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PO %5 T (i A 75 S IR AR (1) DG B VR T, IR e SR 7 V2 A8 = 91 P FLIIRJE (triple-negative breast cancer, TNBC)
o R L A N IAE o AR AT A ) o A7 0 L A R R R R A 5 VT % B 8 (combretastatin A4 phosphate disodium,
CA4P) FHT I A= A 254 76 I 25 R (rapamycin, Rap) [ 7 f5U= i 7 & PPD/CA4P/Lip-Rap, 8 2 1ML & % I o w7
TNBC H R HE 77, SR 'H NMR. 302 6 HUR % SOF 3 HL B %F PPD/CA4P/Lip-Rap #EAT R AL, Hfa I H 225 & .
R U . PPD/CA4P/Lip-Rap K45 M 161.53 + 1.89 nm, zeta HLA7 4 —20.03 £ 0.9 mV, ELA7 [ 15 1) B2 fUBRE 24 it
71o RIS CCK-8 T2URIF B Rap B3 5 CA4P I M BN GE 77 . Rap REM8 10712 S 5% B8 it Jed 4 i, 4141 ot 552
Ko DRIARGER I — 01 97 2. I B 17 S EIIE (Western blot, WB) 3258 4F B , Rap i i mTOR/p70S6K
H1 mTOR/4E-BP1 i i B A% B 42155 -5 I 7~ 1« (hypoxia-inducible factor-1a, HIF-1a) {234 7K1, 335 i 400 1 it 983 o 48
SNLIOE AL FIAE . PPD/CA4P/Lip-Rap R A 25 IR Jib 98 ifin 487, 400 i) ek 8g i 79 22 R0 2 %, DA Rd I A A SR A
RIRTT HEAR, S TNBC PR YT $2 4t —Fh 7 8 2% .
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Loaded CA4P and rapamycin acid-sensitive liposomes target blood
vessels for the treatment of triple-negative breast cancer

ZHU Dong-jie, TIAN Meng, LIU Yuan-yan"

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: Given the vital role of vasculature in solid tumors, the potential of vascular disrupting therapy in
the treatment of triple-negative breast cancer (TNBC) is promising. In this study, we prepared the acid-sensitive
liposome PPD/CA4P/Lip-Rap loaded with the vascular disrupting agent CA4P and the anti-angiogenic drug
rapamycin (Rap) to explore the potential of the vascular disrupting strategy in TNBC. PPD/CA4P/Lip-Rap was
characterized by 'H NMR, dynamic light scattering, and transmission electron microscopy. Its drug loading and
acid sensitivity were determined. The particle size of PPD/CA4P/Lip-Rap is 161.53 + 1.89 nm, the zeta potential
is —20.03 = 0.9 mV and it demonstrated good drug release on acidic sensitivity responses. CCK-8 experiments
proved that Rap can enhance the ability of CA4P to destroy tumor vascular endothelial cells. Rap can kill marginal
residual tumor cells, suppress tumor recurrence. Nanocarriers can further enhance the therapeutic effect. Western
blot (WB) showed that Rap decreased the expression of hypoxia-inducible factor-la (HIF-1a) via the mTOR/
p70S6K and mTOR/4E-BP1 pathways. Thus, tumor hypoxia activation and angiogenesis were inhibited. PPD/
CAA4P/Lip-Rap can effectively destroy tumor vessels, inhibit tumor angiogenesis and recurrence, and provide a new

strategy for the treatment of TNBC by targeting disruption of tumor vessels.
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WA (2,3- i BT 2R - = F R (S8R (2,3-
dioleoyloxy-propyl-trimethylammonium-chloride, DOTAP).
1,2- g B -sn- TR = FE-3-W R BE 2.1 % (1,2-dioleoyl-
sn-glycero-3-phosphoethanolamine, DOPE). Tween 80,
BRIR AN 1- LR -3-(3- — VR k) B — i #h R 8
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(VA il A 2 0 9O R ) B 3 Bl A ) 7)) (it 38 = R A
P E AW 5 B, o [); -actin —Pi (R IK)HIF-1a —1
(% 78)p-mTOR — P (F¥F)p-p70S6K — BT (i) p-
4EBP-1—#i (#JF) (CST A A, EH).

HpmEEFE ARk B4 (HUVECSs) A =
B L 98 40 i Ak MDA-MB-231 (3 5 = W A= M Rl
AIRAE, thE);, HUVECs RHIA f & 5 77 3 —ECM
FiF7E (Sciencell, 3E[H) £57%; MDA-MB-231 %] DMEM
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fi% 8 2B 25 F 5 5% mPEG-PEI-DMMA (PPD) HJ
BRFIFRAE  FRUB AN e FE Al A R H mPEG-COOH
AIPEIFLEEY), LLEDC MINHS N F S . ¥ mPEG-
COOH (200 mg) A fi# £ MES 22 /i (pH 5.0) 1, R )5
I EDC (38.2 mg) AINHS (23.08 mg), = iR+ 0.5 h
J&, VT pH & 7.0~7.4, N X\ %% PEI (200 mg).
FEIRPEPE R 24 he TEFEHTIE T 258 FoKIE T 4k
48 ho W kT )5 142 mPEG-PEI L3R Y.

mPEG-PEL fif T IR R S BN M (pH 9.0) H1, =
1R 208 I N AH X mPEG-PEI P £ ) Jii & 1) DMMA .
Fn SRR ROV 12 h, SR )5 R E T E T AR A pH
8~9 =B FKFEN AL 48 he T EHER —HHED
Sk B Ak 1 2 U B 28 7 R A ) -PPD. 1 D,OfE
W77, K F "H NMR #f %€ mPEG-PEI #1 PPD [ 4544 .

PPD/CA4P/Lip-Rap BIFIEFFRME K FHH B
Pl 1] £ 17 3 Rap 1 BH & ¥ IR ot 44 4 #%-Lip-Rap, Rap
AR BT IR BUA N HSENRJE - ¥ DOPE.
JIH[E i \EPCDOTAP (BE/REE = 1:1:201) T BB
R A, ISR BRI AR, SRS N & R G i
10% ] Rap, ¥ i€ 25, B 2 BrA & T 5, A PBS
(pH 6.8) NGk . Z JEAEVKKIB 26T NS
08 240 B A 330 AT R 7 AL B 10 min, RS AL H S T VR
IR T 0.45.0.22 pm /K AH LR 5 Ik, 43 2 671 2 Rap
] Lip-Rap.

CA4P Wi F W/ FH 413 T Lip-Rap % [, ¥ Lip-
Rap 5 CA4P 7£ PBS (pH 7.4) H1 L4 1 () & L i HE R
4, 193] CA4P/Lip-Rap. FREBUKEH 5575 il & B F
P2 E . DI B BB 102, % 473 1) CA4P/Lip-
Rap 2218 it \ &7 PPD [¥) PBS (pH 7.4, 2 mg-mL™") 1,
1551 58 # 9 K 254 PPD/CA4P/Lip-Rap. KM B/R 30
Jeki FEAX, F 3045 B v 52 PPD/CA4P/Lip-Rap
CAA4P/Lip-Rap Fl Lip-Rap R {5 53 A S 2% TH HLAT

1 3% B W T 2 4308 X PPD/CA4P/Lip-Rap 1) T
PUEAT o3 M o W B i B A /KO M R S5 R TE 4R ) |
SR F I S A LR

CA4P/Lip-Rap B HERHAE Rap WEH
SOFEE, 24 08 o RO R VR, SR C18 A
A (4.6 mm x 150 mm, 3.5 pm), i 3hAH A B EE/ K
(80:20), i i# 1 mL-min”, Rap 4 il 3% K 7€ 279 nm
Aab o BYA T 91 B 1D I TR AR VA VRURH L 0.2 m 7K AH JE R
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loading content, DLC).
EE% = (i JEJEAF & Rap & &) / R g JBAE
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(2)
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FUREPE . B 44K ) PPD/CA4P/Lip-Rap T-i% #7148
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HE 1) 24 h J53E(T CCK-8 413 FE e /I, 7E 450 nm
b 5E WS, ARE A 2 (4) R (5) il A B
RN R . PFAL R 24 Rap A144°K Lip-Rap %} MDA-
MB-23 1 1) 24 i 184 B 400 1] i 713 R0 4 P 2 14 222 S
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2 Jif0 184 5 RE F7 R, AE 450 nm A0 E RO S, MR A
3 (4) F(5) 43 Tk S 20 H G 2R A 2 . DA 2
CA4P . Rap. # 24 Bt & CA4P+Rap M 94 K Bt & CA4P/
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Figure 1
PPD; B: 'H NMR results of mPEG-PEI; C: ' H NMR results of PPD

Preparation and characterization of PPD (PEG-PEI-DMMA). A: Schematic diagram of synthesis of acid-sensitive anionic shell
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TR R U A 5 5, A KR TR THD R A B Dl R AT
PPD/CA4P/Lip-Rap [¥] zeta Hi A7 {5 4-20.03 £ 0.9 mV,
$if% 9 161.53 + 1.89 nm, PDI 4 0.272.

3 CA4P/Lip-Rap WEBHERHHE

CA4P/Lip-Rap 3 & L G &ML 1 s, &
5 FIGARRE - CA4P 5 Rap R LLZ1H 201 (wiw),
J& B AL W Y HEAT 4 B 25 24 B, 45 24 770 2 A7 44 R U )

=,
2 LAl
A
) i °® ° .‘ "
°e*°, Rap (X o.. PPD
o oo CA4P
+ +
... Hydrophobic Electrostatic _..... Electrostatic,
@ interaction 4% interaction interaction
\\ K i '.;
Lip Lip-Rap CA4P/Lip-Rap  pPPD/CA4P/Lip-Rap
PPD/CA4P/Lip-Rap Lip-Rap
C 40
CAA4P/Lip-Rap
> 204
g
=
=
o=
s 0
2
8
Q
N
=20+ —
E Tlipovn oam s s s o oo o e G0 0 SO A R S S
12 ....... Kk gy “OF IR R R R R e
o 10f e 6701093, ... R
S 1 i
=3 : PDI=0.197
> [T TR P S 4o LY R ————
7
§ (R EEEEEECEEREEEPEEPREPRESCENRNEE | | PRI
=]
L L L LT LT LT e 2z
I FPTTITI I I | o
0
1 10 100 1000

Size / nm

Table 1 EE% and DLC% of CA4P/ Lip-Rap. n = 3. EE: Encapsu-
lation efficiency; DLC: Drug loading content

Drug EE% DLC%
Rap 81.10 £2.45 7.50+0.21
CAA4P 65.62+1.10 13.17+0.18

4 ERBURMEIIEFNRIN TR L

1 pH 6.5 112614~ , PPD/CA4P/Lip-Rap )3 1 H
ALAE 1 h DA A b B r er 3% A8 Dy TE LA (1 3A), R W
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B, SEB e R

FH 3% #7 5 % PPD/CA4P/Lip-Rap 44 41 8 24 3k 47
TR, g5 K an B 3B fraR, T LLAE TR IR A EE A A
™ (pH 7.4), Rap M4 K B 44 o 1K) BE TR 08055, v g
72 T RRBURA e AR H, BRI T 25915, %%
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AN tH IR BA S ) AR B A S R 24 o T R 55 R PR RO
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Figure 2 Characterization of PPD/CA4P/Lip-Rap, CA4P/Lip-Rap, and Lip-Rap. A: Schematic diagram of PPD/CA4P/Lip-Rap synthesis;

B: Transmission electron microscopy results of PPD/CA4P/Lip-Rap; C, D: The particle size and zeta potential of nanoparticle; E, F: Particle

size distributions of Lip-Rap and PPD/CA4P/Lip-Rap
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Figure 3 Acid sensitivity and drug release of PPD/CA4P/Lip-
Rap in vitro. A: PPD/CA4P/Lip-Rap zeta potential change (pH
6.5); B: Rap release curve (pH 7.4.6.5 and 5.5). n =3

N, 2R A TE B R BR R (pH 5.5) B i BORE T
Rap. 1XA[REA2 tH T iZ M5 AR TC 77 H &% DOPE iX —
1% BU AR I, DOPE B85 75 i 87 V4 Il 4 198 1 2R 5% o
AR K G A, AR T A 1) 5 4 R AR AR A TR T2 W, 5
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Figure 4 Intracellular drug release experiments of Lip-Cy7 incubated in MDA-MB-231 cells for 3 and 12 h
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Figure 5 Effects of different drugs on proliferation of MDA-MB-231. A: Cell survival rate of triple negative breast cancer cells by blank
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Figure 6 Effects of different drugs on proliferation of HUVEC. Cell proliferation inhibition rates of CA4P (A), Rap (B), CA4P+Rap (C)
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