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Abstract: Nanozymes are a class of nanomaterials with enzyme-like activity. Compared with natural enzymes, nanozymes
have the advantages of easy synthesis, adjustable activity, and high stability. The nanozymes derived from the metal-organic
frameworks (MOFs) , as a new family member of nanozymes, have attracted widespread attention due to their rich active
sites and controllable catalytic activity. Compared with the traditional nanozymes, MOFs-derived nanozymes maintain the
porous structure of MOFs, as well as possess good biocompatibility and high catalytic activity, showing a broad prospect in
the biomedical field including tumor catalytic therapy. In this review, we systematically summarize the classification of
MOFs-derived nanozymes, including MOFs-derived metal oxides, metal/carbon, metal oxides/carbon, metal sulfide, and

single-atom nanozymes ( SAzymes). In addition, we also focus

on the activity regulation strategies of MOFs-derived
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nanozymes, such as surface structure regulation, heteroatomic

doping, bimetallic construction, and MOFs-based linker ex-
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change strategy. Furthermore, we review the applications of
catalytic therapies based on MOFs-derived nanozymes and their

synergistic therapies in recent years. Finally, we propose the
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I7 T B AE R T ROR A AR R 2 S T ) ik,
Mg 2435 (tumor microenvironment, TME) B4FME, W=
S TRR MR R BE ) 4% B K ( glutathione, GSH,
~10x107 mol - L") Fl H,0,((50~100) x10™* mol - L")
G, S PEUBE S R R B A
Gy Vs RUEL RS 7 5 R R RE TR T AR Y Bk
TME 15X E BRB R 2G5 D4Rk, TME Wi b
PEGK BT K T BRR YT . TERMRIEL T, 99Kl
] A AR A 4R AL W B ( peroxidase, POD) 3% M H,0,
3R B Y 36 P 45 (reactive oxygen species, ROS),
MGt T, RS L (oxidase, OXD) 5L
B H Bkt E ALY ( glutathione oxidase, GSHOx) 3% PERT i
ERT(0,) 774 H,0, BUEALIE IR GSH LLRE IR A= i
M55 B4 Ad S Ak SO ( catalase, CAT) A H,0, #%
Kl 0, KEMMEZE T, T, REEANIEE
M 7 6 S 180 90 K B A 7 2 T LA R0 ik IV e
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AIVER, DIREA T R AR
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WP (4525 CAT, POD Al GSHOx 55) 44 K i, JF H.
HAT AR EE MOFs [ A 1y Z LR, AR T o 7%
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T A 98 K Bl A 2 W B 2 U B R B R R N T
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JB T MOFs 477 4= 44 K i A 3 (14 e v 7 1 Joe b 1 e . e
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TR e fRIRER AR 2] T I R, it KR
FRAD PR B T 58 55 7 ¥ A L MOFs RTSRIR G, 7E45 <
ORI, RIRPEHED 1) & 08 B T8 ELRERE N
85053 A i 4 T AL W AN K UKL, B 43 ik 2 53 4 AR AR
A CO/CO TR BRI, [RIEE A HLBC AR (LR 2
FLBR AT X e R AL Ak A e A
Z50E, RIS A IR M AS AN 0 S REE M. BN, Ly %
¥ ZnCo 3 A WK Mk i AE 22 B 42 ( ZnCo-zeolitic imidazolate
framework , ZnCo-ZIF) & T 25 S P HEE 3 h, il T 240
W I 4 B E AL A K (Zn0-Co,0, NCs) |, ZAKEEH
B LS A28 POD 161, 7F H,0, fF7E T, wlLAMiEfL I
PR R A B A (- OH) I JC €8 1 Y R B R ik
(TMB) EALIE s €7 1, B4 AL TMB (oxTMB) '
Chen 2% ] ZIF-67 F1[ Fe(CN) 17 B B 1~ 38 e 2 o7 il 4%
T ZIF-67@ Co-Fe ¥4 [C 5 L1 (PBA ) FRH sE 2 A,
FHHHE TFEPEEAEE T Co,0,@ Co-Fe AfLYIUZ
YKGE(DSNCs) , B4 HL T W IEE (TEM ) B A IER T 1%
AL B WFEEEH (B 1), HRAR A XFE 98 K 4544 T
PRI R i e S RIS il a8 (& 1b) , {5528 POD
EPERCN AT BE (K 1e) ol BT, Zeng A s A A
(BSA) #HAE Mn-MOF 1, FEES b G, [EZ1
Mn, 0, #KHKL T (bMn,0,) ., 7E H,0, fF7ET, HAME
G 1 (2% POD Fil OXD) A bMn, 0, B35 fIH [ i 42 1k
fifi (ChOx) PfEALIE M, (143 ChOx-bMn,0, 243844 K i v]
DA el 27 A0 b ARG i 5 v i L T
2.2 MOFs TR & B /M40 KB

FF MOFs HAT FE 5 14 a8 7 AT HLEC R A9 5 1
P HAETEPEAS (I Ar A1 N,) R EAT 305 nT LUK A HLED
VKA R ZFLRR 54, [AIE MOFs w4 45 J& FH B 1 Bl ik
JEU 4 SR A K OB, 3 ao 2 I 2, T AR BN TR
T EL BT L 9 AN 4 TR g oK UKL R SF Y 4 R/ ik A K
filgt o220 BeAh, ORE RS R AR LR R T B A 8
T Tl AT A Sl o 4 B AN K BORE (R R4, e SR T
Fo e e 5 | S 14 4 i 409 A TR, 2 1 40 Ak Ay 1) L, [] st
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[ ( peroxidase, POD) WEHRER, (o) Co;0,@ Co-Fe TEATA] H,0, e FE T AL Y B BEBEAS R (TMB) ‘?Lﬂ:ﬁﬁ%f%ﬁﬁlﬁ'ﬁ%[ 19] ; (d)Cu@
C-500 MG B AL R B, (e) Cu@ C-500 [ TEM HR B, (£) ANEA RG2S POD 1 PER LA FT WOB1E, Hdr, i. Cu@ C-500, ii:

HKUST-1, iii: 494, iv iGrEse

Fig. 1 Metal-organic frameworks ( MOFs) -derived metal oxide and metal/carbon nanozymes: (a) TEM image of Co;0,@ Co-Fe, (b) schematic illustra-

tion of POD-like activity by Co;0,@ Co-Fe, (c¢) UV-vis absorption spectra of TMB oxidation catalyzed by Co;0,@ Co-Fe at different H,0, con-

centrations' "’ ; (d) schematic illustration of synthesis of enzyme-like catalysis of Cu@ C-500, (e) TEM image of Cu@ C-500, (f) UV-vis ab-

sorption spectra of POD-like activity of different materials, i; Cu@ C-500, ii; HKUST-1, iii: copper foil, iv: activated carbon

B7 1k T &SR AR IO ) R, AT 484 0 498 K il Ay L 3% 1
TR S ME T i, Tan %551 HU# Cu 3£ MOFs
(HKUST-1) il % 7 4 J8/ Ik 44 K & & 4 FH(Cu NPs@ C)
FKEAFREFM Cu NPs 7E MOFs 7 A At 3 B v g i
43K, {#15 Cu NPs@ C A L5925 POD WM, JFH I
Xt H,0, 13515 T KR BUR T S AL 4 B (horseradish
peroxidase, HRP )™ | 25l Hh, Song % ¥ Cu 3 MOFs
(HKUST-1) BT 500 °C Al N, <4 F#fk 10 h, Hil& T
Cu K FIURL IR A I Z FLER &+ 8 Cu@ C-500), FHF
oo AL SR (1 1d) . TEM FR HSIER, Cu 99 2K kL
eI 5 5y Bt Z AL Z A MR P (B 1e) o 1E H,0,
AT, Cu@ C-500 AY2¢ POD 3% 1 & F i 9K 4
HKUST-1( & 1£) ?Y | 2018 4F, Li %5l 1 76 N, S50 F *f
I (ZIF-67) BEHHI, 35T Co AN B
BN FLIR N K il (Co ,N-HPC) , FEIEIEFEH, Co™ Bk
R B 51 [ Co NPs, ffi15 Co,N-HPC H AL 5 1 2%
OXD i%tE, FHT GSH K>,
2.3 MOFs TR & B KLY/ KEE

WA TERE LU T 4 MOFs RiTBRIK . 23 b 4 fk
X2 ANBER, TR 4 R AR B FERR RS -,
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B, Wang 254538 T —Fl Cu B 2% 10 A AL 5 2 FLER 9 K
HEMEH(CuCo(0) @ PCNs) , Seiliid 76 N, U T X
Cu/ZIF-8@ ZIF-67 AT, 6 1 Cu/Co 5i7E N B 2%0K
K & 2% Z 4K (Cw/Co-NCNHP) ; Z J5 ¥ Cu/Co-
NCNHP & T2 S b, 43 7 BHA S CAT E MM
CuCo(0)@PCNs (Bl 2a), T 5 H,0, & I 4 A 0,
(P 2b) P Zafeisth, Fan S5 FH G Fi I B6FE FH 46 45 75 21
BAMREFRERA D ZIF-8@ GO, FHHHIEE S T/ Ar
s S i T8, I SR B B B Y ( thermally respon-
sive brushes, TRB) % 3| T H A f & ¥t & i % 7 TRB-
In0@ G, FFH AR I Bk 20 it 5 . Rl
Xu ZE A MnCo &+ % ( MnCo-PBA) N, #l& T H
HEWR KBTS0 MnCo W4 & 4016 40 5k 44 K il
(MnCo@ C NCs) , ZKEFHAMFEIE OXD, CAT A
T N ) 22 Fh T P, R FLR B A 57 i i Ak 1k
AR FHORINER | 2,4- SR B A1 B 1 AR 28 A ek e
e
2.4 MOFs T4 & B ks

A S AR SRS AT LAXS MOFs 43 &8 75 5 B 4 ™)
SEHATHERPE LT, o, 51 ZR R T AR B S R A R ]
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Fig.2 MOFs-derived metal oxide/carbon and metal sulfide nanozymes: (a)schematic illustration of preparation process of CuCo(0)@ PCNs, (b)

0, generation curves of CuCo(0) @ PCNs under different conditions!?°
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PR AL DT [0 826 1 4 IR B Ak 4 . Xiong %K
HKUST-1 fENRTR | Na,S - OH,0 745508, #il# T HA
525 POD TEHERY PCuS UK URL I HAE Ky — ol 4
[ POD HI T He A6 . Wang 2844 585 5 Co/Mo-MOF
BT N, RATHTHM, GHT CoS,/MoS, 44K
(B 2¢) o N THIIE CoS,/MoS, W EEMEALILE], We¥ed T
H e 2L 3% (electron spin resonance, ESR) #4717 Ik, 51
KR, 4 CoS,/MoS, 5 H,0, IRAH, ESR K% iE4A
FHESF( - 0,7 ) RS BERTR, IESE T CoS,/MoS, HA K
P 1 (1 2d) Y,
2.5 MOFs fiTE R B8R F 40K

FEMEAL TR T, 0K 2 158 (A /D o 1 1 I
AR, FEOREAL AL, TR A L R
BUHIR B . 32 KoK 4 i WS a2 25 e 25 W 1) ik, M
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WP RE R 450 . AR, K Y 4 R R AL
W ERTE, XA TR MEAEE. B, PRH
TR J& TALFGERAE T . WP . A= 8 Pl A s Ui
PR ELE N RS RS, F T4 m M SAzyme , il 4T
FHI &R TGRS, AMUBERRTF SAzyme 194
JE R, W ARG A R TR Y R TR L Horh

! ; (¢) schematic illustration of CoS,/MoS, synthesis, (d) ESR spec-

PL MOFs 2 5 3 Ji 48 2% i A, 78 5 A (n H, |
N, . Ar AU NH,) AR5, i $0f AR A5 5 A 38 20 o A
DL AU SAzyme S —Ff a5 32 SC 1 (BT WG 2 L FE A
fife i B, MOFs H A4 Ja 19 i ol LU % fh A e 2k T
RS T4 B A A, ORI LG 2 T 5 A 4% 574
S 4B R T RN 4 T SR e A, DT AT AT K i 40
ORI, [ ol 5 388 3 A A7 st P 05 5 1530 ok I AR A4
BOCER, MEUE KBRS BTSRRI 4
A ZIF-8 MR il 45 1 73 B AR 130 nm () LR T4k
fi# ( porphyrin-like metal centers nanoparticles, PMCS )
(F 3a), dad @ B 8 5 3 401 35 O i 7 o il s
(HAADF-STEM) iESE T PMCS 1 & 47 J5L 143 HLAY 4 J5L 1
(E3b), [y, BFEAEME Zn-N, WEHEA S LA
BRI POD HEPE (I 3¢) Y i AR H i P57
0 K Tt ) ABE 2 A Rt 3 B T 4 A AT B8 ) R L AR,
VEB TS AL U] T PMCS 7EIL LT A1 (near infrared, NIR)
WOCHRGT T 2R TG PEE— P g 1740 PMCS M &R
RPN RAF PR PR R, SCIL T O das R S 1k 09 45
FFBEERN A . Huang 2576 N, 40 B X MOFs 352 98k
FHHATHIR, Wl T —FEAT R 28 OXD I P R B AN K
HEZRAh 1] N HC AV (14 B T8k 40 K il ( FeNg SA/CNF) , 3
T HRE A AN S R AR XF HE FeN, SA/CNF Hl MN, SA/
CNF(M=Mn, Fe, Co, Ni#l Cu) 2% OXD iG¥:, K #
FeN; SA/CNF B 5 5% ()28 OXD jE M, X & H T FeN,
SA/CNF [ 5L J5E 355 M A A AR A T Oy 201 40 i (5 3%
PAS0 (il LA ML R " . Bl , VEHBFSAGE T —
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Fig. 3 MOFs-derived SAzyme: (a) TEM image of PMCS, (b) sub-angstrom resolution HAADF-STEM images of the PMCS, partial single Zn
atoms are circled in red, (c¢) POD-like activity of PMCS at different concentrations! >’ ; (d) schematic illustration of preparation process

of FeNs SAzyme, (e) comparison of POD-like activity of different materials|**) ; (f) SEM images of AMEs, (g) comparison of OXD-

like activity of different AMEs, (h) comparison of POD-like activity of different AMEs !
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SEF RN REXT 40 K B B B L, il i LR
SR PR AL 7 s S A ML 1 1T DL A5 B A4 £ MOFs i1 40
ORI, AU e i — 25 4 e TS A 2 H RTIEIE A AR
UTAESR, WIFFE AT T — S0 EL A A0 5% s ok 5 v g A4 1k
e, AR RS, MR T3 WENEE
MOFs RifAFIFET MOFs (RS s ms
3.1 FESEEAERE

IR R, GUORREE 0T 25 2 7EAR R L 5 o LA
i, TR TE SRR E B L EEM . RA),
LERTH AR LA S LR . — MR Ut RO /N FLAR KA 4Kk
Fifg O A AL T R 2 T RO R FLAR /N 9ok B, X2 A
S B e mm AL AR AR AT LA Sk 2 R $R A TR 22 1 v P
P04 Wang 2548 R [R) A BB (20 Pluronic F127
F1 Pluronic P123) sl Joi i il & 17 HA A IA] b3 mm B 4
KTl (43 EH Co,0,-F . Co,0,-P Fl Co,0,), HIT Co,0,-F
HA N RSE R 2 i L g K, D b 3R B
(244.4 m* - ¢ ") KT Co,0,-P(192.6 m* - ¢') Al
Co,0,(168.2 m* « g™, KRB AL SN BRI B 22 1 7 1
Pk, I Co,0,-F HA e B4, sbsh,
TS A48 K BB A A [ A0 2 85 1, 490 K 18 A 44 £k
TR AT L g 42 o) HOE 25 g 35 1 ) Song 2541 45 14
CuCo,0, KM, W TI K & m AR ZILE A Fl T
Y5 AL S B ik, A5 CuCo,0, I 41 57 1 2
OXD( ¥l 4a) #11 CAT i (&l 4b) . 5 #RIE A Co-MOFs
A Bk Co,0, 9K AHLL, A-FL CuCo,0, HHKFEXT
TMB BA B E R (8 4c) , 3= F HuR g4k F- 45
Pl = 45 B A A o AL R AR RE RS % 1 4
FRrRAeFEFSHRmMANEE, 58T 48R THeE
PERERTE . BN, Niu F85 75 73 1 Fe #8227 MOFs
frery Z5LekH, BT Fe-NC P2 JF T 44 K fff ( Fe-NC
SAN) , B FHURT Fe 57 5 09 78 50 R FH A0 22 FL Ak 2R AR 1)
Kb Fm R, HAE N POD B9 1 L I8 M & ik
57.76 U - mg™', WILLY HRP I
3.2 ZETFiBH

ZEF (B, P, N, S55)BApA N & —FiA i
SRTE MR RS 3 A 2% IR R G Y 22 ORI Y R
DA BRI TR F454, DL o35 90 oK i 2 1 A9 H 1
B, WA, ZREFR I A IS 48 JF 2 [ B A P
RO, AR B A AT PR IR E Y Jiao R
A Fe-N-C BJET- 9K (FeNC SAzymes ) '8¢ B J5i1
AT DAY Fe-N, A HLF4549, [ SR o a] 44 T B 11 B
25, T HESE FeNC SAzymes A93S POD W D S

T —F P AN JE 48 4 00 R 98 K B (FeN,P-
SAzyme) , FEREHOGHE (EDS) /0T %W, Fe, C, N Hl
P JCE S HUTE FeN,P-SAzyme AYREN2EF) T JERH T
P AN B2, HeAh, 38 ik 40K B Ak Lk £ 5
AN Ao B 6 1 & B, FeN,P-SAzyme HA I FH92% POD
Wbk, HEEPE(316 U - mg ™) B Fe,0,(9. 12U - mg™')
I P JE T FeN,-SAzyme(33.8 U - mg™") B 30 175l
10 fi5 . BXAEFR P AN B RS A B A7 v] LA 7 B 1
Fe i&MEruy, JEH P IRF R AT N7, i
FeN,P-SAzyme ™1/ Fe Jii [ ML T 5% # % /b T FeN,-
SAzyme, M T34 58 T FeN,P-SAzyme F¥ 8 1k % 17,
2020 4F, %A BAGE o 30 i Bpe 45 1L AR, OB 1R 2k AE ZIF-8
A Pt AOKISURL (Pt NPs ) BZ55 AL BLAAN T, 155 T
N, P IS HABA41 Pt B F Y4 K ( Ptg-SAzyme) , il
oI XF Pt,s-SAzyme ﬁﬁ?)ﬁ%ét*@ﬁ’*ﬁ, WHT N, PHIS
JRFEIFFAE (B 4d) ., BEAh, A THEB Pty-SAzyme 15 9
FEEE, 5 H S5 Pt NPs A S PUIRTERLS I N, P
F1S B 7% 1Y 25 Ok £ 1 K (NPS-HC ) #EAT Hud, SERF
W1, P IS JET-REAS L HE Pt NPs [A] Pty -SAzyme JFFfkit
FE, ME AT PRI N M S JEF i HF
ZAREN, RECRE T PEAL AT S A AR Y T2
¥, (4% Pty-SAzyme HA fie = 1928 POD 76 ¥ (& e
i ag)
3.3 HEXNE£E MOFs Bk

E e A R B TR G VA < R
RIS 2 A4 B AL R E AT MR —Fh
P = GUOK B TE PR A ROR MG . 5 ER4A )8 MOFs AHLE, X
42 )@ MOFs [ X4 Ja Be A0 45 #4 T L3 e Ak o 1) 5t
1M1 HL 2 A4 @8I0 3 O (9 B AL 22 R T H 6 B DT 422
L B R A AR AR 1 R, AR S R AR
MOFs (P g | AR &R R, X% MOFs #E17
TEAB BT LA 55 4K R MOFs 37 45 1 W4 J& 48 K il . 151l
wn, Liu 5558 i K 0k il & 7 W4 )8 CoMn-MOF-74, Jf
BHE TSR TBEE 6 h, 538 T 2RSS RSA
WA (MnCo,0,) . T ESEE T Co( )M
Mn( 1) A WTE R EGRJETEYE, FTRAS N [ A 2005
BN, MNTTIER B # % (i LB A R 47 (4 R A4
WY S Zhang 4538 i — A K BIEMH T Co/Mn A fk
Y, hFREAR G ELRE (A Co™/Co™ , Mn*/Mn™
H Mn™ /Mn* ) YA AR AR 2E T AN A B B 12
[E] P L TR RS A, A L Bk 9 — A — 4 (M, 0,)
Hl Co,0, BA AL SAIZE OXD 3H2ERY ) 2020 48, %K
BAIRHGE T — 254 A Co K& [H J5 X4 @ rh 25 48 K 58
(HNGs) (C-CoM-HNC, M=Ni, Mn, Cu, Zn) %M, 1
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T Fe-MOF . Ni-MOF 1 Fe,Ni-MOF {340 J5 Hp, 3 588 5
REBE AT A A R 58 R 5 2K il O I — 3
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AR JEARE J1, T TMB A H,0, 2 W) B TR RS
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AR (I 4i) P
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06 \ e ——Fe-MOF+H O, -
-16}F g
——Ni-MOF+H,0,
03} Y —— Fe,Ni-MOF+H,0,
0.0 L 1 L L N " i " i n 24F 4 o 4 & " L L "
Fe 5:14:13:12:11:11:21:31:4 NI 0.8 0.4 0.0 0.4 0.8 3480 3500 3520 3540
. Magnetic field (G)
Potential (V)
K14 MOFs i A QKRG I IR MR TG . () AERPWE Y 250 0] W BOLHE (1. ABTS, 2: TMB, 3: CuCo,0,+ABTS, 4. Cu-

Fig. 4

Co,0,+TMB, A KA IF W I BT @A), (b) A RURYE R Hy0, 23 Ak il 58000 I BRI 5 1R 1 s 3 28 4 (1
H,0,, 2: H,0,+CuCo,0,, HHEASHZAMIBA), (o) RREMEHIZE OXD iGHE LE ™), (d) Ptyg-SAzyme BT S5H 4047,
(&) IR GORAIAE 652 nm LRSS AT ILRICIZE , (1) 18 4e 72 F fHELRHERB M HOBOKIE ) () Fe, Ni, -MOF 1R )40
At LR Fe T Ni A A928 POD I8 HE, () FEFRR 2B E R RBORHAG SR, (1) ESR MR FRIARHE - OH oz
Activity regulation strategies of MOFs-derived nanozymes; (a) UV-vis absorption spectra of different substrate solutions (1; ABTS, 2.
TMB, 3. CuCo,0,+ABTS, 4. CuCo,0,+TMB, inset shows color changes with different substrate solutions), (b) time-dependent decom-
position of H,0, into oxygen caused by pressure changes at different substrate solutions (1; H,0,, 2: H,0,+CuCo,0,, inset shows the

[44] ; (d) atomic structure analysis of Ptyg-SAzyme,

photo of bubble production) , (¢) comparison of OXD-like activity of different materials
(e) UV-vis absorption curves of different types of nanozymes at 652 nm, (f) enlarge the part of dotted box in the lower left corner of figure
(e) (s1] ; (g) POD-like activity of different molar ratios of Fe and Ni contents in Fe Ni -MOF, (h) cyclic voltammetry was used to measure

the reduction current intensity of different materials, (i) ESR spectra demonstrating + OH generation of different materials’ %)
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3.4 ETF MOFs Hyf A 3s i

MOFs A Z A0 B 12590 G 73 0 4 J 45 44 5
g6, Bk, X4 R T SR HLEC AR R AT A BRI
AT LA SO T MOFs A SEE TG 1E L Bildn, #w fig i
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JE SR e b —Fh R 4 SR AN A] DA e 43 i
SR T = B, 3 AT DL AR A Ak 7] 4 84k 38 5 H a7
FRaEME, fd MOFs 11434 U0 235 44 1 el 1~ 45 44 75 3 AR 4 1)
PR, IR, Wu Sk T S5 4R E A EA
5004 I A ML TC AR L 057 45 44 /9 MOFs #1 kL, s 5] A
—F, —Br, —NH,, —CH, Fl—OH £ K H AL 1,48
T HR (BDC) BT H, LU IR BDC HC AR Y i 74
PE, IR MIL-47( V) -X B9GP, I HH Tk
WHLR BT [, 2271 BA A R A HLAE SR MIL-53
(Fe)-X HKAFVE BT 7R | 3 1o oo A8 fic i /9 U 3 X
(X=NH,. CH,, H, OH, F. Cl. Br fl NO,) 3 & %%
OXD 1%, KB MIL-53( Fe)-X 192 OXD 35 P 5 it i 4
P FHEAE 2 B FE7E Hammett R PEFI R E 2, 3 i DFT
H— A T MIL-53 (Fe)-X W45 FBE &, R T
MIL-53(Fe)-X (925 OXD i 4k s Jif i % v o 1% 38 2 3%
AL RR e A TR T NO, HUC A MIL-53 (Fe)-X
AT A A IR P AR R AL, PR L DS M e
JEARBUC MIL-53 ( Fe)-H 49K il 1% vE Y 10 /57 b oh,
Xu %2R A1 DFT 31583k U BH—NO, B9 JL A R0 A1 HL 3L
N, 20 LS54 1Y A 8 78 NO,-MIL-101 B AL
SEALTEHE AL, )5 i NO,-MIL-101 J 14 1) 34 38
FIRERE Fe T PE A 5 1 B M (d ) J7 ) b b
s

4 MOFs T M KEEEL A TIEEDHRE

Ni=Fig

VEAER, T AT M L R R S v s R T
NI, MOFs 175 A2 409 K il 1 )32 1 T i g v o 40
8, A TME thid i H,0, 774 ROS KA %055
IR A IAE T, (45 MOFs 1725 94 K Bl 754 S AR T
K AL R 97 3 (40 5% 3h J1 38 97 ( photodynamic  therapy,
PDT) . Ye#JAIT (photothermal therapy, PTT) Flfkyy &)
HRRAS T M HERE . AT X MOFs 117 A= 99 K il 7 i
JEIRYT N SR A TERAR TS
4.1 MOFs TR EEN SHEWLITE

ARk, BT KA T W AL IR G T S 1 1T
1Z KU, SR TME H /K P19 GSH 73 BR 1 HHA 97 3%
B BT, Wang R — 2 AL T HAS
POD F1 GSHOx Z Ik Ak 3% 14 19 75 UK R B ( Cu-HCF) |

W WS AEAE ML N 1Y GSH ¥ Cu" 6k Cu' | BEJE TSR
5 NS POD 364, AT AE KR - OH H Fif
SR AN T o T 4R R N H,0, B A
Sang 55 il £ T H A 2888 A Ak ¥ B Ak B ( superoxide
dismutase, SOD) i M {4 475 4 40 K il ( PZIF6T-AT) . HZS
SOD JHPER ¥ - 0, ¥4k h H,0,, MIMifEHE H,0, Ay~
Ao AN, BRI 3-GHE-1,2,4- =W (3-AT) AT LI 44
KAEGHIZE CAT WdE, A6 H,0, HERAFB e T
ALY H,0, /K, IFfeiE 20500 e B 1,0, §4k
Sy OH, X ivad 4 2 7 e B AR I i 1 ( TR Sa A
Bl Sb), If HAEsh oK Fia 97 b i il 1 s A4 K
(K 5¢) ferl ] i, Cao ZF LA ZIF-8 i IRAK, 4 T &
B2k A ubk b 1 B T 400K B (Fe/PMCS) o 15 45 T
Fe/PMCS {1925 OXD 1 POD 3% ¥ L & GSH J4#ERE /7,
Fe/PMCS 1] DL 3% £ 1 B i K i ROS -3 25 Mg v i)
GSH( ¥l 5d), b4k, i@ it £ Fe/PMCS L & 1i DNA
(mDNA . aDNA F1 ¢cDNA) 7] LI42 & H,0, Fli 1R Y )
EM Ty, B — 4R E ROS M4 R R, R E R,
mDNA ] DL 34 58 X6 i 41 i 22 F1 J7, ffi 75 macDNA-Fe/
PMCS 1] DURe S5 M b A 988 A MR SE T (18] Se), R I
T RERRPNIRIT R (B 56,
4.2 MOFs T4 9K Bath E X7

Jibgeg (567 A4S PDT A1 PTT, Jorfr, PDT 2 F D%
ORI T =2 S 2 A ROS, DT 75 5 240 it
TSI SR, R R = SR B R R BRIl T ROS 7k
o, WERERT PDT RYTRCR . BT, Han 5546145 T
MnFe,0,/C #KEE, il fEl H,0, 774 0, LAZE i g
Z&, INmiEE pDT HIVAITRICR Wang ST —
FhEA 25 CAT E MR Z RN LYK (MCOPP-Ce6)
AT R YE H,0, 774 0,, HTREMRMZ A, [H
fF, K Ce6 £E NIR WOLIGT T O, Sfb B g
('0,), AUiMEAIN(E 6a) . R T 5 UE MCOPP-Ce6 2%
it el = P, e SR Z AR R AT T 4 BE
Yt , SR PR B AR Z RS TSR B AH 24 i 20
., U] MCOPP-Ce6 1] LLZE it = A T34 38 PDT AUIG YT
B (EL6b) o BLAh, MR 5 ARE FIER T (H&E ) Y2
sy Hr iR, F MCOPP-Ce6 Jill 671 nm #4008 5 Ak 2 ()
/INEROUR S 3] BH S8 1 bR 4L 28 005, TE B T 4 oK LA P
] PDT 3697 S8 (& 6¢) ' R T Tl Aot 2% i e = 4G
FEAR GSH 7K °F-, Zeng 5 it T MOFs 1if £ i Mn,0,-
PEG@ C&A KM, HAE 2% fift = 4 1 [a] I 7 #E 40 g 9
GSH, JfHAE NIR #OC G S8l 7 PDT, A& T
ANER A A

ERIRMIA, K A7 A fe 0 04 5 N T B IXC [
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5 MOFs A9 kBN S MR MEILIAIT . (a) PZIF6T-AT 4 KEE H T MIRHAIT /R B R, (b) AR FRIS &4 B8 41 i 69 20 it
W, (o) REMENETT G /N B A4 K i 5 (d) macDNA-Fe/PMCS FI T BRIGIT R ZE, (e) macDNA-Fe/PMCS
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Fig. 5

viability of tumor cells treated with different materials, (¢) tumor growth curves of mice after different treatments

MOFs-derived nanozyme-mediated tumor catalytic therapy: (a)schematic diagram of PZIF67-AT nanozyme for tumor therapy, (b) cell

o1 (d) schematic di-

agram of macDNA-Fe/PMCS SAzymes for tumor therapy, (e) schematic of macDNA-Fe/PMCS SAzymes enhancing ferroptosis through

enzyme-like activity and GSH depletion specificity, (f) weight of the tumor after 14 days treated with different materials, [ . Control,

I : Fe,0,, II: macDNA-Fe/PMCS +liproxstatin-1, IV ; macDNA-Fe/PMCS!®
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0, WPPATHEAL L, A1 A= 5 - OH 1 - 0,7, Xt iR 41
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Chang 25 B AR H T —FPHET SAzyme B9 PTT 458 ERSE T
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“I+1>27 BTRYTACR, Yang S5 F IR A SR ok i/ P
YK E AE MOFs A7 2B ik ai K il rh, FH T/ BLSS
JEH) PDT/PTT PrATY, R RlT 090%™, Jiang %5
POCER 1CG T8 7E ZIF-67 17 A5 19 v 23 45 4 9 B Ak 6
(Co,S)H, HLThil4 T HA PDT/PTT U Y Co,S,-1CG
PKBE, FEBRYE TME ", Co,S,-ICG FEff ™ A 1Y Co™ i
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Fig. 6

'l II III IV V VI
I: GS! 1V: GSH + C-NFs

II: GSH + H,0,  V: GSH + H,0, + C-NPs

11I: GSH + C:NPs VI: GSH + H'O’ + C-NFs

MOFs fi52E K T IR UMEIETT . (a) MOFs fi52E [ Z DI REN-FLACKEF M RDE 3 T T R Z I, (b) TEH EMZ &M T Ce6
H1 MCOPP-Ce6 AbFILIS (UFETR 4SBT, (o) /NEUMRIZH 20 HE Yea L), (d) % 3L 205 T 94 Kk 6 1 T B RDG BaR T 1 7w 25 81
() TEA LT EMEAET , H Mo/PSAE 2035 IR 40 A0MTS 77, (F) 26 OB MIE BT, Mn/PSAE YA Y75 19/ BUHE
SRR, 1. PBS, II. PBS+NIR, I: Mn/PSAE, IV. Mn/PSAE+NIR!™ ; (g)C-NFs@ D 4K HME LT iR 2R, (h) A
[l Ab BRI X GSH AU, (i) RFNAYT 14 d J5 B2 4 177

MOFs-derived nanozymes for tumor synergy therapy: (a) schematic diagram of MOFs-derived multifunctional mesoporous nanozyme combined

with photodynamic therapy, (b) live/dead cell assay for cells treated with Ce6 and MCOPP-Ce6 under normoxic and hypoxic conditions, (c)

l

H&E staining of mice tumor tissue 651, (d) schematic diagram of Mn-based single-atom nanozyme combined with photothermal therapy, (e)

cell viability of tumor cells treated with Mn/PSAE in the presence or absence of H,0,, (f) relative tumor volume in mice treated with Mn/

PSAE in the presence or absence of laser, I : PBS, Il ; PBS+NIR, Il Mn/PSAE, V. Mn/PSAE+NIR! 7 ; (g) schematic diagram of

synergistic C-NFs@ D nanozymes combined with chemotherapy, (h) effects of different treatments on GSH, (i) average tumor weights after

14 days of different treatments’ "’
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