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1 2505 VE R 2 7K TR 5E (silybin, SBN) F A7 A0 i e i A0 0 3 GE HL P F) 3G SRAL T 2 2 R A
(doxorubicin, DOX) [t /EH . H T SBN Al DOX B A TG HE 1] P\ ~F 5 WAL 55 B B sk e AN [ (1 45 2 i AR AN 24
3 150 18, SR A 29 T i3 i e 1 07 S0V BT e, bR T 3 TR B RLE ﬂ&ﬁﬁﬁﬁéﬂ%ﬂ?ﬁfﬁ:mm
PR AR . Bk, ARBF A — A Bl R4k £H (molybdenum disulfide, MoS,) #1 %l 4 2 K, U
(polyethylene glycol, PEG) FIHE 2 (sialic acid, SA) #E47 154 . JL 3 SBN F1 DOX HI 4N K Hiik £ 45 . u%é}i& pH A1l
AN IR RT3 S 4LA 20 R, B2 M N 250 1 T 10 vk 52, T 1Y 5 38 () R P FUAE o s A A
R ST 6 1ok R 3 B AT AR 2 v R 24 K A SR S A PR A S IR R A% IRk HE . MoS,-PEG-SA-SBN/DOX TE 3 W) 14 N 1/
I, & EBIE K B AN (EPR) A1 SA AT 1) 25 B B0 1) A RO 78 IR S Ar b 47 B R, JEIEIR A6 R SR, S2gl T %
Jit 988 1 ik TR AT AN RGR T IR AR YT, BUIS T A0 (3R R o AR 98 AT Dy e R it PR v o7 B A — o AL
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Co-load of silybin and doxorubicin by MoS, nanosheets for
synergetic chemotherapy and photothermal therapy of lung cancer

CHEN Hong, GUO Min, CHEN Zhi-huai, WEI Xin-qi, YANG You-rui, LIU Jian", XU Wei"

(College of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China)

Abstract: The active ingredient of traditional Chinese medicine, silybin (SBN), can inhibit the proliferation of
cancer cells and enhance the anticancer effect of doxorubicin (DOX). However, due to non-targeting and short half-
life of SBN and DOX, as well as different administration routes and pharmacokinetic processes, this combination
drug cannot act on the tumor in the set order, seriously eliminating the synergistic effect between them and limiting
the effect in vivo. Therefore, we intended to construct a nano-delivery system based on molybdenum disulfide
(MoS,), modified by polyethylene glycol (PEG) and sialic acid (SA), and co-loaded with SBN and DOX. The
system induced the release of combined drugs under the dual-stimulation of pH and near infra-red (NIR), increased
the free concentration of intracellular drugs, so as to achieve the synergistic effect between them. The animal
welfare and experimental procedures were in accordance with the regulations of the Animal Ethics Committee of
Fujian University of Traditional Chinese Medicine. MoS,-PEG-SA-SBN/DOX circulated in vivo, and effectively
accumulated at tumor sites through enhanced permeability and retention effect (EPR) and SA-mediated active
targeting. Under near infrared light irradiation, MoS,-PEG-SA-SBN/DOX realized the combination of synergistic
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chemotherapy and photothermal therapy for tumor, thus achieving excellent anti-tumor effect in vivo. This study

can provide a new idea and strategy for the clinical treatment of lung cancer. Taken together, MoS,-PEG-SA-SBN/

DOX can offer a new idea and strategy for the clinical treatment of lung cancer.
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it g A2 tHE L b f LR B B0y I E 22—,
A A BR AR A 0T R 49 0k Bk 220 5, BB T B v Ik
179 5 TE R, filia 7 A2 o B R0 2 FI A0 T 2 f v
MR IE, B LA 73 73 N2 W i, 61 73 N DA i
FE AR T BT 0 il 0% A R A AE — € R BR
P, SBORH o Il B FHTER S I OOy, R akil it
ST IR T BT SR IEK F iy K AR A T =

FE i I PRI 9T - B, B6E 2 A4 =2 il e VA
ST EZT 2, B T R IARIAIT 297 29 & 3R
W, T2 5 0T 29I G R A S R B BRI
WEEME . K &SI 0T 78 3R B, o 2438 1 1 43 7K
K H] 5 (silybin, SBN) 54b97 254 £ F L & (doxoru-
bicin, DOX) Bt H, B A 45 2575 B A% AR 4 35 JIAE
INEEAR R, IR G 22 2T 2GS I R AR, B A
S 2. Molavi Z" R I SBN B A5 55 5 K%
SEW0E FE 1 3 (STAT3) & B B (AKT) #H G 18 7%,
35T VR O T A AR R U T Bel-2 A DG I X R
(BAX) M)k 7K, #1075 55 DOX 4t it &
TEF - B J5 Jafari %540 & B SBN B 1 45 45 M &5 A1
(CRT). #4k 7 2 14 70 (HSP70) Fl & iE # Kk & A 1
(HMGBI) % #0565 FH R IA, 1998 DOX 75 5 /i 83 41 g
M) G SR A AE T . {H 2, SBN A DOX A ¥R T
TE 3G R 7K P A7 7 AR A fif R 133 A] 88 (D DOX Al
SBN #B 42 /N F W0, A 3 WA o ) 45
By S, e PRI AR AR N R T R @ —FRE
AN ) 45 234 K 2R3N 5 1 AR, B VR
177 XA T, 7= EEISS T 29 e B RE A, K
KB T HAR N B RORE . TS AE, F 2 8 T
KT 2T BB AR R, BRI T 52 13k
SBN &k DOX 44 K 4iii% & 45 . {H SBN fl DOX [f) 3t %
GUOKENE RB B TIAR W THRIE . Kk, 4 4 SBN Al
DOX ML EAN K ik R G, 5200 it 1) 45 254 1)
R IETT, ¥ BA BRI FRANME .

A (molybdenum disulfide, MoS,) & —J5
HLO XS FR I S-Mo-S =AM 5 7 2 4H B — 4 A4 K], PRI
PR B B« R R AT RN AR A 2 R T A% 3% T
TEAE A N 75 THT, Mo, PR L bk f) 2 THI 55 28 1 L AR ¢
AN S RS 2 PR =N = ot B N R
LT 5 e 71 I R I A AR 25 1 T A B AR R e At

B B T AR O RS, Mo, i AT i )
JELRE ORI 2R T RR A5 R, T L AR AR W R B U N e
BT JURE B T R0 BT, Rl 2 AE 2 BE R O R
I R R S R BRI s Y. Lin SR 4
(polyethylene glycol, PEG) & 1fii ] MoS, 44K v 1 N %,
RS a7 LR U 25, il g X bR B, MoS, 142
BT HoAt JUASH WAK AR, dnéif A )i 55 . [
I, ARTH AW RIT 7 KEEET MoS, MBI 4K 45 2)
RGEHIHETE, ORI U 25735 B JE L Jiig &
JE BB . DOX i 5 77 £L A2 ) i 1 2 Mg A, I
FER T 2GR R FUAHLR R FE 0 X IR 4 78 40 1
17 MoS, MBFRT A Ry — Bl 22 4 HA R 04k, e 56 ik
BN B2 S 2 10 1) 2 L s A A R I, XA BT
SBN M1 DOX HL & g K fik R4t M e, KA & 259
Xof it e £ WA [V T

MR (sialic acid, SA) /& — B R IR ) N- £ LA
LRIR, BLT 2 Fh A i 2% iR d AR IR R s, AR
A YR RR A0 I E AR PRI R A VE i HLE BE Ry v 4
B R AN SR T = RIS E-IE B R AR B-IE R R
VB Dy — T BN £ 1, AE 28 1 I8 P 5 240 R Jrh 8 4
i 2 T Al R B v B R, LR R R ) 4y R K
2y SA B 1 44 K 245 W T R e A i iR i A
PR AT b 2k B E-ade £ 3R, o R i e B A 8 E
S 1IN PR I T T, SR N e B3 S5 A5 5 4k e YR 44 i
L. Zheng ZEUSIR] 4 B B 7 ik £ T SA B 1
(R 20 2K o, 5 TG A8 1 PR 40 KR AH B, SA B A 4
KORLAE HeLa 41 i Hh A 5 BB 5 N 1 338%, Jf e i 1
UM T Shu ZEUVR I SA B 1 40 2K 245 4 ] Ji ik
L an e s RA I Bk R R 2R R A S, W
2 3 9 40 R B RIS, S0 IR 2 4 v AR FE
2T AR TT o 3% SEAIE 4 B0 W] SA B 1 1 90 K 25 W
X RG] AR SA A T 1 3 B EE 1A 4 B A R0 AE b e
AL E R, SR 2R IT RBOR .

2 L RTIR, AR T LA = 1R (lipoic acid, LA) {EN
TEFAR, K SA MBI PEG 3% 42 3 — i 4k 2H MoS, 91K
R b, 1) BT T2 2 e R R 40 F g oK
AR MoS,-PEG-SA, Jf X H AT 45 ¥ FAE B R 1t %
2. BB K AE H ¥ B 250 S SBN 5 46T 24
Y DOX LR 8 T 9K 8k b, W 9K A& 25 Wik
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ARG, FEAEA KT R B YK 125 50 R G i B e
TR -

MR 57
mSRT MoS, @ik (R R K B IR 2

Ay IE T AN A (B TCT AL R Tk &k e IR
v #)); LA\PEG.SA.SBN. 2 £ Z [L 2 (DOX-HC)).
1-235-(3-Z B AL L) ik PR IR Eh (EDC-HCI),
N-$2FEBE AWV s (NHS) L — 2R £h . —H 3L
BAEEMEEE (MTT) (3BT 4 T A AR IR 0 A R 2
F]); B2 IE JF-12K A 58 4 55 95 5 . DMEM A4S 58 4 8%
FrdE (CRIEFECAEMBARA R A A, HoAd w5735 7>
4l (18 25 4 B0 2R BR A | .

LB SR STMA IR KRL B S AL 4y BT A (%
B 5 /R A g A R A A, BAT-ER (I8N Bk <k
AR IR A PR A T, 8 B A (Rl SE
ARG PR A |, RAM-7] Wt/ e a v (H AR A
A D), A8 B AR e 2T AR A (FRBR R R B A
H); %k B iE B T B U8 (transmission electron
microscope, TEM, 3% [E FEI A #); J& F /1 & T 5%
(atomic force microscope, AFM, # [E Bruker 2 #);
X- 4t 2% 6 LT REIE A (3 VG A RD); [F 25 4 T A
(s [ i B A 2% A \]); WOt as (KBRS AR A
PR 2 \]); 20 b A (3 [ HERIZR 24 W), 31 & AR
e (PR BURR 6 AR A PR A |, B brA (i L7
AF]); oI B A A (3EE BD A F); Bokdt
RAE RS PO RS (HEE Leica A A]).

gHAE N AE/INAT AR 20 A 549 N A fili R 2T 4
Y HELF (H R b 40 f )

Y TCH R R AR (SPF) % MEPE BALB/c 1 5R,,
A4~5 FAEY, PR E N 18~20 g, W4 i 75 # S i s il
FAMRA T, THRETELKFEZSLR Y OiE
PR R 1, R A BB SIS W e R R AR LT
ITERAE . TR S Fi 35 44 e AR i vh ER 245 K223 Wi
PR R e R YRR EAT o BhAE AN S B 7
PR AR i P R 24 K SR B A0 B S R 2 (1 o A%
HEHE

MoS,-PEG-SA B &Il & R 4fs i 914 8", &
LA f&1fi i) PEG (LA-PEG-NH,). %1 LA-PEG-SA [
A, B Yk SA (200 mg) I\ A B IR £k 2% v VR (PBS,
20 mL, pH 6.2), fE 1A\ 77 mg EDC f1 46 mg NHS. =
BEPEEE 1 b, K is AL i SA 23 3 n £ 20 mL & 4
LA-PEG-NH, ") PBS ¥ ¥ (pH 7.4) W, 4k 245+ 24 h.
S NEE ARG, $ BT ENTAR (10 kDa) N, iEHT 48 h LAER
b BRI, B AR TIEAS B 1 A [El 44 LA-PEG-SA.

FREL 10 mg LA-PEG-SA I\ %] 5 mL ddH,0 7, #i
PE 2 [ AR 52 A2 fE, NN 1 mL MoS, ¥ # (1 mg'mL™).
FIPHE 24 h JG, KRG W NZENTEE (100 kDa) I,
% T 48 h, B % ok 45 & [ LA-PEG-SA, 1] £ MoS,-
PEG-SA ¥

MoS,-PEG-SA fIFRAE  HHiHHREE ('H nuclear
magnetic resonance spectra, 'H NMR) . {# HL - 25 4. 2T 4h
)6 ¥ (Fourier transform infrared spectroscopy, FT-IR)
R Ah -1l WL - 4y o6 e B (ultraviolet and visible
spectroscopy, UV-vis) % 73 T MoS,-PEG-SA 11 2 45
. TEM Fl AFM % %% MoS,-PEG-SA JE 351k . Zeta
FL A7 5 40 KR A 5 MoS,-PEG-SA 1947 4% Al L 34
HLAV

MoS,-PEG-SA B ILi&ZHE A AU 0.2 mL # i
0 5 Bk Y (2B 2% I3E) &R R FE S VAT (0.8 mL)
Hi: @ ddH,0; @ PBS ¥ l; ® & H AWK E (504
100200400 pg-mL™") ] MoS,-PEG-SA ] PBS ¥ i,
HF 37 °C TR (100 rrmin"). 2 h/J5, BUH BT £
i, e IR B L, 2 JE R RN FE A ) _EIE WRAE 541 nm
BAAE RO (4) 18, AR A5 (1) T 5 AR R
I & 43 EE (hemolysis).

Hemolysis (%) = (4 5 — Apps) (Ao = Apss) X 100%

)

Forb, A R SIEBOGEAE, A A BT TEXT HE
SR FE AR, Ay 9 A S5 FE L R s B A

MoS,-PEG-SA H) 40 i & 1 K AS549 48 Jiig A0
HELF 40 f 5250 T 96 FLAN L35 FRAR P9, Fr 40 B I B )5
TN ASTRVR & (12.5.25.504 100,200,400 pug-mL™)
MoS,-PEG-SA [ 15 7% 56 . M & 24 5048 h J5, £ H
MTT v 0 5 248 i 3 12

g E DA fERR R 3 SBN M1 DOX, B
2%, e 45 SBN () DMSO ¥ ¥ (0.8 mg-mL™), B2 &
FIMoS,-SA-PEG ¥ (0.6 mg-mL™) JINZE _FiR & -
FIRAEHE 24 h )5, KE B0 (2 000 r-min’, 25 °C) PLER
ZHT I E A 25, B S 2 UG JE B0 (3 000 rmin”,
51K, 25 °C) ZBRE 7K 254, W] 43 MoS,-PEG-SA-
SBN &l . KT DOX I % %, & Jalic i &% DOX 1
PBS W (0.5 mg-mL", pH 8.0), BEEHE$E 24 h. AR5,
U B0 B % i & DOX, ¥ BT £3 [1) MoS,-PEG-SA-
SBN/DOX B T 4 °CUKFH IR A7 45 H o« TRIEH L1 5
MoS,-SA-PEG 7E 288 1 480 nm I+ &b (11 Wy ) J& A5 1k,
R 2 R () it 5 SBN 1 DOX [ 3 4% & (drug
loading, DL).

DL (%) = CRe #2454 51 2/ 34K I B &) x 100%

(2)
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YR W2 4 %5 & 1) MoS,-PEG-SA-SBN/
DOX ¥ fr, 70 B0 A [F pHAH (5.5.7.4) [fI PBS ¥ A,
BT #ENTLE (3.5 kDa) . B IXELFE TR YTR T4
R PBS M, ARG B TREIKN . 2h)5, a4
FES S22 1 W-em™ [ 808 nm G IE I 10 min, 1M % 1#
YLEGALEE . BE S (146 h A, BT R 38 EAT O A
L, 7E B E AR A S B 1 mL B, e LA 288
F1480 nm I A0 AR B2, B i oK JFG [ B AH 2 1 R
R Fh, AERRRETON DR R R RE E, 48 h )&, IR
AR IR 25 ) R RO 4% .

MoS,-PEG-SA-SBN/DOX K4 AR EL  JE HL SA
AR I 2R IE ) AS49 4 i FIIC 295 (1) HELF 48 B N
4 AR, H i %A & SA 1] MoS,-PEG-SBN/DOX fE
D9 9T o R . E bR A L, S R T 3R SR AR N I
(AS549 40 ffd: 2x10° 4N/ ; HELF 40 ffd: 1x10°/M/IM), 1
2 H U5 B JS P AR S 1) 40 R 15 7% 2 4 MoS,-PEG-SA-
SBN/DOX 5§ MoS,-PEG-SBN/DOX i F¢ % # & ik J¥
([DOX] = 10 pg-mL™), B J5 ¥ o A\ 2 42 5 ££ /)
W. 18 2hj5, ff H PBS ¥ MUE SR 40 AL 3 %, I
500 pL 4,6- 5 FE-2-ZR HL 05| Wk (DAPI) W . 4 i %
Petn 55K T, L B DAPL e E L BERME T
W52 4 it 1 ¢ 6 RS

(7] N, s FH i Q4 A 5 %% T A549 41 g #1 HELF
Y i %t MoS,-PEG-SA-SBN/DOX [ 45 BU 15 i« HX |
IR A0 R, 53 ) 4 T 6 FL A M B FR AR (AS49 41
2x10°AN/4L; HELF 4 jE: 1x10°AN/4L).  £5 40 o i B J
B\ MoS,-PEG-SA-SBN/DOX 1 MoS,-PEG-SBN/
DOX ) 40 a5 7% 5, 0% & 2 h J5, £ F PBS ¥ W& Uk
G0 3 k. B AL S, R T AR 0 A0 RO A D
(1 500 r'min™, 25 °C, 3 min), fifi J5 f# ] PBS ¥ ¥ = 241
WOUCUE, o A8 FH It A PR S0 5 400 7Y 0 8 O R

MoS,-PEG-SA-SBN/DOX B4R & 1+ AS49
Y B AT 96 FLAH RS IR, 20 NG BE s, B 4H
A& — &R 5K ¥ i DOX. SBN. SBN+DOX Fl MoS,-
PEG-SA-SBN/DOX. £} & 2 h)a, Hl PBS 5 ¥E 40 /i,
PGB () 2 R PR A, 482 46 h, B 5 iR MTT
I E A PR S

i 41 41 S BB 5t T MoS,-PEG-SA-SBN/DOX 7 i
A RGIER 4 AS4 IR T 96 FL410 i
BR RN, 40 R W BE S, 4 ) i N £ SBNL DOX.
SBN + DOX.MoS,-PEG-SA.MoS,-PEG-SA-SBN/DOX
([MoS,-PEG-SA] = 120 pg'mL", [SBN] = 60 pg-mL" il
[DOX] =10 pg-mL™") [ 1 72 5L, FF 405 75 24 85 %
LI E 2 h )5, F PBSIE VLA M 3 1K, B LI B i 11
A IR . JBA A AZ E) 1 Woem™ ) 808 nm

WOG IR 10 min, 1M 3 Ath 2H 1) 40 8k e Ab 2 . P55 8
BEEE FRILME F 46 h, S MTT 7200 52 40 B 10 35 14

MoS,-PEG-SA-SBN/DOX WA N 4R LR 7 f &
I AS49 BT SRR AR UL, 5 R T SRR 4 R
200 mm® I, K #R B BE BL 7 A 2 ZH 0 MoS,-PEG-SA-
SBN/DOX i MoS,-PEG-SBN/DOX. 7 # & [ i [H] 4
(ESF 2905 1.2.6.12 7124 h) ALFEAR G, B JHF
fili R S A SRR AR E . AU 2 F KL
J&, A P F SR 5 A B AR R T R Dl i R
FE AR AL Mo & & .

MoS,-PEG-SA-SBN/DOX BI{&A M Bz &
L AS49 BT HE R AR SRS, AR iR i AR G K =
80 mm’* Zc A7 I, K AR B BE AL 7 6 41: O PBS, 1E %}
ff4H; @ SBN; ® DOX; @ SBN+DOX; ® MoS,-PEG-
SA; ® MoS,-PEG-SA-SBN/DOX ([MoS,-PEG-SA] =
120 pgmL", [SBN] = 60 pg'mL" 1 [DOX] = 10 pg'mL");
5 L BUAE 3 R BRI 17K 200 pL R XI5
45256 h)g, FI 1 W-cm™ [ 808 nm 4 )6 & & il 87
#AL 10 min. 7E 24 K W67 I F2 b, & 3 R AL F i
bR ORI H, - R 51 43 90 R AR R A RN R
(4 B2 R 98 B, IR e SRk . 24 KRG, ALFERR R, HL
O R R AR A R R AT TR RO AL
(hematoxylin-eosin, HE) 43T .

Gt FE oM WTCRR R, I A5 R AE A
GraphPad Prism 8.0 # {1 i 47 Gi th 5 0 B AL 22 . (4
PAFIME £ bRifE 22 (x ) R K o100 3 47 795 5
ey 2R TA] (0 22 7 R LRI 3R 7 22 0 M 7 % (ANOVA)
ST L, BRI ZE . P<0.05 BN EA
Gt ER.

FERE5IR
1 MoS,-PEG-SA Kl & K RAE

| H EDC/NHS # A, ¥ LA 1& 1fi i PEG (LA-
PEG-NH,) L5 fifr 98 I 17 i f SA VR & B (BT 1A). B
J: 2 5, F'H NMR X BT 43 7= P kAT 4540 % 2, K
1B 7] i1, LA-PEG-SA [ EE AL T SA 1 —A
-OH Jii ¥ U§ (6 = 6.09), 1fi H.i& 17 /£ LA-PEG-NH, )
-CO-NH-Jii 7§ (6 = 7.75). L4k, SA KJ-COOH Jii
& (6 = 12.95) Ml LA-PEG-NH, J-NH, i 7 & (6 =
7.35) HIATE LA-PEG-SA If1 E F, KO8 H B — A
ST -CO-NH-Jii T (0 = 7.88), iX L 45 78 /0EH] |
LA-PEG-NH, 1 SA it i I i 4 & 25 & i

EH T4k 22 A F AR ZU (88 75, 7E MoS, 412K v 1) il
I R, FLFR I A5 MR AR R AR T RINZAAR AR, 38 R
S5 1R 25 SR W R THT R o — SR 3 5 T Jo 1
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Figure 1
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A: A schematic of molybdenum disulfide (MoS,) nanosheets as a nanocarrier capable of achieving the co-delivery of silybin

(SBN) and doxorubicin (DOX) and controlled drug release for the combination of synergistic therapy with drugs and photothermal therapy
of cancer. B: The 'H nuclear magnetic resonance ('H NMR) spectra of sialic acid (SA), lipoic acid (LA)-PEG-NH, and LA-PEG-SA; C, D:
X-ray photoemission spectroscopy (XPS) spectra of MoS, before (C) and after (D) polyethylene glycol (PEG); E: Fourier transform infrared
spectroscopy (FT-IR) spectra of MoS, before and after PEGylation; F: Weight loss curves of MoS,-PEG-SA

¥ 43 7 38 Ao it A 2 1 P o JF RN B0 3 T R B A, 3T
S5 1E MoS, 40Ky iR TH BV BE T ik, R iy 3 2

T 8 () LA-PEG-SA 1% 4% | MoS, 48 K i k., 3 H
XPS 4 HgE A7 RAE . B 1C H AT B 2 F $ MoS, 7t &
FRAEUE, U1 Cls.Ols.Mo3d Fl S2p 25, [A] F Hh, JX S 4F
fE W H BL/E MoS,-PEG-SA i | (K 1D). {H#
MoS, i &, MoS,-PEG-SA [f] C1s 1 Ols U I 12 4 5%,
1M Mo3d Fl S2p (1) U6 ¥ 2 ) 55, J5 I AE T X- 2R 58 0%
WREAIR, Z&H TR S I s R RN,
& AH KEC 0 i+ 1 LA-PEG-SA 4 7 1
MoS, % i _F i, MoS,-PEG-SA | ) C Fl O f) 1% {&
B4 n, T Mo A1 S [ W A [ A, b 25 IR T A A
LA-PEG-SA Jl NG 1E MoS, 40K F It & 1h . Milt—
B EE 5L, 3 — P H T FT-IR X MoS,-PEG-SA i
ITRAE . M 1E 7] %1, MoS,-PEG-SA 141 41 ¢ i 1

I — L6 LA-PEG-SA ] £L AMRFAIE U, fn-C-H- 1) 4 9=
& (2 898 cm™)\-C-O- 1125 F1725 R BN IE (1 153 cm™)
S R WO Ih I % H LA-PEG-SA & 1fi [1) MoS,, B
MoS,-PEG-SA. [, I TGA & &7 #T1 I LA-PEG-SA
7E MoS,-PEG-SA 1] & & (& 1F), {E 285~400 °C,
MoS,-PEG-SA Il SRl L B R, K H L) 58.1%, X+
T 10 LA-PEG-SA N & W), N & i, 76 4k
B B N R PR R L o3 R A, TR HE BT Y LA-PEG-SA 1E
MoS,-PEG-SA E )& & 474 58.1%.

F| H TEM #l AFM ¥ %% MoS,-PEG-SA (1] % [fil J&
Fio M 2A AT %1, MoS, fil MoS,-PEG-SA ¥ B 5 — 4
ARG, ROLT A B4, BABKMIILERTR, &6
Ak . AR % B MoS,-PEG-SA ] TEM & & 5
B, A1 I e 3L R B 5 MoS, &, X — 4 ikt 1 2
T AFM 45 R AE 52 . MoS, 48 K F (17 35 2l
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0.8 nm, 5 S BRPO 4 18 B 45 B A — B, U] ) &
MoS, 44K F 4 21 (KB 2B). 4 LA-PEG-SA & 1fi
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Figure 2 A, B: Transmission electron microscope (TEM, A) and atomic force microscope (AFM, B) images of MoS, and MoS,-PEG-SA.
Scale bar: 100 nm. C: Stability of MoS, and MoS,-PEG-SA in water, phosphate buffered saline (PBS, pH 7.4), and cell medium within
7 days. D: Hydrodynamic sizes of MoS,-PEG-SA in PBS within 7 days. E: Hemolysis percentages of red blood cells survival (RBCs) by
MoS,-PEG-SA for 2 h. Inset: Images of the direct observation of hemolysis. F, G: Relative cell viability of A549 (F) and HELF (G) cells

incubated with various concentrations of MoS,-PEG-SA for 24 or 48 h. x 5, n =6
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Figure 3 A: Temporal temperature elevation of MoS,-PEG-SA suspension upon near infra-red (NIR) irradiation (1 W-cm™). B: Temporal

temperature elevation of MoS,-PEG-SA suspension (100 pg'mL") under an 808 nm laser at different power densities. C: Temperature

variation of 100 pg-mL" suspension (100 pg-mL™") over 3 cycles of irradiation (1 W-cm™) and natural cooling. D: Ultraviolet and visible

spectroscopy (UV-vis) spectra of MoS,-PEG-SA before and after SBN or DOX loading. E, F: Release profiles of SBN (E) or DOX (F) under

the dual stimulation of pH and NIR light
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Figure 4 A: Confocal images of A549 and HELF cells incubated with Nano and Nano-SA ([DOX] =

No NIR irradiation

NIR irradiation

10 pg'mL™") for 2 h. Nano: MosS,-

PEG-SBN/DOX. Scale bar: 100 um. B: Flow cytometry analysis of cellular DOX fluorescence in A. C: Relative cell viability of A549 cells
after incubation with SBN, DOX, SBN + DOX and MoS,-PEG-SA-SBN/DOX at different concentrations for 2 h. D: Relative cell viability

of A549 cells after various treatments. After 2 h of incubation with corresponding drugs, these cells were transferred into fresh cell medium,

irradiated with an 808-nm laser a power density of 1 W-cm™ for 10 min, and then incubated for another 48 h before the MTT assay. Data

were expressed as X = s (n = 5) using one-way analysis of variance (ANOVA). “P < 0.01 vs MoS,-PEG-SA-SBN/DOX
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Figure 5 A: Tissue biodistribution of Mo after intravenous administration of MoS,-PEG-SA-SBN/DOX. B: Mo level in the tumors after
intravenous administration of MoS,-PEG-SA-SBN/DOX and MoS,-PEG-SBN/DOX. ID: Inject dose. C: Temperature changes of tumors

from all groups under continuous NIR irradiation. D: /n vivo thermal images of A549 tumor-bearing mice from all groups under continuous
NIR irradiation (1 W-cm™ for 10 min). E: The tumor growth curve of each group during 24-day treatment. F: The tumor growth inhibition
ratio of the experimental groups. G: Body weights of nude mouse in each group as a function of time. H: Images of hematoxylin-eosin (HE)
stained major organs collected from mice after 24 days of intravenous administration of PBS and MoS,-PEG-SA-SBN/DOX. Scale bar:
50 pm. I: PBS; 1I: SBN; III: DOX; IV: SBN + DOX; V: MoS,-PEG-SA; VI: MoS,-PEG-SA-SBN/DOX. Data were expressed as x £ s
(n = 3) using one-way ANOVA. “P < 0.01 vs MoS,-PEG-SA-SBN/DOX (VI group)
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