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Abstract

Organic framework materials (OFs) exhibit broad prospects in the biomedical field due to their tun-
able structure and multifunctionality. This review systematically summarizes the classification,
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formation mechanisms, and synthesis strategies (such as solvothermal method and microwave-as-
sisted method) of MOFs, COFs, and HOFs, and focuses on their innovative applications in biomedi-
cine. Research indicates that OFs can achieve efficient drug loading through pore engineering (such
as ZIF-8 delivering anticancer drugs), enhance antibacterial performance through surface function-
alization (such as the ROS generation capability of Ag-MOFs), serve as high-sensitivity biosensors
(such as COFs fluorescent probes), or treat cancer through photothermal effects (the application of
HOFs in photothermal therapy). However, the clinical translation of OFs still faces challenges such
as biocompatibility, in vivo degradation behavior, and large-scale preparation. Future research
needs to focus on the design of intelligent responsive systems (such as pH/light-triggered release)
and the development of multimodal treatment platforms to facilitate their transition from labora-
tory research to practical applications.
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1. 518

B AR RL =P R R, B HUERA BN OFS)E A — KB H B LA MR 8 2 Thae kL, 54
R BN 2 RVEL]-[3]. A RHE AL B M B A RS TR, A HLAE M T A A R
T FLIE O S HESE, B IS4 R A HUHESE(MOFS) . L4 A HLHE 42 (COFs) Fl A Bt A HLHE 42 (HOFs) (4]
1(a)~(c)) [4]-[6]. OFs il EA LRI Al B FLA2 SR AL 22 5T, 75 22 AN s 0 HS ) R %) 2
7.

OFs Ik JE i nl B 145 1989 4F, Hoskins 25 A\ [7] 1 VGl FL A7 893 MOF 454y, JF6I 73X —HF
FEAIE . 2005 4, Yaghi HIBAERINIRGE T & 1 COF Mkl IEB T &\ L2 fLa AT 1T, M2 T,
HOFs [l 5T P8, B2 2011 454 B I SEIL AL BIRIN, FF N T 01 Sl v B8 . B NS
OFs A=W 28 VRN Th B vT P AR IR N, FL R VG BB D SR AF 5 50 B 9 e 2 AR W IR 24 438

M TR 2 FLAE, OFs MIMRATET i@ 5ING S AL, BRI E R 45 M T R
THRThREAAE M, T cdh R N TG [8]. T4k, OFs fEAMNIRIZ DU AR AE 16T 554 P
TR EIL T2 MR B . B 2006 4EE KIRIE MOFs I T 25456 3% LK, OFs 78 25752/ 1 R F A
Witk JE; 2012 4, COFs ¥ s SO CIREN, a7 HAEAM LB R s 1 HOFs W A& 5 1 4E
VIR VRO AT B AR, (E 2V B R T S AU R I B 0 . X BeHE B Ry OFs 7EAE W) 2
USSR PR IR NIE FE RN S o FH B85 T R S A

A HUHEZEAEHOFs) 2 i 5 M Re BB e 1 R U7 ) o AR 5 M RPAIE B L AE AR AR 2 v 1 B AR Ty
AE, OFs W4 RGN ABAMRIAE RIERM BEF RS . 1A —RAA & EGR T 2 LA I SR,
OFs fitligimid Kb LA R~ S9K A EREL,  SeBU A aliAb 2 7 7 I 8OR i 5 0k, R fE 2
T8 E A AT B A S R AR RE[9] o L AE M AT BT A e RO R o T REAT B0, A HERRAE B AR TR
Po, XL OFs TEMIRETRTT SRS Mk 22 B Hh R I HH ) el 11 55t

5T, OFs {EN@EMN ML, I H ars i e MR m a1, aT/E N R R E
TR AR B A ARV ) 2540 S It e AR e PE[10]. #4> OFs i& RA B A A wT ke
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Figurel. (a) Schematic diagram of the coordination bond structure of mixed-metal-organic frameworks (MOFs) [4]. (b)
Scheme of treatment and diagnosis based on COF [5]. (c) Scheme of one-component sensor array based on HOF [6]

1.(a) ‘REEBAINIER(MOFs)ELIREHREE([4]. (b) £T COF KA FISEIHFR[5]. (c) £T HOF K&
4R 57 1R RRBRRES 5 F[6]

TR, OFs M€ MM 3 i i 55 3%, A4 ZIF-90. Ui0-66. HOF-LIFM il COF-300 7 P4 (1
LRSI ORI BT 2R IR Z A 4b, OFs iR RIF 2 EDREMPE. R
PR EE Y, X RR L FHES) T AR RSN i, REERTT A S M iR 2
I, OFs BRI i35 2 1H0 14 03 il 35 184 SobA sk PR FE el ek R AR 0 AE 25, ) I O B b B AR iR P e [12]
BARZ 0 bio-MOF-1 ¥ J2, CHIE B WA B3 B & S PR phae /) 14 s AR M iE PE(1A) 2(a)) [13].

EPUBE N A, OFs RS S5 M nl A DR BT HIAR 3, v Al Ge 70 il 7747 75 R i 24 14 FH A 85805
Y& ) R 7@ AR (14 2(b)) [14]. B, & 48 B 1) MOFs il i n] 45 B i J8 B Bl T s M4
(ROS) A 1l LASEE R 38R T [15] . fESEREIRIT J7 1, OFs 1ENZGWIE A SO LEGHE R H B EZH () 2(0)
[15]. SAEGALTT AT AAEL, JET OFs M2k 2 S Re s SC IR ) B S D63 /1R 7 (PDT), & BhH
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(a) (b) Degradation of bacterial Photocatalytic MOF under

membrane by contact with MOF Uv-Vis light irradiation
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Figure 2. (a) Schematic diagram illustrating Bioactive and anti-corrosive bio-MOF-1 coating on magnesium alloy [13]. (b)
The potential antibacterial mechanism of MOFs and the decisive parameters in the design and production of antibacterial
MOFs were described [14]. (c) Cu-MOFs loaded anticancer drug 5-fluorouracil for cancer treatment [16]

E 2. (a) E & EWETEMFIBAEEY MOF-1 R E/REE[13]. (b) ik T MOFs BBTEH B HI LKL HTE MOFs
W RE R RREME S B [14]. (c) Cu-MOFs Saiin ez 5-mRIENE A TR RESATT[16]

AHHEZ A BHOFs) 11— JSB % M 2 AL AR, Hoa% 2 BUIRr R RE . 1) MR FLIE S5,
FLARFIAE 0.5~10 nm JEFE PAE B 1%, @M TR T IR 2) s i BRI AR (B v T 1000
m?g), NI AN T HONRGE T S ARG 3) SALRR L ARl il A e vt
FJaa MmN FERER]: 4) REFFAYIARENE, #7> OFs (W1 ZIF-8. Ui0-66 55){EABLA A Tl
KA REREMR . X LSRR OFs FEZ5Midik . AWM RME S 12T — VR0 55T7 T P B L AH EL AR e A R Y J 2%
Mo ALRGELRE T HHHEZM R 7> R S HAEE Y R 2 GURII N AT, 28T 1 2R s Pk, JFxt
RRK AT T e
2. AHERMBIR 2

AHRELEM RHE — KB R A IR FLIE S5 M A0 o] LA T B g B 2 fLA k). B LR
PRI B ELHE 4 8 G HIAESE (MOFs) L4045 HLHESE (COFs) AU A HLAE 42 (HOFs) (14 3(a)~(c)) [1] [8] [9]-

MOFs 48 &7 B4 8 ik 5 A MU Ao I B s B 268 e = 4E PR 2 FLAE R, HARFh R mTAR
& RAEAR A 2 FE 2R W LSRR aFEE(Zn). fH(Cu). BANETESEE T,
A3 HLTC A U3 2 B U5 5 2 G B B BB I 4 1. MOFs W] A R4EBEEIT 7025 1) f& @ O2RBd, nloh
G JEHE MOFs FIFG L4 J& 5 MOFs; 2) #ZACIRFNSE, w40 & ERCAAR (LK ESE) MOFs FIFRIRAC A
MOFs; 3) #%fL& K/, B4 AL MOFs (L2 <2nm). #~fL MOFs (2~50 nm)f1 k4L MOFs (>50 nm).
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Figure 3. Typical structures of common (a) MOFs [8], (b) COFs [9], (¢) HOFs [1]
3. B ILAY(a) MOFs [8]. (b) COFs [9]. (c) HOFs [1]AY 82 BiLEHy

AN A HUEL(COFs) & — K LA BIERE ) 7 JLHRZ M Hon HALATR . B e 2
AR R B EE R TN FHTIRAA I B i R 2HRE, R A A5 A TR S ot R
AR, A BIRPIRAE S JE BN COFs ALASHHEAT RGT TS, TR T ik 4210 m2g A EL R A
4.7 nm HIRALAEA 0.17 g-om 3 AR E[17]. S HKIIBCALBE K MOFs AN[F], COFs ¢4 A Hl i ycifid
LS, ASeRE T, RMEAIERTIZ S 25N . 2 BUE R 5% AF) R B AR 7 1)
FasEME[18]. LAk, COFs HEZE AP AELE A A - HERRVE I BE— D 1G5 [ S5 MRS E v, AR 7 4L

EE
A A HUHELL(HOFs) 2 i A el & - A LAk Soeid il 7 7 W) 2B B AR B S 2 AU L. 5
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MOFs 1 COFs AN[A], HOFs [t = Z A s i R Be A S e L B . 2011 48, B N SR RN 1
HOFs MIfFLIERR, AT HOF-1 K H T N T 2081 2 52 5 B8 [19] o L SUSE M % 55 T o o S AN 3
Yo, RS AEVERR T HOFs i 2 JRp L, tis A& Bk AT S ah S . RIFIIE AT n Lk
VAR 5 TAEE AN FEAE[20]. HOFs AT A N4EREEAT 7326 1) #R4LRoc, w4 R/Nr+ HOFs FLR 4+
HOFs; 2) #Z&UE MR, AT o 2t S A0 (U 52 4 M HE ) A X R S o B (GBS 4 25 TRI X 2%) s 3)
P e Ry, wl o N —E(H—4EfLiE) . 4E(ZIRGE )R =4E LR M 4%) HOFs. H R, HOFs [ S<Hf
FAAE TRl B, AL L R AR AR e P45 )7 THHE H K T MOFs. COFs KLU/ Kl A %%
SR ) A R 5 AR

3. BERMREEYESZPHNA

3.1. £9%E

AW 2 A

B HUEZEA EHOFS)TEAE ViR 2 U R I A R TG M S T Re nl A PR 20 s, & T HAE YR
MRS Z 8, SRR AR O TR [21] [22] 0 i FLER 2R AN gh A4 ] 52 i 14 4 OF's
BONELA I A DA A VR B ARE, AT B2 BT A (0 AR 4 2 P R R JEF i o B X AR A R SR AN
Wit s, 2 T O R IR TR AR, 16 75 45575 8 R th B 4 e 1 S 5 4 A 1) F¥) AH ELAE FH - MOF's
F1 COFs AL AT ThRE AL I E5 /e, s Bl ik B AR T RIFT &

Wu S5 [2317E B A & R EE T B 2R O BR(PCL) AR (FA)E I il MOF (HKUST-1)E &2 -
O S ) HKUST-1 s S8 E 5140 B0 T PCL 2 rp, AMURSE TIRERSUENE, 684058 15
AW R GE(E 4). B4, %38 OFs 2RI BT RN BB ERE 1, AEisE2H5 52l
SERFITHREM B EWE, M E KR E 148 25 dr J e R L Th R e B 1

”
X
w— %—m«, / PRCAN 2N
HO' OH /_<= =N ~d Vs - IV
oL m_ ol + @ — 4> = ¥
—xh
1o e Ty,
©

P on Folic acid modified %%
H.BTC Folic acid Cu® HKUST-1 )
2 (MOF-FA) "
:« oooooo 2) ........... : Al
T
T £ e
E § O:(/OQ\O=C‘OH s
B g . ‘ Olic 55 HKUST
Liquid dropping \ Nsssensesseil YsTd

Mg-PCL-MOF AZ31 Mg alloy PCL molecular chains scattered
with MOF particles

Figure 4. Schematic illustration of the fabrication of the composite coating composed of folic acid
(FA)-modified Cu-based MOF and polycaprolactone on AZ31 Mg alloy [23]

B 4. £ AZ31 Mg &€ LHIZHMHBER(FA) %S E MOF MBS ARRARNE S RENREE
[23]

FELGWBIL IR, & JRAHUHEZ (MOFs) ML A A HLHEZL (COFs) 7 i Fe vl i 1 FLAR 25 R AR e O LR
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TR, SRR TR & o 8 AR T E S 25 A BOR P AL E A B, mT SEI 2 R T 3N /)
SRS . B, @R MOFs (LA RS RIRTHIME G, Ik 2GR . Fa ke B i ik,
T 5 25 W00R TT AR I PEAR R G #1[24]. Wang 25[25|7EFIRIREE R T ZIF-8 B2, JEmE)
WP A E BRI R, LI T SRS BRI, A RO TR G IR A R AR AN 5 i S 4
RN 25 1 I PR R BR . RS MOFs TEZ5 i1k i 277 T CLHU R JE e, (7 T v Tt ThRe 5 264
FHAPESEPRAR . ARk rrid I FF A e SR B . pH BOGRRESESN RN R B iR 2 R G0, b — DBl 23RS e
FERU I
32. iiENA

BEAE T A RE R SR I H &35 K, A HUESLH BH(E4E MOFs. COFs Al HOFS)ZE T b 4itsk rf (1) 5 FH 52
B2 KRVE26]. LA MOFs Jyfil, Jlid fE g 4 5l NBAASUE DR & 8 B T (R . BE. HAE) B R
PEAHLECAR, W IR sm BT B PERE . MOFs 45 R4 E m 1 M o VRl o B & S B DUSE v R LAk, MK
M 5K A 12 T P B MR . Xie S [27]F K T — AR AR 99 K UKL (AgNPs) 1 MOF 44K & 4t
(AgNPsS@MOFs), 1% 7 %13 L HH 38 56 1R BT DL 1 7 14 45 230070 129 240 (4] 5(a)) . AgNPS@MOFs jdiid %
TP [FIHL (LG 48 2T R 135 P AR A P B e R o i 24 T 3R B0 R o R KRR R 20
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Figure 5. (a) Schematic diagram of AgNPs@MOFs nanosystems with drug-resistant bacteria killing ability through enhanced
photodynamic therapy synergistic with chemotherapy [27]. (b) Schematic diagram of sterilization process of COFs [28]. (c)
Schematic of the preparation of HOF coatings on textiles and their self-cleaning process against pathogens [31]

5.(a) BIIGBENENNFTESUITNHEIER, BEAMAHEERKEESIN AgNPsS@MOFs PR FR G REE[27]. (b)
COFs R i2~EE[28]. (c) $4Rm L HOF iRERIHI&E RHEH X REFNBFEIEREE[31]
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7E COFs HIBF7H, WEFEN RAI IR A PR FLB & AT D e o, PR T 2R BB s+
Bl BFFFRI, HArThAEA COFs AN AY Bk PR TE , 38 ] 368 Tk W] 43 T80 O 1 it 12 B 2 490 o) o A o 2
Ko Hynek 45 \[2813@1d Schiff § 5 Bif i T 3 T IRk LA G HUHERSA L, ZARHE AT WG I G R mr 7=
A BRI (RO2), Xt (R L R R 3 Bk A AR A R T B RS PR (1] 5(b)). BEA, COFs ]
VERBARFIRPUAEN, SCIFRLFRE SR, AR THPURERR s S ARG, i e s % K4
. Zhang %5 A[29)@ 1t 2,4,6- = F k5L A) 26 = (TFP) 5 3,6- & SL0Y i (DAA) 1 Schiff B4s & B,
BT R AT 2 IS S Y IESE COF YRR, FEAT I [H] (10 434 ) BT Xoh 25 22 B 1k o A0 PR P T 2
P = PR T

VER—FE A HUHESE AR, HOFs RIBUE M AE th H 28 32 8567 . HOFs 5 SR AUt 1 A5 2 1K
He BAR S AT AP SR e . B AL RN HOF HEZE, w3 SR T e sivm i, 1R U E
BT S PURR A  Fase ak 5 28R, SEKAEFIIN IA) . Liu 258 A [30]42H 7 —Flvks e M9 o B & 1k BH 25
T2 HOF 5Ky [ 5iehs . UL PFC-33 Nf3l, 1% HOF fEMEZL spE 4 1 nh B BGRINE N 2 FLE 28, JF5I N H
REANENTHTE T BH5EET Z AR AFLERE AR BAER, (AR GE 08 7F 2 Fh A 3RS i
PERHCR A5, RGBSR B R P RIPT B R, 384> Theit HOFs 7E A4 %ot 22 Fh il 1 e 3L
Y RLAF IR, o AR AR WS S AT S I o TS840, HOFs 55474 & & I T 2UMF8 At
BRI PERE - Wang ZF[3LIR FH VAR UTA AR (LPSD)TE ST 4 R T il % T — R AT HOF iR 2 (14 5(¢))
X BN T 2 FLIR 2 AT BRI B 2 S P R ST A T PR AU(ROS),  7EXBIE R 528 ROS 14 &
S A7, AT PR R K A e g T

5Eg5E R AR, OFs [IFTBEHLHIAM R T 3BT U SO UK P B A28 oy, B8 5 AR 254
FEER VI . PR TEAE M- BE S R, W B BB B AR A T A B 2R 4 . R4 0 Ag-MOFs
H Cu-MOFs %5 OFs 7E 4701 I Fp & B H o (Wil it & s 58 7B A ROS AR SE LA ),  FLsbr B FAT)
T 2 Bk B0t sr MOFs {EMI@ s E BB th g5 i fave P 22, SRS S R & EE
J& (I Ag*. Cu?)ff) MOFs 1] gt IE# 4= 2L #0k, Fidid RIS AR A MEIER ;K s —
PUREHLH ) OFs W] fe s RANA 251k, T R Z WL U R P A R [27] . KAKIT S, OFs 74T B 41
T MR, SEAE LT RIS 5 ZRE R T R A SR ms, 1A e 00 o) 0 B A K R AR AR e e XU T
JRELH ) W

3.3. BIERTT

BE AR 16 9T T SR IR WIHR T, A HREZLH BHOFS) A — R X IhREM K, fEZ59isi% . P kg
5 R T S A0k FE L H EE R (Y N B 71[32] . OFs FEJIE VAT e S HH KB 2 — A R 2 i 1% 3k
Mo TG LR TR A AT LR 454, OFs B s kU 20, B3R 29 AR R B Fn
At . I AE MOFs A COFs R MM IREE [ LR, ] 5230 245 W) 75 T 40 B AR s S M TR0 S5 B . Ghosh 45
[33]BiT T — M AEMAHZ A AL MOF (MIL-101)1E N ZR R AR B0 1) 250 300k, i fs 67 S7. 85 G [ ddf ik &2
LRRIAR, PRI SN LR A A A B 1 (Toplmt), FRIRFT T HPUmHLE] . F1 0t FL AR [34] A i [35] 55
e ERA, WEFRN G CJF & 2 FEE A B OFs #0245 R 40, R4 AT RUR I [FI A 5 2 PR 7 X IE
YA EEME . Hassan 26[36]VFAl T 2 # COFs 1E N2 E Ak tERe, Hoh B2 LN COF-3 7E4H| 5F
SR MGG T TSR O B, ISR T R A TR R

OFs =1 A J7 1 45 K R R A () A 2 s o P Aol A g F A% A B 4% 32 B FHAR L [37] - MOF's AT COF's
AR R AR ES BN 5 Y] B 4 8 4N A SR S 00 o8 4T e R BB AS I . Skorjanc Z5[38]4 ik
TET p-H L7 5 COFs, FT- Mg 4t M SR FUIRAS R - D6 BAEBE TR B, 2 MPRE AT G 20X 43 B
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P,

ZEICH

M5 E A N IR HeLa 410 . S8 It i L 45 M AR T ThE 1k, OFs BENS SIS A 950 1 1) ik
BEVEUU, BTN ORI AR Z AL e G S5 LR SR (MRI) ¥ 82T [39] (] 6(a)). OFs 53¢ 6#R
FrEUE A4 G KIER R E S, e R MHIR R tH3e . Kong S5 [40]F] FH A G MR AR AL £ T 4k 65
R Zr(IV)-MOF(BUT-88) FHk— B H1 4 T 9O KRS rDNA-BUT-88, B VRSB T UM A & 41
ARG, BERE T EE RIS B HER (] 6(b)). Liu ZE[41]JFR T — ML FEEnbmk COF 1) pH
i ¥ 44K F- £ (MnO2/ZnCOF @AU&BSA),  FI TS s il 5 ek (5. %A RIE pH = 7.4 LT HE “3%
7 IRAS, TTE pH = 5.5 BFEEIMMR B TC 0 HOT BoRBRZI I6( “TFE " IRFE), BSA WEMEHKIRLE
ﬁﬁ%@ﬁmﬁﬂﬁh%%mﬁ% SRPEFRTIZ) 3.0 1%5(14 6(c)).

(b)

G Q Q Glyoxal ' HAUCI,
. “o = . \BSA.NaOH
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C

Photothermal ‘

therapy

Figure 6. (a) lllustration of the MRI diagnosis of cancers based on PFC-73-Mn NPs [39]. (b) Schematic illustration of fabri-
cation of the drDNA-BUT-88 probe and simultaneous specific recognition of membrane MUC-1 and cytoplasmic miRNA-21
in MCF-7 cells [40]. (c) Preparation of MnO2/ZnCOF@Au&BSA NSs and schematic illustration of FL-enhanced imaging by
pH-induced dissociation behaviour and PTT [41]

& 6. (a) ET PFC-73-Mn NPs B9 E MRI S BiR=E[39]. (b) drDNA-BUT-88 R HIHIZ REE, UK MCF-7 4
R MUC-1 FnZRAEER miRNA-21 BRI RS IR BI[40]. (c) MnO2/ZnCOF@AU&BSA NSs Bl & AR pH iFSH)
fRESIT AR PTT it FL RIS IR EE[41]

JeHTT I (PTT) AR —FloBr X BRI VA IT S m , 8 Ik R ' #7045 e 9 K6 R Nk e B 1 A 34
fe, V5B R TR AT R FERE A . A HLHEZE R4 L (OFs) 78 £ w428 1 425 1) FHAIC S 1R O 27 14k B [42]
[43], 1E PTT TR I HH I 255 (1) SIS 770 9T, 3@ ¥ 45 8 40 K KL 55 1 7 2H 5345 2% 22 MOFs BY COFs
FLiH, AT ORI R, TEGIE T SLIL R SR AR R A e AR IR B R T . SRS
MBI, HOFs PR FLAR 3 1 A= W m] [t itk R i (R AR 22 Ak, 78 AR AR G 2 1k A AR R ) T R 30 H
B .

TELGPIERIE T, S5 PR SO BRI G SR (A0 51 3B 5 35 1¥) Doxil®)AHEL, MOFs AMY B4 T i
Mgk 2, & fLE TAR TSI pH e B 5 R BEREAT . SR1AT, MOFs 14 4 B AR HLAIATI A~ 32 B
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H, HEABOEIREE S I & AR, PR T SEPRR .

SRS, AHUEZEAEH(MOFs. COFs. HOFs)EJESE VAT 1 s H ER B R T 1. JB A B &5
BT S IThREAAEME, X SRR AT 3R T 29 I BE ) 1 5 AR WA A, B S S IAETT . RGBT I
AR 2 P IhRE M RS, N AL ARSI 2 RAIT 7 G SRt et .

4. BRERE

A HUHEZLRRL(ELFE MOFs. COFs fll HOFs) LA HL g/ ml i L R AR m A Th R 2 FE SRR IE, 74D
P2 2E AT R B T R B S R 5 o MAERMEEBE R, MOFs B R P Fa e Al s gk e 11, 122540
Bk A UG T TR 83 . COFs DAL i FEAA 7 I SEAN B SE AR S I U PR R, 38 FH T4 e R B
AL R S s LR M B T HOFs WU BRI & AR AR AN . AR AR I R AT, 7EAEWDIR 2 Bont 2 A VR 22
SRR N ) e p A R

RN HZH, AHHEZEM B O AEYNRIE . DURA AR S iE IR T 45 2 A7 18] S LA BT
R WEFRRH, BRI B ST VIR E I v v 5 Thaetk, SE Bl sl Bt Re . &
REPSERIRMAE ST, ARSI Z5) 53 S R R o B MR RO R ARV A SR N AR
WHLEIRAAR R, A VHEZEM B BHES A VR FH AR TR, FERIF R — i — R AR
GO R REA .
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