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Abstract: The development of nanomedicine has expanded the research boundary of biomedicine , especially in the field of
precision tumor diagnosis and therapy. Among various nanomaterials, layered double hydroxides (LDH), a typical two-di-
mensional nanomaterial with good biocompatibility and colloidal stability, large loading capacity, easy functional modifica-
tion, has attracted extensive attention of researchers in the field of tumor theranostics. In recent years, more and more LDH-
based nanoplatforms with exquisite structure, excellent performance and low side effects have been reported in this field.
This review introduces the structure and properties of LDH nanoparticles, summarizes the construction strategies of LDH-
based nanoplatforms, and summarizes the latest progress of LDH-based nanoplatforms in tumor diagnosis and treatment in the
past five years. The challenges and future development strategies for LDH-based nanomedicines toward clinical medicine and

precision therapy applications are also discussed. It is hoped

Wi EH . 2022-07-21 &R B 2022-08-23 that this review will arouse researchers’ wide interest in LDH-

BB, EFEARB%IELSWHIWH (81761148028, based nanoplatforms in the field of tumor theranostics.
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Fig. 1  Evolution of nanoarchitectures towards custom-fit uses in cancer therapy
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Fig. 2 Schematic of the crystal structure of LDH (1
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Fig. 3 Functionalization of LDH-based nanoplatform
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Fig. 4 Schematic illustration of synthetic procedure(a) and structure related to multifunctional properties of Mn-LDH nanoparticles(b) (38] ; (¢) sche-

matic illustration of synthesis, cell interaction, and MR imaging application of CM-PEG/MnLDH nanoparlicles[”]
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KT, B, Guo 5538 ixf A4 1 — 4k R 40 K A Ak 0 %
PRI N, & T —F H 4 H,0, #% CDT K
W, AL ATRECEBGR ( photosensitizers, PSs) 5| W35 4% (1CG)
FNSF S R A AL R Fe™ B T4 nL B — 48 3 LDH 44 K il
Rirf, 7EITZLA (near infrared, NIR)JGIRETT, ICG A
U= A BRSO, B P A, 38 i R A el 3
(= 0,), HET5S 400 A AP A (SOD ) [ R 4k
i H,0, . GUORAEAL BB Fe™ i 4k R fE 19 JRL A7 1 it
H,0, 5SHIEYE H,0,, MW/~ RE R A aMMEEN
- OH, HlIEMIEAMIIET-FIBET, IRINFIIAR P PEAS 45
WIR, RGN T CDT HAT 5 1 I iR 7
RRY
3.2.3 LDH A T k#4577 (PTT)

PTT 2R HIEHGHR: NIR Sefe b R s i, o
PIRZ IR A, IR ANE L s R AR
BEPE, TR0 10 28 TRZ 6, AEXS PTT 1Y
WFFE F B R H NIR — X (NIR-1: 700~ 1000 nm) 0G4
VR MRS . 5 NIR-1 %) PTT AH e, NIR-IT %L 11 (1000
~1350 nm) HA TR B 28 55 S50 A v 04 B R e i HE G
i, Wang S54238 T —F P [E CDT A1 NIR-IT PTT L4 il
i e ) e S R K R, feff FH R W CuFe-LDH 20 K b4 L 28 7
KA R R £ T T4k CuFe,S, 9K RL, £ R
Z I (PEG) M HEJ5 Y CuFe,S,-PEG 7 1064 nm I K3

S HR T T B0 BT (4 NIR-IT WIS IR B 04 56 P 4 5
K (~55.86%) . VRAMFIR N SEEG 45 5 R B, CuFe,S,-
PEG ELAT W& 19 W R CDT/PTT Hu i it (1 5a) 5,
AN, Wu 55 1 % CoCuFe-LDH 442K # A ( nano sheets,
NSs) A7 H F 5 Ak, SR 5 2 20 L i %6 B ( polyvinyl
pyrrolidone, PVP) Fl LW M2 (L-Arg) AT RO, il
£ T — A 11 2R ALY CoCuFe-selenide ( CCFS)
(Bl 5b), 38 i — 20 RS T & AR E &Y
CCFS-PVP-L-Arg(CPA) 75 R4 19 PTT FAS ARG
(gas therapy, GT)PHMRIVAYTF AR, Z55K M, CPA 4k
SAM R W0 e L AR, B 72.0%
(pH=7.4)F181. 0% (pH=5.4) , J& H BRI K~ 4Em 5
YORMEHTOE I B ACR B S 1, RN BFSE R, CPA
Yk E A FORE NIR BT A 5 2 i bRk >
3.2.4 LDH A Tht@ AR %7

BEPRNATT A FEPUAR LM (UNJRRAE | Pl 2B AT MR
P R AL YW ) 1Y — PP USRI Jrids, R4 M A
HIRITDIRENH 0 H AL R o F S BVR YT RO, Thnetk
Kile 4> 74945 DNA . siRNA, %% J¢ RNA (shRNA) i
microRNA (miRNA ) "' 3] Choy [ BA ] | MgAl-LDH
F S ARE T B A 8 DNA, JTIG T8 LDH /5 94 %
MR AR T A ROE N L s . DNA 2 FRase
16 LDH 2[R REWS AR R H AL 2= A A ) 52 54 %, I8/ DNA
TEAEFREREE A R A, BE S 84> LDH 3L 94K - & 4R
siRNA FH I i6y7 i TAERGE . Li %R H LDH @ i
BT A 5 R EE (5-FU)Jf A LDH J21E], SR F
FHE e AH B A FH E £ 00 71 38 siRNA, & A siRNA-5-FU/
LDH 4k E &4, T Mg by /3L WA 3097 58
e W, S5FH LDH Hu 148 siRNA 5% 5-FU # 1L,
siRNA-5-FU/LDH 442K 52 & )] LA i 25 52 2 % N FL I
AR NG R 3 Fh AN R A i d R L 3 Ah,
Yang ST & T 5138 microRNA-155( miR155) f) MgAl-LDH
YIkE AW LDH@155, 45 R B, kBS54 LDH@
155 BEMEA 20 M2 72 5 40 i 52 A% Ak S Bt rkRg M1 T
AU, ST ARG RE I A R A S, AR T 40 R T RS
1k, TR AR AR I AE T 1 (-PD-1) SR 8 1A T
MIRYT R (B 5e) 7
3.2.5 LDH AT KahHiET

B F1iRIT (PDT) PHAS 23 K5 B 8 . &I1E A/ g
BB A 1= R RE TR IT k22—, PDT — i
ST PSs WOOB LR, & 7 A A B TR 4L (ROS)
{45 - OH, -0, M'0,, CIRIEMAIL PSs KENHFT
K. SR, BRE TR, S5HEYORR KR
HAPNTFAIT LA, AEGUOR AR T 3d 1o P A
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Fig.5 Schematic illustration of the preparation of CuFe,S;-PEG NSs for
efficient CDT/PTT (a)**) | a schematic illustration of the prep-
aration of the CPA nanocomposite for PA image-guided synergis-
tic PTT/GT (b)) a schematic representation of LDH @
miR155 preparation (¢) 7!
B IR 55 O 205 38 PSs AT LASE i LA M 51 42
AR E M, DT R AR AT, HR IR T AL
SR Jo SEARGE T AN Gk A8 M G TR ALV B K B L
NP (chlorin e6, Ce6) BTk, Rt #)Z LDH
(MLH) 58 7K R0 2 8] 4 5 e AH AR R 34 hn oK s
P, FF PDT, WinE RBEIFIES. 4REx, #
/N, AT E MLH/Ce6 B PDT 3697 i 8 A 55k 1
LB 5T Ce6 1Y 3.4 457% 0 B AN, Gao ZAE ZnAl-
LDH 942K J )2 18] 4 A i 7K G887 18] 28 — W 2 (isophthalic
acid, IPA) I3 PE . AR BE T B 0% Y6 B0 B o8 —
HIR, S BakE 49 IPA/LDH EH R H &' o,
B AR PRI AR R A T mL MR R AR T, T HL R R
IV R TS I B A AR RO B5OR) 67 34 LDH 1

HEIMEKIEME, Yan ZF3RIE T R RSB 7E LDH %
LA B Ce6 LIMEINH K M SOt Rae b, K5 ik
Ag GURIBURL, T8l IR B AR T i pE R . 451
WoR, ARG E A Y RENS AT R A BT 2% [ B
R [CPHE R, (B AT B A, 1% A i oA T g
JB IR

BRULZ AN, AT E B2 A A HL PSs, oL
YORMEHEN NIR PSs, HA MR G FRE s, S
FATPOHER SRS, &2 G, Bl Au 9K . A
BT /AR PR SR AN K ER AL B R BB AL K
B, BiAgOS 40 K WUk &, & B 2 38 7E b 7 &L NIR-I
PSs'® ) HAh AI3E Cu, (OH) PO, 5T . 498Kk
FHIERB A Au/CdSe, S, 7Y JLFN TCHLLE K B BHL B
& H NIR-TT PSs,, SR, 33X 26 2 4 1938 T NIR-T /)
PSs =/ ROS MRCREAR, W R HuBR &1 T HAE M iR 7
Dy e — RN, (A48 A&, NIR-II i F1 (1350 ~
1870 nm) H NIR-T Fl NIR-TT % 1 59 5% B4 8 KA ek A
VERG RN 4 B9 2B TR B, A AR PDT SRR,
Tan 55418 T {7 FRLER A B 7 — 4 CoMo-LDH Al NiMo-
LDH 442K F £ i NIR-TIT Y% 3l J) 3 5 16 T7 09 755 3 1 TG L
PSs( [l 6a) . BARNUL, i KL A RO 4k CoMo-
LDH FI NiMo-LDH 44>k |-, $& J5 8 1o fa7 50 iR A 28 1ok Z1 15
PG EE . Bt s kA2 LAY CoMo-LDH 1 Ni-
Mo-LDH %k ., fHASERME, 168 PSs AR, &
BB CoMo-LDH ( faj & DR-CoMo-LDH ) 442K - 7E NIR-III
1567 nm B BT R AB 4% 77 AR K G A (FE - 0,
'0,), HIEMEIRIEES CoMo-LDH 44K A 97 i, Ak
FUANSCK %, 2id PEG 84/, DR-CoMo-LDH 44
KA TE 1567 nm #06RE ST T BES m RCR KO AL, PR
JgRE o A R R R B, AR S R Y CoMo-
LDH 40k A B 15 PSs B AT 35 45 458 - A 70 b 9 28038
HA BRI IG RS
3.2.6 LDH A Tt 98 % &% 77

ARk, WG RHE A BN R R %, W E
5 BB G RE 1 DI % BE e 83 41 G 1) S 8 97 1 A
I RIGYT R R B R T, I BB ORG24 S 28797
25 A TG RIRYT . LDH 99K OB AU Ay
S PRI A, BR R R e R, R
PR BRI R 0

21 6 XoF 409 DK R 1) 8 B 0 K ORI L TR
Fem AT S ECR SR DI LT Williams 2538 T A
BN TRVRE S0 LDH, A6 S 52 56 v 45 Hh AN 2SR 58 48 it %t
LDH By 5 LDH AR 3 Fbid: £k v 4L & e B2 AR 5%
M S JRE AR R AR A A Chen 4541
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Fig. 6 Schematic illustration of the defect engineering ofCoMo-LDH

nanosheets, surface modification with PEG and its application in
NIR-III PDT (a)!®! | clay nanoadjuvants complexed with anti-
gen are able to form nodules with loose structure at the site of in-
jection (b) o] , schematic illustration of the synthesis of LDH-
EGCG-HA nanoplatforms and the process of the cooperative

chemo-chemodynamic therapy (c) (761

Ah, FATBOR SRR (1) 25 it 7 0/ S 88 A0 B 1 A T IR ISORR i
FITTUR . R, Sre 4 (b 28 40 i ) AS W7 bl 47 55 5] 6k
FECEIT WS, Bl 5 A 4 155 AT 00 R 5 1 B 88 1
AR YR A0 B ER I 2218, X R Y SR AE W B
eFE 2 AL, SRR WIBULA L, 505 RN Y
BRI, SORE R 55 s — M58 2%, LDH
AT 3 0 PN K DA S e N IR,
FE IR AE PR FIRGENE v, 3% Ak 0 R 5 200 BEL AT ) T 7 T2 S35
AL 55 4030 18 A VR 52 4 il 52 48 9 A6 ) LDH 4 2K ks,
IXFI LDH F 4t L P9 5 i B0 42 23 Tin i 5 240 e ( el R 62/
MHC 11 255558 ) FIi R 3207/ MHC 1 285 A (38 L2 )
(OB, DN T 184 8 G 2 B BT DA ik B I 5T R
LDH 242K FURLAE e fo 358 1697 0 H 2 982 1 1ok 16 40U I B AT
TR R TS
3.2.7 LDH A Tht@EE% 77

AN A B —FhyA Yy F-Br, LDH JE40KF- 578
525, RN 52y, AW 53R S
PTT S5 A 167 HEms vh gl iz 577 AR L T Bl g
YT I, BRAIAYT REAE T 4045 A R 1 2k BRAR 5 K
KPR RE R, AT = iRy 7RO Ho /e . i,
YE#BIBA Zhang 5541 X BRI CDT 250 A7 B X — [a] &,
B LT BRI W A B SR L Y A K UK (FeAL-LDH) |
HEHERBYIEAMEE T ILK K30 % B FRAR
(EGCG) , KI5 5 1 3E IR R 45 &, #EAT4kyr
5 CDT WrRIIAIT (F 6¢) , JEALAY LDH-EGCG-HA 4K
G ] DU SR S ) 4 20k CD44 A2 1A B4 i g 4 i, A i
TR TS R L B A S R EGCG, IRl i EGCG
M Fe™ /Fe” I, BEIMZFHR N AR B 2 58 Bl 2R
i, dE— g B A ARG n, S R bR R AE T,
SCEARST RN CDT DREAYT AIRCR . (AR N 5256 i — 25 50 IF
T BT LDH-EGCG-HA 44 K- & 5% 1E# #% B T W i 2
AITERT

FHN, Xu ZHRAE T —F = IhHE LDH 48k 245, AT
TEMAR AP RS PTT/ ARG T i . %4k
2 (ICG/Cu-LDH@ BSA -DOX) FH 2 Wi Ji7 14 4 1 8 1 &
FH-PT %5 Z AT 25 ( BSA-DOX) FING| e 2% (1CG ) 7 J2 5 5 24
LDH 44K [UkL 20 i, 1CG/Cu-LDH@ BSA-DOX fE LR
B B DOX, 7E 808 nm HOE IR ST N AEMS i R & #1
A=A ROS, W) S AN i T, IR AR YT AL %
B, 7 808 nm EOEMRST(0.3 W« em™ #5422 min) T, f#
FAARFI R AT (0. 175 mg - kg™ DOX, 0.5 mg - kg™’
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AR 2 WA ) 25 45 25 B AR s Bk b, (R T
i S 7 FE P A LA IR R AL & L. LDH HoA i 4%
2yt | RES ORI 2 LA K i o N R SRR, BT T
LI — IR SR Peng R ATT
M L7 B A R Gd #8244 LDH 40K A ( Gd-LDH ) /£ K
2iWaRAk, DU R IR RRCR B DOX I ICG, AT
DOX&ICG/MLDH 9k & &%), S8 T H4ky7 . PTT M
PDT T — 1Y =B IR Y7 R ms (8] 7a) . S5 R BIR,
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S PRSI RE B, R A K ROS, 8 I R 1 2 ) R
O AT RAF R AT 5%, PR P9 NIR 2856 R MR OBURE

B AED TC AN M B 7R DOX&ICG/MLDH 7E Jif 8 35 7 1)
SYATAELL (] Th) o ARSI S 56 FUA N TR YT S S R
DOX&ICG/MLDH 4K & & ) 1t R 3E I7 ORI T8 —
BT, WoR HESR I RE bR RE S, B R4 =
BRI 16 P AR G AR A 2 () Te) o BRAR,
YE#& M BN Zhang % JF & T — F #8 [] 4 94 K °F- £5 LDH-
Fe,0,-HA/DOX, FHFHE5R T, IAL MR A5 A0 e fbyr
L5 IR, B LDH-Fe,0,-HA BA B4 7Y I R Fa
PERVA RIS E, 5 800 Fe,0, NPs ML, r, SFRPER
BT 10/5(4.38 mM ™ - s s, 0.42 mM™ - s7Y), X
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PSS EE S o, I FH 7 B O TR e X e e 20 41 E AT AL
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Fig. 7 LDH-based nanoplatform with tri-mode combination therapy functions

(8] . (a) schematic illustration for MLDH-based drug delivery

system toward efficient loading and precisely controlled delivery of theranostic agents, (b) in-vivo fluorescence imaging and biodistri-

bution of nude mice bearing HepG2 tumors at different time points post intravenous injection of saline, DOX&ICG/MLDH, and

DOX&ICG (the blank arrows point out the tumor location in mice) , (c¢) HepG2 tumor growth curves with various treatments
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