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T EASAL G A K A91E R . 45 % & 95 GPC3-BBZ CAR-T @@ /iaA81k, GPC3-BBZ-7x19 CAR-T m/it L& B 1% 4435 74
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S BB 1)y RAR P 89 GPC3 Fa M AT 4m 078 A5 AL JE AL AL . B s ¥e @) GPC3 49 % WX CAR-T 4/t (£t IL-7 #= CCL19)
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RAET W6 R ATHT R AR

Bl BB G RAE 3, M@k, %o RTIKSIH T @i, i, E4, LF ek

Received: March 7, 2020; Accepted: April 9, 2020

Supported by: Science Foundation of National Health Commission of the People’s Republic of China (No. WKJ-ZJ-1928), Science and
Technology Major Projects of Wenzhou (No. Z52017014).

Corresponding author: Jimin Gao. Tel: +86-577- 86699341; E-mail: jimingao64@yahoo.com

R DA 2R St RIS (No. WKJ-ZJ-1928), il i LR BHE L3 (No. 2S2017014) Billl.

[ &% H RR A [] ;- 2020-05-12 [ 4% Hi BB AL« http://kns.cnki.net/kems/detail/11.1998.Q.20200511.1827.001.html



980

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

Construction and function of Glypican-3-targeted
fourth-generation chimeric antigen receptor T cells (secreting
IL-7 and CCL19)

Wanli Huang, Yu Liu, Yaodi Hu, and Jimin Gao

School of Laboratory Medicine and Life Science, Wenzhou Medical University, Wenzhou 325035, Zhejiang, China

Abstract: Adoptive immunotherapy based on chimeric antigen receptor-modified T cells (CAR-T) is one of the most
promising strategies to treat malignant tumors, but its application in solid tumors is still limited. Glypican-3 (GPC3) is a
meaningful diagnostic, therapeutic, and prognostic biomarker for hepatocellular carcinoma (HCC). The second/third
generation GPC3-targeted CAR-T cells are generated to treat HCC. In order to improve the therapeutic effect, we constructed
a fourth-generation lentiviral vector to express GPC3 CAR, human interleukin-7 (IL-7) and CCL19. Then the lentiviral vector
and packaging plasmids were co-transfected into HEK293T cells to generate CAR lentiviral particles. Human T lymphocyte
cells were transduced with CAR lentiviral to develop the fourth-generation GPC3-targeted CAR-T cells (GPC3-BBZ-7x19). In
vitro, we used cell counting, transwell assay, luciferase bioluminescence assay and flow cytometry to compare the
proliferation, chemotaxis, cytotoxicity and subtype distribution between GPC3-BBZ-7x19 CAR-T cells and the second
generation GPC3-targeted CAR-T cells (GPC3-BBZ). In vivo, we established GPC3-positive HCC xenograft model in
immunodeficient mice, then untransduced T cells (non-CAR-T) or GPC3-BBZ-7x19 CAR-T cells were injected. Tumor
growth in mice was observed by bioluminescence imaging. Results showed that compared with GPC3-BBZ CAR-T,
GPC3-BBZz-7x19 CAR-T cells had stronger proliferation, chemotactic ability, and higher composition of memory stem T cells
(Tscm) (P values<0.05). However, there were no significant difference in cytotoxicity and cytokine secretion between them. In
addition, GPC3-BBZ-7x19 CAR-T cells could significantly eliminate GPC3-positive HCC xenografts established in
immunodeficient mice. Therefore, the fourth-generation GPC3-targeted CAR-T cells (secreting IL-7 and CCL19) are expected
to be more durable and effective against HCC and produce tumor-specific memory, to provide a preclinical research basis for
future clinical trials.
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4 ffe 9%  (Hepatocelluar carcinoma, HCC)
JE— P PRI, R A BRYE B N i D
PERRET, o5 R PEIPE 2 90% M RGFARYIRR |
%% 8 O 3 Bk b 97 B 2E R (Transarterial
chemoembolization, TACE) 2577 1] HCC i
g e S (R R B4 R TS
COEME ], XERYTIFRA AR E RO, R
P e . BRARE . RARE e A 3G E A A 2
545 )% (Food and drug administration, FDA) it
HERIRTT IR HCC 1y —2kak — 220, Hlf Ry7
BATAE—5E (1R BRI IR 8 )75 ST % 3T G
FWIRTT IR HCC B .

mEPURZ K (Chimeric antigen receptor,
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CAR) &Ml T 40 M SR 7 bk O RS2 —Fh Ak
WA T B IR S ) ELT DR S 1 i
AR, IR R BEALHEL SY (Major
histocompatibility complex, MHC) R il &4 77 =314
B A il CAR iR B IF 45 4 iR 2
it 2 T T A B Ah BRLBE BT AT AR Be (Single
chain antibody fragment, scFv). 5B FIlE A (5
SR ORISR . B A A CAR-T i
R — R SR 22 A — AT A i T
4 CD28. 4-1BB S5 T 458 ™ CAR-T ZHfiL i 1k |
WA A AAFRE T1 o BB A CAR-T (X LR Ny
“TRUCK”) WIZEfE4EH CAR ZhiA& E38Hn T 4t
YA F R SRR, AT DA IL-12, IL-15 S84



EPEF S/5EE GPC3 MENKRESHNRSZA T A (93 1L-7 F CCL19) AIELIRINEE

MLPR ¥, AT ek % CAR-T 4 M 94" 14 A APk,
R T H N T S B 0 i 8 SR BB A ik A A Y

R mELEE S 11 2805 3 (Glypican-3, GPC3)2
Wil Z eI 2 & LR B Glypican S8 b1 i—Fh
Ham LR BE RS (Glycosylphosphatidylinositol ,
GP1) HETEAMIZTH . GPC3 L0 1 h 580 14
MM, K/NHR 70 kDa, HEHHEWZE HCC
Him Ik, AR K 2 Eia B i BUAE & B T e ik A
3|28 GPC3 % F HCC Kol j&—Fh v & XY
W IR FEUS TEAL AR AR S . R E T
DIAE R A A B2 0 e AR G BT e, T 4 )
HCC ) CAR-T 4iififi, F52 b, CAMREWE T
# GPC3 55 —/=4X CAR-T 4y, I-7Esh Wik
PR IE T T 4t bk sl 2 E R R GPC3 BH %
FT 440 90 s LR 4 17 2 e

HAR CAR-T JF IR AEIRYT MR R G0 g v
B8 7T E RS, Fhn 2017 4R CD19 YA
CAR-T 4 fifg =& Kymriah F1 Yescarta # FDA 73
SRR T 2 R META R 2 B bR B 4 T il s
FISEIAPER B 20 bk B8 4 & ey oy s,
A H AT CAR-T 4 fita i S 1488 i 97 38R SR A B o
SRR Z 7 H Y - SEARE R A R IR Z AR ]
AT, R i = g 4 S B AR 5 g SR
WEERYAFAE ] LU CAR-T 4G #; CAR-T
£ LA PN P 4 0 BT i) et 4

ABFE HhIRAT TR T — P ) GPC3 By L
CAR-T ZHi}fd (434 IL-7 A1 CCL19), HH IL-7 &
T RS R R BT T, AT DMESE T i
W, XTYEREAN T UM TG S AN B AR
A ceL19 g F CcC Ktk H 7, FILIs4E
T 40 AR SR 40 (Dendritic cell, DC) #&iF 3
e S L VAR I N T PUR L AN 0 AL A
GPC3 CAR-T #4fifi (GPC3-BBZ-7x19) 545 —4{
GPC3 CAR-T 4l (GPC3-BBZ) 7eiist . iT# .
ERVFI R SE T Be 7 IR A 25 5, DA B AR g WL 5¢
GPC3-BBZ-7x19 CAR-T 4 it X} 52 B /) Bl A

% : 010-64807509

N HCC e A /E FHRCR: , IHEE A GPC3 BHYERY
JHF 400 o 98 3R AL BT IR 97 TR

1 #mREF%
1.1 ##
1.1.1 SEmkR

MR EEHA pLenti-T2A-Luc-GFP . 2% i i
pLP1., pLP2 il pMD2G H AL HEIF A7 . #E
] GPC3 MM EHi IR E X (4A11) W& A4
WL IL-7 1 CCL19 FE A F Bz b 75 M 4 ME R R
ARAFGM. N EEANfZR HEK293T FIA
SOPE T 4 i A i R Jurkat 1 3 [ P A AR
jet - C»  (American type culture collection, ATCC).,
NP ZR L 2 Huh7 . Hep3B Hil HepG2 b [E R}
2 B A6 M B I o T KR E e IR K (Specific
pathogen-free, SPF) Ziftt . 4-6 JEE AT NCG
(NOD/ShiLtIGpt-Prkdc™26¢%2 |12rg®m26C922/G pt) ]\
WU B/t AR YR AR A F, shiWA:
PR AIIES S SCXK (F57) 2019-0009., /) B F: T
TN BB R 2 S B0 Sy 0 ) SPR R SEIR L 3
YIRFEVEATIE Sl SYXK (#) 2015-0009., A<HF5%
Hh ) SO0 T i BRI N R R K 2 IR 2 S s )
PR DL R 1 S A0 B A 101 1A TR DG HRAE
1.1.2 A

TransStbl3 &2 8 T Rl e WA A
Al ; DNA JE [0 6 F 26 [ Axygen A A 5
Rl PN TG T 5% ) New England BioLabs /%
w5 JoBE e REIRGR G A R MERE A R
Al R AR N &0 B 7R E QIAGEN A Fl; PE
i\ CD3 #ifk . APC $ii A CD45RA #iffk. FITC
Pt A CD45RO #ifk . PB it A\ CD62L #ifk, APC
P IFN-y JrikIyie 5 52 [E BioLegend Al ; B
P\ GPC3 HrgEHTIAM FITC ARICI I L 19G
(H+L) $ilk. PE Fric s EMZE (PE-SA) A
Z[H Thermo Fisher A+ ; ¥ EFric i) F(ab’)2
A BALERL A 1gG T35 [H eBioscience /2] ;
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FITC #xic i) N\ GPC3 & 1) A £ & AcroBiosystems
25wl IL-7 F1 GM-CSF 21 Jifd P54 3 7] 5 0 B
BUNERHAE Y B R A B2 E] 5 CCL19 4 i [F -4
AR & B KR A R A B A E] A
IL-2 Wy T35 Prprotech 23], D-(-)-2¢ ¢ &K M H
A YR A BR A E] s SREERE (polybrene)
W A 3£ Sigma 2~ ) 3 R LB (Polyetherimide,
PEI) 9T 358 Sigma 23w 4 3% % 3 LA oS
FIEF 2 Gibco 24 FH]
1.2 F&
121 EBRERAREMAE LA

GPC3 CAR Hi# [i] GPC3 (] 4A11 B S e hi ik
) g ] A8 X 5 N CD8a, 4-1BB F1 CD3¢ 4 .
Beit519 (% 1) %} GPC3 CAR HEXFIAJA IL-7-
CCL19 HBtiff7 PCR, Pl HESEM PCR #
IL-7-CCL19 H Bt GPC3 CAR FBGEHE (3 M
Beal Ll 2A A BTEIKERIT), LA Miu T F1 EcoR 1 R
il 1 T U 57 0 il U0 02 1 R AR UK pLenti-TLA-
Luc-GFP, il Jo4% sk GPC3 CAR h Bifil
GPC3 CAR-IL-7-CCL19 H B4y 4 Az ik iy
A AU CAR 18 #ii& GPC3-BBZ F1%4 AL
CAR 875 # 3%/ GPC3-BBZ-7x19.

JoRE 3 2ok 5 =AU T RS AT R
. Wifs EP B, JPMAE RN PBS, 7EH 1
PBS 4l im A — & 1) H i itk GPC3-BBZ/
GPC3-BBZ-7x19 53k iuki pLP1 .pLP2 .pMD2G;
TE45 2 45 PBS LA PEI, ZEIRIEE 5 min; ¥
82 EIRAWIMAL LEd, BRI T
H 20 min, JERUFR-PEI 58 KHZE AWM
AN B R 70%-80% 4 293T il il k% 37 3k

R1 RHMERFSY

Table 1 Primer sequence for plasmid construction

37 C. 5% CO, i3 535 48 h 5 U 4E b1y,
FH 0.45 pm I8R5 8055 B Dt v R 6 2500 AR AR
BEWRAR
1.2.2 {@EEASMNE M CAR-T 408 4 B 4 5E

FIFHAE Mtk 40 A 53 259 Ficoll SRHUEERA
SME I B Z 40 (Peripheral blood mononuclear
cell, PBMC), %M T 4 SWiEkEEZ A
1: 1A a-CD3/0-CD28 HiiA L ui i mEER 43 85 A
T 00, FFE T 10%I03% 1 100 pug/mL I1L-2 [y
AIM-V E53R3Erp 3R 24 h 5, S A
CD3'T 4iffl, FRANFLIMA 0.1x10°4> T 41 g A
JRYL K (Multiplicity of infection, MOI)=10 ¥
W EE 4R (GPC3-BBZ i, GPC3-BBZ-7x19), &%
FRIELANFFE 200 pL, I F A FL 0 R EE
(1:2000), 1200 r/min Z.0> 90 min, SRJ5H T4
MUBEFEAE T, A h JEHR . BSOS ARG AR
Tl 2-3 d AhFEEE RS LA Hl4 1 CAR-T
2 i1 43 51 5 4 - GPC3-BBZ CAR-T 4 Jifd Fl GPC3-
BBZ-7x19 CAR-T #4iiffl, ¥ R&EMeFEPEMIAN T
0L (non-CAR-T) 1 A FAH: X HE

Bt 5d Jany T 400, H FACS (H 50 mL
PBS il 1 mL Jif 4 iy e il ) Ve AL, 250
F WM ; A 100 pL FITC #Ric i A GPC3 &
1 (TAEMEE R 3 pg/mL) TR, 4 CHY
60 min, #RJ5H FACS BE¥ 3 W, M40 AR
R T 4 TE CAR MYk 1E 5
1.2.3 FOLRMAEY ALK CAR-T MM
AR TS

it FH BT GPC3 L3 BEH LA FITCARIC Y
P 19G (H+ L) $itik (Zht) X segaesrh 4

Primer name Primer sequence (5'-3") Size (bp)
GPC3-F TAGCCCCGGGGAATTCACCGCCATGGCTTTACCCGT 36
GPC3-R CCTGGGAGGCAGGGCTTGCATGTG 24
IL-7-F CACATGCAAGCCCTGCCTCCCAGGGGCAGCGGCGCCACCAACT 43
CCL19-R TTGTTTAAACACGCGTTCAGGAG 23
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=i Z/50@ GPC3 NEMKIRAMESIA T MM (95 1L-7 1 CCL19) RIRIARINAE

JiF9ea 4N e bk Sk-hepl. HepG2. Huh7 #il Hep3B it
frgeta . Fw A AR K GPC3 FikK -,
F pLenti-T2A-Luc-GFP 1&g # ks T ik GPC3
FIR MR AN, SR )5 8 i Sk GFP PH M4
Mo, MEKA . RERE GFP ML R M
(Luciferase), H.FiAR7E 90%LL 4 240 bk >k
TR A 0525 . 16 96 FLANMIE: Tt b A
0.01x10° AN ffa ffi FLI B, FHEALHE L 2 0 1
5:1,10: 120 1AL T 408, fE4ik
B 3NESL. FHAMNEE A 5 R
R BEFL AT ddH,0 B 2 5 41 % BH 1 %o B
fL, B4 3N AL. A AN 4 HepG2 .,
Huh7 F1 Hep3B, & 40Af4 non-CAR-T. GPC3-
BBZ CAR-T 4iifl #l GPC3-BBZ-7x19 CAR-T 4 Jif1 ,
AT FR I AIM-V T 458 215 535 Al
WEH )G, # 96 fLil & T 37 'C. 5% CO, il %
FATREFE 24 h, RIGHE B PINAZSEK B
JIEY) D-(-)-2 6%, BEOLIFE 10 min, {H FHEEARY
K5 SGAE , 4% 2H CAR-T 4 g %) il 40 it 1
AN R R 242K =(Max—V)/(Max—Min)x100%.
(Max: Hnseam e s 52 AL 9O H ; Min:
ddH,O HEMANMFLAY DL ; V. SO 4 i3t
I B FLINAS 128 1)
1.2.4 ELISA BN CAR-T HH4H A8 1L-7 F1
CCL19 i 7K

B3R 2 5 d A1 10 d (9 CAR-T 4ififu 3%
I, 300 r/min 2.0 10 min 5 EBUTTEY, HRHE4H
i D] G D AR R, SR U A e O I A
CAR-T 4 /) A IL-7 (Human IL-7) F
CCL19 (Human CCL19) 4ilfifg [ F/K¥-, ¥ B
Jei , fdi I BEAR{XAE 450 nm 525 OD fH, #R4EAR1E
1S W 2 L S DA DN S R
1.2.5 CAR-T 40HEiE kA A

PN S MR AN Fe 10 1 RIS L 3L
H 24 h, B3 300 r/min 2.0 10 min J5 20T
TEWD, SRR A CAR-T 41 43 A

% : 010-64807509

GM-CSF W/K¥-. KB E)5, AR 7E
450 nm EHL OD {8, MR FEAnifE M &It 5 44 b
AF R P 200 B R 7

SR TRVRE 19 24 S0 40 B -5 e 200 Pt 24 7 3
W, HAE RIE A S /R ELRBHKT R (3518 BD
), 6h DUSE T AAESE r et . Jevbik T 40
fa, FH PE ARicBIPL A CD3 Hrikyefa, Jrikln
b, 2 R P e G TR e A R R e
TZLE T A0, FARE S A9 APC BT IFN-y 3t
RER T4, FIRME 40 min, Ye@sg s A
FACS ¥ ¥ 4N i I F i =X 4n B ASCR: o T 40 it iy
IFN-y 73 WK
1.2.6 HEEM CAR-T 47K

¥ ¥ A [ MOI #% =% ¥ 9 GPC3-BBZ
CAR-T 4iiffi fl GPC3-BBZ-7x19 CAR-T 4l o4l 7&
96 fLHH, 0.1x10° IN/AL, HAEE 3 1MEAL,
JEF 3. 5. 7. 9d B X E, 4filE
K ¥ GPC3-BBZ CAR-T 4 /i fil GPC3-
BBZ-7x19 CAR-T 4l it £k K 3 FiF
1.2.7 Transwell SEE40 CAR-T 40 il a1k Th e

WIEFRES 5 KM T 408 EW&H, B
non-CAR-T #ifffi'® T DynaMag™-5 #4148 FJit
%, 1 500 r/min B.0> 5 min, 3 bW, K0T
Buffer I (50 mL PBS Hilil A 250 pL I 8 Bi #i ifii
M)V G E A, FFit4, A 5 umol/L CFSE H &
(1x10° 4L fin 100 pL CFSE), #6710 min,
SRIGH T A58 45 IR 5L VR 3 k. K transwell
AN 24 FLARH, FREHMA 400 pL AKF
) CAR-T Aiffuts 3% 13, E=EH A CFSE #rid
B9 T 400, 0.2x10° /100 pL, SRIE¥ 24 Ltk 'E
F 37 C. 5% CO, ¥i3e At 7%, 2 h JFHU 24 1L
Me, WM T, I BTEBETEN T
i Mgl .
1.2.8 WRAMEARKEI CAR-T 40 I 5 41

B 3545 5 K89 CAR-T 40, FH i = 4 4%
iRl B i TRV RV (S S i S LS EE I )
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APC #it A\ CD45RA #iifk . FITC i A CD45RO #i
&, PB Hit A CD62L Hifk. M EIRILH F(ab)2
A BALAEHTN 19G Fl PE Fricd AY%E 3% f1 K (PE-SA).
1.2.9 /NRIF40 R AR LA CAR-T
HHEIRTTRCR

WA Ak T A= R X BOM Y Huh7-Luc-GFP 4 i,
BT NCG /NI IE IR, A RN R
1x10° 4~ Huh7-Luc-GFP 41 il . 4 Ji g 2k K =
555 REF, /DL 2 4, 3 HU4,
A5 A/ BRI 2o 2 7 2 500 e S R 0 ) e
7t 9.d () CAR-T 4iiJl . 8x10° > non-CAR-T 4l i1/
H/NE (X B 4H); 8x10° 4~ GPC3-BBZ-7x19
CAR-T 4t/ H/NEL (B2 4). B0 5-7 d A=
W) 2 6T AR AR ASCRS I /N BUIAR A g A A Bl
INRRE; CAR-T 4555 28 KR4/
SR, 38 2 G 2 A0 AR A /N BRUAM R I CD3'T
LN CAR-T A A AE AE A5 100 o
1.210 St

X Fl GraphPad Prism 6 #F it 148 1240 o
JIRA LR s A 3 K, S5 A LAY Bhn o 22
(X+s)Rn. Pl BRI FEAS t 4G50
Z A ] F R PSR 22 sl R 28 7 2250 #7 . P<0.05
NERAGERE S

2 ER5AW

2.1 AINHEEH SR GPC3-BBZ #1 GPC3-
BBZ-7x19

WK 1 fin, GPC3-BBZ # M4 myHi BRI A
BOR BEEXT GPC3 Hiik 4A11 By s AT AR X, FL
JE i N CD8a (B X A IEEL) . 4-1BB
(GLRIE 5y 7) AR CD3C (T 4 if L),
GPC3-BBZ-7x19 7 GPC3-BBZ f3Lali - - A5
IL-7 #1 CCL19 43¥-, /Al 2A ABTYIRKRRIT. LA
b2 AR R A e U , 23 ARLIT FR IR Y
YIS L e H g e AR AT IR A /I, OF
SEIEHT, SRS B8 SRR,
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2.2 mIN#|&E GPC3-BBZ CAR-T 4HAaFN GPC3-
BBZ-7x19 CAR-T #Aiff1

PRIIAE S B AR TR, S ke Tk
LYy 203T 40 ML AT 1800 FE A0k, ARG S il
GPC3-BBZ #il GPC3-BBZ-7x19 W& E:; RI5LA
AHTA 1 SR 52 B30 (g R N A1 i B2 i) CD3'T
4L, 45 GPC3-BBZ CAR-T 4ijififl GPC3-BBZ-
7x19 CAR-T 4iififl. 35755 5 KA FITC E#dnid
B di Ak GPC3 25 FIAGIN T 41 i3 % 167 CAR 13
KB, 4R E/R CAR WIEiET GPC3-BBZ
CAR-T #iJfifl GPC3-BBZ-7x19 CAR-T 4 Jifi 1 ,
HWi&zZ B L 825 (P>0.05, & 2A-B), it
BRI CAR S EENT T 40 M AL e ST A2 .

2.3 GPC3-BBZ-7x19 CAR-T #HAf1E{Ih 5 i
IL-7 #1 CCL19 F7EKRIMFRIMEIGIE . #E1k.
BT

AT IL-7 B AIM-V 5323800 T 41
PEATRE IR, IR IR 5 KNG 10 KA T 40 ks
7% b3, F ELISA 3L F iR 1L-7 F1 CCL19
W EE (B 3A). 45 3KD], non-CAR-T Fl GPC3-
BBZ CAR-T iU ay %75 L i v A R 21 5 i #p
RN, 1 GPC3-BBZ-7x19 CAR-T #Hfitft) 5%
% EIEHAIE] 1IL-7 A1 CCL19 Ay, FF HFE
FESRRESE I, Wk Ew A B, Z25A%
T2#7E L (P<0.000 1) L] LLkfT T —25 4%
H DI BE R IE

H PR CAR-T Aliffirssane /1, FATH
45 GPC3-BBZ CAR & GPC3-BBZ-7x19 CAR ¥ji
B T LA R E R TE 96 Ltk , A5
RXF T AiEdEfitE. 450 (& 3B) KHH, M
7 RIFh, GPC3-BBZ-7x19 CAR-T 4 ifl it %5 & 1
%2 F GPC3-BBZ CAR-T 4iififl, % F A G it
X (P<0.05), #5545 7 K4 F . GPC3-BBZ-
7x19 CAR-T 4 il sl AT A= K, Ui B A kA8 4E, H
# % KT GPC3-BBZ CAR-T #1 Non-CAR-T 4il ity ,
VLA A3 1L-7 B955 U/t GPC3-BBZ-7x19 CAR-T
2 L 3 R e 0T AR
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S'LTR

- Signal peptide D Linker

VH VL- 41BB CD3{ =1 WPRE [ A3'LTR

VL- 41BB CDSCU IL-7 UCCLI‘) =

I D8 hinge B cDs T™

WPRE [ A3'LTR

(CJrea [ Jra

1 1BfREH K GPC3-BBZ #1 GPC3-BBZ-7x19 HIfRAIME R = &

Fig. 1 Design diagram of lentiviral vector GPC3-BBZ and GPC3-BBZ-7x19. GPC3-BBZ: the human GPC3-targeted
second generation CAR lentiviral vector; GPC3-BBZ-7x19: the human GPC3-targeted fourth generation CAR lentiviral
vector which can express human interleukin-7 and chemokine CCL19.

A B _
Non-CAR-T GPC3-BBZ GPC3-BBZ-7x19 S 100p ns

= R —
3 80r

T o

. 0.53 76.3 774 <

2 — U 4of

= G

Q =]

2 E ZOF

= (5]

8 b ' :"‘; 0
&~ GPC3-BBZ GPC3-BBZ-7x19

CAR expression

2 ARG CAR-T Hf%KE CAR MRIEER
Fig. 2 Chimeric antigen receptor (CAR) expression in GPC3-BBZ CAR-T cells and GPC3-BBZ-7x19 CAR-T cells. (A)

CAR expression was detected by FCM assay. Representative data from five independent experiments are shown. (B)
Comparison of CAR expression between GPC3-BBZ CAR-T cells and GPC3-BBZ-7x19 CAR-T cells. Data represent
the X+s of five independent experiments. GPC3-BBZ CAR-T and GPC3-BBZ-7x19 CAR-T: the human T
lymphocytes were transduced with lentivirus encoding GPC3-BBZ or GPC3-BBZ-7x19; Non-CAR-T: the human

untransduced T lymphocytes as the negative control.
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Fig. 4 Cytotoxicity and cytokine secretion detection of GPC3-BBZ-7x19 CAR-T cells in vitro. (A) The glypican-3
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Data represent the X +s of triplicates. ***: P<0.001, ****: P<0.000 1, n=3.
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Fig. 5 Effect of GPC3-BBZ-7x19 CAR-T cells on the growth of GPC3-positive hepatocellular carcinoma xenograft in
NCG mice. (A) NCG mice bearing Huh-7-Luc-GFP xenografts were intravenous injected with 8x10° non-CAR-T or
GPC3-BBZ-7x19 CAR-T cells on day 5. Mice were imaged weekly. Tumor growth was assessed by total bioluminescence
signals. (B) The weight curve of NCG mice after incubation with different CAR-T cells. (C) CD3" human T cells in mice
peripheral blood were detected by FCM assay. (D) CAR' T cells in mice peripheral blood were detected by FCM assay.
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