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[ Abstract] Chimeric antigen receptor (CAR) T-cells have recently provided promising advances as a novel immunotherapeutic
approach for cancer treatment especially in B-cell malignancies. CAR T-cell therapy represents an emerging therapeutic option for
pancreatic cancer as well. It has shown less success against solid tumors due to heterogeneity of the solid tumor and the specific
characteristics of the tumor microenvironment. With development of the new technologies, optimization of CAR structure combined
with other therapeutic immunologic adjuvants shows promising results in some clinical trials. This review summarized characteristics
of CAR T-cell therapy, its current status in the treatment of pancreatic cancer and the strategies for future treatment.

[ Key words ] Chimeric antigen receptor T-cells; Pancreatic cancer; Immunotherapy

JBER I ) R g R AE BRI N B BT RIS T OAAR I, BB T A
e, BT ZRR MRS SO BEE R AR, AR W35, VR R <10%, NI REFTTA8TH)

WEMEA: et E-mail: zhanxianbao@126.com



482

BRE, T RONRZHR-TO6Y5 IRREIVIDR R AR

A RNRYT T RIEIRITVEN AR TR | T Fifk
TG BRI T RN, AR Pk S, Hrp iR G
Y21 (chimeric antigen receptor, CAR ) T4HJifd
TRIT IR RGN 2, I, AR Ay
AT CAR-THH 7 125 B0 v Al 465 JoR J P 78 A S 44
JifgRE o A SCHE CAR-T 40 M7 375 IR AR 16T HH i)
IR AR 0 A Jre 5 Tl A T2
1 CAR-THRMEYERH R RIESZMEERTH
R

F It CAR I AR I R AE RSN 58 s 1 TG
i, O I e R A S T A Y TN, T4
kG E RIBCARZE ), JEMCAR-T4/I, CAR-T
A AEARSMRBEAL Y 1 5 Il 2 A P, HEA T
FIVAIT R T B CAR-TAIAY % . CAR-TZH Y
a3 LU I /R 0 I 3 T CARZS Fy rh A
B A A M A OCHTE (tumor-associated
antigen, TAA) Z5& X, %456 Xl i &0 a4
F B B TN B 0 200 B N A 5 e 3 i AT G
45, AN B MR PR S G BOl R IE T 2
SLEPUAR R PR SE & XA B BE n] AR X (single-
chain variable fragment, scFv ) B, 4T/ %]
I BTERT, scFv B I bL AR S eSS & 5 AT
BB AR IR Zh AL

CAR-TH L7 HETE & e 245 muft, Hrp
TARCAR-THHAEIA YT Il ¥ 5 48 Mg i B e 5 |\
W& H o 9810, CAR-THMIGYT SRR IR XE B, 2%
THEGE 2 MR MR, AL . 1R
PR W) S5 AR T TSRO, 52 HE 5
I T2 210 A B TR AEAS W A R S, 2 T
R AR AT L O SOE AR o TR R e e TR
Barb, HEr A i v e s i dE . T
ZHfifl (regulatory T cell, Treg) . &I i E 20 it

(myeloid-derived suppressor cell, MDSC) ., M2#!

F1%) e T2 A DG 15 I 4 L 55, 35K 4 288 AR ) 3 44 L ol
HCAR-T R FEIRYT RN 1 i . ARG &
55 PN A £ 28 20 Bt [R) C A R-T 40 i 1| A A ELARE
KL ANTERE , IXALRE AT RE AR CAR-TAH Y
BT BT IS S HOCHE SE i A 2R
W, Y IR S g2 4 R 240 B A B T CAR-T A I (Y 471
PohJRa 2%, Burgas ™ HE T R Gr1 4 (S At

S 20 i K MDSC ) i 43 Ak ) S ik
$iJ5i (carcinoembryonic antigen, CEA ) i) CAR-T4H
JH AT S AR s R B kL Treg e 1E & HILIA
WS SR I RGBS TAl, B 1k ARG e m)
P o ABAE R B E AR, Treg iyl PEAE AT 25
AR T 40 o B R AR M X 5 405 7 . Perna ™ 5%
K, AN (interleukin, IL) 25538/
GD2 CAR-THIMAYDIR8 55, 1R ] RE = IL-24% 5+
() CAR-THHMU 2 AR 22 B 1 Treg, PRIHCATH] 1
CAR-THHALAIE PR PR . MIAEARS NG T 7
W IL-TANRERS (i Tregd 3, X CAR-THIAERY
AT A RZ o FR I FRATTAS 2R 78 2, CAR-THH
L T T IR S 5 2%, AR T RE WL TR e TR T 45
RIFIR ORI R Z—
2 CAR-THIREE T FRAREERI G R BURA 3T

HAT, CAFZInIKATHER S RAaEsE T
CAR-THH 7 VL AE R AR BT A RUE
AAEAE NV R AR | AR g 4 2 5
# 44 ( patient-derived xenografts, PDX ) A7
Gepefg /N B R IR | [R]E R RS AR R
BERAE . P2 REREEBHIREZE RN T A
IR B g 1 I R S M T, R R PR B b gk D
CAR-THIMLIAYT RIBEAERLNY . H ETAF R EdE 2
2R R — SRR BT IR 0 BRI A Ty, i,
s R AT 9T I i is I TA A ) J2 2 2 3E A T Il IR I
BB B o ] M 2R IR AE 2 s 455 R o At it v
FFIBRHEE A, XM AEE T AR . %
HAEIEF AL RB USSR TR 4000, 1
FEMEAAe . OB REE . FONAE . . bk
R, (HFRAAEX e B R RE AR
AERANTEARE 1 M ) R ICAR-THIE )
2 T I R 4% Al e R P s R o8 R
il AR R R oK, BRI [ B2 2R A CAR-TH
SR AN 2 B AR WA W T & 12438, Beatty
2 O b IR MR ) — TR ST e W, e ALy
OB G i 1] B 2R PR DA I mRNARE 5 2 H oA
CD3zMI4-1BB{5 S R4 M BRI TN, 51k EE
FfCARZ L, MR MCAR-THIM, X Fify
CARMY 7 A LU AR LR s Yo T2 4, Hehbg
NEpaguy sl RS N G L IDIA St/ cafiy o



(P BBZAER L) 20194529557

483

A 1 R AR A CAR-T AR M7 L A2 I PR AT AF 7T
HORWI R 220, 9 — P R B R 22 1 ) S L o)
CEARJCAR-TIM . CEAJEHE M E i Wk i
SRS R I MRS, AR T MR
70%, PO T TERNIRI LA . RIARTE IR IR
HIBIE 5T A 1 0 1% 9 i s B8 i AL 455 i 910 1
M) ( prostate stem cell antigen, PSCA ) |
ANF AR F5Z{4&2 (human epidermal growth
factor receptor 2, HER2 ) . CD24HIZiHE 1

(mucin 1, MUCL) "% ST i
ZePEr I, AR A RS R A AN T
BIHT . PoseyZs ' HRIHE, W R R LR E AL T
MUC ) — BB AR SR, s Pl e S iy
CAR-THH M0y 727 R MR S 1 I 147N BRURS A JRd
BEARLPP RS AL . X — S R AT R 7R 2T
PERRIRIT RS, DR 1 B 2548 S AB I %) B 25
FEIRFPLR P RES A 2 NIKE I AL BE
3 CAR-Ti&ITERIREFERY i@ & iR IR

FEE ML R GE MR, CAR-TANMIAYT SR
MIE G AT 2, |, SRRz
FEF PG rF, BARPUR TR I 20 SO E
ZH A [A] I SRR MRS VR R s A R
INF 5 T e K B R A2t s i R R W) T CAR-T
AL 1 S VA Sz R A, PRI e B
FRIA NI AT IR L 40 T A A A e T AR P
Wz Rk, HuischE . TECAR-THIMAYT
HI, 231 SR RIS BR T2 B A% J7 V5 X HLAAR R A T 13
b3, CAR-THIM Y LN 5B S Z —7ET
TN S RE T, Z28UEE 2 CAR-TAI
JPIEN C 32 T 24 R A ML BE 25 W 1R T
C 2848 i 1700 T4 AR RN IR 9K T 4 B 1) K 1 40
I, TBE MRS B AT A2 (IR AR . 3 2
AHIE, BE T R 252 CAR-THI MUY
LRI, R R R4 2 k)T JR CD27/CD28
FIRER MO EE RS " hT
CAR-THiM H BIRE ARG Y7 SRR 1 — 27k,
K, 20T G MU N IR I A8 A AR s
M2, MR FHCAR-TAHMINAYTF T T LA % &,

H A e i CAR-THI LAY IR IR 2 K e £
(AR ] (] 2 3R o T] i 202 BRI B SR B v 7 1Y)

FERE P Br— TR O TR A ] i R B
CAR-THIMIIAYT 6 BT 5 A% 1 ok i A
K K ECAR-TAI ML, &FE31k, 38, 78
HITIND, R KA 5967 300 A G 40 i R X
T AR R, Hh 2B i R
S ANE T R Z T [ CEA R CAR-THi i
I RIS, SRR I AR B 2 o, FEfl
FH#0 15 CEARY CAR-THI IRy 7 I 2L it
FAARIE B, #ECEARCAR-TA AT
A I AP RGN R, A RERY R
R il b R A0 3535 CEA, T CAR-TH L B 1)
N Fy-T4E %K (interferon-y, IFN-y) []i}
oy AN SRS AR Z HCEA, It
JNEA R . CAR-TIM “BE#L” 5™
(IIRIE R H T20104F, —I0EF X4 B m i s i
U ERBB2ICAR-TIRIF IR FF. ez T
CAR-TAIERY SIS diF, B BB T aEH -+
A TR 2 TR i 24 B Ry, IR AT,
LR R A E K Bl e 4t R R B IR A2 8 T
CAR-THff T 70, Hitk, Sk an i
AT 38 B IR A S M DL RO T BRCAR-TAI M “Jit
Y ORR RN B . WA, A TR
BN 1 % A MR CAR-TZI M e (1457 52 1%
AR PR

T 2 C AR-T 41 g X DA A B S 44 5 7
R, PR A SR RE T 1 A8 T A I s I
PRAR B B B o I ol ok — AR o R A 40 Mk
Tk A AR BT )54 (cytolytic T-lymphocyte
antigen-4, CTLA-4) FifgpdEser [ &EH ] -1
( programmed death-1, PD-1) XSGR AT 45
PRI e A, X S PR B e, R AR
FE R P 3t B T AL FE VB O T AN A LGS % o 31X
T IR A5 97 36 A6 I TR 2R 48 bR ¥4 )7 b B2 80T R g
F, RIS, A5 B RRARR 7E PN B SER R I6 7 1A
KM 5T O A I e [ e 1] iz R A CAR-TAH i
HKAPD-1, CTLA-APUIRER XA K Boeia AR i
TR ZR G0 8N g i i R 5 ( NCT03182803,
NCT03030001 ) ] . [AA}, & 4NCRISPR/Cas9
B DR 2 R AR B R RE S A B CAR-THM 7 32524
th, 3 @ PR CAR-T 4 it B PD- 1B 1k T4 Hd#E



484

BRE, T RONRZHR-TOR6YS IRREIVIDR RAKERES

3B R % AR R /E R CAR-THA
—SEAH SC A A R TR SRS L AE A WA A B CAR-T
IR K, AR BRI A LU CAR-T
A A BE TS A3 s AN RSOV (IR, 34
HARMGIA KT CAR-T YU B A W7 el dk 54 22 42
= CAR-TZH IR YT 12t S st o
4 CAR-THHAE& YT Ik ARTE Y K Sk IR BE
MR E I CAR-THH Mk e iR G T Hh AT
REfETE RS, BUA RIS 18 Lt 4544 |
i JIR SR TR B ) 0 a4 A S BT 2 e A
HAE . GuedanE N5 I AF ST T 40 IS P9 AL
oy T4l el S AL RS> T (inducible co-
stimulator, ICOS ) B¢{4-1BBIJEHG/ER, 43 5)4&
FEFREAY 1 KRR, XS R, CAR-T
2 e T LA o e A P A S R A A X R
“HE I E B ik S i e R BR M . Sukumaran
45 20 A CAR-TAIMIAERS FRIIHRAIPSCA | He bt
£ A F-B (transforming growth factor-B, TGF-B)
FIIL-4, 33 S6 20 fpL 3 2k PTG . el e 4 e R+
(5 BIAE R RE RS B8 A RO A& (55 o TN i i
IXUCREIREE A ML 5 TR R R T T A
S R MR A TR, TR A Bl 25 CAR-T 40 g
IFRFAY 3 AT . VFZ2BE EIRIT IR R
UNCAR-TIMIB A RIR IEWATFISTING '
RN Y, SRR YOEE (fluorescein
isothiocyanate, FITC ) Fric iy 1o PEbiaim
SRCAR-TANML A YL S 38 7 ZE5URM, T4
Ja AR TR UL TR R M, AN, —deiRif
A B X A8 5 TR 114 BT A 2 i > Rt 4 P
4K A F (vascular endothelial growth factor,
VEGF ) "/ fCAR-T4fi, #541CCAR-TH 1%
T ATE )R —ARCAR-THH M pY FEht_ HERIKTRE
HEAS T, BHMETRSHEINIARRERSRS
CAR-THH L B[R & s b dg , B RTBE SR A 2 1 2
CAR-TZH I HEHIL-1253F, R sh #5255 rh
CAJER TR ERZEE 0, SRMTE I R R
A, XFhERIBCAR-THIuE1 724 T4 A&
MRS EPEIER o RAFIL- 1240 7B
ST AZ A T (nuclear factor of activated T
cell, NFAT) JgzhFi%EH#:CAR-TAIME, {HIL-12

B A0 Wb S TR Bk iR 2, (HIL- 12 A9 oS 57 i
FERCOREMERT, T B 10 R Rk it — i
e TR RE NS 47 S o 5 40 i 1Y 43 T AN C D40 1Y i
{RCD40L, ¥ CD40LIEF ik TCAR-THI I Y3
WS R CAR- T Bl AE 52 AT LA T4
PG TN, [RIES AT LU 38 55 e (oA 5%
A At G 28 20 S QA SR AR L 55, Fh bR ShAILAAR
H B G 77 R IR1 AR K o
5 BERE

TCV B AE MR R A 2R i A= b, H
A BT ST R 45 ARk M IR A i o 4t 1738
TR NS, 4 A BIRYT 7 MR SRAE T X v i
JATIORSE . W RN | e BRI R B e e
& Y B A CAR-TA0 G YY , LIS Bl s 4f
FIIE RS 38 . CAR-TA LAY BRI A Nl A,
TE 25 FUE S AR R R i)y 21 AT T,
N e

EH 24 2 R R I CAR-TAI IR YT £
B, (MR E 52 CAR-THIMIIE T B RS2 R 24
WokE, ZEIRIT IR HRTEOR B AT
BRI B, WA, TR L ey
AR B R . XTI R AR 50 A 2 1 =
% TAEEI, AT R CAR-TA IR YT 75
FEAMERL, DIl F R R, EEa LR

A i

(& % X W]

[1] BURGA R A, THORN M, POINT G R, et al. Liver myeloid-
derived suppressor cells expand in response to liver metastases
in mice and inhibit the anti—tumor efficacy of anti-CEA CAR-T

[J]. Cancer Immunol Immunother, 2015, 64 (7): 817-829.

[2] PERNA S K, PAGLIARA D, MAHENDRAVADA A, et al.
Interleukin—7 mediates selective expansion of tumor-redirected
cytotoxic T lymphocytes (CTLs) without enhancement of
regulatory T—cell inhibition [J] . Clin Cancer Res, 2014, 20
(1): 131-139.

[3] CHANG K, PASTAN I, WILLINGHAM M C. Isolation and
characterization of a monoclonal antibody, K1, reactive with
ovarian cancers and normal mesothelium [ J | . Int J Cancer,
1992, 50(3): 373-381.

[4] JIRSOVA K, NEUWIRTH A, KALASOVA S, et al. Mesothelial
proteins are expressed in the human cornea [ ] | . Exp Eye Res,
2010, 91(5): 623-629.

[5] O’HARA M, STASHWICK C, HAAS A R, et al. Mesothelin

as a target for chimeric antigen receptor-modified T cells as



(P BBZAER L) 20194529557

485

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

anticancer therapy [ J ] . Immunotherapy, 2016, 8(4): 449-460.
ADUSUMILLI P S, CHERKASSKY L, VILLENA-VARGAS
J, et al. Regional delivery of mesothelin-targeted CAR T cell
therapy generates potent and long-lasting CD4-dependent
tumor immunity [ J | . Sci Transl Med, 2014, 6(261): 261ral51.
CARPENITO C, MILONE M C, HASSAN R, et al. Control of
large, established tumor xenografts with genetically retargeted
human T cells containing CD28 and CD137 domains [J].Proc
Natl Acad Sci U S A, 2009, 106(9): 3360-3365.
LANITIS E, POUSSIN M, HAGEMANN I S, et al. Redirected
antitumor activity of primary human lymphocytes transduced
with a fully human anti—-mesothelin chimeric receptor [J].Mol
Ther, 2012, 20(3): 633-643.
BEATTY G L, O’HARA M H, LACEY S F, et al. Activity of
mesothelin—specific chimeric antigen receptor T cells against
pancreatic carcinoma metastases in a phase 1 trial [ J ] .
Gastroenterology, 2018, 155(1): 29-32.
ARGANI P, ROSTY C, REITER R E, et al. Discovery of new
markers of cancer through serial analysis of gene expression:
prostate stem cell antigen is overexpressed in pancreatic
adenocarcinoma [ J ] . Cancer Res, 2001, 61(11): 4320-4324.
ABATE-DAGA D, LAGISETTY K H, TRAN E, et al. A novel
chimeric antigen receptor against prostate stem cell antigen
mediates tumor destruction in a humanized mouse model of
pancreatic cancer [ J | . Hum Gene Ther, 2014, 25 (12): 1003—
1012.
KATARI U L, KEIRNAN J M, WORTH A C, et al. Engineered
T cells for pancreatic cancer treatment [ J | . HPB (Oxford),
2011, 13(9): 643-650.
MALIAR A, SERVAIS C, WAKS T, et al. Redirected T cells
that target pancreatic adenocarcinoma antigens eliminate tumors
and metastases in mice [ ] ] . Gastroenterology, 2012, 143(5):
1375-1384.
POSEY A D JR, SCHWAB R D, BOESTEANU A C, et al.
Engineered CAR T cells targeting the cancer—associated
Tn-glycoform of the membrane mucin MUC1 control
adenocarcinoma [ J | . Immunity, 2016, 44(6): 1444-1454.
PETERSEN C T, HASSAN M, MORRIS A B, et al. Improving
T-cell expansion and function for adoptive T—cell therapy using
ex vivo treatment with PI3Kdelta inhibitors and VIP antagonists
[J] . Blood Adv, 2018, 2(3): 210-223.
THISTLETHWAITE F C, GILHAM D E, GUEST R D, et al. The
clinical efficacy of first—generation carcinoembryonic antigen
(CEACAMS)-specific CAR T cells is limited by poor persistence
and transient pre—conditioning—dependent respiratory toxicity
[ J ] . Cancer Immunol Immunother, 2017, 66(11): 1425-1436.
MORGAN R A, YANG ] C, KITANO M, et al. Case report of

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

a serious adverse event following the administration of T cells
transduced with a chimeric antigen receptor recognizing ERBB2
[J 1. Mol Ther, 2010, 18(4): 843-851.
REN J, LIU X, FANG C, et al. Multiplex genome editing to
generate universal CAR T cells resistant to PD1 inhibition [ J ] .
Clin Cancer Res, 2017, 23(9): 2255-2266.
GUEDAN S, POSEY A D JR, SHAW C, et al. Enhancing CAR
T cell persistence through ICOS and 4—1BB costimulation [ J ] .
JCI Insight, 2018, 3(1): 96976.
SUKUMARAN S, WATANABE N. Enhancing the potency and
specificity of engineered T cells for cancer treatment [ J | .
Cancer Discov, 2018, 8(8): 972-987.
SMITH T T, MOFFETT H F, STEPHAN S B, et al. Biopolymers
codelivering engineered T cells and STING agonists can
eliminate heterogeneous tumors [J] .7 Clin Invest, 2017,
127(6): 2176-2191.
WATANABE K, LUO Y, DA T, et al. Pancreatic cancer therapy
with combined mesothelin—redirected chimeric antigen receptor
T cells and cytokine—armed oncolytic adenoviruses [J].1JCI
Insight, 2018, 3(7): 99573.
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.
WANG L C, LO A, SCHOLLER ], et al. Targeting fibroblast
activation protein in tumor stroma with chimeric antigen receptor
T cells can inhibit tumor growth and augment host immunity
without severe toxicity [ J ] . Cancer Immunol Res, 2014, 2(2):
154-166.
CHINNASAMY D, TRAN E, YU Z, et al. Simultaneous targeting
of tumor antigens and the tumor vasculature using T lymphocyte
transfer synergize to induce regression of established tumors in
mice [ J ] . Cancer Res, 2013, 73(11): 3371-3380.
CHMIELEWSKI M, HOMBACH A A, ABKEN H. Of CARs and
TRUCKSs: chimeric antigen receptor (CAR) T cells engineered
with an inducible cytokine to modulate the tumor stroma [ J | .
Immunol Rev, 2014, 257(1): 83-90.
ZHANG L, MORGAN R A, BEANE J D, et al. Tumor—
infiltrating lymphocytes genetically engineered with an
inducible gene encoding interleukin—12 for the immunotherapy
of metastatic melanoma [ J ] . Clin Cancer Res, 2015, 21(10):
2278-2288.
CURRAN K J, SEINSTRA B A, NIKHAMIN Y, et al. Enhancing
antitumor efficacy of chimeric antigen receptor T cells through
constitutive CD40L expression [ J ] . Mol Ther, 2015, 23(4):
769-778.

(ki H Y. 2019-06-02  {&[al H]: 2019-07-01)



