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Advances in immunotherapy of multiple myeloma by using chimeric antigen receptor-modified
lymphocytes
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Abstract: Chimeric antigen receptor-modified lymphocyte is a type of cancer immunotherapies. By re-engineering antigen receptor
in vitro, it can be expressed on the membrane of lymphocytes and increase the function of killing cancer cells. It is now the
most attractive field of cancer immunotherapies in hematologic malignancies, especially in B-cell malignancies by its significant
therapeutic effect. Multiple myeloma (MM) is the second common hematologic cancer in the elderly populations. Up to now, it is still
incurable. Researchers have been exploring the applications of immunotherapy in MM. This review discusses the recent development

of chimeric antigen receptor-modified lymphocytic cell technology and its application in multiple myeloma.

Keywords: multiple myeloma; chimeric antigen receptor; immunotherapy; gene modified T lymphocyte

% kA B9 (multiple myeloma, MM) 42 3¢ 41 il R 4t
B B, ETERRAE A I AR s B M LS
Rl TP AN MO AR . RS AYT L 3 I T AR MRS AT L K
AR % 26 1 BRI 1 3R AR ER R — 2 IRk, (R TCTE
SERVAR . REIRIT AR R B i, B ATHGS
VAT B SR T S AR ¢ 1) B S U R R T
2) S PR3 1T A0 B AE 5 3) 2 IR YT 5 4)T 200 6 400 i gt L
T S) M TR LA, AR TS U 24K (chimeric
antigen receptor, CAR)@}’L’%%’FE?EH@%MO CAR 4R 7 1E
T A I PR SC I v SR BT IRRITRIOR . ARZRIR DES T i
B oA A O A0 B A T B 2 R M B R v A I
PRI
1 CAR#RMIZITIRE
1.1 CARAYMIEE JFHE CARTY ZIRAN AN T &, HH
EEEQSTPRG A, B BB KNGS
B, BENOLN, MO FBONPURSS G5y, RISREEST
s BHA : 2015-05-11
E2TH : HEARPAELTH (81228003 5 81270642)
Supported by the National Nature Science Foundation of China(81228003;
81270642)
EERA - BN, &, e, A, BRI
M2 . Email: 453973231@qq.com
BEEE : mEd, B, FEEW, #2582, 420, Email: ga

ochunji@hotmail.com

7N scFv(single-chain antibody), = ph R ) R AR G HT
(TAA) PP ERAE PT AR X (V) EAE W] AR X (V) 38 i A0k 4
Mo X AN scFy nf AT 51 22 s 200 M an ok E298 . 1 i
W 22 R B TR S 2o i S R s 20 2 1T 3k 1 R
BRIV A S TR, XAl sely AT LA T4 AR 2 B4 4UH
S E AR (major histocompatibility complex, MHC) B il R
BIFFAOIRE AN, AT CAR BB S L, HAJER
FEABUR, BT DU S AR i BT
LI CD4, CD8. CD28. CD3 ¢ & Fce Rly HEARER & —
BRIk, HIBNESBE—EHAZRE, H—UNCAR FEZ
CD3{ i #& FeeRly, HARAPIIRECE, HAEMEE,
ANRERFERAE MR B HEE . KL, 55 A% CAR 7E— 1R 3L
EBIA AR T (CD28 | 4-1BB B H AL fil o1 n
CD134/0X40, CD137/4-1BB, Lek, CD27, CD224., I1COS
K DAP10%5). TEMGIRI o, 5 AR CAR BRI B 4F 1y
RN HEBE S KBTI RE 1. A =R CAR R AE— 1R Ay LA
AP E sy, H LT
TAVARAY 3G . A0 AR EE SN B PR P AT B R, 7 R0
FH R & BRI ORI, AL RIS RSOt K
U, R A I R SR TR AR CAR Y, i
HBFF AR LL Y CAR YR % 4t CAR i i oh B ik it
HAE seFv i CARFRMAFE CAR, I CD27 4K . NKG2D,
LA N B2 2 R T 45 3% 4 51 CD3 ¢ 1Y CAR ; 111 e — 101



2 B 2 B 2 4

Acad J Chin PLA Med Sch Nov 2015, 36 (11)

http://jyjxxyxb.paperopen.com 1157

CAR, X FRAJTHECAR, it A ¥ & sihi-FITCHY
scFv Ay i 0 B 42 3 L4y T F CD3 ¢ o X HEMY CAR
S5 AR B FITCHRIC MBS R E DR scFv, HE 17
7 R A Ak
1.2 CARMZUNV ML A @AY CAR 75 2204 5 5 IR (i
EL 40 v A R 2 AT MR KON o I PR YA Y 119 A 48
FEAWIR, T ELA L NKAH . T R4 R4
RNL, TRNANE Gy BEF% . 97 3s Rk . B AT 4 M2 A 5
e OB, W R AN 4. CAR T
A 20 P N T I PRIB YT CD19" 1 2. Mk ik e 4
ML . CAR T 4HMIEYT 1 B 76 1175 /2 240 M R -1 X%k
P S SE R T 4 MRS A I SR A, AT RO N E 2R
FEYIUTE TR (graft versus host disease, GVHD)Y, HRiTAIHT
FE7 )4 T4 55 CAR T 4 H4e iR s iz 14 [ i ok 2> Hy 7
BIAHSEAR BRI o

H TR FT 00 T CARZON A0 M BE#% . 76 T 40 6 4%
Do, HATEER PR s T AN RO T 40, A
i T AN TG , TG 3t R PR R . LAk, 1
TN FEmE, A IL=7. IL-15 J2 IL-21, BT 400 0 T 48
M43k, G340, 20 78 T 40 0 3 8% S bt Bt o A
R HEREVER, BB IR A 7E CAR T4 H Itk
CXCR2, CCR2b, TL-2, TL-12%:H 5" {2 CAR T
MR BRI, AL K A AT 8 240 AR

NK 2 i (CD3°CD56") 4 1 ¥ bk EL 41 Jif 14 20% ~ 30%,
AR RGN RN, HA SR I HOR SO R 5R
BRI S o8 AR A . AEBT RN T, T EE MHC 1Y)
BRI, BRI RO 3 ; e i AR R T, T
4= GVHD, Hi A CARIGIT B Ry iz —, Jf
TEAE R FHRIG AR SE R . tbAh, NK T 40 A bl e Ry
AT T CAR BURFST, T NK T CD1d 531 (1) B —
PE, AR T AN EEE . BT R NK T 4 X —
G R MR R T AT 4 40 MR 1R YT, KR GD2-CAR#%
5 NK T 4H B E B BT 24 200 M8 8007 (9 TR BEAS 3 i GVHD (1)
-
1.3 CARMMRSIMIRERGE  HEMRIME N CARFE S R EH
I L 200 B 1 3 R B R S . R TR AR A CAR KT
HEAMRCE MR T H y 3 SR R i i F A
RERGAART I B0 . RO R A BT DNA J B & 88
AT EFEA L, M CARFFLIFRL, HZats, Jf
AR FF 1 G 5 {H A5 i CAR J5 R A s (10 & & 7 91 1k
VUBRIITEAE AR o Ak, 12 T AR R H R 2 i AR
AR R, TEH—1CH CARBFS h, WFE & 227
CAR O A 43 A Fan 4 2 (IL)-12, 1L-15, CCR2,
IL-2 56RO B, DRI R e R 0 LB e, AHT i A
AR FR PR R AN PiggyBac 5Y Sleeping Beauty, AEJREEZEAAN
5 CRISP/Cas9 FY AR FIZ % YL FE IR 5% 5% 22 48 pmaxCloning 2%
AR AT R R R AT R B e . KR I A R
GEARAL TS, 25 FE AR T CAR (R 2 R I R
@HEJ [3.‘)]0

1.4 CARZUJEAIASMNT 1 CAR 4H ARSNGB 4T DL S 250
REZEVR AN 38 A REIR BN R FH . NI RSZ IR UFSE T
CAR THIMIBEME IR YT 2 FOGEMIE , BARR A T 308
T, (BRI R P GRS CAR T 40 L 25 7 AR AN 1 5|
—ERCRA BN 25 B, MRS R AR R R AT
PG RE. L, SRIEY B R GG e mR. B
RHFOLRTT T — R0 CAR,  BIZESR SR 59— i i 4
—Fh 10 IR IR AR 2SS (E-Tag), @i AR LA
fili CAR TZAHMIAE AR P KA Y™ 3, I3 5 SRR ) A 25 1l
CAR THIAEAF LAAEAE", X R UG CAR T %
PEIRTTRCRAR B TR vk
2 CARHMESEMEEHETHNA

e R S PR B I o Rk TR 4 1T, 23K CARTY
I EL 0 R A 3 5 SR R BT R 45 A A RE R BT &
PEGUMIR RN 7 22 2 M e 0 S A L 3= v DL ) ek
FEPUR : 1)CD74: —Fh 240 R e 1 AL IR 2R 11, 25 B
A A AT R, 7 B IR 20 AR T e e R £ Rk
RS AR SR, SRR B Y 2 o
PL CD74 BLBLIRYT e B 85 45 5Pt CD74 Bbn & F I PR 52
BRyT 2 R e . R, AR PUREE N T
R F CAR BT, Bk 22 BB RS #T R 7 HE A
2)B A S ERG L (B—cell maturation antigen, BCMA): TirE3 SR
FERFZ R R R 2 —, EHE T EERIAIEIR N
JfL. A B AT, BRI BT A IR 20 M 7R R R
PEPUIR, AFAE LA U2 AN R, A B 1k R
AT AR TR, M CAR JAYT Y 32 2 e 41
Pl —U, ERHZEE S, AR E TH-BCMA-CAR-
T AN TIRYT 2 2 B BRI T WG RS, 9125
WHIT /R, % CAR TN EA A5 Bas 4 7 F e
3)CD138: NFRIMF RALGRRRE 1208, bl e N\ g 20
b B, EEERGAYE IR R KA S B R A R,
B FAMEFAER, S SR ARKE
TG, DTS2 1 40 08 1 B oAt R SR AIE K,
CD 138006 PUR B AT AR SR W S e 1, W5 577 A i B
TP SRR ", WS B P T H1CD138-CAR-
5 NK HAERYT 2 & MBS s, 7E40 S5 X sh)
S R L BT BUE B AN, (AR —E 1 R R
PEW FEFE—A B R LB, AT T3 & (interferon,
IFN) (47T CD138-1FN o ~CAR Rl % 10 1l 1546 88 48t 1) 24 <
IR T, (R AR 4 R BRI IEN I T R T 41 3R
ik, HERTERER /N BN AR I Y XSRS AR O £ K
P BT (4 S BE TR T R BEAR S 1 7 FH AT 4)CST:—Fh
MR EE A, REREABKER R Z—, HEE2 kS
TR 4 b 3R M 22 Ok B R R R A R T = Rk AE
MM, EES 5 ERAREH . A R AR, 5
HH e A T B CST AT BEYUR HuLue63™, T 111 PR 51
R, YRR LRI PR BRSO Y, W &
B CS 1300 LR KA IR A G JEPE " (Hk, #F9T &
DL CST 2y #0475 7 5% 31 10 1 CS1-CAR- %% 5 NK 48 Jifd 75 5 1y



1158 R T A R 2 B 2 A

Acad J Chin PLA Med Sch Nov 2015, 36 (11)

http://jyjxxyxb.paperopen.com

S v RS I A A A B B R A O S N BRI AR AT,
5y — TS LR A UE S Tk — A, W — 2 I AR IR
I I SIE H AL . 5)Lewis=Y (LeY): @25 T4 £ b ok
PR b A M R, AN B . BEERE . OB A
Bi-LeY-CAR%: S TH Ml F I THARYT F iR LeY $UJR R A
R ™ 5k BB, LeY iR 3RIA T 2tk Bh 4
PE I M 2 B PR B R, I T e RIS & it
~LeY-CAR ¥ - THIMLELA 1 20 M1 Bl S i it 30
SEIIREZS7 PN | B G172 SEN o e =X e o i R e A S N 1R57
#H LA A MG R . 6) %4 H 1(mucoprotein 1,
MUC1): FERIAAE LR AT, W ThRis T2
KRR A R P, HATCAR T 40 MG Ak i i
(Il RN R O RN HAR, R IFE T CAR T2 MI7E B E R
HERME, EIGI A, R4 FEPL MUCT-CAR T 41 i
PR T IL-4 324K, SCEGIESE RIE I 5D 18T MUCT-CAR
T YH it o] DAFE MR B S 44 27

Wi 5 e F A SR AN A2, e 40 3 T 1 P s 3R
SRS R AR AR R, BB CAR TR RCRA:, FI,
BT R RE SRR A2 -12(IL-12) 1) CAR T 41 .
T~ 12 AL RESEAE IR IR AL E EAN M, SR BE PR CAR T4 A
I ORI D 0 R A 2 Ak, i A A R
BT S A R R T A AR AR A, ] A R [R] A T
JR, siE 2B, B, B SO R
FIASEHUIR A CAR, (H M I R, SR gT 1%
T HUAE Y 2 s 7R R U (fluorescein isothiocyanate,
FITC) ) CAR THHAf, XA CAR T 4H HfiH 3 3% 1 19 A= 9
F O FITC ] LU Z 0 A Y R Bk FITC B PR g &, 8
TR TGRS, & K 3 AR P,
3 CARYMSEMRZEMN
3.0 AN FECAR R IMG R, 177 BeiRk A
P, R SRR, PR S B R AR T B B A%
KL, P AE X S e B P R A A T RE R T
KA, AANTHBHEC CAR BEAR AT DL S 30H A R AR FE A,
R H AT 1 7E 2 R B AT A g B Rh iy B
3.2 AR TR LR A AR B R TR R A AE AR IR T
BIEEAAE B IR s 27 A S CAR T AIRIGYT 1Y £ T
RAE, FZEH T CAR T4 IS fb B i R I 4i i 5+ (IL-6.
IFN=y S TNF- o Z5) AL, LA CAR TY0METCGE s 40 i
J&, MR AR T, IR (KRR . BERRER) .
2 P 43 F (B ) R B A0 JE i = A B0, R, gl
KIS UM RO TEARSS . 4R PR 1 R e v 350 5 g 40
TEACIRAE, BANAR . e 40 B S5 A T BRI 7K1 IL-6,
g R R R, AR RO S, R I R N R
R T B A0 LR A AR & A, i CAR T4 R A/
WIFGG, BRI, BRI A KO, S
IL-6 459 . 72 B EHR R, BRItk &I
FKRNL, HFRBIECD, ANREHERR LS I RO 58 h & B
N
3.3 “4THDLY (on—target) BEPE 24 1E W A1 24N il 5 A W) A5

FIBMREA PSR, BRI AR, W25 CAR 2

MR Bt , T IE 3 A ZUAN, X RSO BERR T4

BEMECY, B, 7R CAR MR, TR F R MR R

PESRAFEPTI. WP R, FELLCD19. CD20 4T )5

CAR THiAEIAYT B-CLLIN AT LIS IR RF2E ) B AL A B

PRI AR Y FEZ R R, T 2R T

JEBEAFAE T B B A SR T, A e T IR A M S L B 4

Mok, BTSSR R A B, (BRI PR R P e]

REAFAE“ITHE RBEME, 0100 E SR A S R A B 4

3.4 CJBEL” (off-target) RN T CAR 20 AR IR S

HUARTE AN TR VE G, S8 CAR 0 M 5 A IEH ZH 2

Hp, RO BLALTRON . AR, BT CAR AHMRTEIR N AE

TR, AT = A Tt [ B 2 2040 M 1 25 FPOR BB AL

CIREET RN . Ry T IR BRI RN RN, — g R

FHHAT ALY CAR . F 3k i FH 19 A AR P R Bl

R BE MO TN (HSP—tk)™ . A7 (RIFFT 4 7E B0 T 40 st

AL P T 2 11 O(Caspase9), 1 CAR T 41 72 & £ /i

A DIRON G T, MITT3#ESR T CAR T A IRYT 1K

WA R R, A7 BRSE A T ke S JE KON 18 CTLA-4

2 PD-1 KAl ) CARY . BRICLASR,  H - NK 40 A7 %

RPN N U R NS I i T oy VAT G WA E N

Jo (U NKSUCARRRAE e R XE, ARMEMR N8, PR ]

T (A NK-92 41 il 7 BAT NKFEACAI ML e L, TF:

APRSNIE, ITRTPAS PR PR T NK-92 4l i AR

RS0 20 L L i P AR >, E K A B SR R

S SR RO B A, BT AN REHEBRTE AN A T A 7E

LB

4 4HiE

TR PO SZ AR U b L 200 60 A D — oo ) B e 1R 7

ik, IEAERE TIPSO TSR s T o, A

CAR 2 MU AE I AR P A T4 NSRRI ST, X T2 K

P B Y S 10T — EORE SO IA AT, RO I Fhogr

PAITHORBEE AR, 24, TZWHITERE, EK

B A B 2SR RN

S L Hk

1 Li ZH, Chen LP, Rubinstein MP. Cancer immunotherapy : are we
there yet? [17. Exp Hematol Oncol, 2013, 2 (1) : 33.

2 Cartellieri M, Bachmann M, Feldmann A, et al. Chimeric antigen
receptor—engineered T cells for immunotherapy of cancer [ J/OL ] .
http : //'www.hindawi.com/journals/bmri/2010/956304.

3 Ruella M, Kalos M. Adoptive immunotherapy for cancer [Jl.
Immunol Rev, 2014, 257 (1) : 14-38.

4 Shi H, Sun M, Liu L, et al. Chimeric antigen receptor for adoptive
immunotherapy of cancer : latest research and future prospects [ J ] .
Mol Cancer, 2014, 13 (1) : 219.

5 ChuJ, Deng Y, Benson DM, et al. CS1-specific chimeric antigen
receptor (CAR) —engineered natural killer cells enhance in vitro
and in vivo antitumor activity against human multiple myeloma [ J ] .
Leukemia, 2014, 28 (4): 917-927.

6  Chmielewski M, Hombach AA, Abken H. Of CARs and TRUCKS :
chimeric antigen receptor ( CAR ) T cells engineered with an inducible

cytokine to modulate the tumor stroma [ J ] . Immunol Rev, 2014,

257 (1) : 83-90.



R B 2 B 2 4

Acad J Chin PLA Med Sch Nov 2015, 36 (11)

http://jyjxxyxb.paperopen.com 1159

20

21

22

23

Heczey A, Liu D, Tian G, et al. Invariant NKT cells with chimeric
antigen receptor provide a novel platform for safe and effective cancer
immunotherapy [ J | . Blood, 2014, 124 (18 ) : 2824-2833.

Zhou X, LiJ, Wang Z, et al. Cellular immunotherapy for carcinoma
using genetically modified EGFR-specific T lymphocytes [J].
Neoplasia, 2013, 15 (5) : 544-553.

Maus MV, Grupp SA, Porter DL, et al. Antibody—modified T cells :
CARs take the front seat for hematologic malignancies [J].Blood,
2014, 123 (17 ) : 2625-2635.

Cartellieri M, Koristka S, Arndt C, et al. A novel ex vivo isolation
and expansion procedure for chimeric antigen receptor engrafted
human T cells [ J ] . PLoS One, 2014, 9 (4 ) : €93745.

Sapra P, Stein R, Pickett J, et al. Anti—-CD74 antibody—doxorubicin
conjugate, IMMU-110, in a human multiple myeloma xenograft and
in monkeys [J ] .Clin Cancer Res, 2005, 11 (14) : 5257-5264.
Yi Q. Novel immunotherapies [ J | . Cancer J, 2009, 15 (6) : 502-510.
Danylesko I, Beider K, Shimoni A, et al. Novel strategies for
immunotherapy in multiple myeloma : previous experience and
future directions [ J/OL | . http : //www.hindawi.com/journals/
Jir/2012/753407.

Maus MV, June CH. Zoom Zoom : racing CARs for multiple myeloma
[J].Clin Cancer Res, 2013, 19 (8): 1917-1919.

Carpenter RO, Evbuomwan MO, Pittaluga S, et al. B—cell maturation
antigen is a promising target for adoptive T—cell therapy of multiple
myeloma [J].Clin Cancer Res, 2013, 19 (8) : 2048-2060.
Hinrichs CS, Rosenberg SA. Exploiting the curative potential of
adoptive T—cell therapy for cancer J |. Immunol Rev, 2014, 257( 1 ):
56-71.

Bae J, Tai YT, Anderson KC, et al. Novel epitope evoking CD138
antigen—specific cytotoxic T lymphocytes targeting multiple myeloma
and other plasma cell disorders [ J].BrJ Haematol, 2011, 155(3):
349-361.

Bae J, Smith R, Daley J, et al. Myeloma—specific multiple peptides
able to generate cytotoxic T lymphocytes : a potential therapeutic
application in multiple myeloma and other plasma cell disorders [ J | .
Clin Cancer Res, 2012, 18 (17 ) : 4850-4860.

Jiang H, Zhang W, Shang P, et al. Transfection of chimeric anti—
CD138 gene enhances natural killer cell activation and killing of
multiple myeloma cells [J] .Mol Oncol, 2014, 8 (2):297-310.
Yoo EM, Trinh KR, Tran D, et al. Anti—-CD138-targeted interferon
is a potent therapeutic against multiple myeloma [ J | . J Interferon
Cytokine Res, 2015, 35 (4):281-291.

Bae J, Song W, Smith R, et al. A novel immunogenic CS1-specific
peptide inducing antigen—specific cytotoxic T lymphocytes targeting
multiple myeloma [J ] .BrJ Haematol, 2012, 157 (6) : 687-701.
Maus MV, June CH. CARTs on the road for myeloma [J].Clin
Cancer Res, 2014, 20 (15) : 3899-3901.

Westwood JA, Smyth MJ, Teng MW, et al. Adoptive transfer of
T cells modified with a humanized chimeric receptor gene inhibits

growth of Lewis—Y—expressing tumors in mice [ J | . Proc Natl Acad

24

25

26

27

28

29

31

32

37

Sci US A, 2005, 102 (52): 19051-19056.

Peinert S, Prince HM, Guru PM, et al. Gene—modified T cells as
immunotherapy for multiple myeloma and acute myeloid leukemia
expressing the Lewis Y antigen [J]. Gene Ther, 2010, 17 (5):
678-686.

Ritchie DS, Neeson PJ, Khot A, et al. Persistence and efficacy
of second Generation CAR T cell against the LeY antigen in acute
myeloid leukemia [T] .Mol Ther, 2013, 21 (11): 2122-2129.
Wilkie S, Picco G, Foster J, et al. Retargeting of human T cells to
tumor—associated MUCI : the evolution of a chimeric antigen receptor
[J].J Immunol, 2008, 180 (7) : 4901-4909.

Wilkie S, Burbridge SE, Chiapero—-Stanke L, et al. Selective
expansion of chimeric antigen receptor—targeted T—cells with potent
effector function using interleukin—4 [J] .7 Biol Chem, 2010, 285
(33):25538-25544.

Chmielewski M, Kopecky C, Hombach AA, et al. IL-12 release
by engineered T cells expressing chimeric antigen receptors can
effectively Muster an antigen—independent macrophage response
on tumor cells that have shut down tumor antigen expression [J].
Cancer Res, 2011, 71 (17) : 5697-5706.

Tamada K, Geng D, Sakoda Y, et al. Redirecting gene—modified T
cells toward various cancer types using tagged antibodies [ J ] . Clin
Cancer Res, 2012, 18 (23 ) : 6436-6445.

Koehler P, Schmidt P, Hombach AA, et al. Engineered T cells for
the adoptive therapy of B—cell chronic lymphocytic leukaemia [y
OL | . http : //www.hindawi.com/journals/ah/2012/595060.

Lamers CH, Sleijfer S, Van Steenbergen S, et al. Treatment of
metastatic renal cell carcinoma with CATX CAR-engineered T cells :
clinical evaluation and management of on—target toxicity [ J ] . Mol
Ther, 2013, 21 (4): 904-912.

Vera J, Savoldo B, Vigouroux S, et al. T lymphocytes redirected
against the kappa light chain of human immunoglobulin efficiently kill
mature B lymphocyte—derived malignant cells [ J ] . Blood, 2006,
108 (12) : 3890-3897.

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.

Gschweng E, De Oliveira S, Kohn DB. Hematopoietic stem cells for
cancer immunotherapy [J] . Immunol Rev, 2014, 257 (1, SI):
237-249.

Essand M, Loskog A. Genetically engineered T cells for the treatment
of cancer [ J ] . J Intern Med, 2013, 273 (2): 166-181.

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

Fedorov VD, Themeli M, Sadelain M. PD—1- and CTLA-4-based
inhibitory chimeric antigen receptors (iCARs ) divert off-target
immunotherapy responses [ J | . Sci Transl Med, 2013, 5 (215) :
215ral72.





