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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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BITERRE T T AR H 2552 B E L. BECR IR,
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Il AEAFAE FRATTH UL A “MHCRR . SR, IR
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H AT, K2 5k & P s 32 /4 (chimeric antigen re-
ceptor, CAR) FH g /b Pt S 25 & X (FH KI5 T 10 v B e
PRI (V) M BE(Vi) ALK, T IR) By P (4 %
[X 3% 2 1 R P AR (single chain fragment variable,
scFv). 5 DX IR A5 5 3 5 X 4H e

TE T TR 50 IR AH DS HT 5 (tumor associated an-
tigen, TAA)(1)scFvA i P 15 5 358 e 3 52 1 I 2 1R
7% 6 & P (immunoreceptor tyrosine-based activation
motifs, ITAM, % A CD3{EkFceRIy) fE A& 73T 3k
DRI B A, AR ol B A ORI 7 A A e % e BOR B
BB EE TN M, Al 8 T M A IR Pt s 2 44,
e Jg 2ok Al A I RIS 3G J5 IR TR i, FR 2 A ik
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CARFITHN M LAPT AR AEMHCFR 1) )y &5
R P IR, B IS AR S 1 A T i 9Rg S . CARs
Feak B RS E PEAOR T BT I L I AE T e RV i
T RFFE AR 5 o, 2eFRCD3CE 1) P N TAMSsHE IR AL
YER, BEM/DTAN s 3 5 PR T, A AT 3L R
KHARIAPS, HUE, HHi & CD3CHE{ICAR-THH M AH
ST FeeRIVEE M CAR-TAI MU IR R £ . Jit
Al fig S K A CD3CH A = ANTAMs, 1fifFeeRIyiE H A
—NMTAM, HAR MK PR IE R AR, (H o B 5 A7 R0
TETH M, X b iR R BE ) S5, th4h, CAR-T4H i
R 855 I DX — f P[] 905 Bl 5 5 FRICD3 . CD8ElCD238
S TR 4L, I CART R UL L E W
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EAAS F 5 T B 2 DR I ) K7, B % W
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SRIFN-y7E AR Hb 73 WA 34 5, AR I R IFN-y 7K ~F- 4 5 JiT
BEME RN EAH DG, 5 R AT REJE R R scFv(G250)" T
Y i 4 87 T IH B CAIX | S 40 B T 35, 20084,
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Monoclonal antibody: . 7 fEHif4; TCR-CD3 complex: T4IIl3ZK-CD34rF 2 A4); Antigen-binding region: HLJ545 A [X; Transmembrane region:
P45 50X ; Signal transduction region: {5 5% 31X ; Hinge area: BHEX ; Vi L6E; Vi %4%; Tumor antigen: MR PUE T cell: TN, KZECARM
TN AN 2 DR T 5 5 B 0 AR (1 B B AN SR AL ke, o ) el iy B () B B D TR P W R A4S« IR DXl (— A ol [ U5 e S Y 1 CD3
CD8ELCD2845 — SR A e 11 28 Je) ML A 1 5 T 3t DX (o T S2 AT B IR AL R e, 38 5l CD3C ki FeeR Iy) 2B 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.

Ell & IR Z RGNS E (RYE SCHK 21408 2 1230)

Fig.1 Structural representation of CAR (modified from reference [2])
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424K En E4ncD28. CD134(0X40)fICD137(4-
1BB)45 L il 73 1~ (costimulatory molecule, CM)!'31,
DABE S TN A 4 M 25k S5 1, 4 R T 40 M
%, WK TH M AEE I R4 (1812) . Horr, CD28%r 175
AT PR EEL G 38 B R A7 T A A AR, o)
S50 A4 PR R AZ A e ) A SR OB E Y, L
R MIPI3K. Grb2 Lk %5 43 1, LA 17 G B i ¢
[Al - WINFwB 13 1 3 H 38 I -2 A1 Bel-xL A 73 W
CDI134B8 W AT A0 B 3R A7 A B A4 A1 388 B R0 A 5
IIL-253 Wh o CD137W) A 4ERFTAH L B 2 32 15 5
FETAN M AE A7 FICDS TN M i 12 Hh e S 18,
PorterZ£ VR KalosZE P 57 [ 28 — {RCAR-T
41l i (scFvCD19-CD137-CD3Q)#L! 1] 3 77 3451 15 7% v#k £
4f JfL 19 1fiL 95 (chronic lymphocytic leukemia, CLL), %
26T 34 B 0 S CAR-TAH A &L 80k 1.4%107
~1.1x10°, CAR-TH U AN AEAR N 4481 00065 LA |,
T ELAE 09600 B 88 A7 3 9 B ) 8 k6> 1, 43
WAL R T W T -y. CXCLOS BT 7y i
W e BRI A 14 B R AR T B AL N 4N e B A



First generation CAR Second generation CAR Third generation CAR
CM1 CM2
CM1
ITAM ITAM ITAM

55— ARCAR(Z) FHHL AL B TE I 350 15 M0 P 175 5 4 3 X (ITAM) 3%, ITAMIL 3 Jy CD3CERFeeR1y; 4 —ARCAR(H) IR 17 55 G X 5L
TS TCM1, TEHCD28%) 1 85 = ARCAR(T) I T IR T-(CMIRICMR), 12245 CD287) ¥+ _ECD1342CD137,
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.
E2 F—E2E=RBEMEZRARYESTH14]B0E H 12X
Fig.2 First-generation to third-generation CARs (modified from reference [14])
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Minicircle DNA: f#{JADNA; Promoter: )i 5 F; Polyadenylation signal: Il /&{55; Nanophase materials: Z}>k#1%}; Nanophase-minicircle DNA: 4}
KUFADNAL TIADNA-ZKREGE, 52— IR DAY 3, RERLF IR AR N DNASLIE 8, PR FEFIEEALE A, (LEDNAF A, fE]
HIRIGT 7 AP o LR 9K —TEIADNA K L ) e G T 40, REDEAL LA IICAR-TEIAR .

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.

B3 HERDNAMK L INA HICAR-TH R (RIE STHk[28-2911E %)
Fig.3 Minicircle DNA can optimize the existing CAR-T technology (modified from references [28-29])
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(1) 35 DR BE 7038 2 7 T 3 N ANJEIE TR, 38907 Ay
SRR TR o H A FH 1) 32 SO 0 e s 7
BARCELFRIR S B A) . R 25 BN I DG B
BAREE

T SR AR A AR — o e B, b
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3 CAR-THHAEIG KR FA A Y o) 2 0 R R
ik
AR F RTCAR-TZH I A B Bk bk 22, th H
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