Acta Universitatis Medicinalis Anhui 2020 Jul; 55(7)

* 987 -

12020 -6 -29 11:26

& <&
BxPC-3
1 2 1
( CuS)
( DOX)
o CuS PEG
DOX@ PEG-CuS
o BxPC-3
PBS DOX CuS CuS
DOX ( ICP-MS)
PEG-CuS . MTT
BxPC3 o
356.3 nm CuS
PEG PEG-CuS 209. 8 nm
o PEG CuS 10%
o ICP-MS 2 (12.95%) . 4
(20.20%) 6 (32.98%)
PEG-CuS (P<0.05 =
4.083; P<0.01 ¢=5.889); MTT
CuS DOX
88.3% CuS 52.04%
DOX 45.58% ( F =711.6 P <0.000 1) .
PEG CuS 10%
PEG CuS
R 576
A 1000 — 1492( 2020) 07 —0987 - 05

doi: 10. 19405 /j. enki. issn1000 — 1492.2020. 07. 001

( pancreatic cancer PC)

2020 - 04 —02
( :31870993);

WK9110000005)
ol 230001
2 230027

mail: yuyuemd@ 163. com

* https: / /kns. enki. net/kems/detail /34. 1065. R. 20200629. 1110. 001. html

PC =2

6-7

o

( photothermal therapy PTT)

8-9
10
PTT o ( copper sulphide
CuS)
" CuS
12-13
CuS PTT
pC
1
1.1 ( doxorubicin  DOX)
; BxPC3 pPC
; 3{ 4 S5-Dimethylthiazol 2-yl) —
2 5-diphenyltetrazolium bromide Sigma—
Aldrich ; RPMI-H640 Invitrogen
: Hyclone : CuS
1.2
1.2.1 CuS
PEG 1:1
12 h PEG CuS o
PEG-CuS DOX
DOX CuS o
1.2.2
100 wl CuS
( dynamiclight scatterome—
ter DLS) 25 C

3 o CuS  PEG



° 988 -

Acta Universitatis Medicinalis Anhui 2020 Jul; 55(7)

CuS
10% RPMIH 640
DLS
1.2.3 PC BxPC3
1% 10% 1640
37 C.5% CO, o
70% ~80% (0.25%)
1.2.4 ICP-MS PEG-CuS Bx-
PC3 24 10
3 o 24 h
PEG-CuS o 2.4.6 h
500 pl1 x PBS 3
. 200
wl Co, 3 ~5 min
300 C
3 (
=3:1) MILI-Q ICP-MS
1.2.5 MITT pPC
BxPC3 70% ~ 80%
BxPC3 96
5 000 CO,
3 CuS N N
CuS o CuS
100.50.25.12.5 pg/ml  CuS ; DOX
10.5.2.5.1.25 pg/ml  DOX; CuS
DOX 100 pg/ml CuS 5 pg/ml
DOX
50 pg/ml CuS 2.5 pg/ml DOX 25
pg/ml CuS 1.25 pg/ml DOX 12.5 pg/
ml CuS 0. 625 pg/ml DOX. 3
PBS DOX CuS  CuS DOX
4 h 1 064 nm 5
min 1 W/em®, 24 h.
24 h 25 wl 5 mg/ml MTT 2
~4 h 100 DMSO
1h 488 nm
o Excel 2013 GraphPad. Prism. V7. 0.

( optical density OD)
o (%) =(

ob - oD ) /(
ob - 0D ) x100% -
1.2.6 PC
BxPC3 24
1 x10° 4 :PBS N
CuS . DOX CuS DOX .

24 h 100 pg/ml  CuS
DOX CuS 100 pg/ml
DOX o

DOX CuS  CuS
1 064 nm
1 W/em®s

5 wg/ml
5 pg/ml

4 h PBS
DOX 4 h

5 min

1.3 SPSS 16. 0

LSD . P<0.05

2

2.1 CuS
DLS 356.3 nm

1A PEG
CuS 209. 8 nm

PEG-CuS 1B PEG
CuS 200 nm DLS

o 10%

o PEG-CuS

PEG-

10%
1C

2.2 ICP-MS BxPC-3

6 h CO,

2.4.6 h PEG-CuS PC
2.4.6 h
pPC PEG-CuS
4 h (20.20%) 2 h

(12.95%) (P <0.05 ¢ =4.083) 6

(32.98%) 4 (20.20%) (P <
0.01 ¢=5.889) o
2.3 MITT CuS

BxPC3

CuS  DOX.CuS DOX



Acta Universitatis Medicinalis Anhui 2020 Jul; 55(7) * 089 -

A 30 o DOX (P <0.0001 F=201.8) CuS (P
R ﬂ <0.000 1 F=201.8) .
20f A A 10p
i | O DOX+Haser
- | T
= | 0.8
10} 1 3 —_
. 5 0.6F
ﬁ e
\I_. b —
10 Ill'l(} 1 l'llOD IDIODU s
E A (nm) 0.2
B
00000 5.00 2.50 125
DOX B (pg/ml)
B 101
O CuS+Laser T
0.8
£
ﬁ 0.6 —_
1= T
=
- E 0.4
S0 @ cus
& PEG-CuS 0.2f
400 £
_ 00500 50.0 25.0 12.5
g 300 CuS¥ & (ug/ml)
E o € 1Or O pox@CuS+Laser
0.8
100 F £ .
# 0.6}
U 1 1 ] H‘;E
e
0 20 40 60 0.4
i Al h) I T
1 0.2
A: DLS ; B: PEG-CuS 400 000; C: | |
u, X 50
10% S@100 2.5@50  1.25@25 0.625@12.5
CuS@DOXif FE(ug/ml)
D 081
(1064 nm 1 W/cm?) MTT
o 2 CuS Z0.6F RS -
+ (100 pg/ml CuS 5 pg/ml o ==
DOX ) PC S|
88.3% CuS + (100 pg/ml) s ool
52.04% ( F=711.6 P <0.000 1) DOX ’_—.—_|
(5 pg/ml)  45.58% (F=711.6 P <0.000 1) 0.0 |
DOX(5 pg/ml) CuS(100 pg/ml)  CuS@DOX
2 4 2 CuS DOX CuS  DOX PC
A: DOX PC i B: CuS
PC G CuS DOX PC ;
° 3 D:5 pg/ml DOX.100 pg/ml  CuS 100 pwg/ml
CuS 5 pg DOX  PC . CuS@ DOX
: CuS DOX SFFEEP L0000 1 P <0.000 1

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Acta Universitatis Medicinalis Anhui 2020 Jul; 55(7)

CuS@DOX

1 O r ——
S 08t
= 0.6 ookl
= s
F 04}
0.2F
0.0
PBS DOX CuS CuS@DOX
3
A: x 20; B:
. CuS@ DOX DFFFRPL0.000 1 ¥ P <0.000 1
3
PTT
415 CuS
16 - 17
DOX
18
CuS DOX.,
PEG CuS
PC o

PPT

10

12

MTT
PC

88.3% o

CuS
PEG

PC CuS

PEG
EPR

PEG CuS

Siegel R L Miller K D Jemal A. Cancer statistics 2017 J . Ca

Cancer J Clin 2017 67(1): 7 -30.

Chen W Zheng R Bssde P D et al. Cancer statistics in China

2015 J . CA Cancer J Clin 2016 66(2): 115 -32.

Pugazhendhi A Edison TN JI Velmurugan B K et al. Toxicity

of doxorubicin( Dox) to different experimental organ systems J .

Life Sei 2018 200: 26 -30.

Aktag T Ozmen O Tutun H et al. Artemisinin attenuates doxoru—

bicin induced cardiotoxicity and hepatotoxicity in rats J . Biotech

Histochem 2020 95(2): 121 -8.

Chen H Zheng D LiuJ etal. pH-sensitive drug delivery system

based on modified dextrin coated mesoporous silica nanoparticles
J . Int J Biol Macromol 2016 85: 596 —603.

Kopeckova K Eckschlager T Sirc J et al. Nanodrugs used in

cancer therapy J . Biomed Pap Med Fac Univ Palacky Olomouc

Czech Repub 2019 163(2) :122 -31.

Ling D Park W Park S et al. Multifunctional tumor pH-sensi—

tive self-assembled nanoparticles for bimodal imaging and treatment

of resistant heterogeneous tumors J . J Am Chem Soc 2014 136

(15): 5647 -55.

Hou X Tao Y Pang Y et al. Nanoparticle - based photother—

mal and photodynamic immunotherapy for tumor treatment J . Int

J Cancer 2018 143(12) : 3050 - 60.

Young J K Figueroa E R Drezek R A. Tunable nanostructures as

photothermal theranostic agents J . Ann Biomed Eng 2012 40

(2): 438 -59.

Sun TM DuJZ Yao YD etal. Simultaneous delivery of siR—

NA and paclitaxel via a “two-in-one” micelleplex promotes syner—

gistic tumor suppression J . ACS nano 2011 5(2): 1483 -

94.

Cao Q Guo X Zhang W et al. Flowerdike Fe7S8/Bi2S3 super—

structures with improved near-infrared absorption for efficient

chemo-photothermal therapy J . Dalton Trans 2019 48( 10):

3360 - 8.

Zhou M Zhang R Huang M et al. A chelator4ree multifunction—

al 64Cu CuS nanoparticle platform for simultaneous micro-PET/



Acta Universitatis Medicinalis Anhui 2020 Jul; 55(7) * 991 -

CT imaging and photothermal ablation therapy J . J Am Chem fide nanoparticles J . ACS Nano 2018 12(6): 5197 -206.
Soc 2010 132(43): 15351 -8. 17 Zhou M Zhang R Huang M et al. A chelator4ree multifunction—
13 Zha Z Zhang S Deng Z et al. Enzyme-responsive copper sul— al 64Cu  CuS nanoparticle platform for simultaneous micro-PET/
phide nanoparticles for combined photoacoustic imaging tumor-se— CT imaging and photothermal ablation therapy J . J Am Chem
lective chemotherapy and photothermal therapy J . Chem Co-— Soc 2010 132(43): 15351 -8.
mum 2013 49(33): 3455 -7. 18 Ding F Li H]J Wang J X et al. Chlorin e6-encapsulated
14 Liu Y Bhattarai P Dai Z et al. Photothermal therapy and photo— polyphosphoester based nanocarriers with viscous flow core for ef-
acoustic imaging via nanotheranostics in fighting cancer J . Chem fective treatment of pancreatic cancer J . ACS Appl Mater Inter—
Soc Rev 2019 48(7): 2053 -108. faces 2015 7(33): 18856 -65.
15 YeE WinKY Tan HR etal. Plasmonic gold nanocrosses with 19 FanF YuY Zhong F et al. Design of tumor acidity—responsive
multidirectional excitation and strong photothermal effect J . J sheddable nanoparticles for fluorescence/magnetic resonance ima—
Am Chem Soc 2011 133(22): 8506 -9. ging-guided photodynamic therapy J . Theranostics 2017 7
16 LiN SunQ YuZ etal Nuclearargeted photothermal therapy (5): 1290 -302.

prevents cancer recurrence with near-infrared triggered copper sul-

Doxorubicindoaded nanoparticles based on hollow copper sulfide

for the cytotoxic effects on the pancreatic cancer cell line BxPC-3
Zhang Cong' Hang Lifeng” Chen Jun' et al
(' Dept of Gastroenterology The Affiliated Provincial Hospital of Anhui Medical University Hefei 230001
*School of Life Sciences and Medical Center University of Science and Technology of China Hefei 230027)

Abstract Objective To investigate the cytotoxic effects of doxorubicin( Dox) Hoaded nanoparticles based on hol-
low copper sulfide( CuS) on the human pancreatic cancer cell line BxPC3 to achieve the combination of chemo—
therapeutic drugs and photothermal therapy and to enhance the killing effect of chemotherapy on pancreatic canc—
er. Methods Hollow CuS nanoparticles PEG-modified nanoparticles and DOX@ PEG-CuS nanoparticles were syn—
thesized and characterized. BxPC3 cells were divided into four groups BxPC-3 cells + PBS BxPC-3 cells + Free
DOX BxPC33 cells + PEG-CuS BxPC3 cells + DOX@ PEG-CuS. Inductively coupled plasma mass spectrometry
was used to detect the cellular uptake of BxPC3 cells. MTT assay and dead and alive staining assay were used to
detect the killing effect of each experimental group on pancreatic cancer cell line BxPC3. Results CuS nanoparti—
cles with a size about 356. 3 nm were successfully prepared and after surface modification with PEG the particle
size of the PEG-CuS nanoparticles was about 209. 8 nm. CuS nanoparticles modified by PEG are stable in 10% ser—
um. The results of ICP-MS showed that PEG-CuS uptake rate of pancreatic cancer cells increased with the incuba—
tion time at 2 h( 12.95%) 4 h(20.20%) and 6 h(32.98%) ( P <0.05 t=4.083; P <0.01 ¢=5.889). The
results of MTT method showed after combined photothermal therapy and chemotherapy the doxorubicindoaded CuS
had the best killing effect and the killing rate of pancreatic cancer cells was up to 88.3% which was better than
52.04% of the CuS treatment group alone( F =711.6 P <0.000 1) and 45.58% of the free Dox group( F =
711.6 P <0.000 1) . Conclusion The hollow copper sulfide particles modified by PEG can be stably present in
10% serum. The uptake rate of CuS nanoparticles increases with time after PEG modification. Photothermal therapy
combined with chemotherapy can achieve a higher killing effect on pancreatic cancer cell line BxPC3.
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