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Research progress of granzyme B targeted molecular imaging probes for monitoring
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[Abstract] In recent years, cancer immunotherapy, especially immune checkpoint inhibitor (ICI) , has made remarkable progress in
clinical practice. However, due to the heterogeneity of immune responses among individuals, patients’ responses to treatment vary,
making the monitoring of treatment efficacy particularly important. In the tumor microenvironment, the activity of cytotoxic T
lymphocyte (CTL) is a key indicator for evaluating the efficacy of immunotherapy. Granzyme B (GzmB) , a serine protease mainly
present in CTLs, is considered as an important biomarker for early prediction of the response to immunotherapy. Molecular imaging
probes targeting GzmB can monitor the changes in GzmB expression at tumor sites during immunotherapy, providing a basis for
evaluating treatment efficacy. This review summarizes the research progress of various GzmB-targeted molecular probes, and analyzes
the structural design, imaging principle of the probes and their application potential in early monitoring of tumor immunotherapy
response; aiming to provide reference for the further development and clinical application of GzmB-targeted molecular probes.
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BIT I EE KA M~V irAE, X R KR ERR
i 1 G VR T AE SR 2 R B
SN RTRRAL M I B 3 R T B I 28 5% B i id 2
DAt 820 S IR T B BRSE, AUAT PR KRR 3
RAE G BB IT BIVE T D AN RN ) A 38 RE
SIS BRI TR SR, IR TT TO LA ) TR B AR
SR, T A RS0 B 14

B TC 7 T AR R K, AR R AL 3)
A& S AR RT R S ) 2 S R A AT e .
n, 3T 2141 5 6 (near-infrared fluorescence, NIRF) ji§
G ERAE T 5, 5 57 M 75 AR, AT 3R A B HE B Y A
BeE R, IE LT R 5T 7 2 433 (positron emission
tomography, PET) 4% 18 H =) R 552 s 4 23 57 3%
P, B % A B B2 A R 50 1 2 1) 8 AL A 2L, IR xR
Y27 D e HEAT 58 B ARAE , AT A4 B G2 S R it
VEANRI D REME AN B ASAE B PF-FDG & I IR _E 6
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Figure 1 The mechanism diagram of tumor cell apoptosis induced by GzmB released from T cells activated by immunother-

apy
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"F-FDG #H L., “Ga-grazytracer 1E [X 7316 J7 N % 35
To N T I B R AL R P AR

FE G 928 1 1 485 B g MC38 AN = B 1 L e 4T
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4 1 BLALEHE GzmB (147 57 M 15U IK Tle-Glu-Phe-Asp
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o RPN AR G5 543 b A0 R A AR R i 0 2 1
5T AT, 28 11 RIGYT 45 5 IR X “Cu-GRIP
B RS g A G KA 2 B3 O oG b
b, 38 I TRUR B RS A G g 5O SEI I RN, 21
HIREF IR 254 X 38,5 GzmB T 4 bR 4 CD3 1
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2.1 NIRF T & & RIR4t

Nguyen 55 % i1 7 —F 2 T GzmB [ NIRF 44
KE AW GNR, HRH0TE B2 & VR e e iR T 24
Y UL S AT B0 B GemB AR PR 2H ik, 4 BE BE
IERPEIRTT 250, SCRE SIS I I GzmB Ji& 14, AT SE
LA T M — A1k . GNR ¥ 2 KR IEPD 5%
bk S KGRI, 504 “TF R 7 1 R 6 IR EH A
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PD-L1 HLAR 259011 GNR AT 45 24 PD-1 5 PD-L1
Z A EAE A, HE05 S0 T 40 1 GzmB B
T, T B SR £ 34T NIRF 4% . AN [A] 1) 4 IR
/N ERBE Y A R B GNR X G 28 V8 97 S B3R AT S B 1
D, &5 B TR VE IT & 1 MC38 17 98 BRI R Hh ¢
B9 BRI 7 I W35 1 s, 10 7R I8 TT R N & 1
B16-F10 £ J8 5 i 787 oA A 0 21 7% 45 5, Ui B
GNR e A 24 X 53 15 5 2 A AL e B2 1 i g o 3%
6 26 FAIESE T GNR AR A — M H W ) () NIRF 45
B, BRSNS 16T I ST TG A RS

He % “3@ 1 44 GzmB 4§ 7 14 R 5 Bk IEFD A
IEPD 43 5] 5 16 3 Gk} CyOH Fl %t 2 3 78 B (p-
aminobenzyl alcohol, PABA) I 4%, RN M 2 T 4k T
PNV K ARZS 1 NIRF #R£f CyGbP: 1 CyGbPro 24
GzmB ¥ &Y ¥ %1 IEFD A1 1EPD 574 5 , PABA 3 [4]
[ BS A AFVE R I DO GAE S5 B I . b, R
B (04 20 B [ fih IR 6 77, T 3 R 0% SN R U G B VA
I7 J5 I8 R GamB 3Rk 7K F, T PEAS S 2 VR 97
) () G2 WO RS BB 9T L AE 4T 1 i I8 B A
AUeh, B 58 Al T CyGbPy 1 CyGhP, 78 44 4 S i
B GzmB X I BE /7, 43 A% F NLG919. R848.
BMS-1. Pexidartinib Al BEC 5 Fft 42 15 J7 245 W) 5K %
TG G N, NIRF A8 B 45 R o, 5 4 e X
B0 5 AT 5 B I ) 1R HE RS G2 T 38 o, R AR PR
S5 6 hik B . b 52 G ANIR 2Nt AR 73 b 42
HESE T IREF 2 G5 5 9 -5 oA S 2 A AR b
HWUCDY.CDA SZ M HA IEA K. e4b, CyGbPy
A CyGbP, 75 24 h N ZREF 1) B IEHEE & 5 v 5 77 &
[ 60% , Tkt 755 114 B JUE 375 Bk 26y o P28 B0 IR O 52 IR
WA HT IR T AT Ret: . [AIUE, CyGbP, fll CyGbP, 2
BN B 2R RE NS SN A8 G5 R T AR DG LE AR )
I S I A B W FR L 43 B B NIRF $R %, % T H#E5h
e BRAG H AR AE G e v 97 I Il A i B A B A
2.2 NIRF B 4L 484t

5T BE 05 B m) JE AL BC AR SR AR 0 2 Th e 42
TESLA, Xie 2" 5 1F T %1 84 GamB G 1 FH 4 %%
/NG G-SNAT, KA &5 GzmB JEA IEFD, Ffi@ 1T
BB T 2 5 (cyanineS, Cy5) 13 2 R 8] NIRF 54+
G-SNAT-Cy5. 4 GzmB 155 B 1) TEFD F- 4% Ji I8 12k
W F 5 10 GSH IR R 5 » Cys 5 75 7 I S B A B
> F WAL=, B S 1E B 7K R - AH ELAE F A 2
BET BB RGOK TR A E T 15 DU Y
RIS GamB i PEAAS « 7EHTPD-1 A1t CTLA-4

BEE 1R YT 1 CT26 farJi SRS HRgE AT G-SNAT-CyS5 [1)
NIRF %, R & ICH B G IE YT a5l R T 57 i
PESNL, TEIRTT 26 s BRI I 1D /0N B 8 4 AR B
AR/, TR TT ToRLE B/ B BL B AR TE 7 170N B
WA K. BB RT I, G-SNAT-Cy5 B4 BE
I Jieb 988 0 TCT YA T7 1 S BE, 76 B % 6 97 5 1 X 43 B
EHSTREH, ARAERIKNHB MR ESE T
Eh,

Xu Z525 H CBT-Cys 55,1 46 A F 20 25 55 e 1)
% 1B K [P NIRF #8%t Cys (StBu)-Ile-Glu-Phe-Asp
(IEFD)-Lys(Cy5.5)-CBT, fir % N Cy5.5-CBT, H T4§
SR GzmB iE 1 . 5 G-SNAT-Cy5 AN A, Cy5.5-
CBT i BB R 4 IR = A TR R Ak, S8
BRAE 5 VEK, B 5 15 Bh 7y T I g K fll - HE B
20 B 4K B SR 4K Cy5.5-CBT-NPs, % 615 5 i —
PR . Cy5.5-CBT-NPs £E 44 A5 351X
TR AER 7€ D't 7 FBE PR R KRS 5 T 4 4R T 9 A i N
i 98 D ) 5 3B 3L GzmB X IEFD 5 41 1) 24 A, Al
YK FIURL A 20 2% FE OS98I T S BT i g
GzmB 75 P 1) NIRF (% Wil o 692 5% ' Y (o s 06
1E SZ, JF 5 1 NIRF {5 5 5 CTL 1 e i i
GzmB RIEKF B IEM K. thsh, i — Dk
PR AR 7T & 7R CyS5.5-CBT-NPs A% % BEC 1677
J 1) 2R B 208 B16-OV A faf J87 BB B 44 14 CTL 14135
PEEAT NIRF 5, PLIR BTG TT B2 (0 e . X L
WFFE 2 BH , Cy5.5-CBT-NPs 1] - Wl 40 2% 7697 H 1)
TME H1 GzmB &1, AT 2Pl S e ia 7 8L
23 3 k2 Ik A8 & 4 45 (fluorescence resonance
energy transfer, FRET) 484t

Scott LKy | — R F FRET /NKERET HI - HT,
FoAR BRET HS 3R It o180 1 e IV 3 1 AR A 288
1 I AR S T I 0T LG R B, N IR R £ HS
(IEPDAL) 5 A\ GzmB [ J B 3 & {2 25 P T DY Jik
IEPD, 7 30 min A B 0] PR 58 s B, H ko/KoAB A
1.2x10" L/(mol »8), LA BT #RE 2 G VU K Ac-TEPD-
AMC. CyGbPy A B AR TAF & B FRET PYJIK T1
ZEFREE T 1000 5 LRSI g A, PREFHS XA
GzmB IR BRAK ZE 6 pmol/L, {75 H A% v sk £k
FURE S . 78 CD8 T 40 i 5 FLARJE EO771 20 i 1)
LB IR R P, PREF HS 1986 (5 5 REWE K5 57 1t 3
REAE RPN T RGN+, M55 158
55 72 5 R S B G2 A T 1) TR 4 B R 1 R B
PEAIE B AZ R R S ¥R T N PP Al 3 it T —Fh
BT H. W5t — &K, TREH H5 X /N GzmB
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TR G i 97 51 R R IR S IF I D4R Y GzmB
T 5 72 A geg PR S A o S BR AT HS I R 0 B 2%
FIaE— DA B 1 LA 0 ek 8 X G 2 TR L
LA (R P AEANMEL -

3 HfthGzmBE#R G4 FiRE

3.1 452 &k (chemiluminescence, CL) AR 454t

CL B PR HJo 75 #M 30 6 DL ARSI 5t
P, ATAE R R REBUERE A& . Scott 1
BT GzamB R IEPD it 7 — Pl CLARET 1, 124K
BT HH IEPDLPABA DL A 77 2E CLIF 2R S 5 e 34
B . AR A T R AR AR e S
SEHL T GzmB i S 1 U AR 5 CLAS 5 1 “TF
a7, 3 T S2 i % GzmB A 5 9 NK 41 i X ez
ARG HWEF 1 5 EAH AN GzmB £F 10 min
P PR R R BT CLAZ 5 3900 139 £i%, T 7E GzmB 1]
il 71 Ac-IEPD-CHO [PAFETE R, PREF 1) CL 5B U 2 %
K 90% LA L, A A GzmB BAG ik B . A
Fb EL A A [F) BK P B 1) AT 00S 2 6 AR £ Ac-TEPD -
AMC, #REF 1 535 1 GzmB [ N 30 min Ji5 i 81 H 5
o B A T B, I 76 B 2L M0 IS L b o TR P A 2
520 nm 58 CL1E 5, B 55 5 0l ZBS AN it . R4 1
(1) A T e 87 R AR 1R SRR 1 A L TR il B
775 PR 5 AR T 22 57 4R IE 1) GamB WA B 5
PREFD 91 SN T ERER 1 AR P RS NK 4 v 1
(FIRE 7, R o 2 THREAR T (19 NSG /) BRAA 82 7L e
MDA-MB-231 5 Fh# fi Ji e A2, 78 /) B RS A0 1) 5
SRR R T R, — bR S 5 IL-2 FE R IR NK
YA, 53— DA VE ST, B S 18] /0 B A 3 S 4R A .
g BRI, AXAE VR S NK S A Fr ko8 o A 0 3 BE
) CLAZ 5 , T AE A 33 5 NK 20 i 1) Jif 88 A3 = A
KB CL. DA EAF AR BIERER 11— 24 CLAR
Ef, REBE7E MDA-MB-231 il 87 s iy Bl A% NK 48 g
B WA GzmB JE 4, AT Ay PR 36 436 26 b s
INK 24 i %o} e 40 B PR ) 5 P g it R 1 T AR
3.2 A4 & K& (bioluminescence, BL) s %454t

BL & — i B ¢ 6 28 Bl i A L IR W e 35 R AR
(RN, FLAG 1 R e S v, R 0 70 A PN R
B A, ] AT (] ) B AZ . Chen 265G IEFD 5
D-ROGERET B I K T — Ml iiE BL## £ GBLI-2,
TR 5L R R IE D8 6 R CT26 [R5 K/ B 45 B
Je 1L R0 b 6F GBLI-2 #EAT T VP Al , BAVE A 2 i 8
GzmB JiE PRI WS I S 8 1697 ORI Re 1. TR 1

KW, GBLI-2 7E ICL YR T /™= A2 I 2 1) Jiv g v 72 AR )
BL{Z 5[ (1.620.3)x10° p/(s+cm®~sr) 15208 T LM
20004 +0.1)%10° p/(s=cem’+sr) JAIARIGIT(0.3+
0.3)X10° p/Cs+em®-sr) 10 IR, & B 1Z AR &1 7 IR
AE I 5E YA B R 5 GzmB Rk KT 2 IFAE XK. %4
b, GBLI-2 [ R A4 b b Je G B AL L K ez i
7T R SR ) B 5 2%
33 i 44k 52 /K B (near-infrared fluorescence/
photoacoustic, NIRF/PA ) 3% & s A% AR 4+

2021 4, Zhang S Kk 7 —Fhol & 1 5
AN K AR £ SPNP, 38 i 9 3 58 1) s 5 5
GzmB JA AN B, I T NIRF/PA BURE S g, DA
I 4 28 B 5 B GzmB 5 14 . SPNP A2 HH 7 o 74 2
SRR A SP 5 4k TR800 #5181 GzmB 4 51l ik
TEFD {8 BT B 1 B 4125 45 440, 24 GamB 24 Yokl br
IR KIEFD J5, 49%L IR800 f¥) NIRF Fl PA {5 5
P55, 8 I AE 5 LR 128 4 S IR GamB V& M
M. 5 NIRF A AEH, PA UG 454 T NIRF ik A
PO ARG, AT HRALVR A 12 em SR A 55 F) .
BT BREF SPNP (14 5 7 85 B AN v R e 1%, 7E 4T far 88
B 1K P9 SPNP BE % 43t 01 #E 1] it 98 5 GamB JE A7 R
N7, 383k NIRF F PA A5 5 (1) E A5 A8 Ak e Dy s ) T 48
BEC %38 J6 7 )& 4T1 far 987 B8 9 T 40 B X v A 1%
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4 IEI\%'%EEE
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Table 1 Summary of molecular imaging probes targeting granzyme B

Imaging mode

Probe name

Probe property

Experimental model Research stage

PET “Ga-NOTA-GZP Mouse-derived CT26 Preclinical ®

PET *Ga-grazytracer Human-derived MC38,4T1 Phase I /1T clinical trial™
PET [*Ga]Ga-NOTA-GSI Mouse-derived B16-F10 Phase I /11 clinical trial
PET [ *F |SF-M-14 Mouse-derived 4T1 Preclinical **

PET [ *F |SF-H-14 Human-derived 4T1 Preclinical **

PET [*F JAIF-mNOTA-GZP Mouse-derived MC38,CT26 Preclinical *”

PET *“Cu-GRIP B Human-derived MC38,CT26 Clinical trial"
NIRF GNR Human-derived MC38,B16-F10 Preclinical *’

NIRF CyGbP: Mouse-derived 4T1 Preclinical ™

NIRF CyGbP» Human-derived 4T1 Preclinical ™

NIRF G-SNAT-Cy5 Mouse-derived CT26 Preclinical ™’

NIRF Cy5.5-CBT-NPs Mouse-derived B16-OVA Preclinical

NIRF H5 Human-derived E0771 Preclinical ™

CL 1 Human-derived MDA-MB-231 Preclinical™

BL GBLI-2 Mouse-derived CT26-Luc Preclinical™"
NIRF/PA SPNP Mouse-derived 4T1 Preclinical™
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