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Carbonic anhydrase IX-based tumor imaging and therapy:
a review

LIN Jia, WANG Dianyu, LIU Jianfeng, YANG Lijun’, LIU Jinjian"

Institute of Radiation Medicine, Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin
300192, China

Abstract: Carbonic anhydrase IX (CAIX) is a transmembrane protein that is specifically
overexpressed on the surface of hypoxic tumor cells. With the function of regulating the acidity
of tumor cells both inside and outside, CAIX is closely related to tumor proliferation, invasion
and metastasis. Therefore, CAIX is a promising target for tumor imaging and therapy. Herein,
we summarized recent advances in CAIX-based tumor imaging, therapy and theranostics, and
prospected future applications of using CAIX as an anti-tumor target.
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filk IR ¥ Jiff (carbonic anhydrase, CA)J&—38
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e 8 45 R Al PR 6 A a D e R i O Tl 4 22
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HEAD 16 flr CA WA, ENI7EAELTEE . 4
23 A7 T 20 o 6 55 T AR ] 25
H AP R FR T 1X (carbonic anhydrase IX, CAIX)
FEJ I AR 1 AR R LA ME P, CAIX
JE—NH 459 NEIERRA NS IR E Y,
F5 R 8 T A A 915 5 K LR 2E Fl fifbdl
5 55 i BRI N AR S AN ER AT AR SR
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inducible factor-1a, HIF-1a) T 7 K A9 4% st 25
H, T2 Z F0RMEME , L AEFLIRE . I |
OP S . SRR . BEME . 45 . SR
VB 958 45 200 R SR TR R S PR s, TR IR 4
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ST e 3 5 R A R AR A e R AR AR 5 [R] S
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e SR 1 T B . CAIX 7E M 41 it
PN A 32 Y 7 T A HE R B O E AR ]
(B 1), HREE T M ANYER 5 6e 08 A 2 1L
HO Al CO, /L% HCOs # HY, FFACA IR A Eh
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co-transporters, NBCs)¥ HCOs %% 2 41 ifd 1 ,
DA R s A0 e s A I e AR H, iR
TR P R Do 384 ) L P 355 P A AR A O
Ab, CAIX Ak ™ A4 i H ] B2 1k 40 i A0 o
5 S G Y8 A1 o e TR T PR A B B, DA T 2 g A
TR B NEERS , FFRPUAN R T BRI ARy
K Im R FE RATOF TSR], CAIX ByidKik
ALK KA & 7 s 56 a8 mal g e, mH S
AT 24 P RO T 2 PR AR DG, AN T
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Figure 1 Schematic illustration of the internal and
external pH-regulating effect of CAIX on tumor
cells.
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PEVRAEY , T4 R 2 0BRSS R s 200 i = T
FESevEE ik, MR o TR AR IR E T A 4R
AT EERg Rt phah, BEE IR LR, H
Z AR Ok E, B CAIX 7MY
H ) SRR ORI T WRgE R, CAIX fE
AR I I A0 R 2 20 n Rk S e 4 S0 A
KB, BT CAIX B4 s AR A Bl
T 12 W O 38 5 AR 5 o Bl B 0RO AR
PEAY, A BT RE o3 3 B R i T T R
VERT, Shyili R B2 AR 5 5 38 iR T TS 5 %8
PEAES T ARSOWK N IE T CAIX 9 g il 5 14
RGO R R 2B UR
4 J7 AT A .

F T 5 M S 4 1R 2 2 58 i HLL P
TH =G5 T, BB R g B A )
e RABEE , AR Y 1 H R IR R AR R
(positron emission computed tomography, PET)
ST K& BT A HLIZ BUZ R (single-photon
emission computed tomography, SPECT)H i
FEIG R R 2 WA 2] 17 vz e MY, e
Z- 5 HAHT (girentuximab, ¢G250) /& —Fh ] 4 5 14
454 CAIX WHATEREUIR, XF H AT e A%
FEhR LT T CAIX BEE A ) i1z ),
£ 1993 4F, P FRICHIHT CAIX s pEhifk

[''In]In-DTPA-G250(Fab’),

['"In]In-DOTA-ZCAIX:2

G250 (["'T]I-mAb-G250)5# 4% FH X B 201 it iz s
F A%, LIEAE mAb-G250 18 5 4 VAT b
R AT, B, A ¥z ARC Y G250
("**1-cG250 Fil ¥Zr-cG250) U A Ak ) -, I 7 B
PET Jf4 0 3 R AR i 1 FvE 07, s
RN TR T Z R CAIX BYRUR TR
AR, IEPEN T B AR R B 0 AR ROR
2019 4F, Tolmachev 2581V Z 58 jh 52 35 LA T
H A N AT SR JLF CAIX $E ) B PEAZ R
PREF, U2k 4 AE FH T 5 2 A R A A 0R R Y
[""'In]In-DOTA-HE;-ZCAIX:2 (& 3)FdE T3k
HERIEE S B[ In]In-DTPA-G250, X 2 FhiE
EFie RE AL B S TR - BHE S Bl , van
Lith 25RO CAIX AYERSEHT {4 (variable
domains of heavy chain only antibodies, VHHs)
KT M AN O R B T A T BT
NIRRT AW . MR E AR, A
[""'In]In-DTPA-B9 X CAILX F#E i) 4 S 1k i v
LAY WERf 2 1 R = AR B A ), T AR 4
4 1} (albumin-binding domain, ABD) & ifi #Y
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ABDhyign HA K Y LG 1Y 5 R 22 1)
RER, AR TR L TER MR SPECT
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Figure 3
['"'In]In-DTPA-G250(Fab),!"®.
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SPECT/CT imaging of SK-RC-52 transplanted mice based on [''In]In-DOTA-ZCAIX:2 and
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#7014 (ultrasound imaging, USI)H &
—MTEIG IR BTz R T B, SO
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S B A BUR L o AR 1] CALX (8 S
T R A SR AE IR 1A% U 4% AR P,
2017 4, Zhu FPHENR AR E R T —
i Al 48 ) CAIX A3 H 3 Ay 2 Ik PGLR-P1
(NMPKDVTTRMSS), 524 % B 12 44 K 30 m] 35k
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W, e T AR A, JF RGEWEIE T HR
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(1 UST R AT S AL T S0 50 Al S #1270, 2020 41,
Li ZPYRFH T —FaA CAIX BBy
PLGA-PEG-mAbCATX NBs, 1 Al fifJe ikt 42
BRIl M UST 8% i TR 2 AR BH
(estrogen receptor positive, ER")J& X fih 5L Er
IS B 25 23 B Bl b I = SRR B AR TS
PRI A K n] S A8 W ER 2L g A8 3 X At
BEE R 25 R 00, DT XS TR 245 1 2R 47 40
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14 d 21d

THE 4).

BT UG IRE Bt 22 UG BE AN T 2 B 5t
PR &, XEHREgY, 2—MIER
AR, I RZ R 2 IR
5T . Groves 52N CATX 1 31 F1 £ Fh %
JEY R A, AT — RIE LAY
BHE B RE LR AT B, 1B CAIX BBl Y
WG E , IR PO 7 W2 5+
A, T N TR B E AR R Y CAIX FE
P rh (g Ak OKOF, ISR = MR 0 T A
Az W 0 FTT B 0 g o7 T F 8 T T A
AIATH 4B T H . BlJ5, van Brussel 2EP00
764> T IRDye800CW FI ] 5 CAIX 45571
5B KPR BO MM EK , T i g0 K B ik
PG T RE ,  AE A 1 X A% w0 R 0 L
Ji 98 R AT PR O A AR O FLR e T RIR 9T $2
AL Bh (K 5).

SRR T B NS 5, AR A A
FEAS B EBE DR I AR R PR — BAR AT 1 AR M
ARAT G T s ARROCR . RS AR e
Z Mg T KRG —1k, & B L,
PR R L NI ) R TR S SR iy N
HAET, 5T CAIX M 238 A0 58 Hi i JF
AL, 2015 4, Muselaers &Pk T —
Tt %€ 't G Ak BT A% R BRI B BT CAIX
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Figure 4 Ultrasound imaging of ER" tumors based on PLGA-PEG-mAbCAIX NBs**.
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Figure 5 Fluorescence imaging of DCIS+CAIX

transplanted mice based on B9-IR nanobodies.

Tumors were held between tweezers!S).
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6 HTF ""In-DOTA-cG250-IRDye800CW H4 A& 75 B 14

M —BE, TR RARTTIESEAR T RE S = 23 ]
I PR AER E O m R IRk CAIX 1Y B P o A 78
B, DA ORI AT RE R B E W AU AT T
Fa TR R 2 5E 2 VIBR . B S , Hekman 2607
NIk T "M In-DOTA-cG250-IRDye800CW X AE
BBUGHREr, 51 UK LR A Tl IR L%t i B
20 1 0 R 1 T ARIARYT o AR BT R I AT
it "'In A9 SPECT/CT AR INBEXS bipd i A7 52
B, RANREMREE) IRDye800CW % AR T
FEXT IR 48 JE A T 20 T, Ay e s o DT B £ L
AL, AR5 I AT 3 O UR TG R ZH 2 1 1)
BRACR, DI ARAS B FARIIZ (& 6).

2 ET CAIX B IRTH R

CAIX RUEATEIEH AL & A,
{EL7E b g 21 20 5k v R I RE AL, B EA
VT bR 20 M P A0 pH L VA s bR AR A R R 8
T 55 Wil Jieb 96 A0 ARG B L SR RN IR 2R AR TR L T
Ae, PN EA EE A TA MR . R
T A S A A ) R AR, R — A
AW H] R IG T  BT GEAER, RHF
ANBHET CAIX & T ZF Mg iayy ik,
T TR 23 0 B — IR T M SR YT 2 AT
HEAT AR b IR

A: ARHJ SPECT/CT &f%. B: RHirsr

IR IRAR. Co AR JF I LT AN 6 AR VP A 8 ) o e SR )
Figure 6 Dual-modality imaging based on '''In-DOTA-cG250-IRDye800CW. A: Preoperative SPECT/CT
imaging. B: Intraoperative near-infrared fluorescence imaging. C: Postoperative near-infrared fluorescence

imaging to evaluate the resected tumor tissue!?®.
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2.1 ETF CAIX HIBhE B —3&7T

CAIX #fIFIfedE s idl CAIX AYIEPEFR
FEIRX R AT TGS, H AR ICHLR
B BERE . MRMAE G RIN T, L
FF S R e A il ) 3E L 5 CALX 1 MRS
Y BE B G R BE AR VE M, i 2R
umol/L I nmol/L 21 K {H. ByZimlFlfe s
CAIX IHMEN SN B FA G IR AT &
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FEAERRENE T CAIX IR PEALE A IR 2-F2
BERR, MR AE R GG ERY T ARE N
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3,5- R R . G M 38 AT TE R A S
CAIX M, A BB7E = SRR AT Th A RRY,
2011 4F, Touisni %P2 bl 5 & G FMEL,
BT THERERETR, HATEARS R T
R CAIX #HIE T, 1 HXF CAIX & 3kik
M /INERL AT ZL A 9o B 780 %) 310088 00 R  3
Pacchiano %53& PR, IR L U B4 2 Ak Ak i . ]
ARAME CAIX, I 7L MR I e B T i Al v g
B R BB b R 1 s R RS TS PR (B 7). BR
Wz Ah, BERESZ5% SLC-0111P4F1 E70708
A, 35 AT 3 e e PR ] CALX (R Pk & ¥ 9t
R Tk, BR/Ny T CAIX I FI 4k, BATafe
YUk T EA B SR, k) Iz H
TR CAIX BT ATGE . H RTIG PRIF 5% I
Z NPT CAIX Hfite G250, HAEr Rt 5
CAIX FIrl A i I SRS B 1 3 45 45 I B0 2k
WP L, Y K Re ARICHY G250 U
25 Y B LA R A PR AOR , R R
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W AR R R FE R TR e 13 AR RS A
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i it > e 22 I 00 i (B T 2 2 ) 5 O S
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At T S A B A . BR T ol 0 R A
CAIX JRIG 1 X M i 4T+ W2 4h, Lou 4P
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Figure 7 Ureidosulfonamide 25 inhibits the

formation of metastases by 4T1 mammary tumor
cells??,
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Figure 8§ Schematic illustration of inhibition of
CAIX and xCT to promote ferroptosis of tumor
cellsP®!,

2.2 ETF CAIX By EEEE &8 T
INGE TR B g5 M T B A R S
B A5, FEIRYT 0TI 2 — T2 s 3000 i) P
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T G FE AN A S, (H R IR B HERS e A
EEpUiP U v P2TE 7/ P | SN 1 1 4 R o w4 |
S i A SERIL N L A T 245, AR S B
(2 & FNEE RS AR T/ 4 4 il 00
AT REPUAXT CAIX HA & Ly, —2k
FRR P CAIX B 5w BEPUAREL 238 0] DL
G RE RGN I o SR, b Jed 4 i 25 &
i o B S RE BT 7 A T 24 0, DTS BT A5 R
140, ShRNA 411 CAIX ik #3k AR R M IR
S BAEl CAIX FHVE R Y & ) , {H RNA fEiz
Heiy ) 98 4 L PN P e R v 2 TED I A R PN ) I R
fife . PR IN B RGETE IR o 20 MO ORI S m) R,
FHOLHTUBRBCRE K KA, BEA TR R
ZIIRIT ARG T K, d kAR RNA
I7 1 FH A 38 o0t i ogd 4 B A R i E T, e KR
JE b R 0 B R RN RS AR B R g 1)
Hir,

T PEIRIT T AR R A VL, VAT R AR
S RS e RETR T I BB AL R 4, Bl T AT
B2 Xl . Chai P& T —Fh &4 4 4 %
HIFEFEE H 1 (fibrinogen-like protein 1, FGL1)
I CAIX WP AYH AL DNA i, JF LU
PLGA/PEL 44 K11 o MR e B £ 47 LA
Wik, BEHEABOAEFIKN DC 4 MY s,
it — i CD8™ T AT 1 2 E A e N 2%
I e AT AN B e BT e 0 il e A% R 1 e i
(K 9), i EPRZIK T 4iMfd(chimeric antigen
receptor T cell, CAR-T)® iRy i@ i XF AL T
YR AT TRk, T 40 A AT DLRE S e
[vi) T 6 P 200 L, P P A L B Pl L
P VPR O 40 D 1 5 1L 9 R 0 A 1 e e AR 3]
o R R T CAIX FEZ RS AR
St RIE, ITAEREET CAIX #Y CAR-T ¥7 %
FEHLT SR I A R AE AN W P . 2019 4
Cui Z5USI7E 58 UF T 1 i J55 988 400 1 35 1 1y % 38
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CAIX MELRE ., &t T —Mai i & &
anti-CAIX scFv Y45 = {8 CAR-T #iiffd, i s8
DAY L 42 S5 T AR e A i) 0 e T R 4 L
IF L R AR ROR ,  [A] Iy e R b e
IR T B X IE B A 2L s RIVE . Bl
Zhang SEWNKG—Fp Ay B 1 RME 0 1R R
5#0E CAIX B9 CAR-T ZRMIAHSE &, T X
CAIX FHYEZR IR BB 20 MLJE8 A6 97 BF9E i T e
BEVRIT IR 1 R S S TR B X T 240 L A
i, Ak T T 40 MOAE R b iR IE AR 2, A
A A58 T T g BT fE o I v
1BIT 5 CAR-T AT U EIMEH], 105 1 e A e
HERR B[] B 52 8 T AR N BRI A AR R
Zheng 2P 48 T —FhB 2% Mn 1 CaCOs; 4K
K, IR B AX HAaZE, [FR iz CAIX
I SLC-0111, %A K- 5 BERS 7E M3 fl iR
PEREE T 2, U SLC-0111 BEM o #3fi
CAIX I 28 345 o8 20 i 21 1) pHL (B, LA 5
RN T M. pbAh, B MR Ca®t
] 43 )38 3k o il ok A RN | Lk AR 25 L
T UM N5 4 (reactive oxygen species, ROS)
Thiss, 5| e 40 e i) e SR FE T AR A1 A
A P SI2 56 S5 UF S, 33 4 5 B B3 4 i SR s g
PR S Y R R U R S IR YT RICR
il Jie Jg 338 7 I B R AL T A A BE O BT
o TURNRIT BARXT K 2 AE A AL, (H— 220
PE AR B w5 1 = SR R B R B O T 2 AT
I3 S PP CAIX B 2% 38 A 1 ] LA i firb 9
0 B T BB o Tiang 2B A A
B HA CAIX TUERIIBERY siRNA 14 i 28 55 A
i CNE-2 4000, 3853 siRNA 45 b 5& K BB
T CAIX Rik TR, 1B TE TR,
I3 2o 25 G W S e TR A B ) A 22 4y
RH i AE G2/M 11, DA 4G 58 T 55 P 9 240 i XoF 7
IY RSN . BE)S, Xu PRI F CAIX
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R Sa 9T IEEOR , @ CAIX
PR T M pH, SR A0 SZ P, %
(eI S INTIE (8513 O g €Yl kR €20 A b
. S4 45255 X-It 4w AHSS & e ts B
Pk DNA #1475, e e ani i, RS R
U B A R 20 MR RO ROR o WP T R
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— gk A b ORS00 24 4 R A
SPOra, BERS R PRV MR AN, XS ALK
1 7 @I VE /N o Alberti %5 U215 b f4 filk 1k fic
FEV 5 N RBIGE , A5 0 Rl T fie ) RE 1k B B e
(sulfonamido-functionalised-carborane, CA-SF)
[F] B L5 CALX 4170 6l 0 B 08 o 386 6 %) T 6 o 4
WAHMEI 25 /R, CA-SF 454 145 IR Gk
AR A 1) B g AL e 20 M R S 5. SR T A
BT H OB YY, BNCT 4 T8 45 B
B, AT i A 5 3 B IR 5 345 DL RGR B
HE LURS 00 55 55 1) Y (kAR IRT S CAIX
00780 0 AH 45 5 RS 1 AN A Y e g g L
12 2012 4, FEH-L A8 o R0 A0 L w25 )
AP IE A RTT B T4 CAIX Bk
KA, 3R HURMEICZEY) BAYT79-4620 Xf
CAIX PR i Jeg Sl 7 H AR 5 0 410 o 6 30 i
J&, Andreucci “FUITELNMIK R G M T
CAIX #1157 SLC-0111 Xt ZFp 5 BLALIT 24 1 14
TRV RE , R R 5 8004 WA g A B e g Bk T i
FHRIX 2 PGPS RAE R A375-M6 4
ROTHOR , & BeA R 5 BT 85 2 (doxorubicin,
DOX)XF FLAR I MCF-7 40 A DL KL 5380 W5 g
X5 W HCT116 4 i 0 i 80R% , iE B
CAIX il 550 3 98 Ak 77 B A W1 Sk 1% Bl By A
H1o 2019 4F, Li PR LS CALX i 57
ABS i T H AR b, TP T — T Al )
Z AR AT AN MR T F 2 BT AN oK £ 4
FIRAT2EY) N-pepABS. T B4 KT 4 th T
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ELAG T %) 3R TV B B R R SE AR T AR - R FIr TR, B DOX, MR EA T A
TR EER, R AR R ER A RO BIR CAIX S AT A 38 S
CAIX #IHIFER o BLAk, CAIX MW TAIE B8 ZRAE, (BHIFAEXT B I 258G 20
FH AL AR 88 94 K 27 24 ol Bl 9o 200 P e PR PE R B #F van Kuijk 2505°0% B, BEMERZZE CAIX 17 S4
NG, ZAOKR LYo fE S T AR TR M pH H FORREZEANRZ 42 & DOX X Z i i e 41 i
BT R — %, PORREARWIE K, e AOPIRITEPE, E0E LRGSR 12 Ay 24 X6 HH I S A
LWINE TR, LW T A PRy A TR AT AR, H BRI T HXF MDA-MB-231
(F10) RN R, ZZRATAY S DOX  FUBERIT AL, ERgs B, 8% CAIX il
B I B2 THLIY 2R BB ROR . IR ST AR Z 0T, W RS HATR E 1
F IR VRYT R AL T B . BfJS . Chen  WEAAE ML IR0 A R0 AT 78 43 BoiE

SEUSHE G CRUEORE T CAIX B RERUIREME  CAIX M 59630 J197 P (photodynamic
T fL A AL BE 99 K ik (mesoporous silica  therapy, PDT) A G#F i (photothermal therapy,
nanoparticles, MSNs)Z [, F%& T —FhHrfil PTT)F45 &8k B e A AUE X 2 ot yy
(4 B0 1A B 1) A5 e H K (glutathione, GSH)M IR AIHTIIRACR . 2017 4, Jung 2551 T —
W 245 1) 356 25 £ 4t MSNs-CAIX, HF Xtk yy i Tk M i (acetazolamide, AZ)ATAE ) EK Y
725 DOX Myl Pk ik . HE 9 kKR BODIPY S AZ-BPS, HAR{LHETE 660 nm
DOX@MSNs-CAIX A @il [a] & 45 F CAIX FH OGRS Rl = 4: ROS X i #t 1T PDT, if
PERFUIRSE 4T1 4000, JFEMN SRR GSH  REfEBI AZ JEHTHE [ IR FEAK CATX TG AT

A Dual antigens B

3@1} PLGA/PEI- ' PLGA/PEL-
|'U‘Y PLGA/PEI vector et
nanoparticles
PLGA/PEI- PLGA/PEI-
pFGLl/pCAIX PLGA/PEI- ' . pFGL1/pCAIX
I

ntramuscular immunization pCAIX

» Tumor inhibition
o> 25 4 PLGA/PEI-vector
4, L Sy = PLGA/PEI-pFGLI
- o 0%-) B 20 4% % © PLGA/PEI-pCAIX
A Qerc ,o%, &7 Tumor cell 15F "a - ¢ PLGA/PEI-pFGL1/pCAIX

g %
O~
o —
&
%Q
\;m [
M( 7
]
5
=
Lung metastasis (nodules
w o
0J+':o

CD8'T cells  Largeting hCAIX-
renca cell

9 FGLI1/CAIX WEBEEHEEXWIMEIER  A: 3T PLGA/PEI-pFGL1/pCAIX % BT e
YERI7/R &, B: PLGA/PEI-pFGL1/pCAIX % i 41 i /N B 96 04 2% 8 R it s 7 14°)

Figure 9 Dual-targeting vaccine of FGLI1/CAIX exhibits potent anti-tumor activity. A: Schematic

illustration of the antitumor effect based on PLGA/PEI-pFGL1/pCAIX vaccine. B: PLGA/PEI-pFGL1/

pCAIX vaccine inhibits the development and lung metastasis in mice with kidney cancer*".

http://journals.im.ac.cn/cjben



WE S/ETREETES IX HMERGIATARERE

Hypoxia

CA [X-targeting self-assembly

Concentrate CA inhibitors on membrane
Strengthen CA IX dysfunctions

CA IX-regulated endocytosis F
Induce lysosome damage -
Block protective autophagy

st

ey bfﬂ: X
:}zl’-’.!’*} : = aii; wgs!s'{.!z‘f"ﬁ#‘ «  Nanofiber endocytosis

s :
- ; - : — Vi
&) © 25, . ~
fds) - | » ) £ e
Stage 1. | L4 T ¥ s
age | ~ P i

Normoxia

) f  CA IX expression

L

2 &
e i

Targeting self-assembly

R ¥ j P W CAIX
E - G — 3 ABS
w3 pepABS
) .'&xfi + =3 N-pepABS
£ - = L L

CA inhibitor targeting self-assemble on hypoxic cancer cell membrane

B 10 N-pepABS $EEREEM KT CAIX FHEAZETEED
Figure 10 Schematic illustration of N-pepABS targeting CAIX on the surface of hypoxic tumor cells and

self-assembling!”.

AR i A R AR, A AP T PDT HIHER
I R bR = SR T 5 LR g E R R
G G AE L, AR PDT W F ) 42
LT BB A IR IT R . lt, Su R K
BRI 3 A1 I BROGRGR] CA-Re BEZE [ b 7
TR AN -, Jfamad T AURN [T A PDT
TEJRA P74 i ROS, B3R IR 5E 3 M DL Ok
GSDMD NS4 AT, 345 frb e e e SRk
I ZAEHE DC IR, SE T 40K 10 E
IO PR SR SN, A 5 I g 1 [ R RT Y B
TP . BT CAIX AR PTT W75 A0 X 4%
/b, Chen ZE%F & T —Fh CAIX HLi &4 14 4
YR BRAE R LA, AT = 2408 1] F CALX
BH A P O IR 2 B X I8 15, X = AR
PRGN Al B, CATX H#E fi 40 1 50 A i
JEPEW . CAR-T 41f . BSHAYT . BNCT. fk
2EIRYT L PDT M PTT GBS YRR B AR TH 4%
FR 25 A7 ik B bgg sk, R B R A9 I
PRI FH T3

&: 010-64807509

3 AT CAIX MBS —&
A %

Al T2 WG T RE 2T — MR AL SR
T AR R £ 32 S PR E T W %, RIS AT
il b/ FH 25 B, BT WA i 2 BIAE
[Fi] B 38 T 368 Ao Fif s S A0 YR 7 RACR R AT SR
#ro HEFUE, Tikuni S5°VG LT —FSUIR L6k
P 165 1 ) 6 R THE 7 DU L BR AT 2B W US2, FEX)
HA AT ERZER ' In B Y FRid. M'In
FRiCA[M In)US2 fE 5 CAIX E A0 HT-29 fif
R S A, R RIS R
SPECT W&, BAh, Y #rici[*°Yus2
o n] R 1] I ST HT-29 [ogisifs, EfT
WO TR R RYY, WRIELE T R R K,
Ip A S Y 8 %) IR B 1 o U ST — 1
TR 259k 2 S IR (2 W RR Y $R 4t T % 2
RS . BEJS, Jiang ZNE i AZ EmAY
Wi sEVE B &%) CAi-PEG-b-PPG-b-PEG-CAi FI A

B<: cjb@im.ac.cn

125




126

ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

ML A Y PCVB ka2 46 17 —Fha]
Tl CAIX ¥ 1 B 40 K SRR OPNI, LA v iR f%
45 PDT aof 8 X = S8 I e | e A B 7 280
FER MRS R R, 58T AZ /) CAIX
[ DI HEFT PCVB % AR D GE , OPNi AJ =44
sz P = E M MDA-MB-231 B4R 786
AR . EFE TR T T, RAEA MO
FE S RE 547, OPNi figil i PCVB j=4: ROS
Xf iR A0 ML AT A3, [ AZ Rl
CAILX Y3 Vi FEAR B AU I8 5 B O ME 36, Jre LA
BT 5 PDT MPUmsTa(E 1), H&iE, Zuo
SRS T —Fh CAIX $HHI BS thg b Ao
Bifz MOF J:40 K418 Cu-SSC@BS, e H w3t
P& /9 7 4% (magnetic resonance/photoacoustic
imaging, MRI/PA)FIJG /A6 3l J1i6 97 (PTT/
CDTWIIHE . ZZIHEAK IR — 23k i ggg
AL, AR Cu REBE P 1 R IL A GSH i85
Sy Cu', FTHE AR ST 1 [R] BRI Ak & BS B
LA CAIX 36, NITTE 40 HAR 2R
AR A0 P pH 2E— 25 PR GRoR A L 1 5 A
FEHCE 211 Cu' 1 BS, 4403 5 N —MEHRH)
GSH JHFERZINIRIL, & CDT $2AbHraLn)

>

OPNi

OPNc¢

Radiance (x10° p/(s-cm?-sr))

0 2 48 72
Post-injection time (h)

& 11

Figure 11
transplanted mice based on OPNil*Y,

http://journals.im.ac.cn/cjben

Cu' HEALT R I B R Mk SR 3 . 7E O B
T, Cu-SSC@BS AT LA Bl H: R 4 ol
fEERE S PTT, B REA AUdE M CDT 2%, &
FEM RGP Rk b, RIFA MRIUPA 5L
AN ALRE S B iR 1 8 23 (8] o0 PR AR 12
W, 38 AT XRYT RCR AT SE I W R AT RPN
TR FNSTY — IR H . Sk, T
CAIX W27 — IR F AR B R /b, H A R
RIA W38 A I R % AL 1297 — R4k i 550 1Y
Wi, REET CAIX WIMIEILTT — RIS
KRS E R,

4 RES5RZ

25 BTk, CAIX TE 2 Fh = 48 i g 4 it J 3
RS R Rk, JEEAA TR 4N S pH Y
ite, PIOEHERRE MR R . BB AR B L
AT 55 Z B0 T WY B Az . Bk, B
CAIX 1E K 25450 0 - hRg 2 W FE 7 2
AR KRR . AU CAIX 25 F1D)
REVIA, Z5R T 5T M g . ey &2
J7T —IRIE T ST 2 J L 255 T CALX 19 g 1%
iU, HURTER R R B R e R

—Laser +Laser

25p PBS —A— —e—

OPN¢c —8— —¥%—

151

—_—
[e)
T

o
W

Relative tumor volume (V/V,)

e
=

0 2 4 6 8 10 12 14 16 18
Time (d)

£F OPNi 8 MDA-MB-231 /BB 5E BUR(A)F1 PDT #1948
Fluorescence imaging (A) and tumor inhibition curves after PDT (B) of MDA-MB-231



WE S/ETREETES IX HMERGIATARERE

SEAEXT Z SR 12 T L BT O O T R
TEBEMATIIER . SR, K — R AT
AR MEARATHE B 19 bR AR, i CAIX
1) Z 1S R Re & 2 Fh g0 NI, 3k
BB TEANBEREEE, A RIS
W ERPE . HRTIET CAIX MR
BIFFA IR, P or PR ARk &
BLRJRGUEZ —, N R ) RIS T RS i
PR FE . T CAIX Wb G 7 5 I,
KN F25%9 . TIREPIAR . ShRNA 9]
FRREAR CATX 1435 RGPk 1) Z Fpy7 ik 34 m]
AT RAFRPUIRE SR . SR, TR R A
SR RN 25 PR SRR, {GE M H CAIX il
HOMELIRARIG . B, K miid CAIX 5
TPEST L | T L 4RSS L PTT DL PDT
AL A A ] B E ST IR T O, AT
IR AE A JE R AR LT CAIX bt R
W R B M2 —, 3T CAIX Mig)r—
Ay, EId I RN CAIX B2y —kfk
il 770 T ] e S22 A MR 2 B R YT,
& B PR R G TR s D T RIER, R
5 ali 2 Wi sOR T A LA BB I, £F
BIREN BT R RS SR, BT
CAIX Wb 1297 — ALt 58 B i, e = 0,
KAEAERK LR, AL, IRk
FFE R R 1 e & R N R E R R THE K
AR GORSYATE B RN KGR T . =
BB AN . 25T D RE Y AT A
STE RS W AR 7 S R A R FHRIUR
FE KBRS T o JEHIE A R} AT A Bl
oS I A oK 45 PR ) SE AT L 1S T 2459
Aia T —, NEZBEGRIEE . 22490k
R U SAZTT — ARG K 0 B T S it T Al R
PIEF], SR, HETERT CAIX B R4
FBIT AR R FF RADAE TFRIR B, A fr

&: 010-64807509

P BIRANIIE . £5 EPNA, CAIX & —>nl %
{14 iR AR T # AR, A B AEAROR I ST A
P KA AR

REFERENCES

[1] HONARVAR H, GAROUSI J, GUNNERIUSSON E,
HOIDEN-GUTHENBERG 1, ALTAI M, WIDSTROM
C, TOLMACHEV V, FREJD FY. Imaging of
CAIX-expressing  xenografts in  vivo  using
99mTc-HEHEHE-ZCAIX: 1 affibody molecule[J].
International Journal of Oncology, 2015, 46(2):
513-520.

[2] WARD C, MEEHAN J, GRAY M, KUNKLER I,
LANGDON S, ARGYLE D. Carbonic anhydrase 1X
(CAIX), cancer, and radiation responsiveness[J].
Metabolites, 2018, 8(1): 13.

[3] QUEEN A, BHUTTO HN, YOUSUF M, SYED MA,
HASSAN MI. Carbonic anhydrase IX: a tumor
acidification switch in heterogeneity and chemokine
regulation[J]. Seminars in Cancer Biology, 2022, 86:
899-913.

[4] B4k, BRUR, XIVE, BRODAE. BRRETEE 1IX /NrT

0460 5000 WF T R[], A, 2013, 48(11):
1637-1643.
GUO J, LI FR, LIU Y, CHENG MS. Progress in the
study of carbonic anhydrase inhibitors as potential
anticancer drugs[J]. Acta Pharmaceutica Sinica, 2013,
48(11): 1637-1643 (in Chinese).

[5] LAUJ, LIN KS, BENARD F. Past, present, and future:
development of theranostic agents targeting carbonic
anhydrase IX[J]. Theranostics, 2017, 7(17): 4322-
43309.

[6] PASTOREKOVA S, GILLIES RIJ. The role of carbonic
anhydrase IX in cancer development: links to hypoxia,
acidosis, and beyond[J]. Cancer and Metastasis
Reviews, 2019, 38(1): 65-77.

[71 DEBREOVA M, CSADEROVA L, BURIKOVA M,
LUKACIKOVA L, KAJANOVA I, SEDLAKOVA O,
KERY M, KOPACEK J, ZATOVICOVA M, BIZIK J,
PASTOREKOVA S, SVASTOVA E. CAIX regulates
invadopodia formation through both a pH-dependent
mechanism and interplay with actin regulatory
proteins[J]. International Journal of Molecular
Sciences, 2019, 20(11): 2745.

[8] LI YJ, DONG M, SHENG WW, HUANG LP. Roles of
carbonic anhydrase IX in development of pancreatic

B<: cjb@im.ac.cn

127




128

ISSN 1000-3061

CN 11-1998/Q A¥ T #2244  Chin J Biotech

[10]

(1]

[12]

[14]

[15]

[17]

cancer[J]. Pathology & Oncology Research, 2016,
22(2): 277-286.

OZENSOY GO, SUPURAN CT, CAPASSO C.
Carbonic anhydrase IX as a novel candidate in liquid
biopsy[J]. Journal of Enzyme Inhibition and Medicinal
Chemistry, 2020, 35(1): 255-260.

DUIVENVOORDEN WCM, HOPMANS SN,
GALLINO D, FARRELL T, GERDES C, GLENNIE D,
LUKKA H, PINTHUS JH.
anhydrase IX (CA9) sensitizes renal cell carcinoma to

Inhibition of carbonic

ionizing radiation[J]. Oncology Reports, 2015, 34(4):
1968-1976.

HUIZING FJ, HOEBEN BAW, FRANSSEN GM,
BOERMAN OC, HESKAMP S, BUSSINK 1.
Quantitative imaging of the hypoxia-related marker
CAIX in head and neck squamous cell carcinoma
xenograft models[J]. Molecular Pharmaceutics, 2019,
16(2): 701-708.

van KUIJK SJA, YAROMINA A, HOUBEN R,
NIEMANS R, LAMBIN P, DUBOIS LJ. Prognostic
significance of carbonic anhydrase IX expression in
cancer patients: a meta-analysis[J]. Frontiers in
Oncology, 2016, 6: 69.

TAKACOVA M, BARTOSOVA M, SKVARKOVA L,
ZATOVICOVA M, VIDLICKOVA I, CSADEROVA L,
BARATHOVA M, BREZA J JR, BUJDAK P,
PASTOREK J, SR JB, PASTOREKOVA S. Carbonic
anhydrase IX is a clinically significant tissue and
serum biomarker associated with renal cell
carcinomalJ]. Oncology Letters, 2013, 5(1): 191-197.
KHAN AA, de ROSALES RTM. Radiolabelling of
extracellular vesicles for PET and SPECT imaging[J].
Nanotheranostics, 2021, 5(3): 256-274.

HOEBEN BAW, KAANDERS JHAM, FRANSSEN
GM, TROOST EGC, RIUKEN PFJW, OOSTERWIJK E,
van DONGEN GAMS, OYEN WJG, BOERMAN OC,
BUSSINK J. PET of hypoxia with 89Zr-labeled
c¢G250-F(ab"), in head and neck tumors[J]. Journal of
Nuclear Medicine: Official Publication, Society of
Nuclear Medicine, 2010, 51(7): 1076-1083.
OOSTERWIJK E, BANDER NH, DIVGI CR, WELT S,
WAKKA JC, FINN RD, CARSWELL EA, LARSON
SM, WARNAAR SO, FLEUREN GJ. Antibody
localization in human renal cell carcinoma: a phase [
study of monoclonal antibody G250[J]. Journal of
Clinical Oncology: Official Journal of the American
Society of Clinical Oncology, 1993, 11(4): 738-750.
CHEAL SM, PUNZALAN B, DORAN MG, EVANS

http://journals.im.ac.cn/cjben

[18]

(21]

(23]

[24]

MJ, OSBORNE JR, LEWIS JS, ZANZONICO P,
LARSON SM. Pairwise comparison of *Zr- and
'*I-labeled
tomography imaging and nonlinear immunokinetic

c¢G250 based on positron emission

modeling: in vivo carbonic anhydrase IX receptor
binding and internalization in mouse xenografts of
clear-cell renal cell carcinoma[J]. European Journal of
Nuclear Medicine and Molecular Imaging, 2014, 41(5):
985-994.

GAROUSI J, HUIZING FJ, VOROBYEVA A,
MITRAN B, ANDERSSON KG, LEITAO CD, FREJD
FY, LOFBLOM J, BUSSINK J, ORLOVA A,
HESKAMP S, TOLMACHEV V. Comparative
evaluation of affibody- and antibody fragments-based
CAIX imaging probes in mice bearing renal cell
carcinoma xenografts[J]. Scientific Reports, 2019, 9:
14907.

HUIZING FJ, GAROUSI J, LOK J, FRANSSEN G,
HOEBEN BAW, FREJD FY, BOERMAN OC,
BUSSINK J, TOLMACHEV V, HESKAMP S.
CAIX-targeting radiotracers for hypoxia imaging in
head and neck cancer models[J]. Scientific Reports,
2019, 9: 18898.

van LITH SAM, HUIZING FJ, FRANSSEN GM,
HOEBEN BAW, LOK J, DOULKERIDOU S,
BOERMAN OC, GOTTHARDT M, van BERGEN EN
HENEGOUWEN PMP, BUSSINK J, HESKAMP S.
Novel VHH-based
half-lives for imaging of CAIX-expressing hypoxic
tumor cells[J]. Molecular Pharmaceutics, 2022, 19(10):
3511-3520.

PITRE-CHAMPAGNAT S, LEGUERNEY I, BOSQ J,
PERONNEAU P, KIESSLING F, CALMELS L,
COULOT J, LASSAU N. Dynamic contrast-enhanced
ultrasound parametric maps to evaluate intratumoral
2015,

tracers with variable plasma

vascularization[J].
50(4): 212-217.

ZHU LH, GUO YL, WANG LF, FAN XZ, XIONG XY,
FANG KI,
nanobubbles carrying CAIX polypeptides to target

Investigative Radiology,

XU D. Construction of ultrasonic

carcinoma cells derived from various organs[J].
Journal of Nanobiotechnology, 2017, 15(1): 63.

ZHU LH, WANG LF, LIU Y, XU D, FANG KJ, GUO
YL. CAIX

nanobubbles for ultrasound molecular imaging of

aptamer-functionalized targeted

various  tumors[J]. International ~ Journal  of

Nanomedicine, 2018, 13: 6481-6495.
LI'Y, CHEN XY, ZHOU ZW, LI Q, WESTOVER KD,



WE S/ETREETES IX HMERGIATARERE

[26]

[27]

[29]

[32]

WANG M, LIU JJ, ZHANG S, ZHANG J, XU B, WEI
X. Dynamic surveillance of tamoxifen-resistance in
ER-positive breast cancer by CAIX-targeted ultrasound
imaging[J]. Cancer Medicine, 2020, 9(7): 2414-2426.
GROVES K, BAO B, ZHANG J, HANDY E,
KENNEDY P, CUNEO G, SUPURAN CT, YARED W,
PETERSON JD, RAJOPADHYE M. Synthesis and
evaluation of near-infrared fluorescent sulfonamide
derivatives for imaging of hypoxia-induced carbonic
anhydrase IX expression in tumors[J]. Bioorganic &
Medicinal Chemistry Letters, 2012, 22(1): 653-657.
van BRUSSEL ASA, ADAMS A, OLIVEIRA S,
DORRESTEIIN B, EL KHATTABI M, VERMEULEN
JF, van der WALL E, MALI WP, DERKSEN PWB,
van DIEST PJ, van BERGEN EN HENEGOUWEN
PMP. Hypoxia-targeting fluorescent nanobodies for
optical molecular imaging of pre-invasive breast
cancer[J]. Molecular Imaging and Biology, 2016, 18(4):
535-544.

MUSELAERS CHJ, RIJPKEMA M, BOS DL,
LANGENHUIJSEN JF, OYEN WJG, MULDERS PFA,
OOSTERWIIJK E, BOERMAN OC. Radionuclide and
fluorescence imaging of clear cell renal cell carcinoma
using dual labeled anti-carbonic anhydrase IX antibody
G250[J]. The Journal of Urology, 2015, 194(2):
532-538.

HEKMAN MC, RIJPKEMA M, MUSELAERS CH,
OOSTERWIJK E, HULSBERGEN-Van de KAA CA,
BOERMAN OC, OYEN WJ, LANGENHUIJSEN JF,
MULDERS PF. Tumor-targeted dual-modality imaging
to improve intraoperative visualization of clear cell
renal cell carcinoma: a first in man study[J].
Theranostics, 2018, 8(8): 2161-2170.

MCDONALD PC, WINUM 1JY, SUPURAN CT,
DEDHAR S. Recent
carbonic anhydrase IX for cancer therapeutics[J].
Oncotarget, 2012, 3(1): 84-97.

TAFRESHI NK, LLOYD MC, BUI MM, GILLIES RJ,
MORSE DL. Carbonic anhydrase IX as an imaging and
therapeutic target for and metastases[J].
Sub-Cellular Biochemistry, 2014, 75: 221-254.
INNOCENTI A, VULLO D, SCOZZAFAVA A,
SUPURAN CT. Carbonic
interactions of phenols with the 12 catalytically active
mammalian isoforms (CA I-XIV)[J]. Bioorganic &
Medicinal Chemistry Letters, 2008, 18(5): 1583-1587.
TOUISNI N, MARESCA A, MCDONALD PC, LOU
YM, SCOZZAFAVA A, DEDHAR S, WINUM JY,

developments in targeting

tumors

anhydrase inhibitors:

: 010-64807509

[33]

[34]

[35]

[36]

[37]

[38]

SUPURAN CT. Glycosyl coumarin carbonic anhydrase
IX and XII inhibitors strongly attenuate the growth of
primary breast tumors[J]. Journal of Medicinal
Chemistry, 2011, 54(24): 8271-8277.

PACCHIANO F, CARTA F, MCDONALD PC, LOU
YM, VULLO D, SCOZZAFAVA A, DEDHAR S,
SUPURAN CT. Ureido-substituted benzenesulfonamides
potently inhibit carbonic anhydrase IX and show
antimetastatic activity in a model of breast cancer
metastasis[J]. Journal of Medicinal Chemistry, 2011,
54(6): 1896-1902.

SARNELLA A, FERRARA Y, AULETTA L,
ALBANESE S, CERCHIA L, ALTERIO V, de
SIMONE G, SUPURAN CT, ZANNETTTI A. Inhibition
of carbonic anhydrases IX/XII by SLC-0111 boosts
cisplatin effects in hampering head and neck squamous
carcinoma cell growth and invasion[J]. Journal of
Experimental & Clinical Cancer Research: CR, 2022,
41(1): 122.

FUKUOKA K, USUDA J, IWAMOTO Y,
FUKUMOTO H, NAKAMURA T, YONEDA T,
NARITA N, SAIJO N, NISHIO K. Mechanisms of
action of the novel sulfonamide anticancer agent
E7070 on cell cycle progression in human non-small
cell lung cancer cells[J]. Investigational New Drugs,
2001, 19(3): 219-227.

BROUWERS AH, van EERD JEM, FRIELINK C,
OOSTERWIJK E, OYEN WIJG, CORSTENS FHM,
BOERMAN OC. Optimization of radioimmunotherapy
of renal cell carcinoma: labeling of monoclonal
antibody ¢G250 with 1311, 90Y, 177Lu, or 186Re[J].
Journal of Nuclear Medicine: Official Publication,
Society of Nuclear Medicine, 2004, 45(2): 327-337.
CHANG DK, MONIZ RJ, XU ZY, SUN IS,
SIGNORETTI S, ZHU Q, MARASCO WA. Human
anti-CAIX antibodies mediate immune cell inhibition
of renal cell carcinoma in vitro and in a humanized
mouse model in vivo[J]. Molecular Cancer, 2015, 14:
119.

CHAFE SC, VIZEACOUMAR FS, VENKATESWARAN
G, NEMIROVSKY O, AWREY S, BROWN WS,
MCDONALD PC, CARTA F, METCALFE A,
KARASINSKA JM, HUANG L, MUTHUSWAMY SK,
SCHAEFFER DF, RENOUF DJ, SUPURAN CT,
VIZEACOUMAR FJ, DEDHAR S. Genome-wide
synthetic lethal screen unveils novel CAIX-NFS,/xCT
axis as a targetable vulnerability in hypoxic solid
tumors[J]. Science Advances, 2021, 7(35): eabj0364.

B<: cjb@im.ac.cn

129




130

ISSN 1000-3061

CN 11-1998/Q A¥ T #2244  Chin J Biotech

[39]

[40]

[41]

[43]

[44]

[46]

[47]

LOU YM, MCDONALD PC, OLOUMI A, CHIA S,
OSTLUND C, AHMADI A, KYLE A, KELLER UAD,
LEUNG S, HUNTSMAN D, CLARKE B,
SUTHERLAND BW, WATERHOUSE D, BALLY M,
ROSKELLEY C, OVERALL CM, MINCHINTON A,
PACCHIANO F, CARTA F, SCOZZAFAVA A, et al.
Targeting tumor hypoxia: suppression of breast tumor
growth and metastasis by novel carbonic anhydrase IX
inhibitors[J]. Cancer Research, 2011, 71(9): 3364-3376.

MCDONALD PC, CHIA S, BEDARD PL, CHU Q,
LYLE M, TANG LR, SINGH M, ZHANG ZH,
SUPURAN CT, RENOUF DJ, DEDHAR S. A phase 1
study of SLC-0111,
anhydrase X,

a novel inhibitor of carbonic
solid
tumors[J]. American Journal of Clinical Oncology,
2020, 43(7): 484-490.

STILLEBROER AB, BOERMAN OC, DESAR IME,

in patients with advanced

BOERS-SONDEREN MJ, van HERPEN CML,
LANGENHUIJSEN  JF, SMITH-JONES PM,
OOSTERWIIK E, OYEN WIJG, MULDERS PFA.

Phase 1 radioimmunotherapy study with lutetium
177-labeled anti-carbonic anhydrase IX monoclonal
antibody girentuximab in patients with advanced renal
cell carcinoma[J]. European Urology, 2013, 64(3):
478-485.

HOUSMAN G, BYLER S, HEERBOTH S,
LAPINSKA K, LONGACRE M, SNYDER N,
SARKAR S. Drug resistance in cancer: an overview[J].
Cancers, 2014, 6(3): 1769-1792.

IMAI K, TAKAOKA A. Comparing antibody and
small-molecule therapies for cancer[J].
Reviews Cancer, 2006, 6(9): 714-727.

KIM B, PARK JH, SAILOR MJ. Rekindling RNAi
therapy: materials design requirements for in vivo
siRNA delivery[J]. Advanced Materials: Deerfield
Beach, Fla, 2019, 31(49): €1903637.

CHAI DF, QIU D, SHI XQ, DING JG, JIANG N,
ZHANG ZC, WANG JW, YANG J, XIAO PL, WANG
G, ZHENG JN. Dual-targeting vaccine of FGL1/CAIX
exhibits potent anti-tumor activity by activating
DC-mediated multi-functional CD8 T cell immunity[J].
Molecular Therapy - Oncolytics, 2022, 24: 1-13.
IR, wEE. CAR-T 4NM5RE T ik B 5T ik

[J]. S E A4 BRI, 2022, 49(2): 295-299.
ZHENG NR, XU JQ. Research progress of CAR-T cell
immunotherapy[J]. Fudan University Journal of
Medical Sciences, 2022, 49(2): 295-299 (in Chinese).
ZHAO ZJ, CHEN Y, FRANCISCO NM, ZHANG YQ,

Nature

http://journals.im.ac.cn/cjben

[49]

[51]

[53]

[55]

WU MH. The application of CAR-T cell therapy in
hematological malignancies: advantages and
challenges[J]. Acta Pharmaceutica Sinica B, 2018, 8(4):
539-551.

CUI J, ZHANG Q, SONG Q, WANG HR, DMITRIEV
P, SUN MY, CAO XY, WANG Y, GUO LM, INDIG
IH, ROSENBLUM JS, JI CX, CAO DQ, YANG KY,
GILBERT MR, YAO Y, ZHUANG ZP. Targeting
hypoxia downstream signaling protein, CAIX, for CAR
T-cell therapy against glioblastoma[J].
oncology, 2019, 21(11): 1436-1446.
ZHANG C, FANG L, WANG XY, YUAN S, LI WJ,
TIAN WP, CHEN J, ZHANG Q, ZHANG YX,
ZHANG Q, ZHENG JN. Oncolytic adenovirus-
mediated

Neuro-

expression  of  decorin  facilitates
CAIX-targeting CAR-T therapy against renal cell
carcinoma[J]. Molecular Therapy - Oncolytics, 2022,
24: 14-25.

ZHENG CX, SONG QL, ZHAO HJ, KONG YY, SUN
LL, LIU XX, FENG QH, WANG L. A nanoplatform to
boost multi-phases of cancer-immunity-cycle for
enhancing immunotherapy[J]. Journal of Controlled
Release, 2021, 339: 403-415.

JIANG LJ, XU G, LI ZH, ZENG XW, L1 ZL, LIU JW,
MEI L, LI XM. RNAi-mediated knockdown of CAIX
enhances the radiosensitivity
carcinoma cell line, CNE-2[J].
Therapy, 2017, 10: 4701-4709.
XU PQ, ZHANG Y, GE FH, ZHANG FM, HE X, GAO
XY. Modulation of tumor

enhance radiotherapy efficacy in esophageal squamous

of nasopharyngeal

OncoTargets and

microenvironment to

cell carcinoma by inhibiting carbonic anhydrase IX[J].

Frontiers in Oncology, 2021, 11: 637252.

ALBERTI D, MICHELOTTI A, LANFRANCO A,

PROTTI N, ALTIERI S, DEAGOSTINO A,

GENINATTI CRICH S. In vitro and in vivo BNCT

investigations using a carborane  containing

sulfonamide targeting CAIX epitopes on malignant

pleural mesothelioma and breast cancer cells[J].

Scientific Reports, 2020, 10: 19274.

*Eﬁi, MEFRAG . HCR M A R ARIC B 45
SR, 2022, 67(14): 1498-1507.

LI S, CHU TW. Radionuclide-labeled boron delivery

agents[J]. Chinese Science Bulletin, 2022, 67(14):

1498-1507 (in Chinese).

PETRUL HM, SCHATZ CA, KOPITZ CC, ADNANE

L, MCCABE TJ, TRAIL P, HA S, CHANG YS,

VOZNESENSKY A, RANGES G, TAMBURINI PP.

A &



WE S/ETREETES IX HMERGIATARERE

[57]

[60]

Therapeutic mechanism and efficacy of the
BAY 79-4620
human carbonic anhydrase 9[J].
Therapeutics, 2012, 11(2): 340-349.
ANDREUCCI E, RUZZOLINI J, PEPPICELLI S,
BIANCHINI F, LAURENZANA A, CARTA F,
SUPURAN CT, CALORINI L. The carbonic anhydrase
IX inhibitor SLC-0111
conventional chemotherapy[J]. Journal of Enzyme
Inhibition and Medicinal Chemistry, 2019, 34(1):
117-123.

LI JY, SHI KJ, SABET ZF, FU WJ, ZHOU HG, XU
SX,LIUT, YOUM, CAO MJ, XU MZ, CUI XJ, HU B,
LIU Y, CHEN CY. New power of self-assembling

carbonic anhydrase inhibitor: short peptide-constructed

antibody-drug conjugate targeting

Molecular Cancer

sensitises cancer cells to

nanofibers inspire hypoxic cancer therapy[J]. Science
Advances, 2019, 5(9): eaax0937.

CHEN MM, HU JX, WANG LJ, LT YR, ZHU CH,
CHEN C, SHI M, JU ZC, CAO XC, ZHANG ZQ.
Targeted and redox-responsive drug delivery systems
based on carbonic anhydrase IX-decorated mesoporous
silica nanoparticles for cancer therapy[J]. Scientific
Reports, 2020, 10: 14447.

van KUIJK SJA, GIELING RG, NIEMANS R,
LIEUWES NG, BIEMANS R, TELFER BA, HAENEN
GRMM, YAROMINA A, LAMBIN P, DUBOIS LJ,
WILLIAMS KJ. The sulfamate small molecule CAIX
inhibitor S4 modulates doxorubicin efficacy[J]. PLoS
One, 2016, 11(8): €0161040.

JUNG HS, HAN JY, SHI H, KOO S, SINGH H, KIM
HJ, SESSLER JL, LEE JY, KIM JH, KIM IJS.

&: 010-64807509

[61]

[62]

[63]

[64]

[65]

Overcoming the limits of hypoxia in photodynamic
therapy: a carbonic anhydrase IX-targeted approach[J].
Journal of the American Chemical Society, 2017,
139(22): 7595-7602.

SU XX, WANG WJ, CAO Q, ZHANG H, LIU B,
LING YY, ZHOU XT, MAO ZW. A carbonic
(CAIX)-anchored
photosensitizer evokes pyroptosis for enhanced anti-

anhydrase IX rhenium(I)
tumor immunity[J]. Angewandte Chemie: International
Ed in English, 2022, 61(8): €202115800.

CHEN Y, BIAN XM, ALIRU M, DEORUKHKAR AA,
EKPENYONG O, LIANG S, JOHN J, MA J, GAO XQ,
SCHWARTZ J, SINGH P, YE YQ, KRISHNAN S,
XIE H. Hypoxia-targeted gold nanorods for cancer
photothermal therapy[J]. 2018, 9(41):
26556-26571.

IIKUNI S, ONO M, WATANABE H, SHIMIZU Y,
SANO K, SAJI H. Cancer radiotheranostics targeting
carbonic anhydrase-IX with '''In- and *’Y-labeled
ureidosulfonamide scaffold for SPECT imaging and
2018,

Oncotarget,

radionuclide-based therapy[J]. Theranostics,
8(11): 2992-3006.

JIANG YY, LIJC, ZENG ZL, XIE C,LYU Y, PU KY.
Organic photodynamic nanoinhibitor for synergistic
cancer therapy[J]. Angewandte Chemie: International
Ed in English, 2019, 58(24): 8161-8165.

ZUO WB, FAN ZX, CHEN LP, LIU JX, WAN Z,
XIAO ZM, CHEN WB, WU L, CHEN DY, ZHU X.
Copper-based theranostic nanocatalysts for synergetic
photothermal-chemodynamic therapy[J]. Acta Biomaterialia,
2022, 147: 258-269.

(ATT9  ARETTT)

B<: cjb@im.ac.cn

131




