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Abstract: Organic-inorganic hybrid mesoporous organosilica has gained more attention in biomedicine due to its
high surface area, mesoporous channels, functional framework, and high drug loading capacity. In this study, disulfide-
bridged hybrid mesoporous organosilica nanoparticles (MONs) as nanocarriers were employed to construct a nanosys-
tem (ICG/DOX-MONs@DNA,) for delivering drugs and photothermal agents, in which DNA molecules as “switch-

es” were modified on the surface of MONs to control drug release. The results showed that the

ICG/DOX-MONs@DNA,, nanosystem could increase the temperature to above 43 “C for photothermal therapy with
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near-infrared (NIR) laser irradiation. On the other hand, the ICG/DOX-MONs@DNA,, nanosystem exhibited a very
slow release of DOX (12.3% in 6 h) at 37 °C, but a rapid release of DOX (52.4% in 6 h) occurred at 43 °C. Cell cul-

ture experiments indicated that the nanosystem can be internalized by HeLa cells, and exhibited an enhanced therapeu-

tic efficacy of synergistic chemo- and photothermal therapy. Hence, the ICG/DOX-MONs@DNA,, nanosystem might

be promising for synergistic chemo- and photo-thermal tumor therapy.

K ey wor ds: mesoporous organosilica; nanocarriers; controlled release; synergistic therapy
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NI IESE, PR KIS I R G OUR A A R4
R AT DA RO A AL A AL BLEE
GUKIBURLA T 2idik . U S ST 450,
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¥ 2 min J5, I 30 uL NHS % (20 mg/mL),
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L A% 53 A FBRL R [T Zeta HLAT
15 A MERENIR
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TR R R D R % 0,54 0.75+ 1.2 W/em®, ¢
B 6 min, TCSRAE S 1 THE 2 .
1.6 /AT R
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iR, BERG 1 h B 15 pl WK E I AR 78 15 ul B
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Hl 2R e Bl I (AR i 2. S A6, SR A AR
(7 VA I 8 T AE 37 M43 C RIS B i S I T 1
DOX il ICG B .
1.7 RIMARBE T
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Mo KA A1 BRI LE 96 FLARCT, dMLE R
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ZACANAE . A0 RRAR P DA BN (R, 2 AL
BB 100 uL CCK-8 ¥, L% E 3 hjm, W B)=
AR FH T B AR G 2 e 450 nm AR (WG 5B — T
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SEANAE . 20 BAR ) LA BN IR J LA N
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A ICG/DOX-MONs@DNA, ) DMEM & £ H -
¥ HeLa 4HMa 3 518 F0 T 96 LA+, 40 M % %
8000 /4L, o4t BB J5 W XS 7R, AN 100 pL
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A [E 1 CCK-8 7 v 72 41 B 7% 1

2 HRGWE

2.1 MONs BRI 235 K 4544

MONs ki SR an & 1(a, b)ffizm. MONs i
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it B 458 3L 2 K A 87 (A FLAR 23 AT B B 3R B MONs BB
NALEEH, HEE R A 444.5 m¥/g, AL N
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Fig. 1 Characterization of MONs

(a) SEM image of MONs; (b) TEM images of MONS; (c) DLS particle
size distribution of MONSs; (d) N, adsorption-desorption isotherm and
the corresponding pore size distribution of MONs
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HY AT L, FESTRE N 0.75 Wem” (IITLD
AM RS, AN R B (1 SR YR il o AR 3
I ey AR R E Y 200 pg/mL B, Gk
ZLAMEHRES 6 min AT EIFIRE M 26 CHZE 50 C
(Bl 3(a))e 75— 77T, FERURL BRI B — 8 s L
N, BRI BE O D) F FE R N = (B 3(b)),
BV 5 3 2146 o Ty 2 8 B AT DA i 40 oK 0 1 R
GRS L. R, ICG Y6 # S % F [Al MONSs
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Fig. 2 (a) Zeta potential, (b) FT-IR spectra and (c) UV-Vis spectra of MONs, MONs-NH,,
ICG/DOX-MONs and ICG/DOX-MONs@DNA,, nanoparticles
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Fig. 3 Photothermal heating curves of ICG/DOX- MONs@
DNA,, suspension with different concentrations under NIR
irradiation at 0.75 W/em®, and (b) photothermal heating curves
of 100 pg/mL ICG/DOX-MONs@DNA,, suspension under
NIR irradiation at different power densities

()25 35 177 25 20, ICG/DOX-MONs@DNA o 42K 1%
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RS BE B TR DNA, 5 MO T iR H ), 15
DNAyo MRIURE K T it B 7 4T FFR0RL I A FLALIE, 5
i DOX Fl ICG T 2 Bek 2,
24 KB ERFAMRERIERE

K 4(a,b) N ICG/DOX-MONs@DNA,, 44K 3% 1%

RGUE 37 F1 43 CLt it DOX A ICG HIRE B Hh
2. MR, £ 37 f143 CHRIZMHH AR 6 h,
DOX PRI 4 1N 12.3%F1 52.4%, ICG KR
AN 26.4%F1 71.1%, R IZGKEIE RGHE
BH S5 ()3 A R RO BE, BIAE 43 C R PR R
i DOX M1 ICG, MifE 37 C K KR 2218 Bk
DOX 1 ICG. — /7T, X Il = HRE s T — &
TR BB BRI H— T 43 CHkF
THYTIRETLE, g0 K% R S 16 PN 3 2
BRI R IR ) 43 °C, IR A sl s 5 254 4% )
R

DN A ) 53 2 35 55 FR 2 1] 22 22 DA I e
gy, T AR R4y D) E o R A P R PR T R 2 T
AT L /N YU ] PR i 5 0 A T e R A 5 ) i e A P, T
R BE R s 25 a2, e DL /N I AR
A ] RETE ) DN A -5 H0RE 2 T 1R i A s g, M
1M 523 DNAy WA FLFLIER “FFE” 1 “ci”
RA. & 4(c) N ICG/DOX-MONs@ DNA #h2Ki# %
RGAE 37~43 CZH %M T DOX A1 1CG B
2. L, MR 37 CH&EE 43 CH
fR¥F 1 h, DOX HI ICG #FH PR il
43 CFE% 37 “CIAR4F 10 h, DOX F1ICG fyBE
EH e, HETHEA R 1F, DOX F1 ICG 1)
UG L S A% . R, ICG/DOX-MONs@
DN A, gHK i 1% 7 40 m] i 3ok i P AR A6 SE B AT 38 1) 4L
TETFJa - FI<R BIRAS, T 4% 6] DOX Al ICG (1)
R
25 #RIBMEENERMEEE

K| 5 4 MONs 5 HeLa 4Hfif0 JL 5 5% 24 F1 48 h
Je A M EE P o B BT BUE Y, MONSs 5 4l fg L5 9%
24 h J5, HeLa A f 75 PEAR 32 MONs 520, RIS FokL
WRPE 1k 200 pg/mL, FHHAFIE R AL 98.4%. N
THLEE MONSs 74 4 fi 5 W6 S ) 208 it 1) 25 14 52 i
X5 MONSs L85 7% 24 h 5 620 0 2 B A 2 7 W06k 11 2t
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Fig. 4 Release profiles of (a) DOX and (b) ICG from ICG/DOX-MONs@DNA, at 37 and 43 °C, respectively, and (c) release
profile of DOX and ICG from ICG/DOX-MONs@DNA, at the alternating temperature between 37 and 43 C
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Fig. 5 Cell viability of HeLa cells cultured with MONs with
different concentrations for 24 and 48 h
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TR SRR 20 M k% R i DAPT e €071 2t Wl 18,98 s
DOX fE W K6 I K40t oh, X T
ICG/DOX-MONs il ICG/DOX-MONs@DNA,, ik,
AL B 4T 57 O R H Se 5 A%, £ W] HeLa
1 fiE % 75 1% ICG/DOX-MONSs fil ICG/DOX-MONSs
@DNA kL, P DOX I ICG F 988 40 s P i
KA RE, AT 4 i 38 16 2805 A R VR 9T R8UR
26 YT XAARBLEIRTT
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K ik R G L0 A REUR 25 R 2T
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Fig. 6 Cell uptake of different nanoparticles after being cultured
with HeLa cells for 3 h (blue: nuclei; red: DOX)
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