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Preparation of nanoparticle combining with high intensity
focused ultrasound for treating three negative breast

cancer: In vitro experiment

KANG Zhengyue, FENG Xiaoling, LIAO Hongjian, ZHANG Zhifei, DU Yonghong”"
(College of Biomedical Engineering, Chongqing Medical University, State Key
Laboratory of Ultrasound in Medicine and Engineering, Chongqing Key
Laboratory of Biomedical Engineering, Chongqing 400016, China)

[Abstract] Objective To prepare nanoparticle (NP) AS1411/PFH-NP that specifically targeting triple negative breast
cancer (TNBC), and to observe the value of AS1411/PFH-NP combining with high intensity focused ultrasound (HIFU)
for treating TNBC. Methods The liquid fluorocarbon (PFH) was loaded into PLGA @ PEG using double emulsification
method, and the aptamer AS1411 was connected with PFH-NP to prepare AS1411/PFH-NP. The physical properties,
targeting ability and ultrasonic imaging ability of AS1411/PFH-NP were observed. The value of HIFU combining with
AS1411/PFH-NP for ablation of isolated bovine liver and killing MB-231 TNBC cells were analyzed. Results AS1411/
PFH-NP was successfully prepared, which had good morphology and good targeting ability to MB-231 TNBC cells. The
gray value of CEUS of AS1411/PFH-NP group was higher than that of phosphate buffer solution (PBS) group and NP
group (t=17.24, 5.60, both P<C0.05). The volume of coagulation necrosis in bovine liver tissue after HIFU+ AS1411/
PFH-NP ablation was larger than that after HIFU+ PBS (¢+=7.99, P<{0.01) and HIFU+ NP (t=4.33, P<{0.05)
ablations, and the energy efficiency factor of HIFU+ AS1411/PFH-NP ablation was significantly lower than that of HIFU
+PBS (¢t=5.41, P<<0.01) and HIFU+NP (¢t=4.82, P<{0.01) ablations. The apoptosis rate of MB-231 cells of HIFU
+ AS1411/PFH-NP group was higher than that of the other groups (all P<C0.05). Conclusion AS1411/PFH-NP that
specifically targeting TNBC could improve the ablation efficiency of HIFU in witro.
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PFH-NP 3% . il %5 AS1411/PFH-NP, W £ H 4 FE4F M ¥0 i 56 ) SR SN RE 75 AR BE 1 . 74 HIFU B4 AS1411/PFH-

NP il 88 {42 T 4 41

A4 MB-231 TNBC 4 e f. 5% iUl 4 AS1411/PFH-NP, HO¥ & 84, X MB-231

TNBC 4il i B4 B4 7 fE f1. AS1411/PFH-NP 41 CEUS B4R Bl K T W R 35 2% vh i (PBSY 41 & NP 4 (1= 17. 24,
5.60, P¥<C0.05), % HIFU+ AS1411/PFH-NP {4 &l J5 . 2 T 20 815 [ P RSB R TR K T 4 HIFU+PBS(1=7. 99, P<<
0.01) & HIFU-+ NP ji§#lJ5 (1=4. 33, P<0. 05) ; H HIFU+ AS1411/PFH-NP 4 Bl fle % BB T % X T HIFU+PBS (1=
5.41, P<<0.01) &% HIFU+ NP {4 #t (t=4. 82, P<C0.01), HIFU+ AS1411/PFH-NP 41 MB-231 40 Jfg 8 7 % o5 T H A 41
(P#<C0.05), £ FSPE4HE TNBC AS1411/PFH-NP [ 422 HIFU fRSME RS

B3 350
[(MESES] R737.9; R445.1 [XEKFRIRA] A
H A R XT = B 4 3L B 98 (triple negative breast
cancer, TNBO) Z R HIBCAIRIT . mismE RAEM S
(high intensity focused ultrasound, HIFU) ¥ #8 /5 i
AR T P B DX 3 S BRSO | BRI R = A
RO X J kb R AT 0 5 R R HIFU $8 B8 AT 30l
S R Y R VB B IER R il LI B R F R T
K7 (nanoparticle, NP)A] F HIFU #8 T & =R A
AR 7 A 28 A% B AR 25 A RN A, 38 ik LA )
BB, ABFFEH 4 A8 PFH JF 5 AS1411 3& i &
¥ 4% B FF 5 PR B TNBC AT F% fig AS1411/PFH-
NP W H 5 HIFU B6A 1677 TNBC M E .
1 MrEFR&®
L1 FEMASEREGE RIMARELIRIEERY
[ poly (lactic-co-glycolic acid), PLGA ]-PEG50/50-
COOH (3 p 15 2 A= W BHE AT BRZY 7DD s CHCL 7t PN B
(FERTNNAA RN FD s B 4 B (polyvinyl alcohol,
PVA), + U # & % (perfluorohexane, PFH), 1, 1-
dioctadecyl-3, 3, 3", 3'-tetramethylindocarbocyanine
perchlorate ( Dil ), 4', 6-diamidino-2-phenylindole
( DAPI ),
carbodiimide (EDC), N-hydroxysuccinimide (NHS),
BB #E (Sigma) s MES(Thermo Fisher Scientific) ; #%
g 15 B f& AS1411, FAM %€ 6 #5 ic # W2 6 B 14
AST41T-FAM[ A TA ¥ T C L) By A R A A .
g0 i 31 % iRk 7 & (cell counting kit-8, CCK-8,
Dojindo) ., X1.2020 % 7 #& {¥ ( Sonics) . i& HF L i
(transmission electron microscope, TEM, Hitachi) .,
LR 3C B B JE A (Zetasizer), b 2 B B B
(Olympus), ¥ o6 3 B £ B 5 8 (confocal laser
scanning microscope, CLSM, Nikon), CytoFLEX
(Beckman Counter, Inc. ), BERE S WG IT RE
(JC200 #Y, 5 P4k B2 97 B B A7 BR A 7)), Mylab
90(Esaote) » Image] # {4 (32 [H [ 52 DA BE) . £
Yifemgbric {48 (ThermoFisher) .

l-ethyl-3-C 3-dimethylaminopropyl )
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1.2 il % AS1411/PFH-NP Ml 40 mg PLGA-
PEG50/50-COOH 5¢ 2 ¥ fft T 2 ml CHCL ¥ W AE R
WAH A 200 ml PFH A 7K AH , 78 vk vk A 3R
AR W F, B A 4% PVA WU 4 ml, k2278
vkt LA SR IE iU FL . Z JF A 8 ml S TN i
WWOF P FE B0 B R T /515 3] PFH/PLGA®@
NP, RH B — W% FE 20 mg PFH/PLGA @NP
TAHEET 5 ml MES 7 (pH 4 5.5,0. 1 mol/L), 3
% PFH/PLGA@ NPs: EDC: NHS=1:2:2 L4 A
EDC.NHS, 745G b5 & T 5 ml MES # (pH K
8.0,0.1 mol/L), It A 1 ml AS1411(1 pmol/L) J&5 &
TR IR % 480 (10 000 rpm, 10 min) Y%
JE S FNHE ) AS1411/PFH-NP, LA XUZE K N KA, 2R
AL A 2] 25 (1 NP,

L3 Ky Bk SR SR SCR AR A A
AS1411/PFH-NP K42 fl Zeta HL {7, LI TEM W £ H
A, L B3R D7kl & DIl 2¢ 0% bR id B9 AS1411-
FAM/PFH-NP J5 ., % il CLSM W% 2 FAM 4 {0, 5%
A 0 A% R & BCAK AS1411 545 DIl 40 658 6 hRic
) AS1411/PFH-NP 13 4 18 10 » LA =X 240 M A 2 it
i % 42 5. K 1 ml AS1411/PFH-NP & W
(1 mg/mD& T 1.5 ml EP &, /> Jill & F 37.58 &
80°C KA 30 s, LAVE 2% I i i WA AH AR R )

L4 Kol gg vk Kb 7 X B KB ey MB-231
TNBC 4 i F1 LO-2 N IEH HFREAR AL LA 2 < 10" /L 4%
Fi T 96 FLEEFRMIFME T 24 h(37°C.5% CO,, £
P SV IR 1 (BT QA VE DR R E il
AS1411/PFH-NP Bt A [m] e B %5 W (0. 25,0. 50,
1.00.2.00.,4.00.8. 00 mg/mD , & T 96 fLIF it ,
#iE6 ANFTEES:WEF 24 h 5, LB 2 b W
(phosphate buffer solution, PBS) ¥ % ; F[n) & FL 7 i
AF10% CCK-8 3 71 (4 TG I 5 3% 77 %& 100 pl, &
4 hJ5, LLZ Yy pr 0 A & A5 0 4 Bl 7E 450 nm P K
T B WL, B % B (optical density, OD), i} £
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W BE T 240 B A7 35 2 21 AT % = (ODxp — ODyni) /
(ODonirol — ODyppae) X 100 % 5 HiH NP 278 5 40 i | 15
Fi K K AS1411/PFH-NP, blank 7R & 835 3 A &
i K AS1411/PFH-NP, control 37~ & 4 il K 1% 5%
¥ R AS1411/PFH-NP,

1.5 Kl MB-231 TNBC 4i i ¥ 7] fig PL1Xx10°/
LK MB-231 40322 F0 T CLSM 85 5 LR % F 24 h;
2 B8R U7 ¥ 4 S 4 DIl 28GR id i PFH-NP I
AS1411/PFH-NP 5 B A 4l il 5r ok 2 4. O HE 8 )
4,7 DIl %56HRic PFH-NP (985354 (2 mg/mD ;@
a2, & DIl 2964810 AS1411/PFH-NP fY 15 55 5
(2 mg/mD . ¥ 2 24040 73 % 5 A N 3% 57 AL E
4 hJF, LL 4% 2 5 W [ 2 4088 15 min, B LI DAPI
HEAT A AZ G 5 10 min; TP IREE S Y LA PBS Uk
YHM 3 R, HJETE CLSM F M%< NP 5 40 i i 45 &
IR

1.6 RSMEF USRSl & 300 B He b e e 1A g
WA 1.5 ml B0 8 AR 55 MR, ] T B 0k
Wo B 1 ml PBS.1 ml 254 NP(2 mg/ml) X 1 ml
AS1411/PFH-NP(2 mg/mD 4 51 & T 3% Bt g b sk
A% v, B PBS 4H NP 46 M AS1411/PFH-NP 4 ;
DL HIFU & B8 U Hocs 2 CBEFF 1T 20 mm, 100 MHz,
120 W/em®, 58). T B-Mode F1 34 5% #8 &= & &
(contrast enhanced ultrasound, CEUS) #i & T LA
MyLab90 R £ 8 75 K14, Db Image] 4 & & 0 &
CEUS 1% h i ROTCHIFU 43 18 £ 5 K [ 4% Py 3 15
T Ay ) R R, @ = 12,7 mm) A9 F 3 K
JEAE .

1.7 HIFU B4 AS1411/PFH-NP W il 25 14 2 AT 41
21 DIEA WA E LB 3 SR Oy R B R A T 4 2
(12 cm X 10 em X 8 em) H A 25 /5, 43 S5l 1 X #8 75 R 4R
A R AR R Ry B 2R A 2SR A 4 em Ak CHITE
XD 3 45200 ul PBS, 200 pul %5 H NP (2 mg/ml) K&
200 pul AS1411/PFH-NP(2 mg/mD 54T HIFU 4%,
TH Rl ST B =3 oy SR AL 28088 75 12 T S0 A 00 37 o X
HIFU %8 BT 5 ESOF ¥ K BEE AR L. Z )5 W AT
T g [ VIR FFA S0, DL Tmage] BRI 3 B2k
JHF 2H 0 0% 3 ml A BRURDER 75 RE AL A F Cenergy efficiency
factor, EEF)") . {4 @l BL = /6 X {4 fill J5 ¥ 51 1 IR 36
XA BE B [ IR A8 X 5 B < e M 0 58 X R BE
EEF=qPt/V, Hrh n=0.7, higEHRERE. PN
SR PRSI (W), ¢y SR B R (), V2R & [ 1
AR F (mm™) ,

1.8 HIFU Bt4 AS1411/PFH-NP 4 15 & 4+ MB-231
TNBC 240 ffl ¥ 4 T % %52 K A9 MB-231 48 fif1 LA
1X10°/FLEEFN T 6 FLAR T IFF F 24 h If4rF HIFU
44 . AS1411/PFH-NP 4. HIFU + AS1411/PFH-NP
2 R T T4 5 W B R 3R RS % HIFU 41 0 K T il
HIIMAA S AS1411/PEH-NP (% T I 35 b5 5 35, %t
AS1411/PFH-NP 4 #1 HIFU + AS1411/PFH-NP 4
B A AS1411/PFH-NP(2 mg/ml) i JG IfiL 1 15 3%
R E 4 h 5 LL PBS WU IE DL 0. 25 % il R
& EDTA) W4k 3 min. ITA PBS il B 40 i B O 7 5
% 1.5 ml B0 %k HIFU 41 #1 HIFU + AS1411/
PFH-NP 41 ) HIFU %% #8 (100 MHz, 120 W/em®,5 s)
B AL X AS1411/PFH-NP 20 Fl & T 15 4 A 1B
R IR AL XT A ZH AT 000 rpm 0> 5 min  PEH 2 IR, &%
L3 1< 10° S 4l i EE & F PBS(pH Ry 7. 2)500 pl
g . SR T 2K 2 A SRS 0 448 B T 1

1.9 Gttt R GraphPad Prism 8. 0 423t
Brigft, DL x4 s RoRFF G IES 0 A6 1 2 55k, R
H R ZE 5 2 40 M dE 4T 2 41 08) e %8, LA Dunnett 3 3F
17 2 18] F 8 51 6 22 52 0 ge it 27 7 B AT ¢ ke
3. P<<0.05 AZESASIEE L.

2 #R

2.1 AS1411/PFH-NP ¥ ¥ 45 #EH 5 T
AS1411/PFH-NP 2ERE , B & R 4F KN —. o #hE
BAER 1A) KRR (249, 70 £ 4. 72) nm, Zeta HL {7 Ky
(—3.464+0. 7)mV ([ 1B, 1C), M8 FUWEL.37°C %
47 AS1411/PFH-NP A& LB i A48 . 58°C 2 80°C 4%
PR Y] WL 35 A AR, LR B L R T R o 4
ID~1F), %8 PFH MU,

CLSM F,FAM & 4fii () B R 35 Bie A& AS1411 £ 4%
@56 (- 2A) DIl Fric 19 AS1411/PFH-NP & 41 (4
PG 2B) I 0L i 9O B & (] 20) 5 i X 40 X
o I S s A R R, R 58. 1120 (] 2D,

2.2 AS1411/PFH-NP 41 g #% t  HW&H 0
AS1411/PFH-NP ¥ 4 0. 25~ 2. 00 mg/ml i}, &~
[ BE T LO-2 A IE 5 R 20 Jf 1% 4 0 B 8 25 55 0k
BEFHE 4.00 mg/ml B, LO-2 4 3% P B % (t =
2.335,P<C0.05, & 3A); 5 JE 0.25 mg/ml # b,
AS1411/PFH-NP ¥ & & 2. 00 mg/ml A}, TNBC MB-
231 ZHMLIE PEREAR (1= 2. 952, P<<0. 05, &l 3B), it 4
55 LA 2. 00 mg/ml A AS1411/PFH-NP it i i B ik
(CE Y8

2.3 LA AS1411/PFH-NP il MB-231 4 Jifg ¥ =) fi
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B2 J@BAS AS1411/PFH-NP #$#  A~C. CLSM( X 200) 7% 28 FAM & i 59 4% B2 & Fid & AS1411(A) (DIl #Ric 8 AS1411/PFH-NP
(B) K ZF#H (O D. iR AT /R 16 Bl & 5 AS1411/PFH-NP % #5 R [&

CLSM 7r MB-231 48 M #% 2 i 8 92 5%, BF il Dil ¢
Fric PEH-NP F1 Dil 2¢ 6451 AS1411/PFH-NP
B W AS1411/PFH-NP I & B4E T
200 A% K 40 T L A S ) 2 R DI S AT (B 0 O SR A
F W] AS1411/PFH-NP %} MB-231 FLIR 40 A B
IR mIRE S . WLIE 4,

2.4 KA NAR  AS1411/PFH-NP 4 CEUS [
BIKFEME KT PBS 4 & NP 4 (t=17.24.5.60, P 1

<0.05), LKA 5,

2.5 HIFU B4 AS1411/PFH-NP I filt 5 {4 24 7 21
4 % HIFU -+ AS1411/PFH-NP # gl J5 . 4~ T 41 21
BE [ P IR B8 X AR TR T HIFU 4 PBS(t=17. 99, P<<
0.01) K% HIFU -+ NP ji§ fil (+=14.33, P<{0.05); &
HIFU+ AS1411/PFH-NP J5 , JH @l X EEF & % /N T
HIFU-+PBS(:=5. 41, P<C0.01) &% HIFU+ NP i fif
X (t=4.82,P<C0.01), W% 1 KK 6,
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B3 S5 RRWE AS1411/PFH-NP $L08 T 24 h 540G E AL L-O2 4000 ; B. MB-231 40

2.6 HIFU B:4& AS1411/PFH-
1 1] £H JEsmzH

NP 4 ffi MB-231 %L i # 40 i
o 40 AR I g5 R oK,
HIFU + AS1411/PFH-NP 4
MB-231 4 jf i T 2 5 T HAth 41
(P#5<C0.05), WK 7 Kk 2, DIl ki
3 iFig
N HIFU P 8] 35 8% 550 wT
$evm HIFU I fh 3 3 J it a1k,
1R B0 1 5% ) AR SCR B,
{HICYE 25 2o 1l 487 PN Bz 4t 1) it
WA e T 40 i K F & B iR
7, LI b #5022, e L)
SCELIG IR AL . WS i H A b DAPI {5,
R0 AR ) 2 R S R AR T
Tt » FL il A A 2 A0 R0 B9 41 fin o
HIFU xf # X 41 21 /9 & 15 3¢
B PLGA AW % 4t K 4f,
CH TR . A58 il 45 1 3%
PLGA % AS1411/PFH-NP ]
T HIFU $8 T & A WA AR
womzs {2, $#25 HIFU 34 mﬂ{&ﬂl DIl EARiE+DAPIL 1
R Je %47 b 988 A A R
i NP HA7 3= 3§ 1 4 BY
T HIFU ¥ H Rl g R &E T
LI X 2K NP £ S0 4]

SUR R RS, AR IE LA R B4 CLSM 7% AS1411/PFH-NP #[i MB-231 42 ( X 600)
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SRR AS1411 & 4fi 3t PFH 1 Bz, ¥ 28 8 A 40¢
NP, ffi Ha] f B AS1411 5 MB-

P<0.0001

l P<0.01

231 20 J B OF Bl B WA L, 30 P<0.000 1
MB-231 4 il 1% /175 55 AS1411/  PBS# ' -

PFH-NP 454 24 h J5 T W, %)E

FTEFREAET TNBC 40+ & 20k
R R, AT SRR ) E
fit i AS1411, J5 & % A [6] B i

5 B T2 K P E 1k (dB)

21 X ) A KR NP
oA W %K BN, AS1411/
PFH-NP 4 ¥4 7] I 48 /)y 5 otk

PBS NP AS1411/

G ln] H{E 45, PBS 40 % NP 411y PFH-NP
0LEg M A, H AS1411/PFH-NP AS1411/ D
4 CEUS B KM B E LT % BIS SMB S IR PBS 4 NP 41K

AS1411/PFH-NP 41 (A, 21 }E i ROD K&

PBS 4 K NP 41, % B AS1411/
CEUS IR JE B2t AR I (B)

PFH-NP B R4 B aE 1.

PBSEL NP4 AS1411/PFH-NP#

60
P<0.001

30 - P<0.01

—

40

TG AR
30 L

i [ PR AR AR (mm*)

{} - 4
PBS NP AS1411/
PFH-NP @
80
P<0.01
P<0.05
o 60
AL ETCEUS
40 |- i
20 L
iH il S CEUS
0
PBS NP AS1411/
PFH-NP  @®

B 6 A4 HIFU BeA AR 7 i i 4 AT 440 A~C. BEFPESR B0 A HR UL L 34 fl X CEUS 284k (A) B AR AU )5 B (B) \CEUS JK Ji 5 7 | (O
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A AT AS1411/PFH-NP#| HIFUZH HIFU+AS1411/PFH-NP#
107 -Q]-l'l.il.“i‘f'hll Q1-UR(3.20%) 107 HO1-UL(10.06%) QI-UR(14.75% 107 OI-UL0Z65F QI-UR(22.17%) 10°FQIFULI033)  01-UR(51.04%))
100t ; 10° 10° L
o 4
IR O | 10° 10° 1o
2 Sl 10°
g 10 104 107
r)l-'l.l.ilii'::'-.l}ﬂ:.. Q1-LR{0.58%) L asenl  QI-LR©33% o) QI-LR(4.63%) 102|011 314y <QI-LR(27.12%)
1 10° 10° 107 104 108 10° 107 13104 108 10 110t 108 100
SN (7]
7 WAL TR MB-231 AP TS AL (LT HER R AR T HD
1 HIFU BA AR 5 R S0 il s ik IR 27 I i 240 e B AT — e AT
FFHABOR L (n=3) Zr b pr ik, A WF 5T & YRR S R B ) TNBC
HIFU AR FHFASUNEEB (mm®)  EEF(J/mm®) AS1411/PFH-NP A] #2£ @ &4 HIFU {8 @R .
PBS 12.48+1. 88 34.17+5.02
NP 24,3240.87" 17.29+0.61" .
AS1411/PFH-NP 36.89+5.00"% 11.534+1.65* % I:%%j[ﬁk]
F1{H 46. 62 44,07
P fii =0. 001 =0. 001 [1] SUNG H, FERLAY J, SIEGEL R L, et al. Global Cancer
W% .5 PBS AL LA P<<0.05; # .5 NP 4l b4 P<<0.05 Statistics 2020: GLOBOCAN estimates of incidence and mortality
- worldwide for 36 cancers in 185 countries[J]. CA Cancer ] Clin,
# 2 KA AFLIRE MB-231 41 f5 /4 2021, 71(3):209-219.
MR- (% . n=23) [2] FERIL L B, FERNAN R L, TACHIBANA K. High-intensity
o5 AR TR focused ultrasound in the treatment of breast cancer [J]. Curr
HIFU 41 28 00L1. 49 Med Chem, 2021,28(25):5179-5188.
= . L. © /\Q 'E""?;"; EL:‘ l‘/fllz "‘l] ﬂ}'Lj":Q\:LA\“‘“}ﬁ_E/ﬁ‘ ‘é NA
AS1411/PFH-NP 4] 15.17+0. 99" = f}é”\fii . Mfff IR SRS R 2R
HIFU+ AS1411/PFH-NP 41 71.2348.80" 'pﬂi‘“‘jﬁ’?”m'LPE{E*M R, 2015, 31(2) :186-190.
T Hia 3.3940.2]1" #& [4] GARRIDO-CASTRO A C, LIN N U, POLYAK K. Insights into
F {8 1342 molecular classifications of triple-negative breast cancer:
P {f <0.000 1 Improving patient selection for treatment [J]. Cancer Discov,
TE: x5 HIFU 41 1% P<<0.05; # . 5 AS1411/PFH-NP 41 [t 2‘019’?@‘):176'19‘8' . , ,
P<0.05: &, 5 HIFU+AS1411/PFH-NP 4 I P<0. 05 [5] GONG C, YANG B, SHI Y, et al. Factors influencing the
ablative efficiency of high intensity focused ultrasound (HIFU)
AT g HIFU JEEh; X2 T AS1411/PFH-NP treatment for adenomyosis: A retrospective study [J]. Int J
P N - N Hyperthermia, 2016,32(5):496-503.
2, 4% HAD ’j\t\/— ;E‘fq‘ \éd:A 5] == Vi
Eﬁl&j{;;‘ﬁ@ “;Mﬁm& VRIS TTTRAE [ o Sy, i, 4. o A7 9% I
FATR P A ] S 4 7 BN 2 ) ) 5 % 1] o R B 2 B AR B R 2000, 25 (10) :
EN I V- N S I A (S RS O I W 1896-1898.
§ W L o N [7] ACHARYA S, SAHOO S K. PLGA nanoparticles containing
_ PaS o % U2
ASI411/PFH-NP Ik 7 HIFU {léj ﬁﬂ )dl % ’ Zi Az various anticancer agents and tumour delivery by EPR effect[]J].
HIFU+ AS1411/PFH-NP 8 @l )5, 4+ 1 2H 21 8¢ [ 1 Adv Drug Deliv Rev, 2011, 63(3):170-183.
ﬂ:%,ﬁg*ﬁﬁ%k? HIFU-+PBS & HIFU-+NP ‘Héj %T)E , [8] YAZDIAN-ROBATI R, BAYAT P, OROOJALIAN F, et al.
N I Therapeutic applications of AS1411 aptamer, an update review []].
ifii HIFU + AS1411/PFH-NP i il X EEF 1 3% T Int J Biol Macromol, 2020,155:1420-1431.
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