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Preparation and targeting evaluation of reductant-sensitive
oxaliplatin-loaded Fe,O, nanoparticles

WANG Yu’, CHEN Qin-jun’, SUN Tao, JIANG Chen’

(School of Pharmacy, Fudan University, Shanghai 201203, China)

Abstract: The non-specific accumulation and release of drugs are the main factors affecting the therapeutic
effect as well as causing toxic side effects of chemotherapeutic drugs. Nowadays, the application of nanotechnology
and responsive drug release is an important strategy to improve the tumor-specific accumulation of drugs and
reduce their side effects. In this study, an a-enolase targeted peptide (ETP)-modified polyethylene glycol poly-lysine
block copolymer loaded with oxaliplatin prodrug was synthesized first, and then, polymer-coating Fe,O, nanopar-
ticles were prepared by phase transfer dialysis method to improve the blood circulation stability and tumor targeting
of oxaliplatin. At the same time, the physicochemical properties, reductant-responsive drug release, cellular uptake,
tumor targeting and other biological functions of ETP modified oxaliplatin-loaded Fe,O, nanoparticles were studied
in vitro and in vivo. First, the results of reductant-triggered drug release study showed that the drug-loaded nanopar-
ticles could achieve rapid release of more than 80% of the prototype oxaliplatin within 3 h under the reduction
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conditions simulating the tumor cytoplasmic microenvironment. Secondly, the results of flow cytometry showed
that the modification of ETP could increase the ratio of cellular uptake of drug-loaded nanoparticles in tumor cells,
and the way that drug-loaded nanoparticles endocytosed by tumor cells were mainly through the energy-dependent
and receptor protein and fossin-mediated endocytosis pathway. The animal procedures were approved by the
Institutional Animal Care and Use Committee of School of Pharmacy of Fudan University. Moreover, the results of
pharmacokinetic experiment showed that the area under the curve (AUC_ ) of oxaliplatin could be significantly
increased by nano-formulation which was about 5 times than that of free oxaliplatin. Besides, the pharmacokinetic
results also showed that the drug-loaded Fe,O, nanoparticles constructed by covalent linkage and chelation had
good overall stability in vivo. Finally, the in vivo imaging results showed that ETP modification could increase
tumor accumulation of drug-loaded nanoparticles, which would be conducive to the efficacy of oxaliplatin in tumor
lesions. In summary, the oxaliplatin-loaded Fe,O, nanoparticles with the capability of reductant-responsive drug
release have good drug release characteristics, blood circulation stability and tumor targeting ability, and have the
potential to improve the anti-tumor therapeutic effect of oxaliplatin.
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HIZRZW) 02 — R IR TT 259, N T 80% LA I
B R IG T 7 R Rt BRI R R A I 2R
SAREE i, o] B R RIS BV, $2
T R SR, BV AL A M A R FE AR E,
H eSS |5 SN Z MRS T (H,0.NaCl) K4
KA, M2 BER Jk A 5 e A v & CLAT OH W& AL &
V), B J5 5 IR e 23 ) g R A 5k I
TRECAE B I M, 5 S bR B0 A TR AL Y 24 B K
KUk b o R, 38 s SR B A (5] ) 7 5 SR g, Wi 24 2R
38 T FH 4R KR SR 4 12 oA 25 00 DK 388 A A 28 L0 )
BRR B LBk 1 A T AR E M, FRARAS R OB, 1 i
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A% ik 35 S 2 ) 1 AL R~ 3 A 92 25 P nt TR 2
ZUNA R BN, I H R 0% 18 1 i s 4 23 1) 3 9 i3 0%
F %% B4 (enhanced permeability and retention, EPR) X%
AR 2 245 L i T S8 1) g B BE 1) B8 AR, SR TH 2541
U VAT AR, H AT O 45 Abraxane Fl Doxil %
TE N BB P2 P a0 oKk R G0 it Bv, R IR
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AT 32 THT B m) JE A B 1, f58 08 TR 3> 498 K 284 ol 32 58 67 1)
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A5 I iR 2H 23 v 2R 0 S I S5 R A B ARRAE, SR
F147 e 7 fish i B T, AR PR v 24 D [ a1k 2 e P
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TR A IR A W 1 DY SR = RN KR R T )
BN E A =BG KL, I B click B2, 7E 5 &
PR IR 2 T i 2 A P R et 22 02K ) - 47 T A B 14 4L 17
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A AR A T, T R BT NG R LR
B2 =S =8 8 (TFA) AL IE 4 (Cul). 34 1L
BB (VeNa). S B BR 9¢ % % (FITC) (M4 Tk /1A
PR 22 %1); Cy5.5-NHS (APEXBIO /A l); 3,4- #2372,
% (DHAC). 2-(7-f5 & 2K I = & WE-1-4£)-N,N,N',N'- U
FH 3 IR 7S J 85 B2 I (HATU)N,N-— 7 I 2k 2 % (DI-
PEA) &R (33% MER A K)1,1,4,7,7- L =W &
=% (PMDETA) (H R R A IR A 7); o- F H-0-
A HE-T 4 22 5000 (CH,0-PEG,,-NH,)- a- & & -0-&
F£ R Z 7 5000 (N,-PEG, -NH,) (It 5t B YLRHL A7 IR
A, B bR BRAS M 1 o975 BE AL B HE 7] 2 JIK [ETP,
¥ % : SSMDIVLRAPLM-(5-hexynoic acid), b i 3% ##
AR A TR A 711; SnakeSkin iE TS (BB 2 T &
3.5 kD20 kD). 4',6- - Bk FE-2- 2K FL 15| Bk (DAPI).
2 it 3 75 L [FEBR KRB (b ) AR A A iR
&AM 1) Y S AL =Bk 48 K KL (oleic acid-Fe,0,, H1 1L 7R K
W BB KNG G, KA 8 nm, HER S & 15%); JiA
4= 1 7% (FBS)-RPMI 1640 -8 15 72 58 . 0.25% i & (4
fitf— 2. — & DU Z0BR ¥ W (0.25% trypsin-EDTA) (Gibco
AT, FRbE G EAE R A RA ).

FEEE Mercury Plus 400 MHz #8 5 % i JL 4z
WAL (36 [ Varian A 7)); 225G 1260 5 0K AH 1%
(HPLC, % [# Agilent /A #); PhenogelTM 500A %t JiZ 15
i% 0%} (GPC, % [E Phenomenex A #]); & /K 3 3600
Nano-ZS ¥ ¢k7 B X (3£ E Malvern Panalytical 2 #));
Tecnai G2 Spirit BioTWIN 120 kV 4 47 B! & 5t i 55
(TEM, % [® FEI 2 #); BioTek £ Ifj Gt B 5 1 (3%
BIOTEK A #); 45 & 4 HLUEH & i 1% (ICP-MS, 3%
PerkinElmer 22 &); it 204l fB 4% (FACS, 3£ [E Becton
Dickinson 2 #); = 4k /N B W& 1A 2 A R & 4
(IVIS, & [# PerkinElmer 2 &])

YRR RRUE =P ML A AR (4T W H Lifg
Rbaze i A=W 8 7, 2 10% R 2F L3 L 100 pg-mL' 7
% 2 100 ug-mL" 4 27 3 [ RPMI 1640 15 77 3L B 9% T
37 °CHI 5% CO, i) 40 fu 55 7= 46 v H 0.25% i E
R A A AR

B4 BALB/c/NR (MEPE, K E 20 ¢ 72 4) W H
LRSI S A R A F], T 5 BOK 54 5 52
sy O 3%, R IE S 5 SCXK () 2017-0005 .
BT SPF e 5 AF T 1 3% Rtk AT SEUR # 4 (I 25 °C
Fefta, WIE 50%~60%). A P i fE s aid 5
HRZEZG 2Bt S0 s A B 23 03 2 Hb v A5 A 50 5
HHLE

A & M 7 B8 310 F $A BT 25 OXA-COOH I & R 5 &
fE FREUCEIDFIHIERIZE 1 g, I 30% i Atk Sk

10 mL, = E B RN IR . NGRS, AR TR
Bk 27Ky, 183 ALK K (OXA-OH), K I hE R Ak 7=
), 0: 2.70~2.57 (m, 2H).2.12~2.02 (m, 2H). 1.50~
1.29 (m, 4H).1.12~1.00 (m, 2H).

FrHL OXA-OH 500 mg, T R BF 135 mg, A
50 mL JE/K I AR (DMSO) fd HIE M. 1) S N i
M= 5 mg Ja, fE5 iR TR 24 he RBES R,
IS NEVR AR 7, K S SV 2% 18 3 2] 700 mL A 2Bk
AT A DTE, HhiErE 203, B B4 (OXA-COOH), F
FHAZ AN 5 1% AL P24, 01 2.84~2.71 (m, 2H).2.62~
2.44 (m, 4H).2.30~2.15 (m, 2H). 1.63~1.41 (m, 4H).
1.29~1.08 (m, 2H); & HE 7+ & ((OXA-COOH+
H]": 532.0) AUmas e 5> ¥ & 1% ((OXA-COOH+Na]':
554.0).

B A4 ¥ N,-/PEG-pLys (NH,)-DHAC & B 5%
fE 4% Fuchs-farthing ¥5 % B Lys(Z)-NCA. FRHUNC-
FIREE-L- AR S g, =)< 2.25 g, AT /K DY &k
IR (THF) 50 mL, 50 °CyH# N 85 he SF Ik E 2 % iR
Jo, IR L AEY . AR SRR N E] 700 mL TR
A B TEKIE Sk FR AT H LR ST, g 1e 3 O A i
AR B A& [Lys(Z)-NCA], K H A% Wk R AE =4, 6: 7.38~
7.25 (m, 5H)- 5.00~4.97 (m, 2H). 4.44~4.39 (s, 1H).
3.02~2.93 (m, 2H).1.80~1.20 (m, 6H).

#EHf R & CH,O0-PEG-NH, 2 N,-PEG-NH, 500 mg,
Lys(Z)-NCA 398 mg, il 20 mL 757K DMSO & T 50 °C
W R P48 he fiF R BRI G, K LR L
¥ % SnakeSkin i#EHT 48 (MWCO: 3.5 kD) 1, B T w4l
7K B IZE B B 25 oK e B IR JEORY, BERR 12 h oK 1R,
4R G, B EEEELEN, BHT R R8A
8 2UIR [ & [CH,0-PEG-pLys(Z),-NH, 5% N,-PEG-pLys
(2),-NH,], K ERAE =), 6: 7.38~7.25 (m, 60H).
5.00~4.97 (m, 24H).3.54~3.45 (m, 448H).3.25~3.23
(m, 3H).3.01~2.89 (m, 24H).1.70~1.10 (m, 72H).

PR & DHAC 1.8 mg, HATU 45.6 mg, I\ 5 mL &
K DMSO T Z i s A iR B . f7 S 1 h s,
A 500 mg ¥ 7 DMSO H* [] CH,0-PEG-pLys(Z)n-NH,
8¢ N,-PEG-pLys(Z)n-NH,, DIPEA 15.5 mg 4k 4 = i
Ni24 ho AF N EE R, B e 7% 4 SnakeSkin iF H 4%
(MWCO: 3.5 kD) 1, & T =20 7K HE B bR 25 R [ VL Y
SOk, B J5 VR TR B A 8 ZUIR [E & [CH,O-PEG-
pLys(Z),-DHAC 5 N,-PEG-pLys(Z),-DHAC], 3% JH ¥ t
FAEF=W), 6: 7.38~7.25 (m, 60H).6.63~6.39 (m, 3H).
5.01~4.98 (m, 24H).3.54~3.45 (m, 448H).3.25~3.23
(m, 3H).3.01~2.89 (m, 24H).1.70~1.10 (m, 76H).

FX BL 500 mg CH,O-PEG-pLys(Z),-DHAC B{ N,-
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PEG-pLys(Z),-DHAC ¥ T 10 mL TFA, JIl1 33% &5 R
T 500 pL, =R A N N3 he B, BSOS
F 100 mL 20 °CHA [ TE /K L Bk AT B Ui, & 015
B ¥k # 4[5 /£ [CH,0-/N,-PEG,,-pLys(NH,) -DHAC],
KA RAE P21, 01 6.63~6.39 (m, 3H).3.54~3.45
(m, 448H). 3.25~3.23 (m, 3H). 2.83~2.69 (m, 18H).
1.70~1.10 (m, 60H).

HHREY) (CH,0-/N,-PEG,, -OXA-DHAC) K&
S5 FRIME FEL 111 mg OXA-COOH, HATU 79.8 mg,
I 5 mL 767Kk DMSO J& 1E % i 561 iR . e
Ri1hJE, A 200 mg i T-DMSO H1(#) CH,0-/N,-PEG,, -
pLys(NH,) -DHAC, DIPEA 15.5 mg, 4k %5 i 4f & < {F
P DL T N 24 he FF NS5, ¥ RS A
SnakeSkin i H14¥ (MWCO: 3.5 kD) 1, B T 4K B
FENTRR AR LI R, 5 S5 VA R T, 45 311 5 €[]
& (CH,0-/N,-PEG,-OXA-DHAC, 1k & ¥ 1), X H #%
ti 1 GPC AL =4, 0: 6.63~6.39 (m, 3H).3.54~3.45
(m, 448H). 3.25~3.23 (m, 3H).3.01~2.89 (m, 20H).
2.74~2.64 (m, 18H).2.50~2.22 (m, 36H).2.18~2.05
(m, 18H)~1.70~1.00 (m, 114H).

R, 75 BRI & sod 72 o, al i N 1 e.q. 0%
PREF (Cy5.5-NHS 5 FITC), X 325 5 A Wik 47 9 e b
id, 13 3] Cy5.5 8L FITC 121 1) %5 25 5 &) [PEG-OXA
(Cy5.5)-DHAC 8 PEG-OXA(FITC)-DHAC].

HEHHEBEAY (ETP-OXA-DHAC) AR S &
fE R — M4 AL S bk click )SKE N,-PEG,, -
OXA-DHAC 517 2 Ik &1 . FRHC50 mg N,-PEG,,-
OXA-DHAC, # 7] % ik SSMDIVLRAPLM-(5-hexynoic
acid) 14.3 mg, Cul 2 mg, PMDETA 5 mg, I A\ 5 mL /&
7K DMSO, T % i 26 111 T 6 [ B 24 ho £ [ V45
W, ¥ F & SnakeSkin iZ #T4 (MWCO: 3.5 kD) ', 7
% 10 mmol-L"' EDTA-2Na [F /K& R HiENT 24 h, 2 J5
P B 2K TR AT 48 h, BERE 12 h#e 1 IREEK. &5,
VI AT 48 TR HEAT VA VR T MR AL B, 19 B3R o [ 1A
(ETP-OXA-DHAC, 1L &% 2), K F %% Bl 21 51 )6 0 Al
GPC EAEF=9), 6: 8.50~6.81 (m, H-amido bonds and
aromatic rings)- 6.63~6.39 (m, H-protons of dihydroxy-
benzene).3.01~2.89 (m, H-protons of L-lysine).2.50~
2.05 (m, H-protons of prodrug).1.70~1.00 (m, H-protons
of L-lysine and prodrug). 0.90~0.75 (m, H-protons of
peptide).

BAMKRIRFIE T A AT, fE T
Je B ) 22 JOR A 1 R R A8 1 1 4 24 DY A = R i oKk
(ETP-PtFeNP/PtFeNP). P %¢, K 4 [7) £ A& i 5l oK 15
M2 E & W) (ETP-OXA-DHAC/CH,0-PEG, -OXA-

DHAC) #%— 52 I LB in 7K N,N-—F 3 F it % (DMF)
T 1) I B2 5 0.001 mmol- L VA TR Ao [5F, H5 9 R
&1 1 VY A Ak =29 K R (oleic acid-Fe,0,) ¥ T JE 7K
THF A E 1l v BE 4 0.004 mmol- L' HIE R B. Bl A,
B AR E B BT 15 mL B .08, fE# A 4%
PR, [ T ARF B HOIN 1/3 AR BT A, (R A
PRIBEOE . BE, S O 8 E T IR A IR e R B
2 h, ZJa, ¥ [ N % A2 20 kD ) SnakeSkin i #T 48
W, Je7E JE7K DMF W& AT 48 h, SR 5 5 72 B 4l K
k2 IE T 48 he F T K VA U R 2R 50 mL B0,
A UR TR0 B ER 6 ZUIR 802 DU Sk =8k K okL (ETP-
PtFeNP/PtFeNP).

FRE, ¥ R 7 ik, RS HI 3R RS Wtk %A
i}, Al PEG-OXA(Cy5.5)-DHAC 5 PEG-OXA(FITC)-
DHAC # e H 11 10% (1AL 2 1 2025 3R &) (PEG-
OXA-DHAC), M T 5 B %F £ 25 44 2K KL (1 98 6 5 id
(Cy5.5 L FITC).

hEAN zeta EEALAOUE  HU— 7€ & ¥ ETP-PtFeNP/
PtFeNP g4 K KL % T+ 4l /K o, 38 i 2 &5 0 §iO $oR
(dynamic light scattering, DLS) Il & 742 15 A9 7 1
4 8 %0 (polymer dispersity index, PDI), [&] B il %2 442K
HL zeta LA

BETERERE MR R AR, N BBk SCRF
B WY IR T, AR B AR TS, T 120 kV BFIAEY TEM T
MLEL AN KL TS H R IE S

HEMBASHNE SCERIRE, BRI FT

24 (IV) RefS 78 R 5 W VeNa (1478 B R 3008 TR ik
BLYb R (1), S B 244 LA 5 2 24 71 30 R
I, 18 Fl HPLC K& ETP-PtFeNP H B yb R4 (1) f0 1 R
M.

T SCRG PR B D R B TR 2, K I AR )
710 pg-mL" (WA HEGg 290, 285 FEAS LU AR BRI — R
T B 1 BV R AR AR VA R . R A HPLC W 58 FE 4 T
YR EA AR T 22 . HPLC 03 461 3t k) : Agilent
C18, 250 mm x 4.6 mm, {31 AH: 90% FBE-10% 7K, i
B 1 mL-min”, BEFE R 10 pL, A0S S AMG I 28,
K250 nm.

B &, K& B3 K & PtFeNP F1 ETP-PtFeNP, BL#% I\
400 uL 100 mmol-L" VeNa ¥ il ff, (£ EIR %4 F,
TR BE AR ZR E 2 h A YD RN SE AR, BE S
SN LA 12 000 r-min™ B0 5 min, B &34 HPLC ¥
DN, e g AR N A v T 2 T B A5 B 3 ) BV R AR

B, o A () T B 9ROk L
(entrapment efficiency, EE), W AN T )& 4 245 44 K pi
BT & IR BV RV 8 0 B, W oS 5 4 KR ] % 1 3
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RGBSR SRR .
W
EE(%) = — x 100% (1)
Ws

] B, HPLC ¥2: I 72 %K% 25 99 K Kr (1) %K 2 & (drug
loading capacity, DLC), I 2> 3 (2), H ' C (drug) A
= 1 B YD R EH T B, C (nanoparticle) S 1 Ml FF i
R OR L 5 SR

C (drug)
DLC(%)=——"—"""—
(%) C (nanoparticle)

RINERUE RN E B A% 75 %8 ETP-PtFeNP
250 ()3 JE R N R L. # 500 pL ETP-PtFeNP /K i& i
(i & % N 16 mg-mL™") % ] /£ SnakeSkin i BT 48
(MWCO: 3.5 kD) H, I3 BN B2 45 10 mL B
JR [0 9)9: ANE VeNa ) pH = 7.4 PBS A% VeNa i
pH = 5.5 PBS. % 10 mmol-L" VcNa ff] pH = 7.4 PBS
(RS0 988 40 F 5 P38 IR S )« B 10 mmol- L VeNa [
pH = 5.5 PBS & % 2 mmol-L" VcNa ] pH = 5.5 PBS
R UL 3 20 it 7 T A P 38 JRUCIR 25)] 1 15 mL 3500
W B AR 37 CCHREIR R, W B R 53 N 100 r-min™s
E L IR I 1) 5 ARE TS S5 A IR R 200 L A4S, [ s
O FANIMEAARLE T 37 °CHE A MHT EER BN . R
FH HPLC il 58 B i m B0 R 40 i 20 24 (R JCIR 1o

YHREIEEN K 3] 7 AT1 400 LA 3x 104N 40 /5L
5 P Rl 21 24 FLAR P9, 420 B i &5 2 T4 80% I, BB
FL IR, I Hank's 3§ 36 3 5, IR TG 1L i RPMI
1640 35 77 5 HH 3 CIRE A id 1 2025 99K kL (ETP £ ik
TEAIE 73591 9 0% 10%20%40%), % 2H 298 Yo iR4H 4k
FEMEN T pgmL s B E 1 hJa, #2259, ¥ Hank's
Bk 3 1K, H 0.25% J5E B A 5 I 2 4 i A 23 A 4 X
TEHLEINA 200 puL Hank's 5 CLSM W 825U 0

N TR0 2 S AN PR AR 2 9 oK KL L, S
IR & #9 ETP 2 ik (5 mg-mL", %5 %2 /& 15 /& 2 AR K it
(K0) J 2 g 8 400441 770 [RKOKAAR (1 pg-mL™") BT E
MGEE; BB HHEER (1 ugml") B ERIRIERE;
FALTRA (0.4 pg-mL™") PH BT R B AR IR 12 A
VI (5 pg-mL™) BEWT kS 25 1 AROBME 4% FERR TS TS
7 (0.5 pg-mL™") FELIT /NS & A 5 0 N A AE D 4
NI HEAT 10 min T 5 403, B85 025, Hank's BE% 3 1K,
FINERE AR B2 9K R (REFIR . 1 pg-mL™") 7
37 °CHE R AL EE 30 min. [FIINF, 5545 INE 25 99K RL )
YRGB T 4 °CHFE 30 min, BEHIER ST L
) . BB, MEGUKRLA M, FH Hank's 5 5% 3 1K
J&i, I00.25% JE I 4k 3~5 min Ji&, 45 & Hank's &
1R AL, B8 2 96 FLAR A (200 uL/AL), Wi 2\ 4H il
ASCE 5243 BT H8 A ] 475 450 o

x 100% 2)

SR J5 25 %% AN [R] I [ pt 400 B 8% B 38K 24 4 Kbt 1) 15
B, 98 G ERET FRIC IR 8 25 40 K br 43 31 % & 4 i 15
30.60 A1 90 min, 4R J5 F] Hank's 35 ¥ 3 ¥ 5, 110.25%
JERIE Y 12 3~5 min Ji5, FH 45 & ¥ Hank's ¢ 1R 40 B W 1L,
B 2 96 fLAR N (200 uL/AL), Uit =040 f A3 & 43 AT 3%
VG IR

M NFE AT RGO X A A i
TR P 34T 5 S 1 25 3 VAN 7 3K, A B R X 22 N
KL PR 25 AN 20 4 HEAT — AN AR M B AR N AT R TF
ffro DHIE, F CyS5.5-NHS R4 X AWM R 3EAT 96
PRt CGEI R Cys.5 26 E SR RIREK R EY
PR W), B, 3 i ICP-MS I 5 Iy RE i Th 47T
RA TR E &, AR FEH Fe,0,. HT
EIR VT, T DA f KR b T R 1 2 2 Al KR
I RGHAT AT R N 25302247 RV

BN BALB/c /N 7 440, FR4H3 K. S286HT24 h
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Jii, HU50 WL #2025 B 18] A0 I 28 R 5 BT 96 FLAR
il AR AR I 670 nm/700 nm 58 645 5, FRE AN
Bt 1 28 T 515 25 41 &% B R 5 1) Cy 5.5 R

T ICP-MS A6 4% 21 1 3% B H Pt Fl Fe 0 &
)& & . B9, F 100 mg-L' (¥ Pt b #E fif 2% 78 A0
100 mg- L™ 1) Fe i #E it 25 15 10 73 01 IE 1) ¥R £ 0.2~
1 000 pg L' ] PeARAERE i AT 1 pug L' ~10 mg-L™" 1) Fe
PRAEFE S o E I ICP-MS A& J Pt 7C 2 Fll Fe 76 2 (11 B
18, 73755 BEAE U4 759 21 Pt oG 25 Al Fe ot 3= AR ifE
M2k . IR S 540l 5 AL 3 5 7 7l i3 ICP-MS R4t
R, B AA 7 3 B8 2E 4% B T £ I S R 5 50 pl B T
TR R 15 mL 2508 W, KSR 950 pL, hn &
Ji, BT 95 cCRWH iR iEfF 4 h, B85 7 = RE
7K, BeJa, MK ERZE 10 mL J5 EAUS I .

R EERE M E S AT 4TI MR 1 BALB/c
INER 8 HBENL Y A2 4, BEH 4 K. 3% T55.0.1 mg



AR RV R KT I U T DY S = BRI A 9 AL PR AN - 193

Cy5.5 B IKIESS Cy5.5 bric (1) ETP-PtFeNP Fl PtFeNP,
3L IVIS Spectrum CT /N BTG A A& 5 4t 2% 248K
FEAE AN [F] B 8] s B AEAR A Al DL E45 224 h )G, R
P S5 J6 290 4k BE /0N BR, DR B H 32 T AR RN R B T
IVIS A8 AR H R a5 5 .

RN T k5 R AURORL R P A I L, R4S T
Cy5.5hric gL 24 h 5, K /N BRI I PR it s e
I, F 4% 2 K HEEE 2 24 ho SRJG, FREERE B0 NS
Wi K, e N OCT B3, 7E-20 °CIRIE H AR DI F
HURE R L 200 E B 10 um JE AV A, BT 20 °C
VKAE R ARAT

AR =20 eCOKFE R EH, F = iR E 30 min
FHAKE BRI . %5 DPBS (pH = 7.4) 4% 5 min x
3WE, BT mEEh, B %k A A B AL 2
YRR . BE)S, BANELZMA 30 pLiE T
% 0.3% TritonX-100 & 10% L1 2 IfiL 37 () DPBS %
) CD34 itk (1:1 000), 4 °CUKAEIF LK . K H, M
VKA B V), F DPBS $E 3 WK JS, 030 uL % T
DPBS [] Alexa Fluor® 488 111 24T % — Pt (1:1 000)
TEEGHF E 2 he W H 450, I DPBS Wik 3 X, & Ja,
h030 pL DAPIIEW (5 pg-mL™") Y4l % Jm, BN FE
mi BT 10 wL HLoE 6 K il a5 b a5 3% fr, T CLSM
TSR, [RS8 Image T4 I E 6 Cy5.5 7 615 5
#4752 & HF (DAPL: 405 nm/461 nm; Alexa Fluor”®
488: 488 nm/525 nm; Cy5.5: 638 nm/700 nm).

FIFREMEZER  J B P R 0 1 57
TR, R 5 £ R R R 320 100 mm? B, K A7 988 /0N B
AR 3 R85 3 4, R 41LH% S mg-kg ! BB RIAA &
% KL 4 ETP-PtFeNP . PtFeNP m 4= # 3 /K 150 pL,
RGP R IR, 35 5K, 4535 W H ¥ /N R Ak
TEHH IR 25, I 4% 2 56 R 3R AT 8] 5 ) B A et )
Jr, R A AR - gea, FHEE BB g,

BABSM 8T Living Image B4 4L BN S #i%
A AR AR B 45 5, ROT T B2 i B B AR A R 58 15
5, GraphPad Prism 5.0 4b PR £ ¥5 £ 2 i o0k B, r-test
S HTLE 2 5 . F DAS 2.0 B AE o Ml & 25 5 2 8
W, SRAFH LI 25 8 2= S50, B DA x + s /oK.

Z#R
1 BARSYNEMSRIE

4, 1 XU K A S BRI T3 SR, K DA
BV R DUAN AT 25 01800 1 B AT S i IR PR O R
Hl, WA RS LA PR . TERHEES R (BT 1A), R4k
AL 2.62~2.44 M E BT ZREF | (-CH,-) &
FRAEWE, [R)IN, 72503 45 R b (8 1B) A 2] H A5 74

&K HE Sy T B 7 I (JOXA-COOH+H]': 532.0). L
2l AR, BYbFIEH T 25 OXA-COOH & B -

B, BT IR RA N B b s B 55 4% B
S % click R M5, G R T SR /ARSE M #2 RK A
(ETP-OXA-DHAC/PEG-OXA-DHAC), W& fk % 2k 1B
s o IR ILIREE (B2A), iFE B4 RS
VIR R AR AL N 104, BRI AT 25 0%
FENHLI N TAS, FX 73 FIRELI8 10 024, i#id GPC
XA RAEMIAT 0T, S5 RN, REYZHRIE)
i, # 2 5E AW GPCIE 1) 4>+ i & (K2B) Hixiidt
PREVE T E I EE BAN A IF H, AR R TR A1
MR A AW, E N £ K S 1 ETP-OXA-DHAC
7E GPC £ B 1 {2 ¥4 i [ A2 %5 (81 2C), 3 B ETP-OXA-
DHAC 731 i & (134
2 BRI S RIE

K FH AR % 3 BT iR ] & B 2 g oK R S, B e
DLS ¥l| & ¥ [7] (ETP-PtFeNP) 1AL [5] (PtFeNP) 44k
BRI KL A2 20 A1 F zeta HEL 3, 45 B 3A FLER 1 TR .
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Scheme 1  A: The synthetic routes and structures of oxaliplatin prodrug. B: The synthetic routes and structures of polyethylene glycol,,-

oxaliplatin-3, 4-dihydroxyphenyl acetic acid (PEG,-OXA-DHAC, compound 1) and polymer a-enolase targeted peptide-oxaliplatin-3,4-
dihydroxyphenyl acetic acid (ETP-OXA-DHAC, compound 2)
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1 Compound 3, Chemical Formula [M+H]*: C,,H,,N,OgPt
1 Exact Mass: 532.09
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Figure 1 The 'H nuclear magnetic resonance (NMR) spectrum of oxaliplatin-COOH in D,0 (A); the mass spectrometry-electrospray
ionization spectrum of OXA-COOH (B)
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Figure 2 A: The 'H NMR spectrum of ETP-OXA-DHAC in DMSO-4,. B: Gel permeation chromatography (GPC) elution time of PEG,,-
OXA-DHAC. C: GPC elution time of N,-PEG,,-OXA-DHAC and ETP-OXA-DHAC. The increase of elution time indicated the successful

synthesis of ETP-OXA-DHAC
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Figure 3 A: Transmission electron microscope photograph and
DLC result of PtFeNP and ETP-PtFeNP, respectively. Scale bars:
10 nm. B: The diameters and zeta-potential of ETP-PtFeNP and
PtFeNP stored in phosphate buffered saline 7.4 for 7 days. n = 3,

xts
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Table 1 Summary of formulation properties and drug loading
content (DLC) and entrapment effciency (EE) of formulations.
n=3,x*s
Formulation PtFeNP ETP-PtFeNP
Number mean/nm 24.27 +3.81 26.65+3.13
Polymer dispersity index 0.317 +0.042 0.311 £0.055
Zeta-potential/mV -11.3+0.3 -109+0.4
DLC/% 224+0.5 20.7+0.6
EE/% 853+1.4 82.5+2.3
120
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Figure 4 The accumulated oxaliplatin release of ETP-PtFeNP

under different medium. n=3,x£s
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Figure 5 A: Cellular uptake of ETP-PtFeNP with increased ETP peptide modification degree on 4T1 cells. B: Cellular uptake of ETP-Pt-
FeNP with 40% ETP modified under different inhibitive conditions. C: Cellular uptake of ETP-PtFeNP and PtFeNP at different time points.

n=3,x+s. P<0.001
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AT R VD R AR B T 8y 2 I it £ T AR
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Table 2 Pharmacokinetic parameters of different formulations in

BALB/c mice. n =3, x+s. P <0.01, P < 0.001 vs free Cy5.5

and oxaliplatin

Formulation AUC , /mg-L"h 7,,/h
Free Cy5.5 1.71 +0.43 5324138
ETP-PtFeNP-Cy5.5 5.42+1.03" 19.44 +1.08""
ETP-PtFeNP-Fe 765.79 + 80.90 21.07 +0.82
ETP-PtFeNP-Pt 162.47 +10.45™ 20.01 +0.73"
PtFeNP-Fe 540.27 + 107.09 14.87 + 0.46
PtFeNP-Pt 119.49 + 11.79™ 15.11 + 1.69
Oxaliplatin 34.07 £ 1.45 15.69 + 0.94

UEAh, AT 3 I R O IR e RN ER R &
YA R 94T I — T 0 U0k g, TR 2% 5% T Ui
2 Cy5.5 TREF AR NAT v, 4 R B 6C i Ui &
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W, AR IC B R AW b BRI i 2 FE - (R AT e S
WE B CyS.5 REF A, RMFRIL B RS B ERE
A PR AR A B S B TS B 51, 1% 45 SR M0 T E B P
PR AR L RIS ER A WM BHA AT AT AT 1

i, M CyS.5 R BV FIAA Kk n % 3N 5
THI AT 35 A3 1) 1 24 3k i — i) ot 28 b 47 AR B R LR A (OFF
B 30 min £ A0 1 A B[R] R I 245 9 B2 Bk A 30 min A1
{140 ML 245 94 55 3R A5 45 BT (] 553 PR AEL X A0 46 TR BE LG, B Lt
5 e ), 45 R 6D Fros . B E A A, A
Cy5.5REF VBYSFIEH SR e R IX =ANJ7 TH R334
AT UE VR 5 LU AE I ] it 28 B s W) & 3, 36 W
KEAN SRR G MR A #0259 ) Fe, 0,40
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KORLTE A 98 /0> B 140 4 P 0 i) P B 4 2000 A, &5 R an 1]
THTR . AE RIS 25 )5 1) 8,12 124 hiFf, ETP-Pt-
FeNP SZ56 21BN G (B 7A /NG 22 0y fih g 358
7 (L R 2R Pl AR e Ak ) Cy5.5 % 6 RIS 5 I B 5 T
B[ (1) PtFeNP 45 2541 (B 7A Hh & /N A ). HLBE
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Figure 6 In vivo pharmacokinetic study of ETP-PtFeNP and PtFeNP formulations. A: Illustration of methods for in vivo nanoparticle

tracing; B: Plasma Pt concentration in BALB/c mice after injection with different oxaliplatin formulations; C: Plasma Cy5.5 concentration in

BALB/c mice after injection with different Cy5.5-labled formulations; D: Relative % injected dose from different aspects. n =4, x + s

A ETP-PtFeNP PtFeNP  ETP-PtFeNP PtFeNP
S 400
¢ 3 B ETP-PtFeNP & PlEehP
o o 300 i B PFeNP 3
S E L o]
5.7 (&}
= 0
55 &
5%
T E
14 :J E
2 & A RS ) $
% Q\?"b \_>4® %Q\da \90 {-\&@ «0@0 o

ETP-PtFeNP PtFeNP B

ETP-PtFeNP PtFeNP

ETP-PtFeNP

Kidney

—

40 x10® 5.0

Figure 7 In vivo tumor-targeting evaluation of formulations. A: In vivo photographs of tumor-bearing mice administrated with CyS5.5-

labeled formulations at 8, 12 and 24 h post-injection; B: Ex vivo photographs of excised organs and tumor tissue by the In Vitro information

System at 24 h post-injection; C: Semi-quantitative biodistribution of nanoparticles at 24 h post-injection. n = 4, x + 5. "P < 0.05; D: CD34-

staining and Cy5.5-labeled nanoparticle distribution in frozen tumor sections. Scale bar: 30 pm
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Figure 8 H&E staining of organs from 4T1 tumor-bearing mice with different treatment. Scale bar: 200 pm
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