A E R A iR Y 24 http: //www. biother. org

. 648 - Chin J Cancer Biother, Dec. 2012, Vol. 19, No. 6
DOI: 10.3872/j. issn. 1007-385X. 2012. 06. 015 - 42 R’ -

BREMERZEEN T AR %EiaiT BN RER

Progress of cancer immunotherapy by chimeric antigen receptor-engineered T cells
B, BT LR s FH (MK FARER SCESF Fs, 7 d #0H 450003 )

[ ZE] LA HUESZIR( chimeric antigen receptor, CAR MEM T 20 A S b 1) Mo J88 220 24k 20 B G 8 6 97 30 A7 SR B T AR K
HYIEE BT T 20 M R0 1) A A58 1 , I 7T 5 IR e J) 30 S B 1 ) (B 55 R AT i i = SR iif 3200 A5 . CAR DAL B A4 -2
T F- 5 2 AR R SR TS AL P i A A =B T 40 A s B R AP VE R, 1/ T30 PR a6 11 Ims | I EX0 998 45
PRI R T NBERIIRITROCR ; CAR 1B T 40MLIG RIGYTT Wik T Pk, Lean SR &0 ny 40 jf H 7 X2 e i i1
WRREBO3 55 . BFEE IETE A 2220 N TR R G LALLM 537 TR L iR A8 BTy T AL RF R 52 %5 CAR &4 T

20 MO ) A S E AN 22 2 RS B F T RO AN BER A JE T CAR BB BEIR T T SR 2= 20 e Bl R ) i 2.

[ kiR ]
[ HESES ] R730.51 [ XHFRERD ] A

Fifi 5 e 8 e 2 2 B R R 1Y & i, 4o 4 24
TIERIT ARG TR B . DG dilisz
PA&( chimeric antigen receptor, CAR &1 T 40 it A1t
I BB ) SR TR T R BRI R g R AR AL
R AR 2 B L R G 0 [ 1 R P AR A
PE, 7R T BRI T ) R R 5t

1 CARKMFREMEKRE

CAR 4 T 20 Jia 2 RE 3R 531 e 4 G Bt it By
HEPUART T 20 T5 AL BE P 455 o — 1K, RIf ik
X P TR 0D 4 e R A T I L A0 A R P B A
LG, S FE N S 7 I e g T 4, (A A
RS P RSB O % A M RE 4 e i TR A — AR
CAR H U b 2 1T Be J5E 19 B BE 14 single chain
fragment variable , scFv ) FI 0328 57 14 i 2 R 16 AL 5L 7
(' immunoreceptor tyrosine-based activation motifs,
ITAM, 38 % & CD3¢ Fl FeeRly )4l X1, ITAM
R PGS AR S BB R T 40 M8 1 o R AL
KA 40 B PR 7230, A RE S A I (8] /Y 22 B e
PIGFIRF L B PR N URORE RO . IR T 20 i 15 Ak
AOBUE 52000, T 20 08 335 AR 8 B o 22 LA
S A RS = AR CAR 5IA T 715
5 ¥ %1 ( costimulatory molecule, CM ), 4 CD28 .
DAP10.,CD134 Fl CD137 4 ° 4255 T T 40 (9 46
FRLREE 3G B 05 PR AF TG R 4 R PR R i A
CE ). BT LR B0 500 - 40 g A 1
- 200 N B P S VTG R DRSS 4, PR 5 L e
JET G U SN RE N8 RE S SR N e ST 1B A

S AR AN B BB IRYT s i B PUIRAZ AR R 5 JEPRVA YT 5 0 S s
[ XEHS ]

1007-385X( 2012 )06-0648-04

T 40, 8 3F T Her2 . CEA . PSMA 25 P 5 31 {4 K
CD28 .CD134 fI CD137 ZEIL 33 /> FHE G T 40 g
FIPTIRE R, R B T4 = APt /e .

it

AR

EINES

SRR

E1 #HENEZEEHTEE
ScFv: FEEPIMA; CM: LB+,
TIAM : G 38 52 PR 1 S R 1 AL L P

2 CAR &4 T BBaHIIG R 5

UTAER , CAR M T 4 M H AR TE 1 i | ik 2
T R B TR A g b R i R AR e
R RN o 2011 AE2E [ June AFE/INER' 0 R 7
s 22 B2 R ORI Bl - Feqblesy ) bk T R H]

[EE€TB] EHFARFFESEHIH( No. 81172415 ), Project
supported by National Natural Science Foundation of China ( No.
81172415 )

[EBEEN ] FIrE( 1982 - ), % R A MM, B4R, E2MN
R A IAY Y EAEIFSY . E-mail: ginfangyuan@ hnbeike. com
[#{E1E%E ] #XEN( HAN Shuang-yin, corresponding author ), E-

mail : shuangyinhan@ yahoo. com



ZrI A A DURZ KB T 400 S RE AT IR A 5T ik

+ 649 -

CAR B4 T 20 I 5l D136 7 18 1L 4k 2 40 i 19 1
( chronic lymphocytic leukemia, CLL ) F llfs R A 5% i
HLgliE T R T RS AR 48 CD19-
CAR( scFvCD19-CD137-CD3 £ )& i T 41 i #2 i)
Y7 CLL, 332367 9 3 (18 %, CAR™ T 4 A H
FEVRNY 1S 1 000 F5 LA I, B4R RORTTIE PETL 6
AL, 2 B8 E i A B 58 e 22 . 7> CAR
P T 40 £L 28 LG A2 40 B AF 78, R i
CLL 20 g i 22 7= A PR S 1% Till 557 56— AR
CD20-CAR ki 2 fLIE M T 40lIAYT 7 4] B 40
RELSET L2 10l Y B 58 4 B, 1 s T B O
S 4 Bl R . RS — TR gE S b, 17
MM E B E 2 T NBREIREY o
MART-1 f) CAR &M T 401G 97,2 1 2835 14 e
SEATHIR , 15 W1 SN I TP 35 A A7 AR 2 LBl AY
BHL T A1 9% ~56% ), BIR1ERAE. Pule %)
B GD2 VENEEHUI, %S — AL CAR B EBV ¢
SV T AR YT LB SRR 2 AR , 45 R R W EBV
o CAR M T 40 i i 3 )5 1 B8 IR R TR AF s
Zik 6 Ji Mk EBV K¢ VA0 i HERR 1 L iR97
f9 11 1 B 6 4] TR el SR A S SR AE . 1
HMEA L HER-2 .CEA \EGFRy Il K HE 2543 51747 7L
HRgiE 0 Sl R R AR B S
PLJE( prostate specific membrane antigen , PSMA ) Ay #
RRITHSINRE D UG LA 2 BERE 52 PR eem-
bryonic-type micotinic  acetylcholine receptors, +y-
nAChR ) AHE SR YT RESUIL AR ) L 1 B A
(- mucin-1, MUC-1 )R ¥ A IAY7 FLIE 45, 2 508
WA T —E Bl RBCR o

3 CAR &4 T ZHRaI& R 5z F A B9 —LE (o] 73

B CAR &M T 40 RN FH 3 2, Fo2e 4
PR [R) R 5 [ AT 5638, 2010 4F 26 [E DNA &
HE AL T2 845 T CAR 146 T 41l
e ARG 285 501 CAR I B 15 P A4 3 Bk A A
TR H AR T 40 4 Rd #8500 | 200 b PR AL
MR ALY F R
3.1 CAR #4%6 T 2m it it de i 5

CAR 1B T 240 i 1 R 1z FH Ay — A i 22 [ R 2
MHEERNE o AEM 3 0 1 B e B b, ECE A i
TR RPEURAR D R 28O Mg AR TR, an 2R
ISP AR B A AT Fak , Frh it it s 0
Hio MFk— o] 21 0] GE i KK (1) Bt s e T 32 E
CAR &M T 41 B () X<k, 250, (2R R 280
HEUAN BTN BEBRRE . 0, B S TR e 2

fiti-1X( carbonic anhydrase-I1X, CA-IX )CAR &14fi T 248
LG YT e R 1 200 B T R 2 i UV 40 R E
S IE H I UE 40 M E AR K S 2235 CA-IX''7Y, Rosen-
berg /N SR 1 142 % CD19-CAR 184 T 41 i
GBI ELRE R AR I CD19 * 34k 988 240 it T B 1)
IR, H B 4t 3 2 1k 39 T, 2 WA R #0458 1 %of
TR N B 20 M A A2 TS AE Uy
3.2 CAR 45 T Zmhe s Ao 2a e B -F KRR

CAR &1 T 240 Jfa i) 2L 8 o3 15 5 1t D 5033
T (i K 2 5 A 20 i IR XU . CAR &4 T 40
J 5 IR B B AR 25 A A T AR BEE Ak , X — &5 5 T fE
SEOE Y AR AE A0 P T R B AE R o, 4 TFN-y
I TNF-o 25, RUFFIE “ A P IR 0 X &5 ik
SR EE LG AIE M EZ I E R s, AR E
f& K B A, BRI, 2 U ) B 2348 R D R S
T, —0 CLL B E 2 MRy 2 d JR
5 X CD19-CAR " T 40 AT B Igg 697 f5 , 31
TARILE PI PREFN S evly . AS IS 43T, T RE
PRBEBENIE5R T CD19-CAR * T ZH £ 40 ffa P57 XL
BTN TR, %3 IE W 58 T ( National
Cancer Institute, NCI )BF5E A 512" 41238 — 151 45 W o
G I IR A% 5 1232 55 =0 HER2-CAR &/ T
HMHARIT 5 d JRALT, M A = KB TFN-y .
GM-CSF \TNF- | 1L-6 252l Rl 7, 25 18 5 5 i K
() HER2-CAR * T 4 il 45 G0 J5t S5 B il i 4o 2t 44 i
A K.
3.3, CARM4 T@mijlRBHYIE LR
( graft-versus-host disease, GVHD A4 4%

CAR &4 T 40 i 7 FH B 55 — A~ I f e & A= 2
{01 S5 5 B 3 1t T 40 LB A e 4 BB GVHD!
MAEYIPUITE /E FH( graft versus tumour effect, GVT )
B PR G E RN 0 O IE R A2 e
S22 R AR SE P B A fi BRE2H 2B AT s A Ak,
Pl ne 5 TR A G . B AnFE ] MART-1
(1) CAR ™ T 41 i1 yA 7 2R 208 iy I R g v, — 22 48
FHIT RE A A BT R e IS
TRE IR R MAET: 2. W RIE & 3% CAR T 41
LA A A5 A [T sl LR A A B, 2 S i
D] K 240 M T S o g 5 S g R Ay T R —
4 1275 CAR &4 T HAalG KRR AZ MR %R
4.1 ATA4x CAR Rk

N TP LR 2 8 S S B PRIA T T 1Y 48 4 TR

Z—o M CAR™T 4 A G 1Ry Hh BB A iz
S, M TR B AR 3l AR SR DTS



+ 650 -

rp [ s A AT 24,2012 4 12 H,19(6)

B CAR™T 48, v] LAB 1™ AN R FF &4 h
I, —S HRIER RS GIA T CAR JL[EEMG T 4ifi,
DA INYAYT B e Ak, W oA iR 205 25 1o S/ T
217 ( herpes simplex virus thymidine kinase/ganci-
clovir, HSV-TK/GCV ) k271753 R AL/ 2 D K 4 i
9( chemical induced dimmer/caspases 9, CID/casp9 )
%, HSV-TK/GCV RSt HH e -1 Al 45 [ A Ak
JEVA L 100 B E 2 T HSV-TK I 3L H
EAIMIE YT, W T CAR™ T 4iffdyay7 > {2,
HSV-TK [R5 5 (GCV BN 28 M R 240 B R S A
T 2A e B R R, FHA R T JRBRM: . CID/ casp9 Jeil
A T T RAGIG T T M CEE I caspase-9, Ji 3l
AP T AR CAR' T 4. fhre s w455 8 H-12
( FK506 binding protein-12, FKBP-12 JiT4E 3 F TS
TRAE B caspase-9 R, AT DL 5, TEBR
CAR™T 401 > . FKBP12-CID £ Sk A 4% (1 42 4>
X, A AR Frtioh A SRR e S . B
Hh AR P CD20 B A2 H Hdi( rituximab )i
B CAR* T 407, JH CD20 5 CAR —i &4 T 4
i, fff CAR* T Z0HEth ik CD20, MFHZERR CAR' T
NS, 25T rituximab , A AR RS %) 20 fitd 4 52 1)
MMBEPEVE R CART T 41 fifd. Rituximab 1 5
R NIEACHTARAR KRR /IS, Bl & 15 5 B 41 14 461
FE.
4.2 T mhg B/ Rk

CAR FOEMIE T T 40 M 1 7 S S R 455 At
TR B T, SR, 2ok ARG S 114) 200 A8 5 2 e R A
o2 SR SR B ) SR B AT e A T S e i A2 RS
TFEEAZ T 4R Y sh A 4E R Th1/Th2 Ak 7 )
FIIERAE S22 WA T 40 M R A 4H 2
T, R RAFHE P I RO AR R,
JUERINACAZ T 41 Bf( effector memory T cell, Ty, )4
HAE R A1 8 M A T AR ICAZ T 4 central
memory T cell , Ty, ), (HFEAR P T, ELA B 5® 1P
Jo S0 0 RV ST SRR RE . CAR B ORI ER T
20 B SR/ TR ) AT T RO AR AN 338 R Y 36 97 1
. CAR MR T 40MAARSM HEET, CD4 " T 415
CD8 " T £ ity 3 ] 455 75 X 200 0 2 500 T 40 7y K
il AT T B s AR SR A0 5 T 40 it B 35 6 S #E T
YA RN/ 1042 T AL A% Ak L 4t B R 43 WA Th/
Th2 A B R B0 0 5 R0 RS I vk A I A 2K
f T 2B ST B/ R, /A 4B 3k 3 B AR A AT
RO NS B G R FH 1 28 4
4.3 LRSS THREF

CAR P55 DX AN [R] () 2L ol 5 473006 T 21

JL 7= A BB R kN A T 25 57, LU AR a0k L 4
PR 4300 BB TG Pk A7 TG B R 455 TRl . Brentjens
231048 CD28 . CD134 Ml CD137 25 b3l 43 743 3l
A El CD3g #E I, ZIALA CD28-CD3g A4l LA
A AMNIE Y BT FLHIBE, 7 b bt IS (A& Y T
YA 2 A, DL CD28 2 0 B A S i B4 T
CD134 J& 55— A E B AL 7, —Seif sy '
INE BIESAE AT AE— 253850 CD28 &1y T 41
MaiGfk K5 CD134 ik & %] CD28 il CD3¢ ## 1Y% =
& CAR, REMERSAL S A0 T 40 45 A 389 7 A3 538 112
Grib. BANARESE P M, CD137 BEARE T 40K
A0 PTG 15 S M4 L 98 17-( activation-induced
cell death, AICD ). Rt S fefE A9 i3 1315
2 KA AP IRV F, SBE B0 5 | AN B 1 4 58 $id
Pt 4R 2 R SR 2 —

5 B 2

CAR &4 T 40 Jfa Ji 9 S 335 77 BEAE b A L 35
R A S 0 2 2R fel AT B B N RT3, OE
DAXE DL A5 ) 3 B2 72 [ A IEAT 1/ T W R 50
VR, A AT—T7 13- i 8 e S 1k e B A g 201
SUVRIRRSE A CAR W BEEGLIR 55— 7w Ak
CAR FIS5HE T 6 RGBT 240 ) A/ 222
DABR 0 A b AN e 0 B B A 0 R B
A MG AR ARG CAR 181 T 40245 R iA
Fra R B

[ % X ]

(1] Lipowska-Bhalla G, Gilham DE, Hawkins RE, et al. Targeted
immunotherapy of cancer with CAR T cells: Achievements and
challenges [ J ]. Cancer Immunol Immunother, 2012, 61( 7 ):
953-962.

[2] Ramos CA, Dotti G. Chimeric antigen receptor ( CAR )-engi-
neered lymphocytes for cancer therapy [ J ]. Expert Opin Biol
Ther, 2011, 11(7): 855-873.

[3] Park TS, Rosenberg SA, Morgan RA. Treating cancer with geneti-
cally engineered T cells[ J ]. Trends Biotechnol, 2011, 29( 11 ):
550-557.

[4] Pham CD, Mitchell DA. Chasing cancer with chimeric antigen re-
ceptor therapy [ J ]. Immunotherapy, 2012, 4( 4 ): 365-367.

[51 Porter DL, Levine BL, Kalos M, et al. Chimeric antigen receptor-
modified T cells in chronic lymphoid leukemia [ J ]. N Engl J
Med, 2011, 365( 8 ): 725-733.

[6] Kalos M, Levine BL, Porter DL, et al. T cells with chimeric anti-
gen receptors have potent antitumor effects and can establish mem-
ory in patients with advanced leukemia [ J]. Sci Transl Med,
2011, 3(95): 95-73.

[71 Till BG, Jensen MC, Wang J, et al. Adoptive immunotherapy for



ZrI A A DURZ KB T 400 S RE AT IR A 5T ik

+ 651 -

indolent non-Hodgkin lymphoma and mantle cell lymphoma using
genetically modified autologous CD20-specific T cells [ J 1.
Blood, 2008, 112( 6 ): 2261-2271.

[8] Morgan RA, Dudley ME, Wunderlich JR, et al. Cancer regres-
sion in patients after transfer of genetically engineered lymphocytes
[ J]. Science, 2006, 314( 5796 ): 126-129.

[9] Pule MA, Savoldo B, Myers GD, et al. Virus-specific T cells en-
gineered to coexpress tumor specific receptors: Persistence and
antitumor activity in individuals with neuroblastoma [ J ]. Nat
Med, 2008, 14( 11 ): 1264-1270.

[ 10 ] Wang H, Wei H, Zhang R, et al. Genetically targeted T cells e-
radicate established breast cancer in syngeneic mice [ J ]. Clin
Cancer Res, 2009, 15(3 ): 943-950.

[ 11 ] Sasaki T, Tkeda H, Sato M, et al. Antitumor activity of chimeric
immunoreceptor gene-modified Tcl and Thl cells against autolo-
gous carcinoembryonic antigen-expressing colon cancer cells [ J .
Cancer Sci, 2006, 97(9 ): 920-927.

[ 12 ] Ohno M, Natsume A, Ichiro Iwami K, et al. Retrovirally engi-
neered T-cell-based immunotherapy targeting type [ll variant epi-
dermal growth factor receptor, a glioma-associated antigen [ J .
Cancer Sci, 2010, 101( 12 ): 2518-2524.

[13] Zhong XS, Matsushita M, Plotkin J, et al. Chimeric antigen re-
ceptors combining 4-1BB and CD28 signaling domains augment
PI3kinase/ AKT/Bcl-XL activation and CD8* T cell-mediated
tumor eradication [ J ]. Mol Ther, 2010, 18( 2 ): 413420.

[ 14 ] Gattenlshner S, Marx A, Markfort B, et al. Rhabdomyosarcoma
lysis by T cells expressing a human autoantibody-based chimeric re-
ceptor targeting the fetal acetylcholine receptor [ J ]. Cancer Res,
2006, 66( 1 ): 24-28.

[ 15 ] Maher J, Wilkie S. CAR mechanics: Driving T cells into the MUC
of cancer [ J ]. Cancer Res, 2009, 69( 11 ): 4559-4562.

[ 16 ] Ertl HC, Zaia J, Rosenberg SA, et al. Considerations for the clini-
cal application of chimeric antigen receptor T cells: Observations
from a recombinant DNA advisory committee symposium held June
15,2010 [ J ]. Cancer Res, 2011, 71(9): 3175-3181.

[ 17 ] Lamers CH, Sleijfer S, Vulto AG, et al. Treatment of metastatic
renal cell carcinoma with autologous T-lymphocytes genetically re-
targeted against carbonic anhydrase IX: First clinical experience
[J1. J Clin Oncol, 2006, 24( 13 ): €20-22.

[ 18 ] Kochenderfer JN, Wilson WH, Janik JE, et al. Eradication of B-
lineage cells and regression of lymphoma in a patient treated with
autologous T cells genetically engineered to recognize CD19 [ ] 1.
Blood, 2010, 116( 20 ): 4099-4102.

[ 19 ] Kochenderfer JN, Dudley ME, Feldman SA, et al. B-cell deple-
tion and remissions of malignancy along with cytokine-associated
toxicity in a clinical trial of anti-CD19 chimeric-antigen-receptor-
transduced T cells [ J ]. Blood, 2012, 119( 12 ): 2709-2720.

[ 20 | Brentjens R, Yeh R, Bernal Y, et al. Treatment of chronic lym-
phocytic leukemia with genetically targeted autologous T cells:
Case report of an unforeseen adverse event in a phase [ clinical
trial [ J ]. Mol Ther, 2010, 18( 4 ): 666-668.

[21] Morgan RA, Yang JC, Kitano M, et al. Case report of a serious

adverse event following the administration of T cells transduced with

a chimeric antigen receptor recognizing ERBB2 [ J ]. Mol Ther,
2010, 18(4): 843-851.

[ 22 ] Brentjens RJ, Riviere I, Park JH, et al. Safety and persistence of
adoptively transferred autologous CD19-targeted T cells in patients
with relapsed or chemotherapy refractory B-cell leukemias [ J 1.
Blood, 2011, 118( 18 ): 4817-4828.

[ 23 ] Johnson LA, Morgan RA, Dudley ME, et al. Gene therapy with
human and mouse T-cell receptors mediates cancer regression and
targets normal tissues expressing cognate antigen [ J ]. Blood,
2009, 114( 3 ): 535-546.

[ 24 ] Casucci M, Bondanza A. Suicide gene therapy to increase the safe-
ty of chimeric antigen receptor-redirected T lymphocytes [ J ]. ]
Cancer, 2011, 2( 1 ): 378-382.

[ 25 ] Di Stasi A, Tey SK, Dotti G, et al. Inducible apoptosis as a safety
switch for adoptive cell therapy [ J ]. N Engl ] Med, 2011, 365
(18): 1673-1683.

[ 26 ] Ramos CA, Asgari Z, Liu E, et al. An inducible caspase 9 suicide
gene to improve the safety of mesenchymal stromal cell therapies
[ J]. Stem Cells, 2010, 28( 6 ): 1107-1115.

[ 27 ] Introna M, Barbui AM, Bambacioni F, et al. Genetic modification
of human T cells with CD20: A strategy to purify and lyse trans-
duced cells with anti-CD20 antibodies [ J ]. Hum Gene Ther,
2000, 11(4): 611-620.

[ 28 ] Kohn DB, Dotti G, Brentjens R, et al. CARs on track in the clinic
[ J]. Mol Ther, 2011, 19(3): 432438.

[ 29 | Neeson P, Shin A, Tainton KM, et al. Ex vivo culture of chimeric
antigen receptor T cells generates functional CD8* T cells with
effector and central memory-like phenotype [ J ]. Gene Ther,
2010, 17(9): 1105-1116.

[30 LA, 230, A% CD8 112 T A MIAEE 4k G e y7 o i)
B L)) P EBR AR, 2012, 19(2): 116-121.

[ 31 ] Brentjens RJ, Santos E, Nikhamin Y, et al. Genetically targeted T
cells eradicate systemic acute lymphoblastic leukemia xenografts
[ J]. Clin Cancer Res, 2007, 13( 18 Pt 1 ): 5426-5435.

[ 32 ] Redmond WL, Ruby CE, Weinberg AD. The role of 0X40-media-
ted co-stimulation in T-cell activation and survival [ J ]. Crit Rev
Immunol, 2009, 29( 3 ): 187-201.

[ 33 ] Song DG, Ye Q, Carpenito C, et al. In vivo persistence, tumor lo-
calization, and antitumor activity of CAR-engineered T cells is en-
hanced by costimulatory signaling through CD137 (4-1BB) [ J ].
Cancer Res, 2011, 71( 13 ): 46174627.

[ 34 ] Shirasu N, Kuroki M. Functional design of chimeric T-cell antigen
receptors for adoptive immunotherapy of cancer: Architecture and
outcomes [ ] J. Anticancer Res, 2012, 32( 6 ): 2377-2383.

[ 35 ] Gilham DE, Debets R, Pule M, et al. CAR-T cells and solid
tumors: Tuning T cells to challenge an inveterate foe [ J]. Trends
Mol Med, 2012, 18(7 ): 377-384.

[ 36 ] Stroncek DF, Berger C, Cheever MA, et al. New directions in cel-
lular therapy of cancer: A summary of the summit on cellular thera-
py for cancer [ J 1. J Transl Med, 2012, 10( 1 ): 48-52.

[ KFsEE] 2012-06 -15 [fEEBH] 2012-09 -25

[ AxHmE] £



