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7 710003)

WE B RTE 0 R BRAEAR 69 SURR IR BT vh B 28 R A g B &7 ik, Pt L B AL MR kb se AT R I, AR B 4
B AR A R B (HA) B 38 X A 28 (PASP) i 4%, 4 & &4 HA-PASP 5t B R A & T =85 (PEG) %] &-3F F& 2 &4 PEG-
PASP, VA % Z 1t 2 (DOX) HBEA 254, KR E A7 % 4 % ¢ K % HA-PASP-NPs@ DOX #= PEG-PASP-NPs@ DOX,, sk J 42 & 0
EAFo i 418 4% (TEM) LR A R K412 TG S & Zela AL AR A0 AL TR LA & K2 B2 BHkAFF @it
AT s AR T 2 RN SUAR S 2m R ¥ @y e Y I8 BRER v B SR AT R, G55 HA-PASP-NPs@ DOX Z 37 K /¥ —, F ¥4
%% (143 £21)nm, P 3 Zeta w45 ( —27.8 £3.8)mV, (L3 Efo ¥ 253 % 58.3% A2 5.2% ; /e pH 7.4 L4k T th k2 AL %
it 30 d, £ pH 6.5 54T 35 83 % % 96% ; HA-PASP-NPs@ DOX st MDA-MB-231 4n gL BL A7 $e 1k , 42 & AF 9 2m i3 DOX
BRI, L5 EATE & 49 HA-PASP-NPs@ DOX #: 423 — , g6 28 & 3 DOX,, 5 JLAF SUMR R 20 8L 04 ¥ o) VA B A I 728 BRI 84
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Construction of Hyaluronic Acid Nanoparticles Responsive to Breast Cancer Microenvironment and Evalua-

tion of Its Function In Vitro

LONG Kai-hua', WANG Chun-liu>, LI Ye**, ZHANG Hong’, LIU Yang’, SUN Ting-ting’, ZONG Shi-yu’
(1. Xi'an Peihua University, Xi'an 710125, China; 2. Shaanxi Academy of Traditional Chinese Medicine, Xi'an 710003, China)

ABSTRACT . OBJECTIVE To prepare hyaluronic acid ( HA ) -modified breast cancer microenvironment respond nanoparticles and
investigate their physicochemical properties as well as in vitro function. METHODS  The polymer HA-PASP was prepared by linking
HA with polyaspartic acid (PASP) through a hydrazone bond . Polyethylene glycol (PEG) was used as contrast material for PEG-
PASP. Using Doxorubicin( DOX) as a model drug, HA-PASP-NPs@ DOX and PEG-PASP-NPs@ DOX were prepared by dialysis meth-
od. Particle size, morphology and Zeta potential of nanoparticles were observed by particle size tester and transmission electron micro-
scope (TEM). The physical and chemical properties of nanoparticles were evaluated including encapsulation efficiency, drug loading,
stability and drug release ability. In vitro function was evaluated including breast cancer cell targeting and tumor microenvironmental re-
sponse. RESULTS HA-PASP-NPs@ DOX was spherical and uniform, size was (143 £21) nm and Zeta potential was ( —27.8 =
3.8) mV, encapsulation efficiency was 28.3% and drug loading was 5.2%. Under pH 7.4, the structure of nanoparticles was stable
for more than 30 d, but under pH 6. 5 the drug release up to 96%. HA-PASP-NPs@ DOX was targeted to MDA-MB-231 cells, which
increased DOX uptake by tumor cells. CONCLUSION The HA-PASP-NPs@ DOX could be successfully prepared by dialysis meth-
od, which target breast cancer cells and release drugs efficiently in an acidic environment, what's more, increase cytotoxicity activity.

KEY WORDS:: breast cancer; anti-tumor activity; CD44 ; acid sensitivity ; nanoparticle
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fibEEH pH {E (6. 8) P4 T+ 1F % 21 41 R0 L ¥ ) pH
EH(7.4)1 0 FETF LU EBFFETS 5, A S2 0 LS
20 MDA-MB-231 Jg R 5 11— HA &4 1 iR
SR, SEELXT IR 20 F) = S, 9 HLAE R
1 P 92 240 6 Ak bk B A 8 26 4, B w5 4 K
R HORRE TG P, 9 40 K 3 25 2R S 1A i 1R L T 25 5
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R
L1 XA

RRA AR (PASP, 1R A BRA ] AR 53+
it 5 000) , HA (1L A 3 ik A FRA =), AR 7055
135 000) , ZF A (DOX, Wil iEARAH),
A (DMSO, Rt E FAHRAR ), &
(R EA A 20 F it 1 000 15 000) FR AEHER
IK(BFRAEYRHLA R AT o 4% 22 5 W EE | hoe-
chest(Fi = KA Y RHECA IR | ) , DMEM K5 372 W
(Sigma 237]) ,MTT (L5t E AW RHCA IR AFD) .
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S -4800 AYFE AL BE ( HAS H 3L 7)) , ZF -2
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J5) ,SD KB (SPF 2, P4 22 525 2 B2 2 B S 6 5y
%*'E‘)o
2 FHiE

2.1 4R A&
2.1.1 HA-PASP i9& i 20 mL Z&4/KFimA
PASP (800 mg, 0.1 mmol ), A EDCI (573 mg, 3
mmol) ,NHS (345 mg,3 mmol) 1 TEA 100 uL =if
Ak 12 h % fk PASP E YR 43R, B S A
NH,NH, « H,0(1.2 mL,2 mmol ) 55 $¥ 12 h, J)WiE
B WTEZENTAE U AR XS 23 7B 1 000) iz 6
h, 453 h 4 1 YOKEMTERIGTE 1000 x g B0 10
min B, % T, 53] PASP-CONHNH, , HA (35
mg,0. 01 pmol ) % F 20 mL %18 /K J5, in PASP-
CONHNH, (86 mg,0. 172 mmol ) #1120 pL TFA =i
PEFE 12 ho ORI 7E 25 B 4% CRCBE AR 1 ot
5 000) HPOAKZERT 6 h, B3 h e 1 YOK, BT
BHTLEN IR A, 1322471 HA-PASP,
2.1.2 PEG-PASP fJ& /% 20 mL ZE@E /K hnA
PASP (800 mg, 0.1 mmol ), A EDCI (174 mg, 1
mmol) ,NHS (103 mg,1 mmol) 1 TEA 50 L £V R
$£ 12 h {E 4k PASP | Ry&ER5r R 5L, 5 A PEG-
NH, (400 mg,0. 1 mmol) fif$f 12 h, WV IRGH1E
B HTAE (U AR 73 5B & 1 000) HiZEiffr 6 h, 45 3
h 3 1 YOK BN ARG TE 1 000 x g B5.0 10 min H
IEW, PR T, 153 PEG-PASP,
2.1.3 HA-PASP 1 PEG-PASP &M vEH i
T CLAN A I SR AR R e e . R BRURBEH
I 4 mL, fil—s& BRI B IRSEIL, T S mL A4 31
TR R B R A ¥ HA-PASP Al PEG-PASP J3jj1
A pH 7.4 fY PBS Fg il i 500 wL ¥ EEN 1 mg -
mL ™ VTR, A 500 WL ) E R B I 3,37 C %
F 60 min J5,12 000 x g B.[> 5 min, ¥ 1 mL F1E
WIMAZE] 2 mL AR T340 99% LEE-$h1R (37% , W/
V) 2y 39: 1 HIR B, B0 5 min, 3 mL b7
W, AN BT AE 398 nm AR INIROEEE(E (A) o
HEAXWT

W% HR (% ) = (Aﬁf _Am>/(Afsu _AJSJE]) X
100% o Horb AR 2818 /K S5 70 B 0 IR &, B
N 0. 9% A= B S BE A I BORE 7
2.1.4 k¥ HA-PASP-NPs@ DOX fi1 PEG-PASP-
NPs@ DOX [l 3 mg DOX - HCl J&F 6 mL
DMSO H1, /A 3 pl TEA,80 °CifiiA st +E 0.5
h, B2 E ) DOX, JIA 10 mg HA-PASP =% PEG-

T E 22k 2019 4 8 J155 54 4555 16 ]



PASP 4k 43t 41 3 h, SR J5 S22 % N 30 mL ZE 1R /K HF
S 3 h, IR A RGRE X KB AT (IR EE A X 43
TR 5 000)3 h, Uk T35 B 48 B A, 15 3
HA-PASP-NPs@ DOX Fl PEG-PASP-NPs@ DOX ,
2.2 4K ey IE AR
2.2.1 RiAEHI Zeta HEAT BRI mg BT 90 KHkE
VT 3 mL ZEK R, FH 0,45 pum S8R 8, FRL
TSI 2 4 AR A 43 A R Zeta HLA o
2.2.2 JEEFTAE FRELL mg % THKRHET 1
mL ZEIH7K A, 1 0. 45 pm JEREE RS BT % T
R L AR, i — e e iR R Y, T8RS
FHIE SR EA TSR
2.2.3 HAmAaEA DL DMSO Kl o i
il DOX 0.1,1.2.3.5.10,15 pg - mL™" fhRifERA
W, RSO A 6 BEEAE W R Kl 470 nm, &
SRR 597 nm Kb E bR TR OG5 B, DA
Jo SR P AR AR, 2G5 Sk A A A 22 1 A o
2R RN KAMEVLBIE 0. 1 ~ 15 pg - mL™" 2Z i) (bR if
AR AU )5 FE o y =23. 625p +1. 043,/ =0.998 1,
FREC 1 mg PR T 4K RE, eG54 F FAE 3 mL
DMSO HtE 7 75 i, 7l 56 F DMSO 7 3% I K
470 nm, K GFEK R 597 nm AN 5 43O B
THRZ W 1R % 4 1 9 R R AR B 2] 0.1 ~ 15
pg - mL T IE TR . ARYE LT AT LI B
RO 220 i P B 2 % = (IR Y
2/ ROR AR ) x 100% ;i3 2% = (R H 2]
B/ AN ) x100%
2.2.4 FEMEDIS FRECL mg VR T HA-PASP-
NPs@ DOX FI PEG-PASP-NPs@ DOX, 435158 F
ZRMKH 0. 45 wm PUEREENE, B 3 d FIBOEKE
JE 43 BT A0 2 e HRORE A% AR PDI 1) AR 4k
2.2.5 B4R FRELS mg 9 HA-PASP-NPs@
DOX il PEG-PASP-NPs@ DOX 437 F 5 mL ) pH
6.5 Fil pH 7. 4 1) PBS S pif i e A0 I RS A
B AR 4> T 5 000 RSB Hr s, 73l & T
50 mL pH 6.5 Fll pH 7. 4 {BEIR S ik ,37 CE
RARE D REGE T, 43 A7E 0.5 .1 .3.7 .12 .24 36 48
72 h W3 mL BTSSR, FE VR B R 470
nm R FHEA N 597 nm LS E R FE AR, I M
3 mL AR PBS G2 ofif . #4E DOX ArifEh &k it45
Rk, LI By 8 AL Ar , DOX B S P\ Ak
ezl B2 4k
2.3 KA RN T AR T
2.3.1 Rl pH &4 F MDA-MB-231 %44 K ki i)
P2 555 2019 4F 8 J145 54 546 16 ]

B % MDA-MB-231 20 42 T 0 S5 35 H Y
24 FLA P (AR E N 1 x 10° 4 - mL™', KR4 2
mL) 09 7 2k % 10 40 E s B, 39 25 05 3R R, K HA-
PASP-NPs@ DOX #il PEG-PASP-NPs@ DOX 4351l %
F pH 6.5 Fl pH 7. 4 (5320 (P16 DOX Tt ik
420 pg - mL7") , LAAEFL 2 mL JiA 24 FLAR R,
JFE 20 min M1 3 h, 35 285 R0, B 2535 A, PBS
YEPE 2 IREBFR 2 min, 2R )5 ] hoechest(1: 10 000 ) 3
Feeft 10 min, B PBS 3{E %t 2 IREFIK 2 min, [
4% Z2 & F i [ /2 S5 30 R RO 4 15 min, b &
F OGS ER A AT T S AN I X 40 R 4R
2.3.2  PrELIRE AN S R ST IR MTT ) 2
DOX . HA-PASP-NPs @ DOX F1 PEG-PASP-NPs @
DOX X} MDA-MB-231 #fi Jfid () % P, # MDA-MB-
231 4R T 96 FLARH (AR Ry 1 x 10% 4 -
200 wL ™" 4L 200 L), 5 F O 7 fr LN BE 55 8%
F e, IS 34 DOX . HA-PASP-NPs@ DOX #il
PEG-PASP-NPs@ DOX (#74 DOX 8 pg » mL™") pH
h6.5 Fl pH 7. 4 (R FR, I E 24 ho AR I
FER 5 mg - mL™ 20 pL MTT TS5 4 h, 6 96 L
MR H ARG FE 5T 25, WA 200 pL. DMSO, Jf- & T %
PRIRFE 15 min, BEFRLAE 492 nm 407 WG BE(H
BN S ANEIL, AT RS = (BRI
WG BE A/ X BRI G BE ) % 100% , LA Z5 49k 5 K
BEARAR , LAAEAF 3N AR BR 22 A A i 2k o

3 & R
3.1 HA-PASP #1 PEG-PASP # 4 #4755 3F

HA-PASP #1 PEG-PASP [1J' H-NMR %% 5(D, 0,400
Hz) L& 1,6 =3.14 3y PEG [ —CH, -CH, -0 - |1y
FEEIE 8 =3.28 ~3.85 2 HA Tl - CH(CH,) -]
HFEIEIE 8 =2. 6 3 PASP [ —OC — CH, — CH, - CH
(NH) - JA9%RHIENE, 8 =3. 5 MBI IEDE , 255 K
ARG B 2 PRGN HAR W)
3.2 PR A HK A AME E Fw

J TS FRIAR /IS, 202N e B R ARk, B
BRI R L, D0 A 9 OKORL IR 2 2Y B AN AL Ft
I R ZE R K PR R AL AR K/
B —Pk . BlE ZE K AT 2 9Kk R A2
ANWEIN, I H PDT A [F] I/ 100 B 9 KR Y 14—
PEULA BT 15 ; Wl 1 RE T TR A 30, AR R R A
WM (1) o 24 25 W) 450k LG 19 AS W 38
FZ i 5 B RN WG I, 2 X — L3 i 2
4: 100, 22y =i, ik 2,
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3.3 HA-PASP-NPs @ DOX #1 PEG-PASP @ DOX &y
3B M R AE

M DLS [ 7] LLE 3, 2 F 44 K ki 19 kL 42 78
120 nm 47, @i TEM WEN 6 B9 ERTE |, &
R SeR 450 (B 2A,2B) o 4% 2 Fi g K kL 58 4
WfRAE pH O 7.4 BZERK 1,30 d YRR 4%
BRAERFE WA, I H WA DU B E B
52, VLI AN KORLALE IE B 0 R WA 5% rh R 08 A2 £2
1E(E2C) . B4 YA R HA-PASP fil PEG-PASP
HRBROHMEILRE 60 min 5% MLE <5% ,
MR8 SCHR [ 7 ] 436 ol 00k 2 4 b1 kL, T A Sl 9K
KL, AT IR 2525 (18 2D) .
3.4 HUKREILRE A S R R

T RGN KR IR BV | 2B SRR S
7T RRZ5525 , 494k PEG-PASP-NPs@ DOX 7& pH
6.5 Fl pH 7. 4 WEREE h B 25 A B 25 5,72 h
JE R RANAN L 40% (181 3A) 5 8] 3B Fi s & 4h oK
HA-PASP-NPs@ DOX [ B¢ 25 1% &, 75 pH 7.4 41

Lo |

50 45 40 3530
d

292725 23 21
5 Ll

T 72 h BByt <35% ,fEpH 6.5 & F 2 h 1y
e iR 3 78% ,10 h J5 R &k 95% . HIRk,
IO R AR LI WA AR pH 4544 MDA-MB-
231 Yliffi%t HA-PASP-NPs@ DOX [1 45 B , 524 4%
FRREDIE pH 6.5 MR EE b TRk 2L, K
Y DOX FRIEN Az b (B 3C) o FRATTRE 2 Ay
KK 5 MDA-MB-231 4iiffifE pH 7. 4 B5:1F T , 3t [H]
JBEE 20 min WLEE 2 Fofr g KR XoF L oA 4 A 1% E [
P, W& 3D, HA-PASP-NPs @ DOX §3 & Ji5 41 g p
DOX (5 ] 8. 2 T PEG-PASP-NPs@ DOX 4, i
B HA ZEGRRL) 2218 R 3R VR
3.5 HRBWESAERETR

¥ 2 Fh K BLAEAS /] pH 25 FF X} MDA-MB-
231 WREPEVE R4 T HL B, LI 4. MAIETL 4 pomT I,
HA-PASP-NPs@ DOX 7& pH 6.5 {4 F, 7L 9 40
HRLAAE TG R , X — S5 R UL TERR M 45 1F T HA-
PASP-NPs@ DOX H ) iR 24, ) IS B ik 1 DOX,
RPN

|

70 65 60 55 5045 40 35 3025 20 1,510 05 0
5

85 807570 65 6055 5045 403530 25 201510 05 0

8

1 FHRBR-RRALEARREW(HA-PASP) (A) fn R 8- R R A & B R & 4 (PEG-PASP) (B) By % 7 I %

Fig.1 NMR of HA-PASP( A)and PEG-PASP(B)

K1 RWAEMBHE R EMETNZE. n=545%s

Tab.1 The effect of water and stiring time on nanoparticle physicochemical property. n=5,x +s

V( Water) /mlL Time/h
Parameters
10 20 1 2 3
Size 215 27 189 +21 159 +17 301 34 257 £29 199 +21
PDI 0.34 £0. 12 0.18 £0. 11 0.06 +£0. 02 0.27 £0. 12 0.23 +£0. 16 0.26 £0. 12
Zeta —-17.4 £3.5 -23.4+3.6 -25.3+£5.2 —-24.3+4.2 -25.2+5.2 -28.3+4.2
R2 HY-MBHAKRBENERTEZE. n=5x+s 4 It i

Tab.2 The effect of different polymers on nanoparticle physi-

cochemical property. n=5,x £

Drug-material DL/ % EE/%
1:10 2.4+0.9 26.3£3.5
3:10 5.1+1.1 39.5+2.4
4:10 4.8+1.5 55.8+3.1
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Fig.2 The evaluation of nanoparticle physicochemical property. n=3,x +s

A,B —the TEM and DLS of two nanoparticles; C — the stability of two nanoparticles; D — the red blood cells hemolysis rate of two polymer

100+ A 100 =
J——+3 {
80 80 ¥
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S o e pH6S5 g oolf o pHGS
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B3 pkuEmAREmERadEsieat. n=3,x+s
A = PEG-PASP-NPs@ DOX 7EAN[A] pH Z51F F 1982y ; B — HA-PASP-NPs@ DOX 7EAN[H] pH 244 R R 255 C — OB IR A WS AE AR pH 2514~ HA-PASP-NPs@
DOX HEHL; D —7E pH 7. 4 2504 F I RAIES 2 FhgRobL i #8 [5) M

Fig. 3  Acid sensitivity and targeting of nanoparticles. n=3,x £

A - PEG-PASP-NPs@ DOX; B - HA-PASP-NPs@ DOX; C - the cellular uptake of HA-PASP-NPs@ DOX by LSCM under different pH; D — the targeting of two nanoparticles
by LSCM under pH 7. 4

POV, FERIA bR 2 2R ] IR X 1 4 23 ) A E’JEIZ@J#JZ~O AR B AAE 1= 24 U 1S AR )™
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77 HA-PASP@DOX pH 7.4

X HA-PASP@DOX pH 6.5
100 5% PEG-PASP@DOX pH 6.5
== PEG-PASP@DOX pH 7.4
80 ?Z [
g/é
0
5 $o%
Z =W
8“1 £
.
L 4

p/pgmL! ‘
B4 2 M40 KA TE pH & ¢ T 2 MDA-MB-231 4 jfg iy
VR B EMER. n=5,2+s
Fig. 4 The antitumor activity of two nanoparticles to MDA-MB-
231 cells under different pH. n=5,x £

Geit, A S 2 M A by 5L 24 Wy i) 590 O & 1) 4
KEGY)SE I 235 270 00, Hrp & Bl FOELE AT
I RAFIE A2 43t 56 A1 L ARSI R A R
SRR B G, T IR O R 1 199 PR 58 v g KR P
B S, B DOX, 38 i A A1 B 2 B B 1k S 5
S50 UEBH AR RLAE 1R H A RS A7 AR TR M A
PFT DOX PR = 38 1) B, B i K T 95% , 425
T DOX (R HZ . ZGIKRR A HA Sh7e &1, i
T IO I IR AR IS Y K R 5 MDA-MB-231 4 Jifd 45
i ]9 & S5 , HA-PASP-NPs@ DOX 41 (1) W% [t & BH i
5 T PEG-PASP-NPs@ DOX £, #}i ] HA 5 21 ] %
I CD44 [y &5 35 F1 91, % K & i) HA-PASP-NPs @
DOX ) B A0l i . A 119 B2k 2 i HoRi AR
B — g oRL , FAT Dol A 5 AT 1Ak Bz
K A FERT ] )5, A7 Al e 2 R A 15 8 24 H
g%, AR AR R AR B BN, H ELURAR A B
JNE — 5 38 5 2l 22 25 - M4 B BT, 23X — EL A7)
3210 BFFEPRUEAS TR 9% S AR ] s 28 24 1 5 4
BPRIRFIE KM, Z5 LRTIR AR SK LA DOX S5l
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