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1.1 FERKFS5UH

S0 v T R A R AL S - I AER R (LG 9900, FIRD , R R (97 %0) . FLIR A AL B (=20 unit/
mg) , P75 % (98 20) 4, L iR iR ) T 22 se kA= AR A BR A |16 48 135 (FBS, AR W90 4l i 355 57 56 (A=
GO THEE Sigma 28\, HFRHR CEYIO RS R CEYZ0 JRE A (YO W T R AR
A B F] A0 R TR IR R A L M R I R B T SR A R (R I TR s R A EH ARG RA .

FAEM AT A 2 ARG S R S A A BT CH A f Tk US4t . SUS010) , 5 43 5 3% 5 i 1 1 1
(H AR FHRA 4 JEM-100CX- 1D L i 40 1AL (2 [E BD 28w . BD LSRFortessa) » 06 3 58 45 49 4 . il
B CH AR AR itk X 2541, FV 1200 MOE) , X B4t AL F RE A (36 B B8 Bk © i /R BHE . ESCALAB250XD).
1.2 DMSN-Fc@DOX@LOD(MFDL) £ & 42k #f # &4 % &

P = LR (68 mg,60.5 pl) TN bEsE — R IR B (380 mg) FIZKAH IR 4H (168 me) ¥ T 25 mL #
gk, 80 C A FHEHERR TR (4 mI) 127 N 2 LR s b 4k e Bt FF I 1 2 by B s B AR R 0, I
TooK L BEBEEETLE A5 B RCR A L = 48 Ak ik (DMSND.

¥ DMSN(50 mg) 7T 50 mL Jo/K L EE,85 C R FEIFMA 100 pl 3-2 N 5 — 2 5 HE Ak b, [ iz
4 h JG B T TEOK CREBE U T AR R RE b Z 05 FF B & 23 80T 10 mL i = F AR (DMSO) % )
LM R R (46 me) FIRFRAE &7 (177 me) HFEH S G MA 82.2 pL W =2 B, RN 24 h, &
O BEBE TR R 15 R B 1 1) — Ak i (DMSN-Fc, MF).

¥ MF (5 m@) 43 #0T 5 mL B R 22 v (PBS) H1 .4 C F Al A LOD(1 mL,200 units) . {3 12 h 5
B0 PR 4l K Pk % B R 22 9K 459 B EHARE i DMSN-Fc@LOD(MFL).

¥ MF (5 mg) /08T DOX ¥ 1 (5 mL,0.2 mg/mL) , ¥ K% (37 °C 150 r/min) 24 h J5 B0,
afi K PR R 2 BT 6, 15 3] [ K RE 5 DMSN-Fc@DOX(MFD).4 °C ¥ 1 mg b iR B AARE & 48T
5 mLBERRERZ8 mMiE P A LOD(200 1,40 units) . AREEHEFE 12 ho B0 IF PR3 K L 15 3] B &R DM-
SN-Fc@DOX@LOD(MFDL).

1.3 HpaiEss

S B R BT 40 i (3 A A A 98 20 it (Hep G2) 1 B o B Bl 24 e 16 40 1@ 22 FH 40 1o 3 Bob 3T 82
50 000 MMLIE A T 96 LA, T8 1020 AT 80, T CRDFBS 1 % B B R M 1 055 R AL RS R
P& IR 15 37 3 (Dulbecco's modified Eagle medium, DMEM) H10§ & , IrE M R 5532 76 37 °C.5% CO, i)
2 M 55 A TP AT
1.4 RSN

2 B 7 S50 T MTT (M ) 76 4% L3R 3 P4 i 3 FZE 96 FL AR, 4 L 4H B %5 B 5 000 /> 4 i
IR B A A3 0 I A ] B v (0,0.78,1.56,3.12,6.25,12.50 Al 25.00 pg/mL) 1 MF,MFD,MFL
MFDL; %} F Free DOX 4 , il A5t & 4 % 5 4 0,0.035,0.070,0.140,0.280,0.560 H1 1.120 pg/mL, k%
HAE 37 C.5%CO, HFMTHE 24 hIFFE R G . BLIMA 20 pL B MTT %W (5 mg/mL) , 4k Z27E 37 °C .
5% CO, HIFE 4 h B H ARG, Ve Ly 25 8], FOB A 150 mL 2 FY 356 7 AR5 Vi, FH A 4300 5% 38 1 7
570 nm Kb IO BE . A0 B A 16 2R R T SR A8 A7 2 = CSEIR4/% BR 4D X100 %.

1.5 zHh¥LEw

S U FMEYE BALB/ ¢ /N BRI 1 A 50 24 380 ) 48 52 56 3 ) R A PR A W) L% 48 S180 4 i 7 /1N BT 8 k47 4%
s o Mg R FRAE K 2 100 mm® A2 B B /AN BRBEHL 738 6 4 (n=5) : C 1) AEFERIK A, CNIHMF 4., (1D
MFD #1, (IV)Free DOX £, (V) MFL 4 #1 ( VI) MFDL £, 4% 44 /]y §Ui i 998 7 v 5 07 e 47387, % R
15 mg/kg MR AR HELS 25, TEFG 2 d 0 o JF 10 53 i 9 AR FRR /N BRUPR B £ VR 7 14 d s, S0HE 8 3 Ak 38 /1
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Fig. 1 The structure characterization of samples
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MG 45 AE i 1 28 A0 1] 0L -3 21 41 18 B 56 1S 18 (B 2 Ca)) AT, % e DOX Al MF, £ MFD #l MEDL #y
JeiEE R EL T DOX R ARG, 2 B8 MF 1l A3 20 612 DOX. MG DOX 78 Al W% X Ay R AF W i, I 25 4 H:
W ' R I I R R AR AR A b o il 2R X MIFDL B 26 9 673k A s B v BB E AT T 1M . 223158 MF X DOX 1)
Tk AR 0.04 mg/mg. HH & 2(b) Al A, MEDL 2301 MR pH i Ry Pk 25 ) B AT e B B4 F T (pH=
7.0, DOX (e KRB HUCEE 292 35 %0 s M B & pH (B 04 B AR, R g et Y 5 188 o, 6 42 30 ok 978 55 T P AR B 5% 4% 1
T (pH=5.0) , e BB KR IEETHE 62 % . MFDL {4 2 2 30 H 31 7% % 12 1 300 38 o 197 1 5 F 7] LA A 55
W Pk 0 T T P R 0T S AR B R 25 9.
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Fig. 2 The evaluation of the cascade reaction property, drug loading and release behavior

R T IRGER R A LOD Y af $2 B AT g R A AL PERE L 72 A TR] pH A 9 DU L 5K Jiie CTMB) ¥ W v
TAE BB FLIR (LA , {5 B TMB FE MU W TR 652 nm &b i RRAF W 558 5 A8 1 98 17 58 PR PR AR 4
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Fe! @it 5 H, O, KA 2500 0 7= A G PE A A « OH L TS TMB B 0 Bl 0% 1k 48 210 1 66 19 48 AL 7= 1
CoxTMB) , Pt AT L o 58 A 082 5 i 32 190 28 A6 PP 44 R v 35 M 48K 7 i B AL an 181 2 Co) TR BE & pHL 9 %
fiK, 652 nm ZFFAE WU 9 BE b 3 4 R X — 25 SRR WL BRI S5 N A A T MFDL BTt LOD, [ 1] i 25 1
LOD B SRR LA 5853 OB A B Ho O, DI R UAR 3R & A J5 01 S5 I B Ak 1 00 2 2% i I 485 2 )
TEB] MEDL A] LLAE i 98 foc0R 485 vp i 5o il 45 B0 LOD B & G306 52 0, 35 1717 34 5 KL 5 B9 CDT VA7 A58
2.3 {ESMNEABSEIE

FEREADL A 1 T 55 R i 25 0 s B R G 06 1 oy 1 i 9 6 A L L 3l i AR AN A M S B L R MTT kit — 454
W i 8 TR YA T SR N7 R Vs L S G BRI R R BRUTE 40 L (3 A RN I AN M (Hep G2) 1 hy 52 56 B
FERMIA. I E 3Ca) fif s, MEF, MFD, Free DOX,MFL Fl MFDL % Z fhRE 5 A B L 1E F 40 M0 3A OFE IS R
WKOR A 45 76 558 1 K FLAE S5 KRR & B VR B 25 1 A A7 T30 AR SR A R AE 50 Y0 LA b, 30461 5% g ok B 2 119
MFDL 43 I1C;, A3k 26.12 pg/ml, 38 B 45 2 AF & 34 ELAG By 1) 4t B AF 25 P 0 76 AN [R) A o Ak 3ot 1 9
i Hep G2 SZ8 40 . 0 3(b) s . MF A B S B Hep G2 41716 240 IEH 3A 414 ngA TR . x ]
RE 290 40 PN i AL R R S EOCRE S B CDT &R A B 2. MFD it MFL BN #E AL B 9 Hep G2
MIAL S 3A A MOAT L A7 SR BT M 4T MED 411 5 . 7T LU T CDT FAk Ty Wi fp A5 2 86 536 7 B
PR B B R A S BRI AR s T T MFL 411 5 o H 40 i 35 2 1T LU R LOD Fs 40 i i 1 26 38 19 7L IR
FT 5| & BRI 358 T CDT JRY7 RUR A T i 248 f 2 MEDL 1 5 . th T H AL A T 17 FIZLI 2 v 1 o
() CDT %5 2 80A5 Al 2 T — 1K 98 41 M A7 1% 5 N R e B, 3L 1Cs fHAR 5.09 pg/mL, Wow e fE i B
BIRITROR.

ST SR B PR LOD 2RI B R AE T R 28 M P TS M A (ROS) K P B2 FH CDT 7 2800y 1t i /R L 48
F DCFH-DA #R£F %F L PG T A TR R & 4 %5 408 P9 ROS 7K (52 i 2 A & 3 (o) B, 5 Hol R 414
b . MFL F1 MFDL AL 35 (9 Hep G2 4 a3 7= H 48 S B (928 5 L 33 A A PR R i i LOD 19 A7 7 (15
AN ROS KA 30 1 525 B2 TH  E B T 38 5ok G 56 s i 48 56k 96 40 6 P9 0% 1 B/ OP i — BT B B ) T A 74
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Fig.4 In vivo experiments
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Cascade nanocomposite materials for combined tumor therapy

Zhang Jie, Man Yang, Chang Yi
(School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007, China)

Abstract ; Dendritic mesoporous silica(DMSN) carriers are synthesized via a one-pot method. After the post-modification
of silica surface by covalently bonded ferrocene molecules and the loading of anticancer drugs doxorubicin(DOX) and lactate ox-
idase(LLOD), a multicomponent cascade nanomedicine DMSN-Fc@LOD@DOX(MFDL) for anti-tumor therapy has been con-
structed successfully. This composite nanomedicine exhibits significant selective response to the tumor microenvironment, and
both the loaded doxorubicin and lactate oxidase can be effectively released under tumor microenvironment, The sustainable and
controllable release of DOX enables the chemotherapy for tumors. The LOD will consume the enriched lactate in the tumor, in-
crease the content of H, O, in the tumor microenvironment and finally promote the Fenton reaction derived from Fe’" to upreg-
ulate the level of reactive oxygen species (ROS) in the tumor. The chemodynamic therapy (CDT) efficacy can be enhanced
through the design of this enzyme cascade reaction. This system integrates the enzyme catalyzed cascade reaction, chemody-
namic therapy, and chemotherapy into one efficient antitumor nanoplatform. Both in vitro and in vivo experiments have shown
excellent combined anti-tumor therapeutic effects by using this material, which has demonstrated great potential for application.

Keywords: nanocomposite materials; cascade reaction; combination therapy; anti-tumor
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