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Abstract: Chimeric antigen receptor T (CAR-T) cells are genetically engineered T cells that express chimeric
antigen receptors, also known as “living drugs”. CAR-T cells can enhance the specificity of genetically engineered
T cell, highly target tumor antigens in a major histocompatibility complex (MHC)-independent manner and
provide a new approach to the treatment of tumors. Recently, clinical use of CAR-T cells for the treatment of
relapsed, refractory hematological malignancies and multiple myeloma has achieved good results; at the same
time, CAR-T cells can also be used to treat solid tumors. According to the different indications and mechanism
of action of CAR-T cells, different animal tumor models were constructed to study the anti-tumor activities of
CAR-T cells in animal models. Proof-of-concept studies could be carried out and in vivo pharmacodynamic
activity could be confirmed so as to provide supportive data for clinical study of CAR-T cells.

Keywords: CAR-T cells; pharmacodynamic study; antitumor activity; toxicity

FAWH: T HEERHEER LI R RTINS RIS (4% 20152X09501007-004 ) 5 HPv £ 24 5 e RS e 27 Rt Sk
NHiFRAE4 (445 2015X1)

VEF A EHE, B, FEEAFAMIATT ™ SIGRATE SMITNIFSE; Tel: (010) 67872233 #% 8219; E-mail: houtiantian@nifdc.org.cn

WAEVEE . B, Mt OTi, FENFYIGRITZSIEEMBIIT; Tel: (010) 67872233 5% 8001; E-mail: yanhuo@nifdc.org.cn



2018 9 32 9

1233

BT . ARy . FAR . ST 4R A
SEVRYT FBUE R T s BB 1 A A7 R, (]
S RNE L MEIR T MR R A A SRR AR ARAR,
H AR BB X AR IR IT T A T2y, HaR
SPGB RPRER, w7 IR B iRYT FB . 2006
A, R EE W R R T EFME TN [ R [
I R IR 25 5, [W4E, o5 — B se s T A
RFB A PURZIRTANME ( CAR-TAIHME ) I6I7 5%
FPEOR S T W AR5, %97 e TR
LR, 2 5 et B N TF & T CAR-TAN g
XA TRV L AN TR) e 1 22 0 PRI 56 o i R IR
LR R, HLCD19 CAR-THH X} 22 Fh B2 ik
CURE A AR BT IR TG Pk, ARG TR IE ME K B I ik
EURE . R LR . MR B S . CAR-TZH
M7 236097 IR 2R S5 1 B R i oy fifi A5 e e o7
TARYT IR A AR BRI ST A

CAR-THHIIATT 7= it % i geg 1 4 S 1k % A 0
TRYT IR AL, RN SMIEIG R 253 AT
DL A4 C AR =T 40 it Xof 08 40 0 1 e S e % 3 %
Yo PRAMIFSE 32 B CAR-T4H I 5 ¥ 50 B A 45
SEVESS G KGEM T . TR LU IR 0 A |
FeSE A . AU T2 . CAR-THH s
B A o PRNIAIFSY 32 2R F far g BB PR A CAR-T
YURRAEAR N BT T 1, A AR e T R AR 15
SPEAETE D SR BERE . ST
R0 7 92 25 DR C AR =T 200 B4 i g 3% 478 £0) 6 e
ML AR SCRIES IR CAR-THH M N 2550 W9 11
PSE=
1

CAR-THIMIAE Ry NI ARRE ™ &, #E AR
S RPRE RGN, SRR EIHER, SR
TRAHRRE TG B, DR, 52 AR R i Sl A A ik
FTCAR-THIM 5T o 3 JLAE, I FHFCAR-THH
7= SIS () sh A B AL 5 [R5/ N AR A | L LA
ANEUSERL . BRER /N UL | s R AL
N RS R R s i il R sh i A 4
AE, RAARFE BRI TR B RS
ARG PRI ZE, T LIRAS S 2 0 2R 8

[7] Y5 /0 BRASE T8 A 56 PR /DN B 78 L % 50 4
M ORE RS, 75T 7 5 VR MR A VT i i) BRI
JiyRE A AR i Sk |, R E— e R bR A X
CAR-THH LA G S NG, 3 P P U3 75 T JR Ak

zhgysh

DIUEEASY, Az B BRI

FE A /N BB 57 2 H HTH HAFSE CAR-T
I 6L XoF P P A FH AR TRY . I A 2/ N B B
RGXTCAR-TA AT HE R, A %I/ MR (n
BALB/cSE ) , (45 TCAR-TANMIRT, 5 E il & 1f
FH Ay 410 1) 790 i S 4 HRA, PaR N B Y OE
W RS, HINCAR-TZH M AEIR P B 7735 i
], FE—I0ffi FIBALB/c/NRAYIFZE R, 442013
/N BT 5150 ~ 200 mg - kg™ A BRRA bk iz
YT 2 K R KR ST A20luc M, A 25HI1 1R
6 Gyl Mgy, Rl e ff ki 4 BRI CAR-T4H
Ji o Bl G i SRR AS W e E g ARE R,
B P i B BRUAA /N RS MR B TR 2R T 1 I 5
CAR-TH sk ey 2 T . A 2 %
P BRLRA A SCID-Beige/N R . NOD/SCID/NER™
NSG/MER%: . Hirp, NSG/INERCMTL2rg LR R 5 1Y)
/N, IR B TRIB A AR,
WICTREENK AN A, 40 715 5 & s D Bk
&, T HETEPR A TA R S e sl b Fe B = /N R
SRR S LT A HER R, i A AR
Yl a% USRI T HLRL.

Yo P 72 490 B g N TR Ak /) BRI B 2 A ) 0 92 i
b FREAT CAR-THH LA Y7 AT S A AN CD34 3 1 T
/040 ( Human CD34 "Hematopoietic Stem/
Progenitor Cells, CD34"HSPCs ) o NG ZH 44
AL X SR RELE ShA A P AR RS Bt b
AR RG, BB IRIEAM, feasTR
U MR A G RE R G5 R A AR, TR IR IR
HITCAR-THH BT b PPAN 4 & v B SRR 4.
Oliveira ZE"BFFE & 3 ~ 7R HAENSG/N U 1.50
Gy B i 4 B BT, 58 KRB HU/NERIFR
HEHF3 x 107 BFAHF MR IR AY A CD34 4, Har AR
fo/INEURE RS, I AR AL/ BRUASEAR 2 R 481 % 10°
Rajigiit, BESAHICAR-TIM, @1 il & e
K/NRVEAR CAR-TZH BT g i) A5G AE . 2017
A, EEFDAHLME LT IR CAR-TAH ML IR YT ™
i, R R @/ N R AT T CAR-T
R R PE A o3 A B9
2

FRHEBF T 5 R CAR-THH B IE T 77 fi 3 1 3iE
HIARIE, FTEEST AN Sy IR R S
Je8 A SEARIE A AN TR g 7 i, ot FH A e 240

IS P &) b b



1234

2018 9 32 9

SR ARG PR AR ESE A AR o
Wi, 2t o, i 2RI CAR-T4 /i
FRSE TIE , BRI 1 sl ol e L R T ) g
B AR, LT B XA [F] 20 B35 o7 7 b ) S P A
A X AR CAR-THIAE, 75208 U5 iR
2L A ST R ASERY [N, el P B ) A 2
FRTFA BB A CAR-TAIAI' , LA 140 48
i XA AR R SR D

11 RT1 N e e S S R o N L G = T [R5 8
ZRVEEHOE, R AR A e, B
R, XSRS T BOIRA, TP T2
CURPRE SYSNND W OB IWIRI 20 Eht & UL LY S i
$uVANER/ RN apE
2.1 CD19 CAR-T

CD 19470 U 7E BAH i 11 B 4H i AL 200 i 26 1 v 25
, JF Rz IR TR T BN A &R A4 e A i
A9 K 22 55000 Ik T 968 bk 2 4 A 1 s
KZHF K K5 CD 19BL JEAE A B (1) 5
A, B B2 RhCAR-THH ™ 5 2 242 i CD 19
Ul . Hop A A W JF R T CAR-TH i Bt b &
WEERFSY, BF9EFR i FINOD-SCID- vy, B{NOD-
SCID- B, /IR, Bk ST AALL ( Zrkibk 4 i
FIME ) A, 535 KIS £IA AR CARsHITH
1, DARFSEARICART-1932 RS K A ek e,
B4 b EXL 2000 9 1 i R B 4T iR A 22 b 4 it
., SCHR AP E R 0 H 20 AR A IS 20 B 2R A Nalm—
6, F Itk EL 40 R A Raji!" I Daudi™, {2
FAE ST /0N BB R TR P 1) e 200 i ) AN [
AL S AT LR, SCHk P Ragi 40 A A 591
HAS5 x 1040/ 5" 5 x 107240/ 270 2 % 10°
Anff/ RPVAE R IR NS x 10741/ 2
Nalm-64H i FH 3k A7 LA 1 x 10°40 it/ 17272,
HENT A /INERBE R e 20 ) 1 5 T RO R [
FE, AT 3E I FE K SR 20 B T R R A
AU AT ) I A, T 0N BRI S S e R A
A1, Syam Tammana®F A"l I Daudi 4t 5 & 7 5
GHTE: I L FINOD/SCID/INER, 3 7 Jey 348 e A
I, RS IR SFCAR-TZ0M, #F5% T if % Raji
211 R B IOk T B Gk BB i N OD/SCID /IR,
AL RGE MR, REKES CAR-THI M. W
RN BRASERY 2 B2 T8 & A A AR - 1)

V@O i iR CEUTICALA

;HT'C\:‘;E‘[S'F

CAR-THH ML TP IE 3508
2.2 B B Cell Maturation
Antigen, BCMA CAR-T
Multiple Myeloma, MM

BCMAJ& —F 6 & 22 & VB B9 A MU 7E N Y B
FANME PR IA MR A . EJLAE, BEECAR-T
YN PE T I 1 D48, BCMASE T N i 4k 3R
JYMMAH T 5 22— Robert >l F i 20 4n i
AL B PE AL AR A Ty A I MM i RN O R N 4121
HFBCMAM L, LBIEH AN ZUE AR e 5]
BCMAZEH, fEULILAE [, %098 A AM & T L
BCMA-CAR-T#iffl, Z5RWIR: HIBCMA-CAR%%
TR TH ML RE S U0 IF R BE R L HEMM A A, 280
(MM ALY accoby %524 % P 37 i Sk (9 SCID -
hu MM/, BE SR FUIMM (1) 955 B 2 BRI A AE
R, ZBEDE ARG ILEBHEBNRE T, 4~5
JEJGE, K BCMA" 4 sk 35 MM G835 40 At 1 5 30
o, EMMAIREAE AR, BEER TSR K
414 77 B 8L 3 55 ELIS A 77 ¥ K61 3 MM 21
DA MR EIRER 2 R R/ BT B AT R A
R AT £ 4R Robert i FANSG/N R R 1 5
RPMIB2264H il £ 37 N 22 & B e o Jd /D B . (H
BRI EE 5 B B A AR KA DX, B— S o il
FHE K ST OPM -2 A 22 57 MMASEAY | 2455 R0 44t g

RENSE B BB, 7] s o B S e i S e A\ 6 9R3
1 R HIL ",
2.3 CAR-T

XEFSLRRE, BERETEMR AN RS . IEH
A FIR o DR RN PR, A AN
R CAR-TANML, Wi, BT R Tht
LR AR HF2K (EGFR) CAR-THiHI . Pt A2
TR KN A2 K2 CAR-THHM . Hil] 2 ZCAR-T
21 it AR RS I C AR =T 40 i 45 (4 B9F 5% Al i
g ST SATR /N BRI T AR A A P 1
JSERET X RS, S AR A /N MR AR, —
TR 5 44 i g 240 BT A A= B AR K v, ZECS56BL/6
/N BRURR R 2T 0 8 380 /0N BRI S, o7 JR A7 /N B
FEE AR S AR R R, EERIR 2
f il & B R A%, 2930% ~ 50% il % 4% 2 ili
#B, TR . 7E—WHTEGFR CAR-TZHAE
PR BTIR TSR s, NOD/SCID /) B 1 % ik
TS R /DN A T 965 440 B 22 A 5494 i 2 ST il e %

zhgysh



2018 9 32 9

1235

FEABEAIOT S DL Ay I 2 e 1 20 AN 32 PR A T O )
HIRANRFF R T —FMBF R CAR-TAAE, HIokiA
ST AR, P AR A B R e 2 4 3R 1 ) e 3R
PSCA . TGFFIILAHLE, MM REEAR 4 4h [X 53 1E
B AN A AR, el R AR P . SR A
BN, fCAPAN-1 (JEEARIERAHAE AR ) A M3 iRk
PSCAFIPSCA/TGF B /IL4, TENSG/INEAUIN Ez T 43
HIBAECAPAN-1 PSCAZH B FICAPAN-1 PSCA/IL4/
TGF B i1, EE7 AU P sh iy, > g A
IKFI80 mm i, FEFRIKIF ST CFP—firefly 2¢ K EibR
ICACAR-THAL, 8 3o 0 2 e AR R K/ N T
fCAR-TAH M A BTAPIRE RN s R TSR & 2=
JRE AR . P BRI AL S5 R 2K, CAR-TH M
MELLARI MRS, T BRI R R s, DA
fECAR-THH ARG MERE Pt BRAR A 00
PR

3 CAR-T

CAR-THH 25 2 1 5 FH A ARG I 75 32 32 22
FAEAE RGNS, ARG
PEFRPR A
3.1

MRS ( Bioluminescent Imaging, BLI)
Je— RIS TT =, I TR RT3
21 O EOR a7 (1B e N U B S 7N -4 S D IR
M, AEREsE . TR el AN e NS ik
P oA S0 A SIS b ARSI e A1 B 1) K2 % A
P4, RIS PES A IGY T R N, 2 H
AP CAR=THIAE ™ i S A 252850 F A 2 2R
Z—, REBERCFRITMZIrE"

BLUZ WA N DO RAEDOLRRIMEHT T 7™
AR R IOE, VARG S WA AR W A6 R Y
AEJ) (EUFmANE . SR AEF R, DA K AR R
H) o BAHURRA PSSR A RO RN, Lt
AEHT, MeEImy 5™ 5k AL 36742 e iR g 4 4l 2
JCEME, JFHAE TS R AR, POt
REHELD-POLHE (D-Luciferin) R RRIKY
D-ZOCRNE N RIRNEY A B R . =5
18 203 AR AL AR W ROGIR I, AR
ROCHAZ T FE T H 2,

BLIP Hod REUE | RH S IOCAARR AL
S, BT TR A RN, T K POER

zhgysh

Tit 5 PR3 A A i L R T sh g A v, i
TAANMRAERT, RSN YO EIED, DA
TS E RIKVIEERM, B TIRWIG, fEATPHE
R, AR, Kibrreeohthe, red
g, TGRS R g nT R B ok
3.2

B T BLIF I, i T FH i =X A e A A ) 2H 21
1 C AR -T2 A 8 20 76 R 9 80 . Haso %%
N S 6 28 25 R 30 X 200 R ARG D00 B A H CAR 3
KRR AN, IFAE 5 — D IFAT I 2GR o
S 12 A e /N BRI . B BEAIRLE Y CAR
K RIS LRSI I % P CD4STCDS AN I i
HHCD3 A LA Ky . REAE . FFAE LA
CD3'CD4", CD3'CDS 4 et AT i fr 2
U ST RN A L . A IS 3 1 i = i
LRI M . B REABLE P ) CAR-TAH A,
{HJE T HATCARSS A Ao o0 BB, i FiZ O i
KAk Z BB BRI A5 5, Rk, Jm s it
IR IR A PRSI CAR-TZIML, N34 EGFRAR
SEICAR-TA I 4S
3.3 CAR-T

CAR-THN M 7E# A TE B LT, REMSHH
B, BRSSO A SR AR IE F, 7R AR A
MFEE, L, BRI A CAR-TA % 21
PR, WO 278258002 E PR P8 A 56 2 1 3
FREGWEM . AR (RE T > 10% 2800 1Y #
) . BRYIPE BN ( Grafi-versus—host Disease,
GVHD ) DL EBE . Y5 . i shi 4> 4000,
ferEdEtE, MR AMAR . ELISA . MSDA5 4
JZE S VAR I 0t 3 AR L P (AnTL-2, TL-10,
TNF-« , INF-y 254 f97as 4k o mT )4 5
RRAAEE L H R 2 B ol Ay A DU PR A
KB (IR, JRE ., MR ROUESE) , R
2z A AT S W C AR =T R XS /N R AL 8= 1 55
PE, #E HEE RS E
4 CAR-T

CAR-TZH MY 25 30 24 WF 58 2240 5 % R 4 A
CAR-THNAEAS ] /) 75 2 2l ) AMA B R e R . —
T B ARIA T A R A A A B, X b
25 25 4 1) 'G5 B R/ I 0 1 i 5 A A SR E P
CAR-THIMIRY A M. IARKL YL CAR BT gt n]
REAEAE XS b 4t it ) AR e SR VE A, TeBR T

IS P &) b b



1236

2018 9 32 9

FEEXTIR AN, T BT IR (R F:CARI
T BB S T AN el 2 R A S
CAR-THIME ) o AR RIS, nladEad
T 50 A A o (AT 8GR U s 2R 2 R . R
B IR 0 S R0R AR /N A 25 R I i, s
fe s ZE AT o o ARG 205 2. 545 . SEE/104%
s R AR, & B TR T LLCAR-TAH L 4L
R PR UE, P, CAR-THNMI AR A, 24
2 RANMEANTE], RN, 2524 R A EL
o, MR RS Az Re 1, Bk
HBUIAR ZESE L, pRAh, ARG E AR R R
VX REZH DU T 25 R A o pFe v T sl 1k
B ORAN TR T (i, T8, HE
KHAFLRNE T ) AR ARG L
—SEFEPEFR bR W
5

L T Z IR T AN RIFSY, CAR-T
MUIET T EAR B 2RI AT AR, H
XoF 2R R IRE Sk T AR AP A RASOR X SR
FRIT MR TAEE KW 1. JEIRIR S 24
BEFE I SR T R I AR RS0 Y SE Al XFCAR-T4H Y
ik, w1 MUK, B
N B Y AT B TEE A C AR -T 40 B B S RE RS
B2, HEDA R RSP RBRL  AN RE e G 1
Hi S e AR T CAR-THH AL 5 s 4 . 55 1 & 4
Ml SHEREMMEAER. F, EH1TAR0eE
WFFERT, NS ] BEE S GE A AR, JE
IERf RN 7, RIESE IR S5 R e . BEE
CAR-THI MM & TAERI R A , CAR-THIEAE
I RSN SE BT T N 548 56 3%, Kl B tks
AW, BRI K2 e R g fE it o 2
AMERETES% .

[1] Lamers C H J, Sleijfer S, Vulto A G, et al. Treatment
of Metastatic Renal Cell Carcinoma With Autologous
T-Lymphocytes Genetically Retargeted Against Carbonic
Anhydrase IX: First Clinical Experience[J]. Journal of
Clinical Oncology Official Journal of the American Society
of Clinical Oncology, 2006, 24 (13) : 20-22.

[2] Kershaw M H, Westwood J A, Parker L L, et al. A Phase I

Study on Adoptive Immunotherapy Using Gene—Modified

VOB i iR CEUTICAL A

[3]

[6]

(8]

[10]

[11]

[12]

T Cells for Ovarian Cancer[]J]. Clinical Cancer Research,
2006, 12 (20Pt1) : 6106-6115.
FEl 2 £ 24 i B A B SR AR T CAR-TZR
7 AR I RDFTE S A A — 2625 18 [EB/OL). (2018
03-15) [2018-08-15]. http://www.cde.org.cn/dzkw.
do?method=largePage&id=314391.
Siegler E L, Wang P. Preclinical Models in Chimeric
Antigen Receptor—Engineered T—Cell Therapy[J]. Human
Gene Therapy, 2018, 29 (5) : 534-546.
Wegner A. Chimeric Antigen Receptor T Cells for the
Treatment of Cancer and the Future of Preclinical Models
for Predicting Their Toxicities[J]. Inmunotherapy, 2017,
9 (8) : 669-680.
Cheadle E J, Hawkins R E, Batha H, et al. Natural
Expression of the CD19 Antigen Impacts the Long—term
Engraftment But Not Antitumor Activity of CD19-specific
Engineered T Cells[J]. Journal of Immunology, 2010,
184 (4) . 1885.
Brentjens R J, Santos E, Nikhamin Y, et al. Genetically
Targeted T Cells Eradicate Systemic Acute Lymphoblastic
Leukemia Xenografts[J]. Clinical Cancer Research,
2007, 13 (1) : 5426-5435.
Cooper LJ, Al-Kadhimi Z, Serrano LM, et al. Enhanced
Antilymphoma Efficacy of CD19-redirected Influenza
MP1-specific CTLs by Cotransfer of T Cells Modified
to Present Influenza MP1. Blood[J]. Blood, 2005, 105
(4) : 1622
Daniel S, Michael H, Kosasih P L, et al. Chimeric Antigen
Receptor—-modified T Cells Derived from Defined CD8+and
CD4+subsets Confer Superior Antitumor Reactivity in
Vivo[J]. Leukemia, 2016, 30 (2) : 492-500.
Shultz L D, Brehm M A, Garcia—Martinez J V, et al.
Humanized Mice for Immune System Investigation:
Progress, Promise and Challenges[J]. Nature Reviews
Immunology, 2012, 12 (11) : 786-98.
Oliveira S N D, Ryan C, Giannoni F, et al. Modification of
Hematopoietic Stem/Progenitor Cells with CD19-Specific
Chimeric Antigen Receptors as a Novel Approach for
Cancer Immunotherapy[J]. Human Gene Therapy, 2013,
24 (10) : 824-839.
Norvatis. Primary Discipline Memo-KYMRIAH[EB/
OL]. [2018-08-15]. https://www.fda.gov/

zhgysh



2018 9 32 9

1237

BiologicsBloodVaccines/CellularGeneTherapyProducts/
ApprovedProducts/uecm573706. him.

[13] JFERSHT, FEU8. G PSR TARN R HIHE (). Hh s
WMmBFAk, 2017, (6) : 1829-1832.

[14] Milone M C, Fish J D, Carpenito C, et al. Chimeric
Receptors Containing CD137 Signal Transduction Domains
Mediate Enhanced Survival of T Cells and Increased
Antileukemic Efficacy In Vivo[J]. Molecular Therapy,
2009, 17 (8) : 1453-1464.

[15] Pegram H J, Purdon T J, van Leeuwen D G, et al. IL-12—
secreting CD19-targeted Cord Blood—derived T Cells
for the Immunotherapy of B—cell Acute Lymphoblastic
Leukemia[J]. Leukemia, 2015, 29 (2) : 415-422.

[16] Tsukahara T, Ohmine K, Yamamoto C, et al. CD19 Target—
engineered T—cells Accumulate at Tumor Lesions in
Human B-cell Lymphoma Xenograft Mouse Models[J].
Biochemical & Biophysical Research Communications,
2013, 438 (1) : 84-89.

[17] Budde L E, Berger C, Lin Y, et al. Combining a CD20
Chimeric Antigen Receptor and an Inducible Caspase 9
Suicide Switch to Improve the Efficacy and Safety of T Cell
Adoptive Immunotherapy for Lymphoma[J]. Plos One,
2013, 8 (12) : e82742-e82742.

[18] Tammana S, Xin H, Wong M, et al. 4—1BB and CD28
Signaling Plays a Synergistic Role in Redirecting Umbilical
Cord Blood T Cells Against B-Cell Malignancies[J]. Human
Gene Therapy, 2010, 21 (1) : 75-86.

[19] Brentjens R J, Latouche J B, Santos E, et al. Eradication of
Systemic B—cell Tumors by Genetically Targeted Human
T Lymphocytes Co—stimulated by CD80 and Interleukin—
15[J]. Nature Medicine, 2003, 9 (3) : 279-286.

[20] Sommermeyer D, Hill T, Shamah S M, et al. Fully Human
CD19-specific Chimeric Antigen Receptors for T—cell
Therapy[J]. Leukemia, 2017, 31 (10) : 2191-2199.

[21] Macleod D T, Antony J, Martin A J, et al. Integration of a
CD19 CAR into the TCR Alpha Chain Locus Streamlines
Production of Allogeneic Gene—Edited CAR T Cells[J].
Molecular Therapy, 2017, 25 (4) : 949.

[22] Fraietta J A, Beckwith K A, Patel P R, et al. Ibrutinib
Enhances Chimeric Antigen Receptor T—cell Engraftment
and Efficacy in Leukemia[J]. Blood, 2016, 127 (9) :
1117-1127.

zhgysh

[23] Liu X, Barrett D M, Jiang S, et al. Improved Anti-leukemia
Activities of Adoptively Transferred T Cells Expressing
Bispecific T—cell Engager in Mice[J]. Blood Cancer
Journal, 2016, 6 (6) : e430.

[24] Carpenter R O, Evbuomwan M O, Pittaluga S, et al. B—cell
Maturation Antigen Is a Promising Target for Adoptive
T—cell Therapy of Multiple Myelomal[J]. Clinical Cancer
Research, 2013, 19 (8) : 2048-2060.

[25] Yaccoby S, Barlogie B, Epstein J. Primary Myeloma Cells
Growing in SCID-hu Mice: a Model for Studying the Biology
and Treatment of Myeloma and Tts Manifestations[J].
Blood, 1998, 92 (8) : 2908-2913.

[26] #hOCHE, RREA, W HE, . AZ KIEE BRI
BT B R AR A SE ()], R PY R A B A0k,
2012, 22 (5) : 265-268.

[27] Ramadoss N S, Schulman A D, Choi S, et al. An Anti-B
Cell Maturation Antigen Bispecific Antibody for Multiple
Myeloma[J]. Journal of the American Chemical Society,
2015, 137 (16) : 5288-5291.

(28] FHiHE, AW, XU9R, S5 R PRS2 RB T TR
Ji AT B BF T EREL)). B B R AR,
2017, 57 (4) : 92-95.

[29] Andersson A, Srivastava M K, Harriswhite M, et al. Role
of CXCR3 Ligands in IL-7/1L-7R Alpha—Fc-mediated
Antitumor Activity in Lung Cancer[J]. Clinical Cancer
Research, 2011, 17 (11) : 3660-3672.

[30] Zhou X, Li J, Wang Z, et al. Cellular Immunotherapy for
Carcinoma Using Genetically Modified EGFR-Specific T
Lymphocytes[J]. Neoplasia, 2013, 15 (5) : 544.

[31] S. Sukumaran, N. Watanabe, Enhancing the Potency and
Specificity of Engineered T Cells for Cancer Treatment[J].
Cancer Discovery, 2018, 8 (8) : 972-987

[32] Mezzanotte L, Van ' R M, Karatas H, et al. In Vivo Molecular
Bioluminescence Imaging: New Tools and Applications[J].
Trends in Biotechnology, 2017, 35 (7) : 640-652.

[33] Bitler B, Mcelroy W D. The Preparation and Properties of
Crystalline Firefly Luciferin[J]. Archives of Biochemistry &
Biophysics, 1957, 72 (2) : 358-368.

[34] Haso W, Lee D W, Shah N N, et al. Anti—-CD22—chimeric
Antigen Receptors Targeting B—cell Precursor Acute
Lymphoblastic Leukemia[J]. Blood, 2013, 121 (7) :
1165-1174.

IS P &) b b



1238

2018 9 32 9

(351

[36]

Rodgers D T, Mazagova M, Hampton E N, et al. Switch—
mediated Activation and Retargeting of CAR-T Cells for
B-cell Malignancies[J]. Proc Natl Acad Sei US A, 2016,
113 (4) : E459.

Hudecek M, Sommermeyer D, Kosasih P L, et al. The
Non-signaling Extracellular Spacer Domain of Chimeric
Antigen Receptors is Decisive for in Vivo Antitumor
Activity[J]. Cancer Immunol Res, 2015, 3 (2) . 2227-
2232.

Hudecek M, Lupo-Stanghellini MT, Kosasih PL, et al.
Receptor Affinity and Extracellular Domain Modifications
Affect Tumor Recognition by ROR1-Specific Chimeric
Antigen Receptor T Cells[J]. Clinical Cancer Research An
Official Journal of the American Association for Cancer

Research, 2013, 19 (12) : 3153-3164.

[38] Eyquem J, Mansillasoto J, Giavridis T, et al. Targeting a

CAR to the TRAC Locus with CRISPR/Cas9 Enhances
Tumour Rejection|J]. Nature, 2017, 543 (7643) . 113.

SO i ARVACEUTICALATTAIRS

[39] Barrett D M, Liu X, Jiang S, et al. Regimen—Specific Effects

[40]

of RNA-Modified Chimeric Antigen Receptor T Cells in
Mice with Advanced Leukemia[J]. Human Gene Therapy,
2013, 24 (8) = 717-727.

Barreit D M, Singh N, Liu X, et al. Relation of Clinical
Culture Method to T—cell Memory Status and Efficacy
in Xenograft Models of Adoptive Immunotherapy[J].
Cytotherapy, 2014, 16 (5) : 619-630.

[41] Alméasbak H, Walseng E, Kristian A, et al. Inclusion of an

[gG1-Fec Spacer Abrogates Efficacy of CD19 CAR T Cells
in a Xenograft Mouse Model[J]. Gene Therapy, 2015, 22
(5) : 391-403.

[42] Qian L, Li D, Ma L, et al. The Novel Anti—-CD19 Chimeric

Antigen Receptors with Humanized scFv (single—chain
variable fragment) Trigger Leukemia Cell Killing[J].
Cellular Immunology, 2016, 304-305: 49-54.

(dfm B 201848 H20H %t EHT)

zhgysh



