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(HWZE] Hry FIFHPKEE B(granzyme B, GB) Ji5 g1 4% i € 45 [ (ferritin heavy chain, FTH1) 4z
HEERIERIR PRVl LR 1R (magnetic resonance imaging, MRI) Wi G405 524K T 4Hi 1 ( chimeric
antigen receptor T cells, CAR-T 4}l ) SOE AR I ATME. Jjid @i Ficoll %25 FEASEE 2.0 L Kt =X
I3 IEAT B AR T K EL 40 ( cytotoxic T lymphocytes, CTLs) . K¢ GB Ji3 )7~ FTH1 Je [N %42, 1% 7]
TMEVR FR AT 4TI 1 I8 ( disialoganglioside 2, GD2) 4% A5 PR 32 44 ( chimeric antigen receptor, CAR) LL18
B NS A CTLs, #9% GD2-CAR-T/pGB-FTH1 4 Jifg, LA GD2-CAR-T/pCMV-FTH1 GD2-CAR-T #I T 41
Ja A%t BE . CytoTox96@ ={E OSP4 40 27 1 A6 00 45 20 40 Bt 5 N b 2 B8 40 99 400 it ( SK-N-SH) JL 1% 37 5
PIARAROR  ELISA 6 I L0055 K - D) e GB 43 ilh i, Western blot 356+ 5 Y 8 4t L MRT 5 45 5%
J5 FTHI JLRFEE, 859 I3k CTLs 3443 GD2-CAR-T/pGB-FTH1 ,GD2-CAR-T/pCMV-FTHI |
GD2-CAR-T 4l , 3 2 4 o) o 4 AR R AL & 7 LA Je GB 3 b i ¥ o 25 5 T 40 a4, GB
FEKFAE S SK-N-SH 4ifu 355 1 d £ ,3 d 17 d R IRIEAK. GD2-CAR-T/pGB-FTHI 4 FTHI
FEXFF IR DA SRS i 5 GB Rk —3 MRI {55 28 Wi 7t & 4%, GD2-CAR-T/pCMV-FTHI
20 FTHI AR5 8 B i 2 MRI {5 S 7E & B (] X 0 i 35 25 5% GD2-CAR-T # T 4 i 28 o W
FTHI 3k BORBRAN . 8518 T GB 3371y MRI 45 JE 5 A% nT S S e CAR-T 4 i) GB 3=
RACE R A ER o CAR-T G 7 AL 17— Wil 40 s RS i ) AL T
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Magnetic resonance imaging based on a granzyme B promoter-driven reporter gene

expression monitors CAR-T cell activation
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[ Abstract | Objective To investigate the feasibility of granzyme B ( GB) promoter-controlled ferritin
heavy chain (FTH1) reporter gene expression for monitoring the activation status of chimeric antigen receptor
T cells (CAR-T) by magnetic resonance imaging (MRI). Methods Cytotoxic T lymphocytes ( CTLs) were
screened by Ficoll density gradient centrifugation and flow sorting. The GB promoter and FTH1 gene were
ligated together with disialoganglioside 2 ( GD2) CAR, and lentiviral vectors were transfected into CTLs to
construct GD2-CAR-T/pGB-FTH1 cells. GD2-CAR-T/pCMV-FTH1, GD2-CAR-T, and T cells served as
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control cells. CytoTox96@ non-radioactive cytotoxicity was used to detect the killing effect of each group of
cells after co-culture with human neuroblastoma cells ( SK-N-SH ). ELISA was employed to detect the
coincubation factor as well as the amount of GB secretion. Western blotting, Prussian blue staining and
cellular MRI were applied to detect the expression of the FTH1 gene after co-culture. Results CTLs were
successfully obtained, and then GD2-CAR-T/pGB-FTH1, GD2-CAR-T/pCMV-FTH1 and GD2-CAR-T cells
were constructed. The killing effect, co-incubation factor and GB secretion of the above 3 groups of cells were
significantly higher than those of the T cells, and the level of GB expression was highest at day 1, and then
decreased in order at day 3 and day 7 after co-culturing with SK-N-SH cells. The relative expression of FTH1
and iron content of the GD2-CAR-T/pGB-FTHI cells showed the same trend as GB expression, and the MRI
signals were gradually increased. There were no significant differences in the relative expression of FTH1, iron
content and MRI signals in the GD2-CAR-T/pCMV-FTH1 cells at all time points. No FTH1 expression or iron
aggregation was observed in the GD2-CAR-T and T cells groups. Conclusion MRI based on the FTHI
reporter gene driven by the granzyme B promoter can reflect the GB expression level and tumor killing effect of

CAR-T cells, which provides a potential real-time visual means to monitor the cell activation status for CAR-T
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therapy.
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ETURZAR T 48 i ( chimeric antigen receptor T
cells, CAR-T Zifi0) 7 Ay —FloBi 6 97 820, 76 B
20 S 1ML 9 2R MR R T TP R B T i
PRACR o SR, 78367 SCAAR )5 ifd, H AT CAR-T 4
JRLAS YT R8O T AN BRALL, Al BB J2 i 98 ol B0 35 52 2 % e 9 4
I S PR 2 PR 25 52 3 CAR-T 41 Mg AS il >
FIFH A4 T Btk CAR-T 41 g (3805 AR S AT 3h 24
WA B oA S PEAG CAR-T 28 M iy 7 50T
L JRRIRTT I 5 Rl it e #F CAR-T Ja 97 5214
AT

WURLEG B (granzyme B, GB) /& T ik I 21 ifg J0k: o
M —Fh 22 Z IR 1. 24 CAR-T 20 45 & i 45 5+
PEBURUS , SRR B GBI H B 40 i A 5 LA 49 i
T4, IR, GB 0 b e 38 BT AR R L L
GB B8 Tk s L4k ( magnetic resonance, MR) i
B KGR, A 9 S A R 3 4R 18 ( magnetic
resonance imaging, MRI) Wil GB &3k, D\ 8] 42 S ik
CAR-T i A3 IR

B FEEFof 41 25 B 21 98 ( neuroblastoma, NB) , DA
Jir IR AR S PR I VR R A 2219 H I ( disialoganglioside
2,GD2) Jy#ibr, 5 GD2-CAR-T 40, 351 A GB J4
ISR MR i 5L R 2R 1 (pGB-FTHL) , #312
J7—R1E CAR-T 40 d, 76 CAR-T Zi iR 97 A&
R 98 40 o FE ob, A 8k B (ferritin heavy

chain, FTH1 ) 255k 72 4 MRI {5 2 25 4k 3k J it CAR-T
AR RES , i CAR-T 40 J03E 7 A0 S B W i 42 {1t
— Pl AT B o

1 HESH®

L1 A4

L1 4 T R E 40 3 DR R R R~ B s L
NV D WA G 2 (1N U A 0N LY S NE S o
JUEE B& e {6 B 2 51 25 it uE (7 v] ik % . CHCMU-
TACUC20240111010) . A2 BE 40 (SK-N-SH) £ i
FHLERR R T G0 R P B R L 2 R AT
1.2 powi Ktgss: BOREE B S 85 FTHI IR
WE AL A PR 52 4K ( chimeric antigen receptor,
CAR) 18k B AU 2E R AL b [l DR A
L1.3 F25 G4 L% MEM 1% 37 2 1l [
Gibeo 23 H) 3 1 & 1L ik 4 400 B 70 B9 9 W) 1 R R BT
F) 5 M ER LA VR (ferric ammonium citrate, FAC) Ity
H Sigma 23 7] ;T #REAAALEGE R (T Cell TransAct,
Human) T B 20 i 5% 57 3k ( TexMACS GMP Medium )
Ky B & K 2~ 7 B4 &R 2 (IL-2, Human) g A
peprotech 2 7] 5 it 240 i A A% I Jir i PE-CD3 | APC-
CD4 . FITC-CD8a, BV421-CD25, PE/Cy7-CD69, APC
Isotype \FITC Isotype .BV421 Isotype F1 PE/Cy7 Isotype

YW B Biolegend 2% w5 4 JitL 3 5T /R 5 9% R £
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(CFDA SE) lty H K% Y H ARG PR A ;s Ferritin
Heavy Chain Rabbit pAb GAPDH Mouse mAb (HRP) |
Goat Anti-Rabbit I¢G H&L( HRP) ¥ty H 1IE GEA= ¥4 A
A R 7 5 CytoTox96 @ A g Shf 44 240 B 2 1 A 0 3551 &
W H Promega 4\ #]; Human GZMB ( Granzyme B)
ELISA Kit g 5 i3 FE B A YR BR A 7] 5 A TL-2,
IFN-y ELISA 385 &1 B IR S 7

1.2 Fik

L2.1 ety d s SRR N D)
BEHE AL AT A4, 71T PCR 15 il 5 H A9 5L
B, DR S 20 07 206 H 9 B Y PCR 72419331 i%
P AL MEAIE o B A 1 2 va B v, 4R A5 pLV/
GD2-CAR-pGB-FTH1-EGFP-puro, pLV/GD2-CAR-pCMV-
FTH1-EGFP-puro 1 pLV/GD2-CAR-EGFP-puro 3 5
AR R BUA TORL , T 27 4

1.2.2 BIRERERE A B IER R R OR
B e A, PAs s At B BoRL, T T e AR, IS 4k
PEAT ISR FE O e i Al B T A

1.2.3  ZAMEEtE T W E 409 ( cytotoxic T lymphocytes,
CTLs) 73 B | % % J2 B F7 A1 SK-N-SH 4 Jifg 55 3¢

K Ficoll 25 B2 B B2 B0 12 73 B A1 Jil il 204> A% 4
JiE, A PE-CD3 5 30 min %85 I 73 6 ik 2 400 i,
A APC-CD4 FI FITC-CD8a 7 30 min %5 431k
H CD4™ Fii CD8™ f#) CTLs, CTLs 1% i TexMACS GMP
Medium 554 1% 75 55, SK-N-SH 40 i Fi & 10% i 4= 1t
B MEM X5 3%, 0 4l i 35 33 5 (10 37 C,
5%CO0,,

1.2.4  CTLs 09805 KA CTLs Hjim A CD3/
CD28 JiHHER , ¥HE 24 ho FETE 25 1.3.7 KW
CTLs fit A PE-CD3, APC-CD4, FITC-CD8a, BV421-
CD25 .PE/Cy7-CD69 (APC Isotype FITC Isotype .BV421
Isotype .PE/Cy7 Isotype W# & 30 min J5 17 I 2 &
BEFR T JEAT 0 3G B RS 0 , P 40 i 4 7 BR TO6AR
%1 ( carboxyfluorescein diacetate succinimidyl ester,
CFSE ) S2H g ATk 40 S s B A o i A 3 =X oo A
AR A3 BBt (8 ] FlowJo BRAFEA T 434 o

1.2.5  CTLs (P18 R DA SUBRSCR R
124 h 1y CTLs .00 )5, L MO =10 315 i 18
o BE i RN S AR e T A 24 FLAR , AR 5 R 45 m
A HitransG P BG40, FSFF 56125 D ALEL 1 000%g,
L h, BJS BARE FRAR RS 37, 12~ 16 h 5 B0 U
MM Lds BRSO S8 R BRI TL-2
(2 FE 300 U/mL) g 48 h J5 96 BANEE T WA
LR OO RN OO, W 2R I 25 2 40 F) ¢ (0 75¢

HERIB AT,

1.2.6  4AfasEtr 3 AIERGAE I EER) CAR-T
A0 S T A0 S 4R A0 i SK-N-SH LIS LE 521,
11 1:5IEREFR 24 b SR 5 FAR IO 40 i 25 PR AG I 3K
7R e S U0 4 L 2 SR R 1) FL R B A T (lactate
dehydrogenase, LDH) ,£41 % & 3 & fL. 0
PET A st = (5234 B R - B PEXS
LA RREIR) /PR X B2 B R BRI 100% ., 7 3 B
FRIYES 24 48 .72 .96 h WLEEA AL A0 MRS .

1.2.7 SLiE /M GB A EHET 24 £tk
b 2. 5x10°/mL $EA0 ., 40 00t B S5 43 ) i A 45
(0 4 4 T 201, H AR 3R 24 b S U B SRR 18
FH ELISA 3555 &5 A5 45 26 TFN-y 1 TL-2 A9k BE . 41
7T SK-N-SH 4 fifg 3 8% 75 iy 1 B4 33 J5 mO 265 1,37
RUWCHE b5 W, 3 BR ELISA 3303 & U W 5 3 45 R i
M GB &4,

1.2.8  HEFEC LA FTHL 3k W gk
GD2-CAR-T/pGB-FTH1 #iI GD2-CAR-T/pCMV-FTH1
25 T] S0, SR BB B, BCA YA E  HkEE, &
SDS-PAGE Hi3k 5 % & PVDF I, 5% Jlii g W% #51 &F 14
1 h,GAPDH —%t(1:1 000) F1 FTH1 —3¢(1:1 000)
JEEIF 4 CHd, i E 1~2 h, &5 HMH ECL &

PInEwHIRTA 8
1.2.9 EHLHRE LG RINE RS e

FrHLP N AL EE Dy 0. 2 mmol/ L f) i 45 iR 4k £
(ferric ammonium citrate, FAC) /5. 5 SK-N-SH 4f
ML 5% 24 h JE AR & A0, PBS PEk 3 IRJGE
kol PH R 6 W (R s 1 ) e 0 aUR) 0 4 e o A 7
Jetn,, WA A AN g (s 00 s i S SK-N-SH
MRS FRIG S 1,37 KW & 4L 20 i, 4% RRAER & i
AR G U A AT R I , AR AR 593 nm
Wb AL BEAH

1.2.10  4fiffg MRI e 5 SK-N-SH 4 itk 3% )5
% 1.3.7 KAY GD2-CAR-T/pGB-FTH1 #1 GD2-CAR-T/
pCMV-FTH1 #fJifs, PBS %% 3 ¥, #JH 0. 5 mL PBS
AL 110" A4 F EP 4 R 3.0 T IR MR
JAGAY (Philips) 47 T2WT DL M T2 mapping 334, 3815
T2WI 11 T2 mapping &, T2WI H#ES 5. TR=
2 424 ms,TE=100 ms,FOV =100 mmx100 mm, {f£ & =
0. 620 mmx0. 600 mm , R %E [F = 160x150, {5 M 1Y =
LB 1 min 56 < T2 mapping FIHEZ ST
TR=2 000 ms, TE, =13 ms, ATE =13 ms, TE; =
104 ms, FOV =150 mm x93 mm, {&£ & = 0. 420 mm X
0. 514 mm, ARHF = 356x 181, {5 M 1L = 1, 4 i [7]
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> 6 min 48 s,
1.3 %itFrs

K SPSS 26. 0 G it H 4%k K45 1) s R 17 Ak
B UL v xs 3R, A [) b BEZH SR ] 50 PR 3R 7 22 03
Fr,P<0.05 A5t #E Lo

2 £#R

2.1 FARRELER

I pLV/GD2-CAR-pGB-FTH1-EGFP-puro .
pLV/GD2-CAR-pCMV-FTH1-EGFP-puro Fl pLV/GD2-
CAR-EGFP-puro 3 i s 18 R 44 BTRL. PCR %1k
TS50 4 1503 481.2 070 bp (K[ 1A~C)
CAR XIS ARBLTILIE 1D,
2.2 CTLs ZARLBE 5T
2.2.1 CTLs Jrik %€ NI i 7k B2 20 i A [ 9
RIFANNE . TR AR A ARSI T bk L A0 i 2 T AR S
CD3, A4k 200 i 74 i 1) A S O' AR AR X R/ e 3%

4150 bp

5000 bp— [ 5 000 bp—
- 3 000 bp—
3 000 bp— L)

2 000 bp—
2 000 bp— Y 1500 by
1500 bp— &™) o000 s
1000 bp— B 750 b’;
750 bp— 00 bpﬁ

500 bp— & 4 p
250 bp— 4 250 bp—
100 bp— & 100 bp—

pLV/GD2-CAR-pGB-FTH1-EGFP-puro

- - -+

TR, 0 1] 1 S ' (M B AU % 4 A% A % A
P ) BE IR B 40 X 3h 88, 4% (18] 2A) o sE At i
AR RE CD3" 4H0RE (K 2B ) |, i 2 4R 1o i
CD3" 4l ffuft  CD4"  CD8" 41 iy ¢ I 15 2 JL 5 kb (&
2D) ,CD4"CD8™ ([ 2C) My B % RE
2.2.2  CTLs 37 ot =46 I Ik 20 e A T
CD3/CD28 WETRIE 5 A RE ML 5, 4R A A7
HEFT IR A5 )5 22 S I A ?EEXEE"JQHEIEWT{ALEUJ\
Br A5 B 25 R 517 Flowlo B4 43 #7, 78 40 i 75 1
T REL 4R H CD25 ,CD69 2 FH M, i HH 41 Jfd 384 7% (14
2E~H), XS )5 CD4" . CD8" 4 i fifh CD25°
CD69" 4 M fEA T I8 6 IR A5 43 BT, & 30 Wi 45 5 03 ) i) 17
FEAC, CD25" CD69 " 4 HF it g s /b ([ 21~N)
2.2.3  CTLs 35 5 i 8415 J5 CFSE e fa,
7 d JEir A g R B on, AR CD3/CD28 #E BRI
TG I 4 fL TG 344 58 (18] 20) , T fif F CD3/CD28 i 2k ¥
TG B 20 B BB (] 2P)

3481 bp

5 000 bp—
3 000 bp—

2 000 bp—
1 500 bp—

1 000 bp—
750 bp—
500 bp—

250 bp—
100 bp—

Anti-GD2 SCFV

e

-2 - - o

pLV/GD2-CAR-pCMV-FTH1-EGFP-puro

oy

pLV/GD2-CAR-EGFP-puro

A pLV/GD2-CAR-pGB-FTH1-EGFP-puro % 8 Jii #5837 /= 4 ; B: pLV/GD2-CAR-pCMV-FTH1-EGFP-puro % 21 Ji
%8 by =, C: pLV/GD2-CAR-EGFP-puro & 48 5 #8430 7= 4 ;D 3 4&1‘}?;9’%5:%’:%%\ R~ &EH
1 EBRIBETUREERE
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7] wn
[9p] wn
Q4 Q3
17.8 82.2
B
FSC PE-anti-CD3
a Q2 a1 Qz
512 58.2 0.080 015
(@)
3 2
a a
3 E
= =
G G
= =
A~ Q4 ' - C‘Jﬁ A~ Q4 Q3
1.54 39.2 98.7 1.04
E F
BVA421-anti-CD25 BVA421-anti-CD25
a1 Q2 Q1 Qz
275 81.2 1.1 41.0
D (@)
O O
a a
3 3
=} =
5 G
T 5
&) &
&) S Lt
& Q4 Q3 A Q4 Q3
337 12.7 I 1.42 56.5 J
BVA421-anti-CD25 BVA421-anti-CD25
[e1] Q2 a1 Q2
0.56 38.8 0.27 323
[o)) [o))
O O
a [=]
3 3
z 3
& 7
= =
~ Q4 Q3 A Q4 Q3
1.67 59.0 253 711
M N

BV421-anti-CD25 BV421-anti-CD25

AT HEmIIRBUA X 5 B:CD3" tm it 4B C. 5 B840 CD4™CDS™ 4w i 4% ; D.CD4" CD8" tm L 4% ;E.CD4"
R d CD25° CD69* 5 F. st B8 41 CD4 CD25 CD69™; G:CD8" 4m fiL & ¥ CD25° CD69* ; H. 2+ #8 41 CD8* CD25"
CD69";1: 1 d CD4"CD25"CD69";J: 3 d CD4"CD25'CD69"; K: 7 d CD4*CD25"CD69";L:1 d CD8'CD25" CD69" ;
M:3 d CD8'CD25'CD69" ; N:7 d CD8'CD25'CD69"; O .P:CFSE 52 BaHaim [ M 2 R 20 L Bh20 64 45

& 2

2.3 CAR-THZRAZ

3 1YY CTLs 48 h J5 , i1t 2t W s in
e, N 3A FroR, T AL AR R 28 0 R R D0 B i 4
R AR, A 3 ] WA SO R A
TR AT WA N 8 €25 67K 1 (eGFP) 23k BH M 40 i,
i #5% GD2-CAR-T/pGB-FTH1 , GD2-CAR-T/pCMV-FTH1
1 GD2-CAR-T 3 4 (IR Y 3% 53N 17. 3% ,16.9% |
16.7% (|8 3B) .

RAMMALE CTLs R HBGENIEE

a1 Qz
0084 . 0.19
< <
o0 o0
S S
g g
= =
Q4 -Q3
995 A" 024 G D
APC-anti-CD4 APC-anti-CD4
Q1 Q2 Ql Q2
0.90 66.3 0.084 0.16
2 2
a a
3 3
= =
< 2
S X S
& Q4 Q3 = Q4 Q3
1.01 318 G 98.9 0.90 H
BV421-anti-CD25 BV421-anti-CD25
al Qz a1 Qz
0.30 3.02 2.44 86.2
2 2
a a
Q <
% %
=~ =~
) -
< <
E E
Q4 Q3
201 76.5 K 1.35 10.0 L
BV421-anti-CD25 BV421-anti-CD25
= =
Z Z
o] =
Q Q
] ]
P
FITC FITC
2.4 CAR-T s} SK-N-SH 2m it 64 4 91 5 45 20 %
2.4.1  CytoTox96@ I it shf 14 24t Jfd 2 PR A EHES

225 SK-N-SH 4f 4% 5% 96 h J5, B i Ee,
T 4ffu2H SK-N-SH 48 fifg 3 5 th H JL-F- %A %L1, GD2-
CAR-T/pGB-FTH1 , GD2-CAR-T/pCMV-FTH1 FI GD2-
CAR-T 41 SK-N-SH 4fijfd JL-F- 25t 1- (& 4A) . LDH
SRR A5 A 20 M BRI L 5011113509 24 h
ARG R BN nE 4B,
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GD2-CAR-T/pGB-FTH1

g7

200 g m

ESRTA G

GD2-CAR-T/pGB-FTH1

250 K4 250 K4
200 K4 200 K4
=< 150 K1 < 150 K1
3 &
7 100 K4 %100 K4
50 K4 S0K4,, ‘ .
827 RPPeL . V. 173
0 ™ ™ ™ T T Lhddi § 0 ™7 ™ Libbi § T T L |
-10° 0 10° 10* 10° -10° 0 10° 10* 10°

GFP-A GFP-A

<
O
wn
w2

GD2-CAR-T/pCMV-FTH1

GD2-CAR-T

250 K+ 250 K+
200 K+ 200 K+
150 K+ < 150 K+
2
100 K+ 2 100 K4
50 K9, @ 50 K, @
831 5 ¥ 169 833 e 167
O —prrrrrppprehirey i O =gty ey
-10° 0 10° 100 10° -10° 0 10° 10t 10°
GFP-A GFP-A

A:T 200V B % Jm A e 3 40 CAR-T 2000 48 h B 24045 & % L 2 X B 0L BA X oAU 4 414 & 3% L%

G A At

B3 RABREUNRFERABAREIURRRATRBRABEEREMER

2.4.2 MR R ELISA 255 IR, 24140
55 SK-N-SH Zffifl 4% 5% 24 h J5, LG 4 IL-2 F1
INF-y 7E GD2-CAR-T/pGB-FTHI £ ,GD2-CAR-T/pCMV-
FTHI 211 GD2-CAR-T ¥l B & = T T 4 e 41
(P<0.01,44C.D), #2141l 7E5 SK-N-SH i fg It
FEFRHIEE 1.3.7 K GB Zp bt ¥4K T 5 SK-N-SH 4 Jifg
HHEFEH 1.3.7 K GB Zpilbi (P<0.05,[5 4E)

2.5 FTHI fik B 44k 3 0

2.5.1 FTHI ik Westen blot 45 % i /n, GD2-
CAR-T/pGB-FTH1 17F 5 SK-N-SH 4ff Jfid 3 15 3% J5 2
1.3.7 K, FTHI AHX) %35 5 8 Hml > 3 &4 )
A BT 2 5 (P<0.05) ; GD2-CAR-T/pCMV-
FTHI 41 #F 5 SK-N-SH 4 jg dL 45 5% 545 1.3.7 K
FTH1 A5 IO W] A8 fk, 45 4 W o4t it 2 7
(K 5A.B),

2.5.2 Wil GD2-CAR-T/pGB-FTH1 41
F1 GD2-CAR-T/pCMV-FTH1 41 4 it %2k e 5 2% 5 40 &

5C,2 ZH 4 AT DL e A0k, R B4R Y FTHT %38
Je T35 | 4 L oA SRR AL o
2.5.3 YifsNER SR 414005 SK-N-SH
YR IERE IR G S 1,37 K 3 A B ] & 4 Af gk 15 1t
FELERUNE 5D, T I 2 Al GD2-CAR-T 4145 i [a] s
ko4 55 2B T GD2-CAR-T/pGB-FTH1 41 i1 GD2-
CAR-T/pCMV-FTHI ( P<0.05) .
2.6 Zmfa MRI

GD2-CAR-T/pGB-FTHI £ 41 il 7 5 SK-N-SH 4
ML IR 555 1.3.7 R IW T2WI {55 & #i I+ & (B
6A) , i GD2-CAR-T/pCMV-FTH1 2|40 7E45 1.3.7
R T2 F5 T AR (B 6A) . XF 2 4 41 45 i) ]
T2 1755314 B, GD2-CAR-T/pGB-FTHI 415
SK-N-SH 4R FRIE5E 1.3.7 K T2 {H509 4 (163. 43+
9.39) .(195.10+4.20) . (217.40+7.37) , &40 2 5
Y it 3 L (P<0.05), GD2-CAR-T/pCMV-
FTH1 455 1.3.7 K T2 {H4& 4010 22 7 g 2258 Lo
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T4f i GD2-CAR-T/pGB-FTH1 GD2-CAR-T/pCMV-FTH1 GD2-CAR-T

24 h

200 i

200 jum 200 pme-, 200 pm
RN T -

48 h

200 pm 200 pm 200 pm 200 pm
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