/ F]; DNA 7T
i marker 1 H Invitrogen 23w ; 1640 4 LG IR |
DMEM (b)) Aliffss st | JisE f% B HyClone
Nl BRAE M H CAPRICORN A #]; BERERI
Y. BE AR E OXOID A+ ; NaCl, CaCl, g
Sigma 2~ w); JoWN R BB PR & A
AXYGEN 24 H]; BCA &1 & f ko IiH & B FE
MR AT bt A HER2 ZTalEhifk . Fhiths
TERERUAR . IL-2 FIHT A CD3 HifkH4ly Abcam 23+
77 N IFN-y ELISA ARl & . A IL-2 ELISA
LoalURE i I RN N i TG =R Sl Al S RPN S S /N
] ; RBEEH B Millipore 23] ; MTS Il H Promega
N KRIGFTFIE stbl3 FASSEI = AR AT
1.2 F&%
1.2.1 HER2 CAR 8RR EBRAKM I

S BILLE CD28. CD3C F anti-HER2-scFv [
R, BT PCR 514 (% 1) Jfik4T PCR
. Keaifb)s Ry PCR 34774 CD28 fil CD3(
i B 100 155 /5, & BRBEJR L 1 2 1IRA, L)L CD28-F
CD3¢-R N5|¥, k1755 4% PCR ¥4, 1%
PCR j=#J CD28-CD3(. RJr¥s4lifb/5) PCR j~
#) CD28-CD3¢ F Not I il BamH I VI EF 7 XL
l§Y), B PCR F=# anti-HER2-scFv A Nhe [ I
Not T N UJ B E 47 SCEGY), K 180 5 48044 5 A
pCDH Fi Nhe I 1 BamH I NI kA7 XU . K¢
IR 3 RS Y) e AR R B B AR
Feky 3 : 3 L HLBIIRA . 16 T4 DNA & 1E
FF o %% B E B CAR Y 12 9% 7% 2 5 JTUR:
PCDH-car, JF-443% 4 7= W) & 5 /b KA FF 1 stbl3
RCZ AN, FE 50 pg/mL &R R LB JH
AR 5 BL 0 3 BE P s B, s BH 4 v B A
YTE
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F 1 tERH pCDH-car FiFA# PCR 31415

Table 1  Primer sequence for plasmid pCDH-car construction

Primer sequence (5'-3")

*TGCGCTCCTGCTGAACTTCACTCTGGAGCGATAGGCTGCGAAGTCGCG

Primer name
scFv-F TTAGCTAGCATGGCCCAGGTGCAGCTGGTGCAGTCT
scFv-R TTCTGCGGCCGCACCTAGGACGGTGACCTTGGTC
CD28-F AGGCGGCCGCAATTGAAGTTATGTATC
CD28-R
CD3¢-F *AGAGTGAAGTTCAGCAGGAGCGCA
CD3(-R AAGGATCCTGGCTGTTAGCGAGG

*Underlined letters are the complementary region.

1.2.2 18R BORL I B &

PHCA K5 90%M HEK293T Al f4 LT
10 mm AAEREFRILY, AT 10%)65 4 i 35 1)
DMEM @&l s e, BT 37 °C. 5% CO 54T
B35 24 ho FRUNALIC A B2 IR E) 30%—40%I , B4
B MW R IR, kSRR 2 h s, ¥ 3 Fhvfu
ki pMD2.G (3.24 ug) . pMDL-G/P-RRE (4.5 pg).
PRSV-REV (2.25 pg) M CAR 2 5 ¢35 i hr
pCDH-car (11.52 ug) =% =5 # & X B8 5 Hi
pCDH-blank(11.52 pg) i i @ iR 55 1T 3 1 e 4 Yy
HEK293T #iififl, fu CAR 857k lenti-car
DL R xof BECHE 5 2R 00K lenti-blank . 4kZER5 5% 16 h
o, EAE R IR 24 h S AEYSOE WM R
£X HEK293T 4 i GFP FiATH ML, 48 h Jlse
i, M 0.45 pm BB Skt BERR AL o
ﬁﬁﬂ@ﬂ%ﬁﬁ%ﬁ%lbwpu 20 000 r/min,

CELG 3h, WA R PURUITE , FHJCIYE 1640

iﬁ%@%/“ﬁ TRAFETF-70 CUKAE & H
1.2.3 12557 BORLAY T BE U 2

¥ HEK293T Zififs LA 5x10°% cells/fL A4 %5 i 4
Fl ¥ 96 fLARH, AFFLA 100 uL 10%J 45 I 35 Y
DMEM @i, BF 37 C. 5% CO, 544 F
Regiad o Ar W B 40 pL 1) lenti-car £ lenti-
blank 185258 , I 360 plL 244 8 ng/mL
(R EERE ) DMEM @SfiiEFRIE (& 10%06 4 I
WP FELIE 10 RERREERRE . /N0 M E IR
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T HEK293T 4iififa ¥y 96 FLAR -H Bk 90 pub 5 FR5E
U, B REFLIA b R AR R 4 B R
W90 uL, EEAFRREE 3fLEE ., 4REEREHE 24N,
Wk T fLEE SR AL, I SN & AT AT B AR
FORTEE R SR L, dkS iﬁ% 24 h, TEBIE DR
B N UL GFP {55 o LAREMLER 2286 M5 5 il eIk

i R 1k, ﬁ%fza‘w%‘ﬁmﬂ@ﬁm\é&, I LU
U A AR s 7 AR

18 55 25 i WU B (TU/uL)=N/9x 10 Y

N by e EE B 5 0AE 5 B B AR B AL 2
AN AEL, n AR RRAREL
1.2.4  AN5hJA i 58 40 i (PBMC) B ] 4 K 89
BRI % CAR-T 4

R B2 1 FE AR R R BT & AN O W, L

Ficoll-hypaque (F5i 5 Wi-1Z R ML) 5 3 A0 B i 0>
B EiRE PBMC. FHE 10%AG 41K 1640
FE IR0k PBMC BB, 1518 4x10° cells/fLAET 6 4L
Mo, IIAZHREE A 200 UimL ) 1L-2 FIZLuk
>4 50 ng/mL 5t CD3 HL AR, B F 37 °C 5% CO,
KRR, BFRRE . WE PBMC R, 1]
6 FLAH 43I0 A lenti-car & lenti-blank ‘1855
REW, FEINAZMR S N 8 pg/mL Y e,
6 FLA 2 500 r/min Z5.0 90 min, .05 kL5555
12 h J5, 2500 r/min &.0> 6 fLA 20 min, /NCK
A 12 B3, BIMASEEIHERE IR, ey
I 48 h J5 , G B GE T L%E GFP Rk AL, i
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i

FE KR4 PBMC 1
a0 BE T 4.
1.2.5 HER2 PH kR 40 bk 0 16

L = IR A IR A Ak SK-BR-3 (A FLAR
PRIEE AN ML) . SK-OV-3 (A BP S 4HL) . HepG2( A
IR AnA) . HT-29 (NZ5 W RE400E) . Jurkat (A T
I 200 B 9 s 2 ) . K562 (A M 5 1 LG
) AT IR LR FR, RRANMDIRAS R AT
LG REIRF] 90%LL iy, AR 40T 1.5 mL 5.0
v, 8 000 r/min &.0> 3 min, FF EiF. AR
PBS %&%% 2 YK, 8 000 r/min &.0> 3 min, 7 Fi.
JIA 100 pL RIPA 4l 24ff ik, [ 52 ATHOX,
12 000 r/min &5.0> 10 min, /MO W IR,
BCA 5 & I & 25 IV B o UL Western blotting 5
W4 fgd 40 AR 9 HER2 B RIAR . & 10%
SDS-PAGE [/, % % PVDF i, 415304 1 h
5, M%PtN HER2 Hitik (1: 5000) 4 CHEFE it
o WHM TBST Y 3 ¥k, 4K 3 min,
HRP $RICH) FHT4 19G (1 : 2000) % UMFHE 2 h,
ZJE M TBST YK 3 %k, H:IK 3 min, & F Kk
i 2 ¥k, BER 3 ming IMAL2ERIE B GG, 1E
B AR A I £
1.2.6 K562 HER2 PH %20 M bk o+ 2

¥ HER2 BRI 41 il bk K562 47T 6 fL
Berfr, DLE 10% 64 i35 9 1640 3553555 24 h
G, HEFRELE SN opti-MEM KFFRIE. 4kakbs
322 5 %% 24 pg B HER2 %35 it kr perbB2-EGFP
1 72 pl A9 4R 1ip2000 435171 opti-MEM 54
FRAEEF B2 900 pb, FIRFHE 5 min J5, BTk
i B T I A e Yl R R B b, /N IR ST,
FIMFE . 20 min J5, CBHE G WK BEAEAL 300 pb
IRA AR A K562 14 6 FLA 3535 6 h ),
T 1640 5555 (B 10%IR4- MK ). dREE
gt 24 h, 5O BB T WSS GFP R IXTE L,
WA ML YL OR . 48 h e, IREERE YL K562

B

JRaE Yy, HIK CAR-T 41

X

&: 010-64807509

AH, —B4rLL Western blotting 4l HER2 ik
KA, 8B40 F e e 8 T P A S 5

1.2.7 HER2 CAR-T #ig 5@ MmitiEsiia
M F 1L-2 F1 IFN-y &3]

PG T lenti-car 1295 5 ) CAR-T 4t it 1k
YT lenti-blank 1R EEAX I T 400, 2510
4x10° cells/fLATF 96 fLA . K HER2 BHTERY
SK-OV-3 4iififd . HER2 [ K562 4iifits . 2% Y
Je B HER2 FHPE K562 4551 L1 1x10* cells/AL
InF AL . R R U T 4 M B X RE AL
O 5 S FLAE BN S AR B 1 T 20 i) o
Rl E 3 ER . itk 96 fLik T 37 C. 5%
CO, FFRFR 24 h &, WRHURGFRIL HiEW, L
1 500 r/min Z5.0> 5 min BR 400 AR R,
ORI F VS, Fi IR ELISA 5] & Ui B 07 46
WA R IFN-y F1IL-2 B9 &

1.2.8 HER2 CAR-T #4RHa {45l ki 40 fg A
KB 2

FHIRYL T lenti-car 1295 5 1 CAR-T 4t Jifd A1k
YT lenti-blank &R EEMX I T 200, 2500
4x10° cells/ LA T 96 fL# . K HER2 PHERY
SK-OV-3 #fijifi . HER2 B K562 4fijifd . Z:5% Y
J& B9 HER2 FHPE K562 4ifitd 4351 L4 1x10* cells/AL
T AL [R5 bk L A A SRR AL O
SSEm AL R T AHAE), PR A M B AL (B0
JiRg A i) e as FI R BREL (DU & 10% I ¥ 1)
RPMI 1640)., ffLIXE 3 MEE . FHalitim1 96 L
BT 37 'C. 5% CO, &/ T3 72 h, ZJGIn%
FLINA 20 uL ¥k 5 mg/mL ) MTS, 4kZeii %
4 ho WifR&idsE, HEEFRL LI E B K 490 nm
MZ K 570 nm I 52 4 52 5 FL W% % 3
(OD). F-LAan T A=A K i 5

AR = 100%—[ (3250 FL bk EL 40 i A
TR L)/ (o2 A4 i ot BE AL —2 1 % L) 1% 100%
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2 BRE5aH

2.1 HER2 CAR EFEFRIEHKRWE

ASCRTR ) HER2 #R %5 — X CAR 4F
FE W 3 FHM, /e CD3C N IX .
5 CD28 Ry X A X 7% anti-HER2-scFv il sh
X (E 1A). AR CD28 W54
CD28-R 55 CD3( (YRI5 14 CD3¢-F A HAMX (#£1),
i LRI CD28 H1 CD3( fiY PCR P2 ¥ %5 B IRIR &
i, 1514 CD28-F #il CD3(-R E4% PCR 4 #
WA BER) 2779, B CD28-CD3¢. PCR /=¥
T BB JC PR K R A A5 /N T (E—
(& 1B M1 1C). FHMESERER) DNA P25 R
TUHA— 2, 2 B CAR (Y1895 5 218 )i ki pCDH-car
P IE A o

bp
1000
850
650

500
400
300

200
100

1 $B[) HER2 CAR 18R HRIAH KHAE

Hinge
domain

2.2 BIRETRLR B % H & KRB ER N

HEK293T 4l 7E et IR S IIvE 4% L 40 h
J&i . RTEZ G B U LS 3 B B R 4 (0.5
55 (K 2A), 254 80%#) HEK293T 4ilfifs i i &3k
GFP # 1. 1E153% 48 h B litdE BiEw, A 0.45 um
USSR UERR A R, B L OWUE  lenti-car
1 lenti-blank 125 BERURE , AT I3 RN HE A

LA PR R 125 43 T 8 10 1 75 TR i VR 114
FRERI . MRS 48 h, AIfE HEK293T
0 ISR B B B R B O E S, ALMEE R
FERRG &, PO MR E AR WAL (K 2B). 7E5R
6 T BB, lenti-car F1 lenti-blank 185 2 J& Yt 2H #B
A UL BA S T B S AN . S B T EE i
. lenti-car 185 % 1.67x10%; lenti-blank 18
TR E 3.56%x10°,

355bp

CD3

Signaling domain

C
1 2 M 3 4 b

2000

1000
750

500

Fig. 1 Construction of HER2-specific CAR lentivirus. (A) Schematic diagram of HER2-specific CAR. (B) CD28 and
CD3¢ PCR analyzed by agarose gel electrophoresis. 1: CD3¢; 2: CD28. (C) CD28-CD3¢ and anti-HER2-scFv PCR
analyzed by agarose gel electrophoresis. 1: anti-HER2-scFv PCR without templates; 2: anti-HER2-scFv; 3: CD28-CD3(;

4: CD28-CD3( PCR without templates.
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Fig. 2 Preparation and titer determination of lentivirus. (A) Lentivirus produced by transfecting HEK293T cells. a:
lenti-blank; b: lenti-car. (B) HEK293T cells infected by lentivirus with gradient dilution. a: HEK293T cells infected by

lenti-blank; b: HEK293T cells infected by lenti-car.

2.3 PBMC #l#& % PBMC Hyi8fm 553
B £ N PBMC 4L, Je A Bt CD3 ik

A IL-2 A BERE IR ROHEA T I o IL-2 4550 T 4iiE

ARKET, AFT T HETEARIMC IS, IFR

BT AN R ; BT CD3 HUARI T AiiEiE1L, A

FITF IR 2Lt s L e ®, PBMC U R . A

&: 010-64807509

1SRRI T Y . 48 h 5, TEZSE BB T T
SR B VIR I S 6 5 A A E (B 3), X2
PBMC 23T CD3 Uik K& 1L-2 Jii Fnig i 2 By
JETE LR T ARG TR , W 0 B 2 AR T 1
CAR HEHFC LM EA A T dlfirh, JFIE
CAR-T #iiffif% .
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White

Fluorescence

Merge

&3 [8mEREPBMC

Fig. 3 PBMC infected by lentivirus. (A) PBMC infected by lenti- blank. (B) PBMC infected by lenti-car.

2.4  HER?2 P14 B8 20 B ik 7% 18 B K562 HER?2
FE% 20 BE AR RO 22

Wk Western blotting #:1 (& 4A) AT LA
i, 6 BRI ANk, A 4 MRS HER2 1,
FHh 2 BRAFE K, HA SK-OV-3 il SK-BR-3 7
HER2 Z5ifiAb i AR, A ik HER2 g 4
fitk, HepG2 Fl HT-29 4k 4k, b 4Efe
FEZiK HER2 4l k% , T K562 Fi Jurkat £ HER2
EAA 54, S HER2 TR bk . 58T
% Y1057 1ip2000 ¥ HER2 35 50 KE perbB2-EGFP
Yy K562 S, Ot e T A MERHIR Y
60% M1 K562 4H il b 5% Yenly 45 5 (B 4B);
Western blotting Kl {2 7 , 7% Y4 J5 1) K562 REf% H
R RIL HER2 251 (& 4C). R EZ52R,
PeFE HER2 FH: ) SK-OV-3, HER2 A1) K562
B LA K 22 perbB2-EGFP #5JLf) K562 #ifig, F
T e At e A A A AR
25 HER2 CAR-T #ifaSMyEMpmtiEsa
MAREF IL-2 0 IFN-y 25

53 5144 lenti-car 1255 ¢ L 1Y) CAR-T 4t i Fl

http://journals.im.ac.cn/cjbcn

lenti-blank 185 2R YL AYXT IR T 40 5 AW HER2
FEIRI bR A0 M 5%, DL ELISA R0 & Al
YR IFN-y F11L-2 1953 KF (K1 5). TEARZ
AT g B G AL PR T A FAd T BR g vp, 3
WAL T IFN-y FIL-2 A5 SR T AR 0
ELISA iR G AP, ARERTH o Q& 5A R, 78
5 HER2 BH 1) SK-OV-3 g 4 itk 376, CAR-T
1530 IFN-y fHA (4 373.32547.9) pg/mL, X
T 400535 IFN-y (5l (243.1£28.2) pg/mL, P
HA %22 5 (P<0.05); 5 HER2 BT K562 i
A LB ST, CAR-T #HJfd43i IFN-y AY& N
(204.3+15.5) pg/mL, XTHE T 404 IFN-y 43 e Ay
(225.3+24.2) pg/mL, WiE2ZF AR (P>0.05); iS5
Fik HER2 iy K562 HLb5551}, CAR-T 4Hfifl43-3#5 IFN-y
HHE (1575.6+272.8) po/mL, @& TXHE T 20
Y IFN-y i (157.7+28) pg/mL (P<0.05). 41E 5B
PR, 765 SK-OV-3 Mg g tlsssens, CAR-T 4
Mo IL-2 B4 (1 673.3+138.1) pg/mL, XifE T
A3 IL-2 f& o (143.3+28.2) pg/mL, Wi
AfEE2ER (P<0.05); 5 HER2 FM:MH K562
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i JgE 240 B L 1% N, CAR-T 40401 1L-2 Ry
(103.3+16.5) pg/mL, X} B8 T 400 Y 1L-2 43t Ry
(125.3£24.4) pg/mL, PiHZEFANEE (P>0.05);
M5k HER2 1y K562 HL15350f, CAR-T 41
Wb IL-2 & (742.3+117.4) pg/mL, BEET

HER2 (185 kDa)

White

Fluorescence

X T 4 IL-2 4y E (137.648.1) pg/mL
(P<0.05). VA 455 KB, HER2 CAR-T 4 i g
B FRIA HER-2 1) e 20 e S PR S0 4 WA AR i
P40 L R IFN-y F11L-2, F5%F HER-2 BH P ) fit
Jed 20 M 7 A S B EEPERRONY

1 2 3 4 5 6 1 2
A C

Merge

4 HER?2 B4 B 40 B ik 55 1% & K562 HER2 FR4 40 Btk A # i

Fig. 4 Selection of HER2 positive tumor cells and construction of HER2 positive K562. (A) HER2 expressing in
tumor cells detected by Western blotting. 1: HT-29; 2: Jurkat; 3: K562; 4: SK-BR-3; 5: SK-OV-3; 6: HepG2. (B) K562

transfected with HER2 plasmid. (C) HER2 expressing in transfected K562. 1: untransfected K562; 2: transfected K562.
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Fig. 5 Detection of IFN-y and IL-2 by ELISA. (A) IFN-y. (B) IL-2.

&: 010-64807509

. cjb@im.ac.cn

739



740

ISSN 1000-3061 CN 11-1998/Q /=¥ T.Fi%%4i  Chin J Biotech

2.6 HER2 CAR-T 4R {5 BhiEg & 140 ZE
DL lenti-car 125 8 YL ) CAR-T 4 fifg #1
lenti-blank 18 J 5 JE% G (4 X B8 T 200 A kg 258 17 240 i
2L MTS 5 A I A [A] HER2 2R3k 114 193 4 it
AR IIHIER . 4558 mE 6 B, X+ HER2
PR SK-OV-3 fifgd 4fi il , CAR-T Xof AR KA il
Ry (58.47+1.72)%, TXFHE T it A% A= K il
KA K (8.42+1.97)% , MiHE H A & FH 27
(P<0.05); TiXtF HER2 BHM: ) K562 i 4 i,
CAR-T X H A KMl Ny (11.74£2.37)% , X HE T
L A KA Rl (9.79£0.23)%, P LR #
25 (P>0.05), VA b 45 5 9) 45 UE B A ey Y
CAR-T 4ilfifg X+ F HER2 BH: fifJa 20 ffa ] = A (g 2%
B ) A K HIROR, B HER2 S 1)
h T UEBIARC CAR-T B MR8 20 it A
F AW IR 2 R M HER2 R FF D E 1Y,
¥ HER2 [ K562 4fijifi %% Y+ perbB2-EGFP Jit
Wi, HERIA HER2, #5504l 6 iR, CAR-T
Xk HER2 19 K562 2 ity iy 2k K3 il &
(30.41+7.59)%, {3 & T X A5 HER2 Y K562
f (11.74%2.37)% (P<0.05); XHR T 4Hj %t
ik HER2 [ K562 #ii iy i 4= £ 4 il K ALK
(13.35+3.34)%, W FHMLT CAR-T KA
80_—

&3 CAR-T

i 1 Blank-T
60 i

40

20

Tumor growth inhibition (%)

Transfected
Different cells K562

6 CAR-T 4R 3T ERLE T 40 i e & 14
Fig. 6 Antitumor activity of CAR-T cells and control T
cells.
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(P<0.05), H.15 X} BE T i ifg X A~ ik HER2 /1Y) K562
21 A 41 761 2% (9.79+0.23)%4H 24 (P>0.05)., A |
FEREY], HER2 MRILEUUE CAR-T J7 AL g
20 Jf AR B R DGR R R, AR SO Y
CAR-T I H WI#a HER2 i w1, I HAEW -
A= I 2 e A B A R AR AR, B HE— 2T
SR HER2. B e 04 1 fo g8 4 LI R TR T
IV o
3 itk
CAR-T 4 it By 45 FU00 e 2 T e S e b s, B
S NE SR XA T 4, R T 400
Wags, FEowEEALER . BORLEG AR A, R
PRI AN V22 B 2017 AR AP
CAR-T = fh1ESE E AT ®, x5 CAR-T 41
BoARTE NN T4, AR R e e ia T
J Sy T A I 2 A R £

CAR FZHH 3 HAH AL, 43 5 U s 2=
THTPL IR A A1 X 3 B2 P DX R0 A X 1 5 B
JIREIX LA R 07 A S0 T s S M N 15 S5
S A AN X 3R U T R T A B
BERMTAR X, BRI — i R AR 1 4n CD28.
CD8 Z5 4L A%, Wi P X 2 T 452 M4 CD3C
42 R 1989 4 CAR M &4 1 LK, CAR
BARME T AW Sk, Bt &k Ra%
=P 3£ CAR BIIX B EEAE THNTE S5 S
X: 55— CAR N5 55 5 XA 4 CD3( B,
FCRy Mi—1{5 5401, fEIR B I ofil 3 K 7 i A g
FEOTETE T A0, 5540 CAR MUy XAESE —1R
CAR JLAli F38m T 1 i e+, AER E4e s
T 40 3% 5 R 1 FnBT R R0 o T3S =48 CAR T
SIAT 2 B LRI A 7, REGE T A0MEHELL
W, IR Ui R S =40 CAR
A 55 AR, B 25 5 o IR R 5 B i 5
FNVSREE A, AGiRE S R, (R FHAL R
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2o FAFCE A PN 8 B 2 B s R A, B
Ak A A ) I AL 2N T, R IR
RGO, P AERIVER, I IRIA T i AU
Gl TS = s 7 N VA 1 S < S
CAR®1830 A ety it iy L) HER2 45 — 44 CAR-T
Y, f A X anti-HER2-scFv, 5 [X A CD28,
MR X & CD3¢ #1 CD28 Wil H 1, T
B 1 A v 238 HER2 25 141 1Y I ed 40 i
AT Western blotting J592: , i@ SK-OV-3
il SK-BR-3 i #35 HER2 & (A 1 i 40 i ik
1M HT-29 Fl HepG2 ky rh 48 42 i 3615 HER2 2R 1 41
fitk, AN HER2 HE M4 IE N K562 F
Jurkat, 15 H B ELE R, HOEEE A RBFARE
LR Ry I S LB T 5 o AR TR B 45
SK-OV-3 A%} T SK-BR-3 B 5 if 4k, HA: K
PR, HIE A AT AHIE S A g A0 e A A S5
B Ak $E SK-OV-3 5 L2556 7 HER2 BH 1 #E 441
JfL, T K562 FHXS T Jurkat 4HMIAAFREE K, St
B, S, FrLAiedE K562 1 0 5 22525 HER2
BFV PO A M o Sy i — 25 B AS SO CAR-T 41l i
MIFE FHRE S HER2, {5 BR AS [] ol 25 40 i A X
CAR-T 21 il 831 v] REAFAE P BURNE 22 57, B 7%
v HER2 Jitkiik A K562 401, #4# T HER2 FH
P K562, {H T4 4 K562 BEm 56 gy, HELGLR
FANE, IrLL CAR-T Ziifxt HER2 FHM: K562 4%
VERISEARE AR, FHIRT SK-OV-3, (B3R
F CAR-T 4iififixf HER2 B K562 45544
AL EARF BT HER2 B A4S Ry 3k
fit, FEHL [ HER A9 CAR-T #HJifd, % CAR-T 4
JEL AT 4 HER-2 PR f Jie s 240 B BT ke S M8, 40
WA S S M 21 L IR T~ IFN-=y A1 1L-2, FE % HER?2
BEE: B A B9 S2988 40 Jif bk SK-OV-3 Y A K3l R
(58.47+1.72)% , W = T % B 4H (P<0.05) ; X
HER2 BF P 0y A8 14 1 Ji 11 1 240 P ik K562 114 4=
KR R (11.74+2.37)%, SXTIRH LR EEF
(P>0.05); XTHUZERY HER2 FH 40 M K562 4=+
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iR FTF K (30.41+7.59)%), %8 HER2 [ K562
HA W22 5+ (P<0.05). 45 REH], AHEM
HER2 #[] 55 — A% CAR-T 21 ifg mJ 15 1514 i 10 il
{2k HER2 25 1111 g 40 B i A= 1, B )
A RREES, BN T HXE HER2 PHAE MR
HEAT 20 L S 8 TR 97 B PR R i 5t o AR 7 A7)
T i — 20 (R T TR S ) SE B BRI DLSGIE, Xt
ARG A BAA R T AR 55

B ORBRSE A P LK FHARBAT A HT
RLTHIFRELE FREGH B, Bt £ B
SILERESALLF ARG Allan Weissman
1. 5404 BRI T 5 %44 Didier Trono 1§+4=
By A B A A& %, B A K 5 49 Martin Offterdinge 1%
+i#it Addgene 4 F 49 Rk Bk, B A48 B
T K FEA LR James Marks 243% 208 49 3
HER2 #4544k (anti-HER2-scFv) & & fi#i,
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