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Introduction of Chimeric Antigen Receptor-engineered T Cells
and the Clinical Use for Anticancer

Chen Jie, Wang Yuhuan, Luo Chenglin, Wang Huiqin, Luo Xiaoling*
(Shenzhen Hornetcorn Biotechnology Co., Ltd, Shenzhen 518057, China)

Abstract Adoptive cellular immunotherapy (ACI) is one of the most effective comprehensive anticancer
therapies. It has achieved expectable curative effect on different solid tumors and hematological malignancies sug-
gested by recent data and striking clinical responses. As an ACI, chimeric antigen receptor (CAR)-engineered T cell
therapy has been rapidly developed in recent years. By the use of genetic modification techniques, effector T cells
have better properties with regard to targeting, killing activity and durability than immunocytes of conventional ap-
plication. CAR-T cells can overcome the local immunosuppressive tumor microenvironment and break the immune
tolerance in host. At present, the signal domain of CAR has been developed from the single to multiple structure
containing costimulatory molecules such as CD28 and 4-1BB, and has been widely used in clinic. However, there
are potential risks on account of the off-target effect, insertion mutation, etc. In this paper, applications and prob-
lems of CAR-T cells in cancer immunotherapy are reviewed for clinical guidance.
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B R o 2 B RN BOR 1) R, e 4 iy
TBITERMR G YT T VR H 2552 B E L. WEFUR IR,
Ttk 8 40 B2 e 40 B PR R, 7 g 95 Y 25
FEAEH], XS Iheg 40 A BRI R R o HE, A
FH R PET A0 Mgk T bR S e v 7 I, SRR o 2ok
TN AL B S A REFNFE A 10 2 181 1) = 2 SRR S
4+¥)(main histocompatibility complex, MHC){EH, 1
AP AEFRATH Ul I “MHCFR I SR, FhIs
925 2 B 1A 3 2 2 AT MIHCAE i 99 40 1o 26 1 6 08 1 B,
IR Tk R, PR EB e Itk o 3X AR
T RS S e I TR AL, Fi Aol e 440 i ol ) SP3BT 4 i
Bk, I PRod 5

WAL, A AR N R R e PR B T4 B 2 i b, IF
H TR 2 206 0 M AN BT 0 F AR PR, A4S 4
IF1) 33X S8 Ji () T 40 i 308 ek A 2 i 52 B A v el
b, Bt b . Frid, AR S R
155 41 Hd (cytokine-induced killer cell, CIKZH ) 7E A 1
T M sk 4k Pk o 52 ¥R 77 AR AE 38 40 i 8 1 v 97 v Y
137 — 8 R, ARAE R 2 HUMoR o7 2w A e 4
N P=

AT SR R T TR ) FH s DR s 3 R 33k i e
SRR A PUR 2 AR B TR M 6 97 R Bk e Vs, ek
AR AR TR T o R AF (R RE a1k o R i A
TR, e Ak A S 5 vE T B A TR I AR
RITEE, Beos T BRI N IS ) A R i ¢

1 BREMEZIRTHEN 2B

H T, K250k Pis 524 (chimeric antigen re-
ceptor, CAR) FH ig #h Pt JR 28 & X [ FH ORI 1 0 v B it
PRI EE (VL) R EE BE(Va) 4L, HIR) ey P ) e
[X 3% 2 JE 1 PR B B4R (single chain fragment variable,
scFv)]\ 5 D IR I 155 5 5 X 2 e

T8 3K PR ) MR AH DT JE (tumor associated an-
tigen, TAA)K)scFv Al A 15 5 4ol b 922 52 A T 24 12
i A6 % ¥ (immunoreceptor tyrosine-based activation
motifs, ITAM, % A CD3{kFceRIy) (E 4 A3k T3k
R A, A e EE 40 kL, 7T A5 A 40 i 0 % e R %
Be B B BTN M, Al 538 TR M 2k s P s =2 4,
e g 5 28 1 AR RO RURSE T 19 J= T M, FR A fik
A PURSZ KT H(CAR-TAI D). CAR-THH J7E 1A
P ANEBEAT R 5 I B i B SR AN BOnS Bt i
TN e ORI R PE(EI D . JE4E K, CAREIAT

Y M FAAE I . R ERT . B 2R i s g
SR VAT TR o Y R BT R R
1.1 E—{XCAR-TZHAE

L {E19894F, Eshharfiff 5 /Iy 2H Pt 4 O 7% Bk ik
[T #f:scFvAIFceRISZ 7R (v sk CD3 & £ ) (ChE) i Y
G5 KO R 5 T R £ 52 Ak, BTEE —fRCARs. Fik
CARPITHN M LAPT AR A . AEMHCHR i 1) 77 204 75
IR BT, JE B IS AR R A R S . CARs
FEak RS PEHOB T BT B A5 S5 k. R
IEF AR 5 o, 25BRCD3CEE 1) P M TAMSs i i1k
YEH, Revk /DTN Mo 5 5 iR T, AR 5L
KHAFRIAES, H2, HHT& CD3CHEFICAR-TAH M AH
X T FeeRIyEE RICAR-TAN ML IR AR TTL E £ . i
Al & A CD3CH A = ANTAMs, 1fii FeeRIyEE LA
—NTAM, B P Rk 2R, (H O g 8 A 200
TN, X AR BR e ) B o, b, CAR-T4H i
1) 55 6 DX — FC EH ] 95 B 5 5 ICD3 . CD8 i CD28
TR ALK, MIICAR TR DL S
JEPETCRAAH B AE H 72 28 B4 54 Bh T T40 i 1) 38
%o Bridgema?s"k I, PTLCEA CAR-THI il fE i ik
H £ CD3CH I X 11 — R4, A1 30E W14 AT
WM. Kershaw 5 T8 T 3 4% %99 55/ 5 1
Po-IH 1 52 RCARME M I T 40 Mo ¥4 T 14451 B L 28
Ho 2 dJE, CAR-THH 8 A Py n) oK & A6 il 21,
FRIAS JT 5 3B T8 i 2 0 DR I ) 7K P, A A
G230 0T IR 1) e N SN o Julie SOV o) 4 i 3l
Bt 3 F--L1, K HCETRIY L4k Pk 5 CD3C4i 4, LA
JSURIDNAYE A B A 1328 —ARCAR, JFEH P 5IA
“HAKEHyTK, 7697 )L R AR AP 2 BE4H i
oo TEVRTT 6B R TR, BB RIS 4 M ) A
RN AN RN, H BRI ST CAR-TAN M AE 44 4
LG N TR AN L R, 9 H A — SR Ay de /1 AR
F A ER Ay R, 10T R AN HEAL . Lamers&5! 04 33
sCFV(G250)-CD4-yitk 75 $1 )5 52 A4, a8 ik 30 i s
BEEE YL B T, 1697 CAIX i =) B i il . B
SRIFN-yTE AR b 3 WA 1 15, AR I IFN-y 7K 7 41 5 1T
BN AR DG, 25 R R E & R A seFv(G250)" T
1 i B0 1F H IH A CALXS b Sz 41 i T 8. 20084F,
Pule5 ] £ 6F GD2AE T I I CARIG YT JLHE i 48
IR . N6 G, AR T LLTE S N I R IR
EBVAF 5 M [JCAR-T4H Y, 1 SEEBVHF 5 % 4il f AL
YEFFLE, B3y IS, 6B B HAEIRIT6
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Monoclonal antibody: . 5i[EHi/4; TCR-CD3 complex: T4 52 4&-CD3 %> T & A¥); Antigen-binding region: H1)5145 4 X ; Transmembrane region:
55X ; Signal transduction region: {5 % 3 [X ; Hinge area: ¥ 5EX; Vi ThfE; Vi 42%#; Tumor antigen: I HLIE; T cell: TANME. KZECARE
FENAMGU 25 DX (RIS T 5 e BE ST AR R AR A T R B, 18] ey B0 (1) B X S P T B R U4 s B DX 3l (— B [l Y5 el 57 U T CD3
CDS8ERCD28%5 SR (A e 11 20 1) P P A% 5 3 DX (Fo i 2 AR U R T Ak e, 36 5 D CD3 Lk FeeR Iy) 2 ik o

Most CARs are composed of surface antigen-binding region, transmembrane region and intracellular signal transduction. The antigen-binding region
consists of heavy(Vy) and light(Vy) chains derived from monoantibody, which are linked by flexible hinge area. Transmembrane region involves
dimer membrane proteins like CD3, CD8 and CD28. Intracellular signal transduction region is ascribed to immunor tyrosine-based activation motifs,
involving CD3( or FceRly.

Bl SREMEZREETEERESE HE[211E%)

Fig.1 Structural representation of CAR (modified from reference [2])

J J T 98 0 M R S s MR i /s oAb, SE A LA & o E4ncD28. CD134(0X40)#1CD137(4-1BB)
CD20M 4 B ri 697 i P I 8E S 9k T /42 40 i ubk SEALHIBL 5) F (costimulatory molecule, CM)! 1 DL$E
EURSENV . BAREE —RCAR-TA WU 2, 1 mTA A dibE . S5 TG e, 4ERFTAN N 2, 4E
PNEZ (G5 v d e () 06 NI N D ey M TIE E 01| KT A7 35 B ) 25 (1 2) . o, CD284> FAE Y
T3 WA S T HDEAFAEA N, WAL BTG IR R CL A0 B8 R 7355 U T 4 T AR A, e R
. 1 M RN 17 40 P Sl ST A SR Y, i SRR
1.2 £ CAR-T4HfE UWIPI3K. Grb2FILck&5 1+, LAY AL S PR 1~
AF 502 BH, T4 M 1K 58 438 A A 38T 50U 5 A NF«B#) 3% P I H 3 INIL-281Bcl-xLI¥) 43 . CD134
MR FIE R . SR —(E S MR R G S, B RE AL W] AT A0 WL R A5 F A (1 4% S 386 B 0 4 58 PRI TL-2
TCRUUnl Bt Ji 328 52 40 i 22 111 1K) H1 R I-MHC K 5 ) IUARE ). CDI3TWIN HEFF TN M N 2 3R 5 =, 1
B 8h; 55 A5 5 A R E 5, MitCD28/B72:  TAIMIZAEAFAICDS™ TN MIICAZ A ke a4 Fue-1e,
B SR T, AEREIL-245 B, FEAET AN M 78 43 Porter5: " filK alos 52 5 ] 4% - fRCAR-T
AT HIT . X THIEA BT MCR 5 Pl # i 41l i (scFvCD19-CD137-CD3Q)#L [1] ¥ 77 3451 15 4 vk £
ITAHH), an RAEAE 5 DA 5240 T GIEET 41 M [ I 9% (chronic lymphocytic leukemia, CLL), 4%
I M A A% TE AR R BT M S5 P bR e, Wil 2R T 1934 B [ CAR-TAN f & £ A 1.4%107
A RRIBAE S, AR ARRERIE LT hAE. M ~1.1x10°, CAR-TEI AN AEAA A F 11 00015 LL I,
(1, A% A CD3YTHI Ik & BUs Sz A48, Ao E iy B iR 6 A7 55 6 i R B e B, 4y
IS 52, VRIS CAR-TAI L. Rk, 1ZEﬁ"riT‘lE‘El WA IR T U T4 -y. CXCLOS G 7T %
LTS A (XU 5 24 0, 35 R 28 —ARCARSTE k& Wi e BRI 1) B R AR T BB 41 I A
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First generation CAR Second generation CAR Third generation CAR

T
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ITAM ITAM

55— ARCAR(ZE) i U BEHUACE I 5 15 DX 3l 55 A 5 545 2 X ATAM)ATIE, ITAMIE i  CD3CEFeeRly; 5 ARCARCI ML AfE S H S X 5IA
TICRIEY FCMI, ENCD28%) 15 35 = ARCARCH) I T XSS T(CMIAICM2), %5 CD28%) 1 il L:CD1345CD137.

In the CAR of first generation, single chain antibody links the ITAM (CD3( or FceRly) at transmembrane region. In the second generation, costimula-
tory molecule (CM1, such as CD28) has been engineered to the signal transduction region. The third generation has been engineered another costimula-
tory molecule (CM2) based on the second generation, combining CD134 or CD137.

B2 E—Z2FE=RRENEZERARES E I [14]12550)

Fig.2 First-generation to third-generation CARs (modified from reference [14])
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Minicircle DNA: f{*DNA; Promoter: Jfi #)JT*; Polyadenylation signal: Jill 2155 ; Nanophase materials: 41>Kk#4F}; Nanophase-minicircle DNA: £}
K-HFFDNA. HIFDNA-GK RS, S — AL RT3k, GERF ARV R N DNASLE ). (R4 HAEA S AL, (LU DNAJT A1, fZm]
FUARARI T ANEHNG o TR 9K~ TIIADNA PR YL [ S STk A, REDLALBLAT IR CAR-TH A

Minicircle DNA-nanophase system is a general vector of gene therapy, with superiority of DNA delivery. It targets different diseases by changing the
DNA sequence with preservation of the basic structure. CAR-T technique could be optimized by transfection of T cells via nanophase-minicircle DNA.

E3 MIRDNAMKLINE BICAR-TH AR (IRIE S % STik[28-29]1820)
Fig.3 Minicircle DNA can optimize the existing CAR-T technology (modified from references [28-29])
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A91) 112 2 27 Bk /N i B 9 A B 2 ) A P B A Y 1 i g
(acute B lymphocytic leukemia, B-ALL) & %, 1 &
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IR b )2 At RSN SR I, TR DNAT] &k
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HOH S8 E I IR A R R S 1 Bt I (tumor specific
antigen, TSA). 1H H 87 & &1 FITSAR />, B T /b
FCAR-T K & 6] 1y 51 1 4 7 1 5 4T J5L (prostate-
specific membrane antigen, PSMA) 1 3 Ji7 2E K K] -1
%2 4 Tl (epidermal growth-factor receptor variant III,
EGFRVIT)ZFTSASR, K 2 £kt B A K
1K BT AT B AR 2H 2R 223K (1) I 88 AH DS L5 (tumor as-
sociated antigen, TAA). H 1, LEFXICD19. CD20
FNCD22 4 $EHT A CAR-TAI A 7 BAH B % o3
WE G045 fse 220020222 Jit DALt A R 453405 17 1 B4
J, RIS L AR AR L A S0 A e
MO 2 R 108~10°, T T emSE A4 g HL e 40 i
HOfATZ1x10°70 S48 it I8 1l B 5 1) i 92 410 ) 1
PSSR, Fo98 40 BAS 2 148 N S 44098 3, 12 CAR-T
S B A7 3= 2T MR e I X — H R R

XTI 2 =R A AE T XS R = AR
CAR-THH g, SE9RI¥I2E 1 ) FE 5 4% T D Re Al HL &5
BHPURE, fe RERIRA 1, 91 R5E Kk
JVEB2 AR R T ) AT DR, AL 3 G M A RN )
Pk . EOCHRFI S —NCAR-TA IR H A% It
' A4 P e 35 S JHT 4 B B 2 R0 2R — ARCAR-TAH L AN
RSNl 2 PG . R4l Brentjens%E PR IE 111
14252 255 —ACCAR-TA R AICLLE S, BT L% |
PR DR HE R S g, T Al VR T T 4R BT, S
JE CAR-TAH i AH <40 Mg PRl 5~ R T2

#:11, Kochenderfer[4] AP 45 T 147y CD28
I HE I 45 K B ) T CD19-CARYA 7 BAH M ybk 288
B N B HILCD19 R LR 40 3 o, (H 2 X
T 8 R A 3 45 0 B A A LB AN ik 39 5 A4 73 LA
ST, 0 B OGE{gdt e s A B A0 i 1) Mot A A . AT AR A
CAR-THA M 1 R ) — ANV AR 1) T2 R A
32 FBARE

CAR-TEAEAETAN M i A — B AMJEDNA Jv
B, R b A DR, A A E ) E0R X
RS ELAR H A IF A ¢ T 2L PR S TR i 3508 M (1)
i, HR L & — AR M), L AEAN T
MR BRI RN G 7 TR BT A AL KUK o
3.3 AJRERNERRIME

BERE B L ) R, T GRAE R FECAR-TA i /L4
A7 RS PR [ IS gl 2D 8 7 £ B M, o S R BB
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56, R 2RSSR T A= e R v6 7 7

Pie R AR IIBIT Hh, 4041 M7 R RN B4y
B LI b, T AN 0 A0 i R sl Y 2
—HUH T ARCARB MR H JE, I~ —
RCAR-TAN JEIKITA YT, B 1k n] BES R R FIREAS R %

ok, nTeAGIN B ARSER N T %, |
b B R PR R G0 N B R S B BT SR ) R CAR-T 4
o FRAR E R FE DRI A4 Py 5 B — LS [A) A B s,
ANRE B 1L 2 B R R 5 1 AR B, (R Tk
ANK AR IR AT B IE

55 =, AT AECARE 5 45 14 3 4 24 21 9 A
AN RICAR(fF 5 —CARAIE 5 —CAR), LA 1 HA
CARL g R I (MR PR A4S & UG, A RESE A0
TGN % . DuongZ5EBo0gh & K T AL J5 vk, AL AR A
FAPIRIAS ] BICAR, LA 338 55 2% 325 99 b kg 70 J5L )
R0 L 2

VU, BT WG A2 AR AL, a] DL 5] N 0k
CAR. “MCAR-TAN 5 1F 5 AL ZR LT s B AE
DL, FHIPE C ARKEH5 GRS TAH M (14305 o

I, 1 n] DUAR I ¥ BT R Rk KF, TCAR
SEAME . DUBAR A AR A BT s e 2208 1 g 4
L, AN B AR DU CRIE I I F 4. 44K, IX
BET 7R A5 AT, A AN R 1 R 28 Y, IR
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BE A 40 1 S e v T MR Ik Fg, Bk e 2 AR
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MEM. BIHRRTERMNCARG S4L4E, HTEH
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RE 2 T ARCAR-TAN ALK AR P H F 1 IR o

BRI 2 Ab, Ak S PR 2 AR A B AT
4, e ik ] LB HRCTK AN il NK4H i LL A yd T4
JRACO3LE S o i), A ] SRR A B A SN 01 I &
T S5 A0 A I o R A R SR CIK 40 i, I H
CEA i 14 5 5 7k (I CARXS CIK 40 ffg 3t 47 e ik, 1
CIK4H e 3k 15 CARI HF P, K CAR-CIKAM i 5
CEA' s 40 L3573 Ja, R I 73 WA IR TFN-y, 2
T 5 CEA-JMeg 4l B L35 F9 15 0 1 H AR B i CIK
A 5 CEAY/CEA 73 ml LR 7%, IR USRI IFN-y /3
wWE N, H.CAR-CIKAH M IR 40 i 5 2508 A1 B AR B



234

CIK 40 A 25

e, AR AR R 5 PRS2 AR AE 2 T

JEURR SR E, XK AT AR R REHE ) — R SR 2 1
FIRE LI o R oK T ABEE R 3 — ol SEI I P £k
EPURSEARME, B 28 n] - [ I AR DCHE i 22 Foft i
TR, A RE ST L i e i RS o e ik 3 5 1
(0 52 R AN A% A5 ) R, 8 o o 28 S A D) ) e R 1 B
BEAMIATT Tk, 4 IIRG T A KB (K A 2

B E 30k (References)

Lipowska-Bhalla G, Gilham DE, Hawkins RE, Rothwell DG,
et al. Targeted immunotherapy of cancer with CAR-T cells:
Achievements and challenges. Cancer Immunol Immunother
2012; 61(7): 953-62.

Ramos CA, Dotti G. Chimeric antigen receptor(CAR)-engineered
lymphocytes for cancer therapy. Expert Opin Biol Ther 2011;
11(7): 855-73.

Gross G, Waks T, Eshhar Z. Expression of immunoglobulin-T-
cell receptor chimeric molecules as functional receptors with
antibody-type specificity. Proc Natl Acad Sci USA 1989; 86(24):
10024-8.

Eshhar Z, Waks T, Gross G, Schindler DG. Specific activation
and targeting of cytotoxic lymphocytes through chimeric single
chains consisting of antibody-binding domains and the gamma or
zeta subunits of the immunoglobulin and T-cell receptors. Proc
Natl Acad Sci USA 1993; 90(2): 720-4.

Heuser C, Hombach A, Losch C, Manista K, Abken H. T-cell ac-
tivation by recombinant immunore-ceptors: Impact of the intra-
cellular signalling domain on the stability of receptor expression
and antigen-speciic activation of grafted T cells. Gene Ther 2003;
10(17): 1408-19.

Zhao Y, Wang QJ, Yang S, Kochenderfer JN, Zheng Z, Zhong
X, et al. A herceptin-based chimeric antigen receptor with modi-
fied signaling domains leads to enhanced survival of transduced
T lymphocytes and antitumor activity. J Immunol 2009; 183(9):
5563-74.

Bridgeman JS, Hawkins RE, Bagley S, Blaylock M, Holland M,
Gilham DE. The optimal antigen response of chimeric antigen
receptors harboring the CD3zeta transmembrane domain is de-
pendent upon incorporation of the receptor into the endogenous
TCR/CD3 complex. J Immunol 2010; 184(12): 6938-49.
Kershaw MH, Westwood JA, Parker LL, Wang G, Eshhar Z, Ma-
vroukakis SA, et al. A phase I study on adoptive immunotherapy
using gene-modified T cells for ovarian cancer. Clin Cancer Res
2006; 12(20 Pt 1): 6106-15.

Julie RP, David LD, Marilyn S, Wright C, Naranjo A, Wagner J,
et al. Adoptive transfer of chimeric antigen receptor re-directed
cytolytic T lymphocyte clones in patients with Neuroblastoma.
Mol Ther 2007; 15(4): 825-33.

Lamers CH, Langeveld SC, Groot-van Ruijven CM, Debets R,
Sleijfer S, Gratama JW, et al. Gene-modified T cells for adoptive
immunotherapy of renal cell cancer maintain transgene-specific
immune functions in vivo. Cancer Immunol Immunother 2007;
56(12): 1875-83.

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

Pule MA, Savoldo B, Myers GD, Rossig C, Russell HV, Dotti G,
et al. Virus-specfic T cells engineered to coexpress tumor-speciic
receptors: Persistence and antitumor activity in individuals with
neuroblastoma. Nat Med 2008; 14(11): 1264-70.

Till BG, Jensen MC, Wang J, Chen EY, Wood BL, Greisman
HA, et al. Adoptive immunotherapy for indolent non-Hodgkin
lymphoma and mantle cell lymphoma using genetically modified
autologous CD20-specific T cells. Blood 2008; 112(6): 2261-71.
Finney HM, Lawson AD, Bebbington CR, Weir AN. Chimeric
receptors providing both primary and costimulatory signaling
in T cells from a single gene product. J Immunol 1998; 161(6):
2791-7.

Dotti G, Savoldo B, Brenner M. Fifteen years of gene therapy
based on chimeric antigen receptors: Are we nearly there yet?
Hum Gene Ther 2009; 20(11): 1229-39.

Park TS, Rosenberg SA, Morgan RA. Treating cancer with ge-
netically engineered T cells. Trends Biotechnol 2011; 29(11):
550-7.

Acuto O, Michel F. CD28-mediated co-stimulation: A quantita-
tive support for TCR signalling. Nat Rev Immunol 2003; 3(12):
939-51.

Finney HM, Akbar AN, Lawson AD. Activation of resting hu-
man primary T cells with chimeric receptors: Costimulation from
CD28, inducible costimulator, CD134, and CD137 in series with
signals from the TCR zeta chain. J Immunol 2004; 172(1): 104-
13.

Croft M. The role of TNF superfamily members in T-cell func-
tion and diseases. Nat Rev Immunol 2009; 9(4): 271-85.

Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric an-
tigen receptor-modified T cells in chronic lymphoid leukemia. N
Engl J Med 2011; 365(8): 725-33.

Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, et
al. T cells with chimeric antigen receptors have potent antitumor
effects and can establish memory in patients with advanced leu-
kemia. Sci Transl Med 2011; 3(95): 95ra73.

Kandalaft LE, Powell DJ Jr, Coukos G. A phase I clinical trial of
adoptive transfer of folate receptor-alpha redirected autologous T
cells for recurrent ovarian cancer. J Transl Med 2012; 3(10): 157.
Brentjens RJ, Davila ML, Riviere I, Park J, Wang X, Cowell LG,
et al. CD19-targeted T cells rapidly induce molecular remissions
in adults with chemotherapy-refractory acute lymphoblastic leu-
kemia. Sci Transl Med 2013; 5(177): 177ra38.

Till BG, Jensen MC, Wang J, Qian X, Gopal AK, Maloney DG,
et al. CD20-specific adoptive immunotherapy for lymphoma
using a chimeric antigen receptor with both CD28 and 4-1BB do-
mains: Pilot clinical trial results. Blood 2012; 119(17): 3940-50.
Morgan RA, Yang JC, Kitano M, Dudley ME, Laurencot CM,
Rosenberg SA. Case report of a serious adverse event following
the administration of T cells transduced with a chimeric antigen
receptor recognizing ERBB2. Mol Ther 2010; 18(4): 843-51.
Wang GP, Garrigue A, Ciuffi A, Ronen K, Leipzig J, Berry C,
et al. DNA bar coding and pyrosequencing to analyze adverse
events in therapeutic gene transfer. Nucleic Acids Res 2008;
36(9): e49.

Hu WS, Pathak VK. Design of retroviral vectors and helper cells
for gene therapy. Pharmacol Rev 2000; 52(4): 493-511.

El-Aneed A. An overview of current delivery systems in cancer
gene therapy. J Control Release 2004; 94(1): 1-14.



MR NS ARG PUR AT 2 K HU R

i RN

235

28

29

30

31

32

33

34

Chen ZY, He CY, Kay MA. Improved production and purification
of minicircle DNA vector free of plasmid bacterial sequences and
capable of persistent transgene expression in vivo. Hum Gene
Ther 2005; 16(1): 126-31.

Kay MA, He CY, Chen ZY. A robust system for production of
minicircle DNA vectors. Nat Biotechnol 2010; 28(12): 1287-9.
Zhong XS, Matsushita M, Plotkin J, Riviere I, Sadelain M.
Chimeric antigen receptors combining 4-1BB and CD28
signaling domains augment PI3kinase/AKT/Bcl-XL activation
and CD8+ T cell-mediated tumor eradication. Mol Ther 2010;
18(2): 413-20.

Shen CJ, Yang YX, Han EQ, Cao N, Wang YF, Wang Y, et al.
Chimeric antigen receptor containing ICOS signaling domain
mediates specific and efficient antitumor effect of T cells against
EGFRVIII expressing glioma. ] Hematol Oncol 2013; 6(1): 33.
Johnson LA, Morgan RA, Dudley ME, Cassard L, Yang JC,
Hughes MS, et al. Gene therapy with human and mouse T-cell
receptors mediates cancer regression and targets normal tissues
expressing cognate antigen. Blood 2009; 114(3): 535-46.
Brentjens R, Yeh R, Bernal Y, Riviere I, Sadelain M. Treatment
of chronic lymphocytic leukemia with genetically targeted
autologous T cells: Case report of an unforeseen adverse event in
a phase clinical trial. Mol Ther 2010; 18(4): 666-8.
Kochenderfer JN, Wilson WH, Janik JE, Dudley ME, Stetler-
Stevenson M, Feldman SA, et al. Eradication of B-lineage cells

and regression of lymphoma in a patient treated with autologous

35

36

37

38

39

40

T cells genetically engineered to recognize CD19. Blood 2010;
116(20): 4099-102.

Duong CP, Westwood JA, Berry LJ, Darcy PK, Kershaw MH.
Enhancing the specificity of T-cell cultures for adoptive immuno-
therapy of cancer. Immunotherapy 2011; 3(1): 33-48.

Marin V, Dander E, Biagi E, Introna M, Fazio G, Biondi A, et al.
Characterization of in vitro migratory properties of anti-CD19
chimeric receptor-redirected CIK cells for their potential use in
B-ALL immunotherapy. Exp Hematol 2006; 34(9): 1219-29.
Pegram HJ, Jackson JT, Smyth MJ, Kershaw MH, Darcy PK.
Adoptive transfer of gene-modified primary NK cells can
specifically inhibit tumor progression in vivo. J Immunol 2008;
181(5): 3449-55.

Rischer M, Pscherer S, Duwe S, Vormoor J, Jiirgens H, Rossig C.
Human gammadelta T cells as mediators of chimaeric-receptor
redirected anti-tumour immunity. Br J Haematol 2004; 126(4):
583-92.

Schlimper C, Hombach AA, Abken H, Schmidt-Wolf IG.
Improved activation toward primary colorectal cancer cells by
antigen-specific targeting autologous cytokine-induced killer
cells. Clin Dev Immunol 2012; 2012: 238924,

Urbanska K, Lanitis E, Poussin M, Lynn RC, Gavin BP, Kelder-
man S, et al. A universal strategy for adoptive immunotherapy of
cancer through use of a novel T cell antigen receptor. Cancer Res
2012; 72(7): 1844-52.





