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Preparation of liposome coated hollow copper sulfide nano-enzyme and their
combined laser irradiation to against melanoma B16-F10 cells
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157011, Heilongjiang, China; 3. School of Health Science and Engineering, University of Shanghai for Science and Technology,
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[Abstract] Objective: To construct a hollow copper sulfide nano-enzyme lipid composite nanocarrier CuS@LIP, and to further
investigate the effect and mechanism of CuS@LIP combined laser irradiation on killing melanoma B6-F10 cells. Methods: (2, 3-
dioleoyloxy-propyl) -3-trimethylammonium-propane (chloride salt) (DOTAP) cationic liposomes (LIPs) were applied to encapsulate
copper sulfide (CuS) to construct cationic liposome-coated copper sulfide nanocarriers (CuS@LIP). The photothermal properties and
stability of CuS and CuS@LIP at different concentrations were studied under 1 064 nm laser irradiation. The peroxidase-like activity of
CuS@LIP was verified by a catalytic activity detecting system of hydrogen peroxide (H,0,) and 3, 3', 5, 5' -tetramethylbenzidine
(TMB). B16-F10 cells were treated respectively with a series of mass concentration gradients of CuS or CuS@LIP with or without
laser. The cell viability of B16-F10 cells was determined via CCK-8 assay. Calcein-AM/PI staining and Annexin V -FITC/PI staining
combined with flow cytometry detected the effects of 20 ug/mL CuS or CuS@LIP on the cell viability and apoptosis of B16-F10 cells
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under laser or non-laser irradiation, respectively. Results: The average particle size of successfully prepared CuS@LIP was (178.23+

6.46) nm and the average Zeta potential was (20.47+0.93) mV. The highest temperature of 80 pg/mL CuS@LIP under laser irradiation
was 65.4 °C, which was higher than that of CuS at 63.4 °C. The endpoint temperature of CuS@LIP was basically unchanged through
the cyclic test of three laser on/off switches. In addition, CuS@LIP had the same peroxidase-like catalytic activity as CuS. CuS@LIP

had no significant effect on the proliferation activity of B16-F10 cells in vitro when it was less than 20 pg/mL (P>0.05), but the
survival rate was significantly reduced by 58.18% after laser irradiation ([29.76+3.60]% vs [87.95+8.18]%, P<0.000 1). The apoptosis
rate was significantly increased ([19.34+4.411% vs [13.36+0.86]%, P<0.01). Conclusion: The prepared CuS@LIP has physical and

chemical properties, good photothermal properties and excellent peroxidase-like catalytic activity that meet the design requirements,

and it shows a better effect of killing B16-F10 cells when combined with laser irradiation.
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3',5,5'-tetramethylbenzidine , TMB; T% 5 : T100415)3%)
8 R T A B R AT PR A 7] L-BidA i g
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TB) ) 389 o T 3600, 7€ 20~30 min Y5 HI A D #a T RaE
A BT B, 20 min I D 5%, L 37 6 (&
4B) . (AL, 750 A\ 52 DA 1if TMB-H,0,-CuS & %
)t £ S B I 18] £ 54 20 min. 0N #: R DA J& ,
TMB-H,0,-CuS 5 TMB-H,0,-CuS@LIP {& & D 4 4
B 2 AR, BE G DA IR B, DAE IR T B
PR D5 e DAWRE R IEL . Bk, CuS 5
CuS@LIP 7E At F HO, F= A= G M S A B I T
S 1) 2 s A A P B N K B R, LB AT Y P
JEREFE A NTRME R H R, BRI MR A . S
G, 3BT REAE A —Fh R A RO hR e 4, B H T
AW 53 R ) AR P B



4 - rh R AR IR T 2k &, 2023, 30(6)
A B ¢
0.8 Cus e 55
CuS@LIP o 507 ,"\ Ir\ ﬂ
0.6f p ¥ ,’ ‘\ fi f LL
= [ 1 I
g 0.4} ‘H’ﬂ( 40-!. “' .! .". I 1"'
L AVASR!
O.ZJ 0 N ‘-\j \
. , - e 25
860 880 900 920 940 960 980 1000 0 100 200 300 400 500 600 700 0 1000 2000 3000
PKenm I [Al/s I A)/s

w1

480°C 486°C 99°C.
A | A A ‘
X

A:CuS Il CuS@LIP [ /MR UL I3 s B: CuS 5 CuS@LIP 7E 30 FE S T R FHE 28 s C: 7E WO RS T 283 34N & SO TF 5216
RIS CuS@LIP FHLH e ke M s D : CuS 5 CuS@LIP AE I 414 1 064 nm O IR S R i i f% K .
3 CuS5 CuS@LIP S BIFEILLI SN 1064 nm E (0.9 W/em?) BRET TSR I H AU Pk BE

A B
12 —=—TMB+H,0, L1 —-TMBHLO,
——TMB+H,0,+CuS
1.0F —+—TMB+H,0,, CuS@LIP

0.8

04

0

550 575 600 625 650 675 700 725 750 775 800 2463810 12 14 16 18 20 22
c B/m D i 1] /min
0.6 =0, e 1,0, TMB-CuS-DA 50 pmollL 0201 == —4—TMB-H,0,CuS@LIP-DA 50 ol
—e—T™B < H0,TMB-CuS-DA 25 pmollL 0.18 1 —*"o. ——TMBH0, CuS@LIP-DA 25 ymol1]
0.5 - mo-mm ~»— H,0, TMB-CuS-DA 10 umol/L . —A—TMB-H,0, ~——TMB-H,0, CuS@LIP-DA 10 ol
35__1 . " 0 1 6 | =¥~ TMB-H,0, CuS@LIP-DA 20 ymol/L —@—TMB-H,0, CuS@LIP
w b
H H
{m iy
iy by
Y7 T e
550 575 600 625 650 675 700 725 750 775 800 550 575 600 625 650 675 700 725 750 775 800
& l/ p %}('&/nm

A: TMB+H,0,+CuS & RTE 652 nm 4L (1) D {H 5 R 1] 1 i1 28 s B: TMB H,0,~ TMB+H,0,+CuS . TMB+H,0,+CuS@LIP [f] £ 4h-1]
WG s C: A [FIVKR JE #h B2 DA F# fiff TMB+H,0,+CuS 14 & 2 [ A AR I s D - £ AN [R13 FE (umol/L) #5 B% DA B fi# TMB+
H,0,+CuS@LIP 14 R J5 5 B thZE kil o
4 CuS5 CuS@LIP AR EUAL B 25T S B E M



b

SRAFE, 5 . rh A B S AN K I i 0T 21 AT ) 26 S LI 5 O o 13 JR 6 3% B16-F10 21 - 469 -

2.4 CuS 3 CuS@LIP % 4% & B8 4t 3 B16-F10 @ fits
a9 A AHAE R

CCK-8 7% £ Wl LL 0~20 pg/mL [ CuS Bk
CuS@LIP Bk & B0 ] 5 4k 2 B16-F10 4 g (1) 25 53
(5D R, R A O I 45 %) 240 i 14 5 /K 1 B
NTAE . s S (B e O oW O A< 1 ) R ez
CuS@LIP ¥ F£ 3 iy B i o Jo 22 2% CuS@LIP
Jo7 B WK BEAE 20 pg/mL I, BRG OB A LL ARG O
2 PR 2 B A7 375 2R . S B AIR[ (29.76£3.60)% vs (87.95+
8.18)%]1, ¥t W] 7 20 pg/mL CuS@LIP Hk & ¥ ot I8
SWHRAPEMEHRHEIR . A, AR RS
nOE A L, CuS@LIP 20 #B Lk CuS 4HA & N &2
(0 25 4 2R Uk BA R BH B I 5 A X CuS i3E 4T
45 5 R AB I, B8 96 1 0 40 i 9 RO A
117 8 CuS@LIP I B4 H) AR A ROR

K H Calcein-AM/PLiGH &0 — 1744 20 pg/mL
CuS. CuS@LIP 7 H0' B i 5 AR O S T XA &b
SRR S 1 ROR 45 R (B 6) 7R, 7E R G BOE IR

CuS@LIP

S, CuS@LIP 44 B16-F10 40 fg 5E = L 4] 55 CuS 41
FEL , 2= RG24 L (P>0.05) 5 11 e A ot FE
J& » CuS@LIP ZH AL T 40 il o L AR 6 A IO JE S 11
CuS@LIP 4\ Bk A Ot HE S AR 38 (1) CuS 2H 35 2 2 7+
1 (P<0.01 8, P<0.001) . PA 455588, CuS@LIP Bk
B WOCIRE X B16-F10 410 B 553 ARG RUR

1501 = Cys
CuS+#ok
== CuS@LIP
CuS@LIPHEOE
=100
%;E
2
= 50 Z
7
7
9
2

(=

0 ‘ 14 ] 16
JREWRE/(ug/mL)
5 CuS@LIP+EGALAH B, " P<0.000 1.
5 HER/IXHAEGEZMHET CuSsk CuS@LIP %t B16-F10
YR RBIETE SR M AR

= SE T4 ]
=54

*kk *x J

YHHIET /%

5 CuS@LIPHHOGLHL A L, *P<0.01;5™"P<0.001 .,
6 CuS@LIPBX & BB ST 8E 5 B35 B16-F10 ZAAE (Calcein-AM/PI 3 & 5%, x200)

A UA (Annexin V -FITC/PT XL 4% 6 2
REDER, 5SIEREGBOCH LR, BEE HOLH
PBS %1 .CuS 41 . CuS@LIP 41 ) B16-F10 41 fitt i T~ 3
BTt =, M CuS@LIP BX & 36 28 1) 41 A 7 12 %
[(19.34+4.41)%] b CuS@LIP 41 [(13.36+0.86)% ] Al
CuS Bt A MO 4 [(14.95+0.72) %1394 W 42 7 ()
P<0.01).

3 W
3.1 & F RS BRARMS AR CuS F & o R B AR & 37 R4
T A AR AR PR 3 —

TEHLGN K ER AR A B A R P HE A 2 A AR ) 2

PERR AR 2 A, KB LN R - 5 T 6 G
HATFHE QR TEAR S RT S BLRBOR 1 L3R T AR

AR (06 L R R . AR 2500 T TH, ToHLAN
KA R BOR R AR RE Y 2 SR T B 25 RE T, H
HAe R 40 1. S5 GITMLL, THLgk
AR BA T AALST 25 W I S T A A A
T F A 55 3% AN B N, oL K B A ALE b R
MERERE R TIEFALD. Hoh, TR E A
BT E S BEA IR AR SR, 72 E)
T3 eI TN 23 1 55T BUR AR IT & 32k
e CuS REGK R IR & m b Ae ), Foii] 4 05 i
582, &5k a ek B K
PR B TR FRER FLR0E B I AN 55 4
IR o AR EE T HANTT VR OB B A R AR il A
TR e LA 2R B N T P iR AT R AE e T3 8k, BRI
YE VA T DA 1 S5O T R NN B R 5 R 4%



- 470 -

HR [ R R IR 9T %K, 2023, 30(6)

YRR TN, B A B PeR B RE S —. B
A A SR IR CuS FAR 5 1 NIR- 1T s # i R M 4 N
ARG iz B T R VR T AT AL, B R ARk
PIBTT RN SR, FAEAE ARG B = KT
A3 iy IR E 5 15 0k DL A% A R P R AR 2 1)
RO YR IT RCR AN TR AR . SR B S 1 R SR AR
CusS 72 205 H M B A AR IR, 18 [H MediGene
N R B AZ B B B 1 JIE 0 40 K 344 Endo TAG-1
CLHE NI PRI G, A 24 45 B ] (179 5565 FH 5542

P BH 5 7 IR R oK 8 A 2 3045 o T R 5 2t M B A
R AR NG ARG . AT @ DU VE A R T
RLAE Y8 — 1) CuS, FF FH FH B 7 Jig i A4 6f CuS HEAT 61
e 5 R MAB M , T B CuS@LIP, e i i 2 2E S 5 11
] B KL A% 4TS SR 38— , Zeta FRA M - (17.60+£0.70) mV
AR Ry (20.47+0.93) mV, kifE N (178.23+6.46) nm.
BRI i, CuS@LIP 1] LA i & i I 5| 4 o 471 LI 2R )
I e 250 AL 388 200 A P 2R R P T B 4 v e
Ve TV N FIVARR

PBS CuS CuS@LIP
"2 Jar-uLe.26%) Q1-UR(8.45%)| 2 JQ1-UL(5.04%) Q1-UR(14.95%)| 2 4 Q1-UL(5.30%) Q1-UR(13.73%)
© . o 2
£ : o EE EE ‘“M"
gh‘ia P $°1 e3
8, 8y 4 =P
z°7 5 T R
e > =
24 S | <1 >
o] o] J
© 4 Q1-LL(8s 14%) QI-LR(0.16%) QtLL7085%) _ QULRO16%) QILL(E0.T4%) L QULRO23%) =
0 105 104 105 | 108 107 010° 104 10°  10° 107 0 10° 104 105 105 10 @
Anniin 7 BEEA Annexin-V B525-A Annexin-V B525-A =
S8l A TR
PBS-+HEOL CuS+E0t CuS@LIP+Et
2 JQ1-UL(5.57%) Q1-UR(1.57%)| 29 Q1-UL(@.72%) Q1-UR(15.53%)| 2 JQ1-UL(4.50%) Q1-UR(24.21%)
Er i g e i %4
<o e =y § 2 ‘e
s R 3 5 3
8, bye 8+ 3 8+
e LT ~ 2 97 ~2
v} 1 S A3 z*]
S %] %]
© 7 Q1-LL(82.65%) Q1-LR(021%)|  © ]Q1-LL(79.57%) Q1-LR(0.19%)|  © JQ1-LL(71.12%) Q1-LR(0.17%)
ey . v v . o v T . .‘ — v v v o
0 10° 104 105 10° 107 0 10° 104 105 105 107 010 104 105 105 107
Annexin-V B525-A Annexin-V B525-A Annexin- V B525-A

EPBS YL, P<0.05,”P<0.01,""P<0.001; 5 CuS £ 8% CuS+#t 21 5 CuS@LIP 4141 Lk, “P<0.05.
7 CuS@LIP B A B R EH R B16-F10 ARAVET- GRR ARG

32 M) CuS@LIP 44 T 5 A 69 £iT A fudh 1k
P T AT R AR R

CuS 1E N —Fh g K il , FL A7 280 S A0 4 g 0 1
RE , {14k HLO, 7™ 42 ROS , AT B LA 473 Jie 8 448 421
AHF 50 i 5256 75 ) TMB-H,0,-CuS 5 TMB-H,0,-
CuS@LIP 1K % £ 652 nm 4 D 8 A & CuS 5
CuS@LIP [ %} [ 40 TMB 5% H,0, ¥ & 3 5% , I H.
CuS@LIP 41 1) D {E 1 =1 F CuS 41, M1 e B3 ) A FH
B JIE AR G CuS AT AL 5 3R TS M R R
CuS@LIP f&+F T CuS & A 2 S AL W Eg /5, v]
PAGH KB IE M8 K HLO, 7= ROS .

] B 20 KA R FH AR Sl AR AE S0 1 TR Y R
iEAE A0TSR T R IR 7 R, K
F R B, TE B ST T 80 ng/mL CuS@LIP i = il
J& ] 3k 65.4 °C, Lk B4l CuS ) 63.4 °C ¥ =, £ 1
CuS@LIP 1 o # 14 2 5 fn i R - 40 pg/mL
CuS@LIP £ 3 MO TF A 0 e 5, e 2% I i 2
KRARFEAAR, IR R AT AR T

Zx b BHE IR PR 4 CuS #4 2 () CuS@LIP
TR¥E T CuS A B2 A AP B A A0 3 PR 0 e FA g

=k i SO i UYL o R e =) NG A N e R R |
AR W R R AR E 1, T O TG R RS T
T 5 RO AT 7T A R o S Fr JIE ]
LI N 33% » LEORFR R T A4 P £ =] A A6 2 1A 47/
S PRI H,0, B AH H12IE , CuS ] 7E Y6 3 E A
NH RO . EIt, CuS@LIP £ 5F T CuS JF A )3
A B IE 1
3.3 CuS@LIP Bk A%k B 4480 2 42 3 4 B16-F10 28
e 6 345

TEHCA 1 064 nm i ZLAMEOL IS T, CuS@LIP
Xf RO ZR IR B16-F10 40 i HAT B & R RCR , B2
E 7S = W 3 = = Sl =B N A T A
CuS@LIP % 4H i N 7 1 £ B s — & CuS@LIP 7E 0
HEURE T R A% 7 A2 B 1R B RIONE , a7 2 a2 ik JeE
W BLBEFE TS : = f& CuS@LIP BEWS 7 i 2 it |tk W 77
A= ROS , I b 22 5h F397 15840 e 4H

IEAL , CusS HE CUAE IR T 58 - I e 8g 928 Js
R g 2 M AL ZE 1) CuS 1T 5 3 45 B s CT26 41 i
JH T2 IS DCH. R DIREALI) CuS /- FRDERYT
%55 PD-L1 HUiRBRAE 5 80U IR 4T1 4 R

are



b

SRAFE, 5 . rh A B S AN K I i 0T 21 AT ) 26 S LI 5 O o 13 JR 6 3% B16-F10 21 - 471

AT A AT A U AN R R W & R SR
CuS@LIP BX & Ot i IT B AR B 4 5 B4l CuS
RE 2 2 (i T A L

gx BRTIR AT 5T 25 SR A G o AR B 4 B A N
KA FH () CuS R 1 4 1) CuS@LIP A O e
W & — PP E R B R A M ) SR . BT LG
T3 ) T2, CuS@LIP X — 3 B 4 4 FL A Il PR
1 5 A AL B 78 F0 . AR T . ASHIF T R I K&
CuS@LIP FHOGER A 2 75 fe A 80 il Ji 4 14 e 83 1)
Az B e A e e ARG SOk SR S ST ST T 1)

(& % xx #(]

[1] DANCIU C, PINZARU I, CORICOVAC D, et al. Betulin silver
nanoparticles qualify as efficient antimelanoma agents in in vitro
and in vivo studies[J]. Eur J Pharm Biopharm, 2019, 134: 1-19.
DOI: 10.1016/j.¢jpb.2018.11.006.

[2] BARBASZ A, CZYZOWSKA A, PIERGIES N, ef al. Design
cytotoxicity: the effect of silver nanoparticles stabilized by selected
antioxidants on melanoma cells[J]. J Appl Toxicol, 2022, 42(4):
570-587. DOI: 10.1002/jat.4240.

[3] ARNOLD M, SINGH D, LAVERSANNE M, et al. Global burden
of cutaneous melanoma in 2020 and projections to 2040[J]. JAMA
Dermatol, 2022, 158(5): 495-503. DOI: 10.1001/jamadermatol.
2022.0160.

[4] WANG R P, HE Z S, CAI P J, et al. Surface-functionalized modified
copper sulfide nanoparticles enhance checkpoint blockade tumor
immunotherapy by photothermal therapy and antigen capturing[J].
ACS Appl Mater Interfaces, 2019, 11(15): 13964-13972. DOLI:
10.1021/acsami.9b01107.

[5] LI X S, LOVELL J F, YOON I, et al. Clinical development and
potential of photothermal and photodynamic therapies for cancer[J].
Nat Rev Clin Oncol, 2020, 17(11): 657-674. DOI: 10.1038/s41571-
020-0410-2.

[6] WANG Z, NIU J S, ZHAO C Q, et al. A bimetallic metal-organic
framework encapsulated with DNAzyme for intracellular drug
synthesis and self-sufficient gene therapy[J]. Angewandte Chemie
Int Ed, 2021, 60(22): 12431-12437. DOI: 10.1002/anie.202016442.

[7] LI Z F, WANG C M, CHEN DAI C, et al. Engineering dual catalytic
nanomedicine for autophagy-augmented and ferroptosis-involved
cancer nanotherapy[J/OL]. Biomaterials, 2022, 287: 121668[2023-
04-11]. http://dx.doi.org/10.1016/j.biomaterials.2022.121668. DOI:
10.1016/j.biomaterials.2022.121668.

[8] WU W C, YU L D, JIANG Q Z, et al. Enhanced tumor-specific
disulfiram chemotherapy by in situ Cu®' chelation-initiated
nontoxicity-to-toxicity transition[J]. J Am Chem Soc, 2019, 141
(29): 11531-11539. DOI: 10.1021/jacs.9b03503.

9] #ER. EVREMKTALEESEMBIOMESMED]. I~
HI: fEFIET K%, 2018.

[10] FAN Y N, LI M, LUO Y L, ef al. Cationic lipid-assisted
nanoparticles for delivery of mRNA cancer vaccine[J]. Biomater
Sci, 2018, 6(11): 3009-3018. DOI: 10.1039/C8BM00908B.

[11] KUUTEN M M P, CHEN J W, et al. Multimodal targeted high

relaxivity thermosensitive liposome for in vivo imaging[J/OL]. Sci
Rep, 2015, 5: 17220[2023-04-11]. https://pubmed.ncbi.nlm.nih.gov/
PMC4661695/. DOI: 10.1038/srep17220.

[12] WANG S, YANG W T, DU H L, et al. Multifunctional reduction-
responsive SPIO&DOX-loaded PEGylated polymeric lipid vesicles
for magnetic resonance imaging-guided drug delivery[J/OL].
Nanotechnology, 2016, 27(16): 165101[2023-04-11]. https://doi.org/
10.1088/0957-4484/27/16/165101. DOI: 10.1088/0957-4484/27/16/
165101.

[13] CHEN L T, HITRE E, LEE W J, et al. A randomized controlled,
open label, adaptive phase Il trial to evaluate safety and efficacy
of endoTAG-1 plus gemcitabine versus gemcitabine alone in
patients with measurable locally advanced and/or metastatic
adenocarcinoma of the pancreas failed on FOLFIRINOX treatment
[J/OL]. Ann Oncol, 2019, 30: v321[2023-04-11]. http://dx. doi. org/
10.1093/annonc/mdz247.160. DOI: 10.1093/annonc/mdz247.160.

[14] XUE X, LIU H, WANG S C, et al. Neutrophil-erythrocyte hybrid
membrane-coated hollow copper sulfide nanoparticles for targeted
and photothermal/anti-inflammatory therapy of osteoarthritis[J/OL].
Compos B Eng, 2022, 237: 109855[2023-04-11]. https://doi. org/
10.1016/j. compositesb. 2022.109855. DOI: 10.1016/j. compositesb.
2022.109855.

[15]1 YEC C C, ZENG H C. Synthetic architecture of multiple core-shell
and yolk-shell structures of (Cu,0@)nCu,O (n=1-4) with centricity
and eccentricity[J]. Chem Mater, 2012, 24(10): 1917-1929. DOI:
10.1021/cm300672r.

[16] MIRANDA D, WAN C, KILIAN H I, et al. Indocyanine green
binds to DOTAP liposomes for enhanced optical properties and
tumor photoablation[J]. Biomater Sci, 2019, 7(8): 3158-3164. DOI:
10.1039/c9bm00551j.

[17] GONG Z R, CHEN D Z, XIE F Y, et al. Codelivery of salinomycin
and doxorubicin using nanoliposomes for targeting both liver
cancer cells and cancer stem cells[J]. Nanomedicine, 2016, 11(19):
2565-2579. DOI: 10.2217/nnm-2016-0137.

[18] ZHU J, PENG X, NIE W, et al. Hollow copper sulfide nanocubes as
multifunctional nanozymes for colorimetric detection of dopamine and
electrochemical detection of glucose[J/OL]. Biosens Bioelectron, 2019,
141: 111450[2023-04-11]. http://dx. doi. org/10.1016/j. bios. 2019.
111450. DOI: 10.1016/j.bi0s.2019.111450.

[19] BERA S, DATTA H K, DASTIDAR P. Nitrile-containing terpyridyl
Zn(Il) -coordination polymer-based metallogelators displaying
helical structures: synthesis, structures, and “druglike” action
against B16-F10 melanoma cells[J]. ACS Appl Mater Interfaces,
2023, 15(21): 25098-25109. DOI: 10.1021/acsami.2c05338.

[20] DUTTA S, RAY C, MALLICK S, et al. A gel-based approach to
design hierarchical CuS decorated reduced graphene oxide
nanosheets for enhanced peroxidase-like activity leading to
colorimetric detection of dopamine[J]. J Phys Chem C, 2015, 119
(41): 23790-23800. DOI: 10.1021/acs.jpcc.5b08421.

[21] LIU J, MENG L, FEI Z, et al. On the origin of the synergy between
the Pt nanoparticles and MnO, nanosheets in wonton-like 3D
nanozyme oxidase mimics[J]. Biosens Bioelectron, 2018, 121: 159-
165. DOI: 10.1016/1.bios.2018.08.004.

[22] HUANG Y, ZHAO M T, HAN S K, et al. Growth of Au

nanoparticles on 2D metalloporphyrinic metal-organic framework



472 -

rp [ R AR TG Ak, 2023, 30(6)

nanosheets used as biomimetic catalysts for cascade reactions
[J/OL]. Adv Mater, 2017, 29(32): 1700102[2023-04-11]. http://dx.
doi.org/10.1002/adma.201700102. DOI: 10.1002/adma.201700102.

[23] ZHU C Z, DU D, LIN Y H. Graphene-like 2D nanomaterial-based
biointerfaces for biosensing applications[J]. Biosens Bioelectron,
2017, 89(Pt 1): 43-55. DOI: 10.1016/j.bi0s.2016.06.045.

[24] KUMARI P, GHOSH B, BISWAS S. Nanocarriers for cancer-
targeted drug delivery[J]. J Drug Target, 2016, 24(3): 179-191.
DOI: 10.3109/1061186X.2015.1051049.

[25] BISWAS S, TORCHILIN V P. Nanopreparations for organelle-
specific delivery in cancer[J]. Adv Drug Deliv Rev, 2014, 66: 26-
41. DOL: 10.1016/j.addr.2013.11.004.

[26] AIN N U, ABDUL NASIR J, KHAN Z, et al. Copper sulfide
nanostructures: synthesis and biological applications[J]. RSC Adv,
2022, 12(12): 7550-7567. DOIL: 10.1039/D1RA08414C.

[27] ASFARAM A, GHAEDI M, PURKAIT M K. Novel synthesis of
nanocomposite for the extraction of Sildenafil Citrate (Viagra) from
water and urine samples: process screening and optimization[J].
Ultrason Sonochemistry, 2017, 38: 463-472. DOIL: 10.1016/].
ultsonch.2017.03.045.

[28] YANG X D, LU G W, WANG B Y, et al. Synthesis, growth
mechanism and photocatalytic H, evolution of CdS/CuS composite
via hydrothermal method[J]. RSC Adv, 2019, 9(43): 25142-25150.
DOI: 10.1039/c9ra04336e.

[29] ZHANG J, FENG H J, YANG J Q, et al. Solvothermal synthesis of
three-dimensional hierarchical CuS microspheres from a Cu-based
ionic  liquid precursor for high-performance asymmetric
supercapacitors[J]. ACS Appl Mater Interfaces, 2015, 7(39): 21735-
21744. DOI: 10.1021/acsami.5b04452.

[30] LI H, WANG Y H, HUANG J X, et al. Microwave-assisted
synthesis of CuS/graphene composite for enhanced lithium storage
properties[J]. Electrochimica Acta, 2017, 225: 443-451. DOI:
10.1016/j.electacta.2016.12.117.

[31]ZHU Y H, XU Z W, YAN K, et al. One-step synthesis of CuO-Cu,O
heterojunction by flame spray pyrolysis for cathodic
photoelectrochemical sensing of l-cysteine[J]. ACS Appl Mater
Interfaces, 2017, 9(46): 40452-40460. DOI: 10.1021/acsami.7b13020.

[32] WUS L, LIU C C, LI W J, et al. Second near-infrared photoactivatable
nanomedicines for enhanced photothermal-chemodynamic therapy of
cancer[J]. J Mater Chem B, 2023, 11(11): 2455-2465. DOI: 10.1039/
D2TB02769K.

[33] QIU S, WU X N, GENG D C, et al. H,O,/NIR-sensitive “two-step”
nano theranostic system based hollow mesoporous copper sulfide/
hyaluronic acid/ JWH133 as an optimally designed delivery system
for multidimensional treatment of RA[J]. Int J Biol Macromol,
2023, 225: 298-309. DOI: 10.1016/j.ijbiomac.2022.11.019.

[34] KHABAZIAN E, VAKHSHITEH F, NOROUZI P, et al. Cationic
liposome decorated with cyclic RGD peptide for targeted delivery
of anti-STAT3 siRNA to melanoma cancer cells[J]. J Drug Target,
2022, 30(5): 522-533. DOI: 10.1080/1061186X.2021.1973481.

[35] SUNM W, DANG U J, YUAN Y H, et al. Optimization of DOTAP/
chol cationic lipid nanoparticles for mRNA, pDNA, and
oligonucleotide delivery[J/OL]. AAPS Pharmscitech, 2022, 23(5):
135 [2023-04-11]. http://dx. doi. org/10.1208/s12249-022-02294-w.
DOI: 10.1208/s12249-022-02294-w.

[36] L1 X, PAN'Y, ZHOU J, et al. Hyaluronic acid-modified manganese
dioxide-enveloped hollow copper sulfide nanoparticles as a
multifunctional system for the co-delivery of chemotherapeutic
drugs and photosensitizers for efficient synergistic antitumor
treatments[J]. J Colloid Interface Sci, 2022, 605: 296-310. DOI:
10.1016/j.jcis.2021.07.092.

[37] ZHENG Z Y, YU P, CAO H L, ef al. Starch capped atomically thin
CuS nanocrystals for efficient photothermal therapy[J/OL]. Small,
2021, 17(47): 2103461[2023-04-11]. http://dx. doi. org/10.1002/
smll.202103461. DOI: 10.1002/smll.202103461.

[38] LIU T F, XIAO B W, XIANG F, et al. Ultrasmall copper-based
nanoparticles for reactive oxygen species scavenging and
alleviation of inflammation related diseases[J/OL]. Nat Commun,
2020, 11(1): 2788[2023-04-11]. https://pubmed. ncbi. nlm. nih. gov/
32493916/. DOI: 10.1038/541467-020-16544-7.

[39] KADDAH S, KHREICH N, KADDAH F, et al. Cholesterol
modulates the liposome membrane fluidity and permeability for a
hydrophilic molecule[J]. Food Chem Toxicol, 2018, 113: 40-48.
DOI: 10.1016/.£ct.2018.01.017.

[40] JANG B, XU L, MOORTHY M S, et al. Lipopolysaccharide-coated
CuS nanoparticles promoted anti-cancer and anti-metastatic effect
by immuno-photothermal therapy[J]. Oncotarget, 2017, 8(62):
105584-105595. DOI: 10.18632/oncotarget.22331.

[FsBHA]  2023-05-10 [f&EBHA]  2023-06-06
[Axxéwig]  Hiia, ik



