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B =% _hh (ATO) =ZIGAK LR A 0f 7 2 BRI i 1 (1 i 1 25
Yoo SRIf, BTVRIT AR BREIAI 253N 12 ) Ak, s T E BTN T T iig
Ho SEEE (Affibody) 2 — SR MR (45 G IR, 22 TR/ SERTI5H,
FesE Holet, Wik @iia RAE 2 Mm% . HulE Ao Ioksg &4 H T i
[FYETT IR 9T . N T BB I sictbols ATO 243 i 1) FrF 9 40 i I 7= A o s () 1
AR &G T PIAE B Aok 254 EGFR I [r) 4% 1 [¥) £ it 44 2K 245 )
(Ni,As@SiOz-Affibody ). ELHIZIKZY (Mn,As@SiO2). AL/, HE .
B TR I A A 8 K 240 1A A L B e SR g e SRR b B e A K S
Bl IR TR R BN, P R RS A Wt 7 B8 B Rl

Jith: s AR AT LR A EGFR HURIATE DL MTT 35 E 99K
2yHnf T e 40 ) AR . (1C50); Il UM TRl 40 st sede . &
TSI AN Transwell SERAS I AN A ZG N B 40 1=, 704k, IERAMR RIS
i s SITEAR S I6 VAN B R GHOK 250t e L R ATVE 7 ROR s HEU) R e e
G T AR A A 3 AT, AT AU RGN oR 25 x4 A IR B AL 228 B i D s O

R AU ARI BRI bR AR A s R EGFR: MTT 4R EE R0
EB T 40K 250 s 40 SMMCT7721 192545 J31E ATO HIERE Bk — B4R,
Ni, As@SiO.-Affibody 44K 241 1IC50 A 2.0g/ml, Mn,As@SiO2 44K 2454 1] 1C50
A 2.8 gimle JRAJH TG, ARG RIS RIR 28 5006 R H AL
] B A2 S R 9K 25 P 1 8 T R A R R T A O B 2B LT
B Zhseit gl RRMGUR AW N BRI AR KR REMEIER; HE Jetass
SRR A= Ak FEARUE I 99K 20 /N BRIE & 2% B B0 o K251k 8 40 A S 56
PHISEGK Affibody X AHEHA R AR EsLAE ). HEENZ, KA
Mn,As@SiOg 75 14 PN Rl A4 4135 S 2 4 il JHFHa 4 . SMCC 7721 MR 2 7% .
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Abstract

Background and objectives: Arsenic trioxide (ATO) is an effective clinical drug to
treat acute promyelocytic leukemia. However, its application in oncotherapy is limited
due to the dose-limiting toxicity and poor pharmacokinetics. Affibody is a special
protein binding ligands and possesses many advantages, such as small molecular
weight, strong affinity, special modification sites, and high stability, over ordinary
antibody. So far, there is no report about Affibody applied to liver cancer targeted
therapy. To improve the efficiency of ATO delivered into cancer cells and exhibit
much higher cytotoxicity to liver cancer cells than conventional ATO. We have
already  synthesized two new  multi-functional ~ Arsenic  nano-drugs,
Ni,As@SiO2-Affibody and Mn,As@SiO2. In this article, we studied the cell toxicity,
targeting therapeutic effect and the ability of inhibiting the growth of liver cancer of
Arsenic nano-drugs at the level of cell, tissue and animal and discussed their main

mechanism for the further clinical transiational research.

Experimental methods: The immunohistochemistry was used to investigate the
expression of EGFR in liver cancer tissue samples; The MTT assay was used to test
the half maximal inhibitory concentration (IC50) of nano-drugs acting on liver cancer
cells. We analyzed the effects of nano-drugs on the apoptosis, differentiation,
migration and invasion of liver cancer cells;Animal experiments were used to
evaluate the effects of nano-drugs on targeted and therapeutic effect. Biopsy immune
staining analysis and blood biochemical analysis were applied to study the effects of

nano-drugs on the damage of normal tissues and organs.

Results: The results of immunohistochemistry demonstrated the high expression of
EGFR in cancerous tissues of the liver cancer specimens. The cell toxicity assays
shows that the nano-drugs have much higher anticancer activity comparing with

conventional ATO: the IC50 of Ni,As@SiO.-Affibody is 2.0ug/ml, the 1C50 of
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Mn,As@SiO> is 2.8ug/ml. The mechanism may be that the nano-drugs can further
induce the cell apoptosis, differentiation, and dramatically inhibit the migration of
cancer cells investigated by apoptosis detection using flow cytometry, cell
differentiation experiment, wound healing test and invasion experiment respectively.
Moreover, the nano-drugs significantly potentiated the therapeutic efficacy effects of
ATO in vivo by inhibiting the growth of liver tumor in an H22 tumor mice model. HE
staining results and biochemistry indices also showed that this targeting nano-drug
have no damage to the normal organs. The distributional experiments of nano-drugs in
vivo illustrated that Affibody has the specifically targeted ability to liver cancer. More
important, Mn,As@SiO, can significantly inhibit the invasion and metastasis of

SMCC7721 cells in vitro and vivo.

Conclusions: The smart multifunctional Arsenic nano-drugs, Ni,As@SiO>-Affibody
and Mn,As@SiO, have the distinct targeting effects on liver cancer and strongly
inhibited the growth and metastasis of liver cancer. These results indicated that
intelligent nanoparticulate systems may promote the applications of ATO in liver

cancer chemotherapy with low risk of recurrence and metastasis of liver cancer.

Keywords: Nanomedicine Arsenic trioxide Affibody Liver cancer therapy
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JPH e R B LR R 2 —, ko, JFETUE 2R A T
WIT AT ARYIRE, (82 10% 8 3% Bt 17T FRIEIT . K B e
ISP P TR AR B B AL B 78, Sk /D T ARIRAE, 7 AR R, B2
BT AT AN AT Bk 1 . L B MRS, (7~ HRFHEZIEH
ARAITRIE R TBM, B RTRT S BRI T 252 IR T I
TSRS, (BERZHAMIT R R NG, B AR e A E, &
PERIR, AR IR R R RISt 2o A A A 1 2 RN A i 3 pled 7, i
HEABEM X ERRIEM, 1 H S A2 AR SR, HETR
LRI ARIT 25, Wb a ROV RS, BT DL R 49 S5 AL i 8 4
J, EEIX L 2GS A% 1Y R 4 I R RL A e A% T RE 1 A T R R ARAIR

1.2 =|F¢4=-m

=HEAL Al (ATO, As:03) s HH 2RI AR I 32 204 R0 oy, Fosi ik al A 21
BT SRR A I (APLD |, IFRT 155 APL 4Hf i T, ATO 7EI IR
EHTFRIT B R YR s G R S L ER D R, ATO R &
MZ5¥)& PR (Food and Drug Administration , FDA) ft#Ef)H Fi697 2 5.4
FLZ0 B L ) — R 200, Ry AR R T DL B S R IR . [E R
ATO 3 J 75 5 4 A o 1 T 22D AN [ 208 2 fr e 4 A AR s ) B e300, e L
Jigee ), e A Ao 200, B A R A, R, G R e O R B e e 4 P [
220, ATO 34 RT LA ashAas 200 0 FRD 3 A, 4001 9 200 L TS A% ARl 2> A7 17598 200 i ) A2 )
M, AT RS AR, ATO 3 SR 1) Ty 8 T AR S 140980 47 175 988 240 A 1 0 ik
FEFEANEERE B XUS: o AsaO3 ) s B R L g AN WA, — Ay 3 2R
WA S RARE T, m AR e DR (S AR, H0H R
R s A0 bR R AR LA AR B AT 2GRS U o AR TR G B
2ty (B RMEAZRE), ATO 7R8I I VAT SR M [FII, o 5 R bk
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T IEIE R R RS IR . B ATO fE KIS 1) £ B8 2 WA R
(As(OH)s), XA FBURMK A YR FEAAS R A BB N, 51 40 5 ki 5
AU REZD RE AR5, X L RIE AR H T ATO fE SR AT H (132

1.3 YK F

A E R IR BUA B ZETEHL ATO ) LASE IRIZ EeAS 2124 2] iy T Asy03 17K
TEVERUIC, Lee ZFE R T BA pH Wi N 868 54 Ni(HASOs), JF H AR5
i AR R S MDA IR EE QK ZIAE pH ERARIIFAEE T, Ni(HASOs)H1 (1) As®
PR B TR B A, AE S5 45 B S R X S BRI ZE ) 4K 25 0% Hela 41
N EEPEBCA H AL As203 5, IX AT BEAZ I T ARG E Al T 5%, 3l
AS* AR R TE AR, HET FEAR T 24240200 R B T 1A S5 1025 i o e A HE 2R 1
I HAT BE S BT E MR AR BRI PR R . FTLL, JATEH LS
ATO 08 R B HAE

N T ARSI sm iU BOR, [R5 B2 ATO KT ke, v
TAHUM B A 2 ATO f & FI3dE . SEamzimaik iz . REMEML,
TR EA LU Hraitly, WrRREsr, WREAR, 5T,
R ENE 7 et o IR S o SN ST 18 ) e SN e SNl i1 /B R s e e = 1
A5 JHCE 24 s ST AT ) R 1 R SR e, AR Z ITENUMRL,  andan
KA ARHZE300, FE G KA R34 Rl b g oK A 35381 o R — B A i S 19943
HAE B AR S, R 2 i ik 1, XL T LKA
BRI 1 AR e RS E PEAAE Y AE AR A, B P 29 25 A 5 /g
AW oA, DA AT 4% B 25 DR T BETAE481 . g K SO 8K A e 34 SR A T e AT T mT BA
eI ED A R, B, RS HGKEAAR(10~100 nm)AT PLES A
T 1E F R 52 P 18 9 A3 (enhanced permeability and retention, EPR)ZN 5 Bl
ZDLE IR A B A SR AR VO | T R TP B A i PV B 1 pH B LR34,
223 BETH I I HLEL AT BRI S 18 499 K A8 T A48 1) 24 9 7 S [ 7 Rl PR TR 1),
M B4 w7 28 1 28R PO DR bt e o 2 52 P 0, 2 B ) 2 1) 400 K 24 70 R
SINTERT00, G4, BRI 53 1 AEAE W] DA N 24 W03 A Ry 5 e e 240 P o
VeSS G, T IE IS 32 A A 5 ¥ P VR FH S 20 B 1) 25 UL L0 . e A A4 75
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AR 25T LLE I 3 I 2 ) AR ) RE AR AIRAS R I 25 BIAE FH R s 2541
BT R
K 2 AL AGEEADRL T A RIF AR A . AHB IR T . BOK
LR AR B RIFLER A AT LIRS S R e v, AR A 25 %
PR BIAE A FE BN J LA 3R s OV09), filan Lee S5 2 FL AL REGK UKL
(mesoporous silica nanoparticles, MSN) {E N # & & B4 270 5 % DOX, K
LN HepG2 4l B A5 1R i 5455 #3188, s A FL — S Ak A (hollow mesoporous
silica, HMS)BRZ —Fh e Z - FLAA AR, i T R RO A BRI e ML AR
oy, mEARE T, RUFMAEMIAZSNE, PRS0 RST K/ANFIZE 5y B8 [ S I R T 45
FEIeT 81, AE A EAEM R WO IS Fa g T B AR . A fL RGO R
(Hollow porous silica nanoparticles, HSNs) [+ 4% 454 75 VF e P 38 X a3 717 24
Vo1, AMESE R R LARIBE ) 73 A M o SRR (0 R PR A AR S T 2459
Mgz ReAL 3, I H T DA RO In 25 i 2 i, DR AP 2500 AN 2 g A A 055 1) P A
[Fi] B PRI S AT DA 3t — 25 R g A 1A169 701, 225k SR TS 1 1) 4 oK 259 mT DARRAIR
R AR RSORI IS I 40 oK 2 02 I R A B P I ] o X SE SR THIME M AT LUK SR &
EPR ZM78, SR+ 257 AR A I O BOR o BRI, s A FL ARG K
##L (Hollow porous silica nanoparticles, HSNs)  IE£ERCA— AN &z ATO
HIRIL KL o

14 MFESRESTF

AN RAE I B ) 16T R 1 da TR e A RO R T T As .
RE )2 F oK BORL A B 1K) 2 ThRE I, W HH TR RE ma YT, AIa RER =2
W A= R I 26 R0 7 380, AE AR FES8 A0 0 [R5 9ok 6 Bl 4 o) 1E 5 A 23 2R Il AR
FIW, gk 2ns T AR R e TT EEAA AL wah e m A st m . #%
B ) 2 R KL BB AR BT CR/N TR SLAIR DR/ R R T FEL A 45 )
ATHS RS, RIS FLAE A4 A 14 4347 R0 245 A0 R0 TSR M T ok 0% 1) 1) E 1 51
an, K/ME 10~100 nm (9 KRLF- T 38 I fifeg I BE f) EPR 2808 S B2 7E g 4.
LA T, B R O R 2 0 LA YN R B R B Sl A 1 SR VR T R
(g™, R 5K % Liu Baorui 254 £ 1 2640 docetaxel ) mPEG-PCL 4
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K2 (DOC-NPs), JF44 I i kit 5 1) H22 g A /N R AR Y, G5 R BoR
DOC-NPs AME#EN T IR g o, IEFBE T MmN S, s AR i
ROR . B, iz R sh 38 m) S S a7 BTS2 2R Z R MR, a0
JHF R 5 oA ) 25 3 B A A9 9K 2 W) AN BEAT R i sk /DX 25 g4Re e 11, 559l
it 2 2t 2 N, PRIk, R AR T AT R TS, B AL IR
BRAR 259050 IE & A B AR E R, Seal E a3 M fEH

AR L 1 3 B B 7] 2 i IO AR BT A S R e 1k ) B 1) 20 1A I 2R 9 KL
TR, AEHE [ 70 A B LA TR LE R AR i, PRIUIRAR 2 S 347 3R
T ThREA B, MRS E R R 7)1, SEENANRZG I E8hia . 99KRL 10 i
RN AEAA: (1) RN FHEASE, WEMEEREEAZEN TR
GAMIRZAN FRG: (2) RED T FRRRER, B RRES &5
et EAER], SEBAYIRAE R, Ingiii) SREERZ5Y): (3) MAALiE
5 (4) pH WINIETE; (5) ZEEAN FHHIBHFE.

H A AT BRI 7 T 2R ORE 3 20 B ) FHJe 4 M 32 AR Bk 32 A
(transferrin receptors, TfRs) 871 g7 4k (folate receptors, FRs). <ML
Wi 15214 (asialoglycoprotein receptor, ASGPR) %5, 1 TJ@ i/ ss, TfRs
TEZ PR AR T =Rk, WP s e, S5, 55 s 80 81,
EGKRL TR BBE SRR B (Transferrin, Tf), AIEE 32444 S 0 40 M N B AE
FH S BN KA~ L I8 A [ 3 [ 3z T Weei 25 lactoferrin (Lf, TF fr1354u47)
TENEEIR 7> T4 T PEGylated JIg 5 iAo FiHi 4 B FREE A g 0181, Krishna 4511
PL apotransferrin /E 5L ] 73 SEEL 25 W0 AE M H AR e s far, ety B
JFEIE IE 3 A S L 2R MR NS RS2 AARAE O U0 L BRI rh KR ik,
2008 4F Hong % A B 1 — Fh 3R W & B MR ML M 49 Ok R OR -
Folate-SP10-DOX-Micelles®, {4 §h&k e SR A oK Fokoxt - 41 Bel 7402
HATR G BORE R 58 0 BAT R4 1 H e A ) A= 4

JFE 40 M L 1 208 ASGPR B4, 2 slac A b A T8 1 i 5 ASGPR
HAMBRISES T, RUEESA YUK, 40t e il I Py 3 7R AR ax £ g
KR PN 88, B [ O 52 B 7R B 2 LR R v EE R 41 F T R
(R ] YR o7 BT 9T 77 86881 Medina 2% N-acetylgalactosamine (NAcGal)i 2 1E



ulfl3

FoE Al

poly(amidoamine) (PAMAM-NH2) dendrimers 3, SZ3H: X FFHFa 40 B 4 5 0
) ia a8l o PR R AE A S A K FE B I I B A4 bt P SR TE /D R
AL Huh-7 FFJ AL L (g g 0 1) s (860 o b o SR R LB & — MR P
R AR, e B AR R AR R A S A A R )

G5 5 1 IR K 259 A2 4 B A e Tk 3L 0 S8 B BT Bt 3 9 K 25 P 384k (A
JRIRAR . ZBioohi . SR BEPERRRSE), XMHUART] Simdn s R s, B
IR HE RV, IR RFEDUMIRE . C225 Pkt e 145 & EGFR $i
I Fo ¥4 B0 Tk AL, Raoof S5 F B R G 4K MUY, n] SEIl & 40K
FLTE SNUA49 JFFa 20 M HH 1 0 )38 560 o TP A KR I 11 Y7 A2 00T 40K 3= B
[ FRVRIE T R 2 — o MR ORRIORL W] E AN LGS 1 3 1) T K700 245 s 2
FEAMAAL, RESZEVEMRIEE, HeRyT G [FRATRH MR e &AL
BEAT SEI AR L T, PR L7 200, Sun 25 F 20 T ARORE A 1 S 24 0 2k A 2 2k ol 2
0T (DOX), SEEIEFEANRHIANIGIS R, HaT A SR LR M AL, )
] H22 [P (0 AR ROy T R SR A A5 A VA B AT pH AR %31, A
PH T S R A K RIURE P DAE — 2 2 W R TECAE e e IR Az, 6 1E 6 AR BRI v
R, S AT R 2 IF 4 i 207 2P o DR w2 ) 5 40 K 24
PRk 5] N B9, Tian 48 572 R £ %68 DOX, XFhrK A1
pH 5.8 MU ORI 25 LLAE pH 7.4 IR %2, XTTRER T DOX 7EH%
PEIR S KA M B HLSE JRME G IR UM . {H AT O RIE I F T 2 ig S i 2 R
AUREAAEAR T IR, S 2 VI mTR R A S, kb s #8101,

1.5 EGFR ¥& (Affibody)

o TREIRNAYT 322 AR 40 i b I P2 SR0E (2 S hn B 5 9 EAR, Xt
P 2t BEL BT A0 39 52 12 b iS4 7 Y 2 B DDA SR RS 5 %, AT a2 141 ) A e
PR B IR ] TE T L5 7 ARG SR 102 1031, g o3 L )R T A BT Y
I T HEFENEIFRENS iR KR SO AE AR NL, 7314 1) 250 I U R I B ) 7 2R i A JE
BTG 1 R 6 T8 s, B AEAS 7 T #E AT O 5 IRE ST I R 2
o ASCHRINGE, SRR AL R, RS Ak 0 R 24 10 s R e 1 ]
FUFRRLARJE T LA A J5 JH i ) S A RN FEH s e A2 1104, 2 3 Je it v LI o B
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STAT3 Al i 1 A= KR R 10T, e 20— 8L ) 249 = BEAU R B A KA
T R H AR (EGF/EGFR)HIHIFR L BT ML A B 24100 2 S 41 77108 1071, EGFR
J&T ErbB ZIEH AR BRI 2k, S iE . M8 A s R A
B YIME . Thomas %53 ] EGFR i 2 R Bp ikl 71 249 15 B 3 Je vy W S0
B, RS TR Y B e P A VAT A DR, iR EGFR iR
&, SEALMNIER. KEMKRAEYIRR, Fik EGFR A BB REIRTT
Bz —,

KA (Affibody) St i Al 4 T A R T SRA5 10— FRR 1 £ A 45
AR, HAEHSHUARFAL, (EEAREIE PR N st R AR
Ea LSS HUARAEEL, SRR ERE (B 1D R/, ASTEERN TR %%
R HAFENL BHEM B RA Wi bt B R ER
B IO A SCIRAGE R Zuere 56 A 815 HER2 my ik & (A
bPEE . EAUE . FUIE S HREE R R SRR TR Z T, SRR
TESTERIR S A B g A 1] AR A ] 36y 08 2081 o 1] O ey 4 5 [T D%
Zriero:342 35 A VR 5 il M SR AL BRGNS0 RN 1y 20 AT S B, 76 O B0 b s Bl
T AR YRR B AR MO Miao 25 Rl EGFR &4 Affibody 5 *Cu AHAREX
il i PET 1& 5257, I HAE N B RStk 40 M die A431 4 ik H B A 1R 5 xS L
saAE Y, Tolmachev %5 & 3L Affibody W w6 ik % i A KK 732 /& EGFR )%
Ve B IR s A M2, s i b s Rk EGFR, MR M. K
AR R A A I 6 & o« EGFR AR TS LU i 240 i R 1 = 14 1) EGFR ¢
LSS, KR BT 2 s 2 R A A, R AR K P R 4 e i e A A
K AR LT A FEE VA B, B TR REA R pH ERIK, GUKGHrH
ULy W] AAE BRI I 85 r i 25 L R I 22 18 BRI 3 4 i o S i v, AT R 47T
AR . A E AT P A TEH EGFR 254 M4 T HFHRHE R E T IR 7



B 1.1 Affibody 4 5714 1R 3 40 i 36 T 52 AR 1181, AL Affibody [ 58 e 3744
L5k, B R R AL X AR Affibody b5 2 AR & R FEIRILSE ; B: Affibody
L5 9 i 3R T S AR SR A G R

1.6 ANHRENENFAR

A FIRNIES T Ni,As@SiO-Affibody (& 1.3). Mn,As@SiOz iX P
RARE K 24055t B P A P AL REE [ Va7 200 o A B — 25 (I R e AL 1
FLBL5E BRIR FEA

MTT 4HARFE IR T YRR 28 a7 o R i i f bk . 3R 4K
25%) Ni,As@SiO.-Affibody X FHE I SMMCT7721 [444% J17E Ni,As@SiO; [
Senh bbb, HHUH AT AR SR M 9K 2 sk T I AR A TE T ik
I Bt — 4 SR s 2h st o AR W [ 40K 2540 ) DA 22 4] 1/
BT ARG, ML) 32 i i 5 5 e A P ) T AR 3 s A B A B . HE
Gt g FOR MR AR A TR AR UE B T 4K 25006t /N BRIE 5 28 B JC I A0 03 s RIS, &b
KZEWIR A A AT LB U ISR Ak Affibody IR B R E maE ). B
FREHARK 259 Mn, As@SiO, £ 3 T FIHME M, W LA INGoK 25T iE A4 9 AR 21
WFIE], $2m EPR RUN, #Emifeyuiis 2m e i s, MAREREIER. )
b, BRI Mn,As@SiO2 & RJ LATEM A RSN 24l T 41 SMCC7721
2R
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