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[ Abstract] The incidence of peripheral artery disease (PAD) has been rising year by year, becoming a significant challenge in the field
of public health. Currently, the clinical treatment methods for PAD mainly include pharmacological therapy and surgical intervention, both of
which have their own advantages and disadvantages. Therefore, exploring more effective treatment options is imperative. In recent years,
biomaterials have shown promising application prospects in preclinical trials for treating PAD, especially in ischemic disease of lower
extremity. These biomaterials not only exhibit significant tissue protective effects and promote vascular regeneration but also possess excellent
biocompatibility , controllable drug release characteristics, and good biodegradability. However, these materials still face numerous challenges

during the clinical translation process. This review summarizes the recent research progress on biomaterials for the treatment of PAD and

addresses associated challenges.

[ Keywords] Peripheral artery disease;Ischemic disease of lower extremity ; Biomaterials

1 SMEBhEKGRR/ T B Sk i 14 B it A

AME B K ( peripheral artery disease, PAD) Jf&
T RO 3l bk A A B 7w RH 26, S SO I 1 20, DA
M5 | % — FGVRE AR AN T KAE P h, PAD £ R K
N REBK , AT R B B AT | #R R | R R 9 A A
AR PE AT G &N BORFE . PRt T IR i 1 9
18R PAD B8 51RO E Y . PAD AR IEZ
AR EFE, ST 3 2045 4F, B s i 30% ~
50% . X—HHEE A0 BB AE X, B,
PAD ) F 203097 T Be B 46 25 W 0 F R0 97 (WA
1) HZ5YG T £ R 1A T B, AL RE 2R ff ik, 6
TR AR AR ot o A A I e . FARIBIT R
G TFARIGIT RN WENIRYT . A58 T AR 1 BE
BB FARKE, I B 55 & & KRG I K

FET T LA IR T AR M R R, B B AR OR
AR, L, & ZR R 7L HF PAD (1)
IRIT
2 ATi897 PAD BEWH

AW A B FE B2 H N T4 BIEHE A
NI, HF B2 W a7 MM kL, 78 PAD B9RYT
i AR R I 3 RS PR O TR A S
AT AL AT 3 558/ AT AR A AL BB B LA A D e, e KRR
JEE b 44 e A ) 2E PR L R 3 T A S T AT Dk
/b afg e DR B 1S B AG 2 IR AT LR, BnAr i % A
B S0 I AR I % A Pk AR A0 55 AR 5 S5 B
WA A B L W LAY 22 5 BT S 3O I PR A AL IR
AN M, LA KA A B S B A 77 2o A b T T i
A — 2R HI MR

BE&WE . HFE 1 RBP4 (82370478) ; KapA Bl 835 ( 202410285252 )

BE1EE BB/, E-mail ; txm_2020@ 126. com



AR A UE R 2025 4F 12 A5 46 557 12 W] Adv Cardiovasc Dis , December 2025, Vol. 46, No. 12

- 1091 -

Fontaine 1 #:
TCH GG R,

B/ <0.9

Peblfa R %
BINAIT

EL7bevig
PRI RCR AV

AR e

— | sy

Fontaine TT .
PUREHERET T | —
g FEER
W BB 25 R LEE 2 )

Fontaine T
DA S
PO A FER R 3R

Fontaine IV s

Koz EEA
A FEORE ML
I AE

[%%m@ﬁ@ﬁﬁﬁmﬁ]

Pl /RIS IR R 259

PR MR R A PO R A
W, HESIRYT

B 1 PAD“®mE-HE B REE

H i, HITBYT PAD (A MG K BEIE | Fh
WM RALR-FE I TR IL R Y[ poly (lactic-co-glycolic
acid) ,PLGA | 9K BURL IRGH K ZF 2 AR W4T ER 1l 4 LA
AT R B S R
2.1 FKEERAE R E YA

TKBEIRE 2 SR 7K A B 6 W JT S R T S ) = 2 X 4%
B ARM SEE BT ( 2548) , T2 TR P 44t
TZHENR ORI, 7K BE AR 4l A Jot ] LAy o K AR K
BRI (nitete R £h WA AE ) FA UK BEIE (IR & —
W) O

TKEIE 10 I 245 25 46 A By T 1458 25 ) R 3 A
T HE A 245900 1) AT 0 P AR5 1] L Yuan 260 8231
T RS RR EN EFR A Bik FR SR K B , REASTE 28 d
RSB Sr* F Si0%, 7E/N B Rk i B o | 3
K BEIE 2 B AR SE R TSR ¢

KBEIE A A B A T R AP R R AF R B Serack
LD 4% A NE 5 T 41 i (human adipose derived stem
cell,hASC) 7E PN (19 18] 78 5T 1 4f Bfd ( mesenchymal stem
cell, MSC ) Jilt A W 2 N 4 Bt fL £ — W% 7 R A
( methacrylated glycol chitosan, MGC ) 1 B & 75 45 ik 1k
1 IR ( methacrylated hyaluronic acid, MHA) FJ 1 &
KEERE T, A MSC AR 14 P AR RE J1 iR Y7/ RUB A
BRI, ZWFFER Y], IRA KB H Y MGC S HF MSC
FEBR ILZH 2P A7 6 AL B 1 20 45 2 B T il

AR A ML A K B (vascular endothelial
growth factor, VEGF) S&{2 1ML 45 8T A=W it

PAD AJ J3 Sy AR P 2 R L LA B2
TAERE 2SS, Zhang 5" P& T —FhEA pH (HAI
L U i o7 A 118 8 S 7R K R G, 12 7K B G vh SR 4RL
- REANIG-RA iR BALRY) BRI 4R, L
L BERR GG 1, T P T 2 A TR R RN A A T
=HAY (diallyl trisulfide , DATS) (4 ] 4= Y5 i b 25 4
FL A A 40 K WKL ( biodegradable hollow mesoporous
silica nanoparticle,dHMSN) . 7E 2 PEi 3 9, th T2
Aok J8E R SRR If VA R T 0 St L P SL Y pHL R U
B EAL, MK BE R RE A SR EME RO B 2R, 1218
PRSI B A R BB K R T Y 407 W] LA
28 UK, 45 i DATS @ dHMSNs (1 J=) ¥ Bl
DATS Zz 18 BT 7 A i AL 2, WO 12 70 26 1L Y
B FUMEERE B, [JE VEGF B3Rk, iR S Bl 42
HE M A TR RICR

MTRYT PAD HYZK BERCAHH SC AL Rl i SiE 22 25 4)
FEHH R I 2h A 38 N B I R B A2 0 AL
[l A AR DGR SE 1 2R K B ELAT HR € ) AT A
HEUR ] — S, I R A7
2.2 SMEAR K E AR

AU A2 200 L S A ) U PT A At 4 i B
HMRRAREE . AT R E AR BT i R A )
JoT, AT AR B AL AT S SR SRR
RGARWOTE A WAL o T TR A 4 4 55
ML BBUTZ BT 24 R GE R A S 25 ) el A
PRI A

Zhong %5 P BT VR & F (19%0,) M ATiE S L6
T ALATT A Y MSC, LA i 73 004 1) 70 W A v i 2 1
AR T AR WUAE R PR 3 i, AT A R 55 R A
SISO W8 PR T Bt 1L/ L) IV HE 1 . Zhang
%’I‘[M] AT F ik £ -1 ( glyoxalase-1, GLO-1) 0]
O P05 A 1 24 L, JH 53 0 ) D A i 2 3 R T K A
LA SE 5 TR A IR RE 1, 78 2 BUBE bR /N BUSE
A I ASE Y e R I T T R UL A R S R
Sun 4 PLKE miRNA-367-3p #5 YL 2 B8 MSC, 55 97 )5 #2
BOZ AN 53 WA B S IAA T T Rt i /B, 25 SR
IR, AN A ) miRNA-367-3p it T zeste HEP
Ha5ig [ JE%) 2 (enhancer of zeste homolog 2, EZH2) Fll
A 4 B R A S % 5 ] B 3 (suppressor of
cytokine signaling,SOCS3) , &k & A T 28 i [ 1 /K °F
RN T AR DGR R3S, NIk 1 218U

T RRR BT By TR A A MAMAC AT DL B R R 1Y
RITH) BT, NI K 4536 97 B 9 9 AR . [6) I B X



- 1092 -

PAD i i 5 2 A miRNA A9 A A i 1

O IR 2F R 2025 4E 12 A%

46 5 12 W] Adv Cardiovasc Dis , December 2025, Vol. 46, No. 12

HAHEAEY)

AR 3 3 8] 42 3 S A o) A, B AT i 9 22 A AT

6T F M RE, WL 1,

£ 1 KEBFISNB IR £ WA MR- BT —
R B i Ik i P i BHHE
3k A 4 i (53T
HESER M FERRE, | B R ﬂmgﬁ%%%%%%m%,gg@f;iﬁ;%gﬁ% rmERRe | (8]
RERK I £ JRE I ELIEY o ’ RIS
TR PR B /K BEI AR % I H 1) L W 4T Y I A1 by T
ST R U 5 AR 1 A L
MGC . MHA hASC ST S I b | A A AR AR RO | R TFRIG R 9]
3 S 1 AR 34
7 B ER A T S ST H ik A
% ek . PRI RS SY| AT I R
e DATS S S, A e.}"r J\L{:%,ﬁ?}’—‘@kma RIFJRIG RIR IR [10]
- i M I T
b FER
” | R R R
2/ B AR AT R i 3R ‘ -
MR | |t TP BT R [16]
PNt 92 10 SIS it NI K g b ] 8 B i 20 2 i
AL TR S SN
T
4k = f TR AT 4 2 2
L e A g | o RS SR g e rﬁﬁmTﬁm%ﬁfuiZf
Wy 2 1 | T AR A %ﬁj}ﬁﬁikl%fﬁmﬁ%gﬁ UEIAURIAA ikt | [17]
T R 2/ MRt TR AT I T W 3
e PE2E KA T-BB - PAD Bl Rk
98 MSC 2Bk AL
&1l PLGA-PEG-PLGA ) N fifg 4 &3k, 4 9% 40 M BL AL By -
|4 7 BURES:D mp i Iy N i AR 156
. TE AR 4 MSC AR | e g | FIPRIRI (18]
e 5 R R
53 UL L T
1 B /B4 U S .
LR K e S B M 1 | 1230 165 I J) 6 B A GM- :
s v _ 2l R
R . PR/ 3% T 18| GM-CSF VEGF % TR GM-CSF #1 VEGF |CSF #1 VEGF P [R] 34 5 1M 4% 57 ATFIRE A58 [19]
407 K BRI .
/EEHla
W1 e/ R 2o AL 9 | Cu® R NO B ( S-TF (R EAN M T RS , 7 g 4
ity 22 I /400 40K | L8 M R 8 e | R 3 2L VBB G B NO | BT M2 R AL B BLAIAE | R TR RN PR [20]
ki ik ) LA ORI T
R s 7 Wt 4 e 2 760 A ( A1
SRR A g%ﬁ%”m£mwbﬁﬁ&%ﬂm%Qmemﬁ ML) B S| ATPRIGRRE | [21]
YR 5 RAE AR B
T HE TR VER TR
MSC 41 30 (i ﬁdﬂﬁﬂMﬂm%Nm¢ﬁﬁgi;ﬂfiﬁ%ﬁg;g
BT SRR BB, B T | S | PRI | (13]
A PR B CR iR | JOAEREAE
SR AN 1Y B B TR T
T TR K U 32 1 5 AR 2
/N 0 ik U/ 20 U T R AR E ik
i skt | |0 RNACERIR e s s, s | G RURIER S| e | 1]
GLO-1 o AL A B B A L I, AR LA
o : ZH0EE 2
4 98 i I 1% 3
miRNA-367-3p EHlL7] EZH2 22 Hﬂﬂ{iitfrﬂ RNAH;E;
MSC SN miRNA-367-3p 3 UTR R i i | o B I mRNASSGT et | s
RO 3p B ST I % — 1 1 UK
B R -
g
C i Y " T o B v A ML T 2R A I O
QiﬁLW@%ﬁyhmmknﬁ B B e | R LA A | RTFRIGHRS | [22]

I D LA A IR T

1. PEG, B 2 28 ; GM-CSF , R4 0 - 5 W 40 i 4 9% 3 3 I8 1~




AR A UE R 2025 4F 12 A5 46 557 12 W] Adv Cardiovasc Dis , December 2025, Vol. 46, No. 12

- 1093 -

2.3 PLGA S KFBRIHE X £ ##

PLGA J&—Fp o] B iy Th e i 0 T A AL B4,
PLGA 9K BURLAE N 23848, L EH AR5/, AT §E 1)
K PN R AN | B T 2 a7 I RN A S A g
L3

Wang %5 £ 17 1L/ A 8 194 400 ff 2 4 T
TF-PLGA ZK IR , 13 6 40 K UK e i #1032 2% 2 1
BB, BB TE P R A0 3 5 T RS RS RE
A e 2 I AR A R i A A | TR s s IR T 4
JL A PR T g P A B . Tsumaru 2504 (ORIFSE &
P 7%k miRNA-126 B PLGA 44K BUk: fE 65 78 1145
WAL FFEE GRS R, T VA Sprouty AH2¢ EVHI 5443 &
H 1KLL VEGF 555 Sk 4, (e o sk ai,
/0N BRI A8 A

PLGA KR H Fr O 8% ) 12 I F 45 2850 1
IR & A BAE PAD M1 WA R T &
R 5 B IT A AR
2.4 FBRAUKAF LR EDFRE

RAK LT 4k i LR AL AL, HA T 5 1 A A 2
PERIAE Y A b, S E IR N B A9 AS TR 1 5k A2 1&
WA AR L T 2R $, [0 WL R 40 1 40 K 2548
HLA TR AU 4 B AL 2

Kumar 25530 & 1 7 —Fh 4 VEGF 19 3 4 3E £
K, BN SLanc, %2 KBRS [ 4 2 BN K £F 4K
eI, &4 VEGE BHU7 51, g F i 2E i, 78
TR BN A AL Hp SLane A BY T L7k &2 A LA
AU (B T Wk 52 B 38 SR KO Rl % £
JHK o A 5 4 T B P -2 [ A 5], T o AR 9
WRATER N 5 B, B HL 2 4k, Tongers 45 JF
ST — TR A SR 4 B A K 2T A L B 2 L T R RO
FHEEAMNBERSE A RN AR-H &2 R-KRELH
fiR-22 B R P 3, X PRGN K 47 2 3 T e 8 W & (9 i
REATAE AR A A B A0 B e 32 HL,0, WS T, JF AR
Siid | IK=Rac) A

KRG K T 2 AH G 4 BB 0% 38 3 A5 HUL A 1R P9 A2 1
EHAACY TORIGITE . BLAh, 3 26 4L 65 1
B A FEIR YT m AR PAD B (WA £
PR B i R ) O T Sk R A T, A LI PR
AR HE T AT REE
2.5 SEYITEMEMAIPEMEHEES SR

AT = AEFTENFA T DA A N T 48, il A5
JEL PRI AR T, O FLRBAS LIRS E AT P9 F2 41 L Y
B3 Gao AU My HE T — Bl el B0 FE AR AT 28
PLGA BRI LUK IR 4N M A& o/ e R £, LA S Y
BEAH A ML B B RGEAE , FEI R SR P[] il 4 i

FTENTT v i 8 S5 F DR A B AR BRUS RS, 3T
JEIRFER I DL D D)1 G A= R S ml IR
T4 = 4 A= W AT ED i REVOVAS® 2 #E A g )i
RV R e (19 i R AT 5E B B ( ChiCTR2100049901 ) ,
AL IR E IR

BERL MG AR BAT AP R AR A | AT R A
i WERINIAER 7/ P ke o2l = A 1331} S A LT
BEMLXT BRIIFSE O o BIFSE N B HLE T TR B 45 4 S
IRE 22 B N IALAE O ARG Y7 IR BBk 722 19 97 8%
ZS, WA R BN, AT IR L SR TR A A
DIFH 100% , 3% & T oA ai sk 55k 4109 96% ., 7
ARG 30 d PPl PR 2R R S0 (1
/BT RAERT R EFESIT #2255, BEHAA
Biotronik H EHWF & Y Freesolve™ JE T AT WIS EE Jik S 48
E 345 FDA“ SRS 7 N2, A B AE I IR | 52 P
VA
2.6 ImRFEHSHkE

AR R 5 3 T 3 1\ T B T sh )
BOUE | B U525 % B ( good laboratory practice, GLP)
BE SIS AR TG RIS = A G Be, H AT, 7E/%
TR LSS/ AT R AR R D0 AL P A AL X — AL
[, RZHE YA R R i 45 B AL, JF T
JR T BEPRSLLS . AR BEXF S - im AR A 1 B R
WFFE AR R R S AH R PSS B A BR . 124 Mk,
AKEERE AP F T B 45 FN AT 66 i 5 ST AR g e S B
BAOESER A Al s i b A R B -
e 2P A6 75T T s ) 9 A v R A 21 58 0 E Y, Xt 3
BOHME LU O EATT

R S B SLIRIEIE %
GLPH; RS
M TG RIS
C—y SRR

B2 EMHRgEEE
3 BHEERE
UTAER LM RPRHE I ARG ST Hh A48 3 H 4 B2
PR, ZIF5E R, T TIRYT PAD B YA RHE
Il PR il R B 25
MTWERIGST PAD HYBRLE # H A& 0 5 19 2R W)



- 1094 -

AR 2E 08 2 2025 4F 12 A5 46 50 12 W] Adv Cardiovasc Dis , December 2025, Vol. 46, No. 12

ARZEE A T TR A g 8 0 RE 1 DA S R 0 A A e fife
PERE, ShE RISz ag ) i — IR S, X S bR 4]
SURIPORNAS P4 5 T B A B ROR SR, T 2
QAR £ T2 R B TR YT PAD B9 A i
B b, o, DU ZE ST B AT AR I S R AR T RS OK
RIS , AE A% 0 3 Wi 7 6 28 A LA IR MU S R,
B3 AR N B BHAS AR, DT A B A DAl AR RS 4
LA AR PCHEL Y [ A1) CRISPR-Cas9 & 1 71 b 14
AR B4l AR s A, BE 8 w2 20 1) b 356 K] 5 8 T
L3 06 )4 S MM (G0 PN R A T AR, DA SRR
LB A Bl PR 35, I8 AR TR S 2 D XU, 488 v 400 o
TZEREBEERARE F1 1 s e R PLGA-Fe™ & A 1AM 42
T4l PLGA ok, o] 3 1 #8 75 sl L PR AT A%, 52
BURTRRAL G, 28I AR e A= Wbt Rk it
07 % Bk BB D4 £ T2, O g S A A R, TR
YA 3R s B I PR, I 2 45 2K I RO 33

F e = R DR G0 AR ek il 3 AH OG5,
THRIT PAD BYEMIAE R K 20540 T2 = B B, AU
A BT D AL AE R AT [ i R S A B R T A
Ao ARAFFT I 5 B HE 1 3k S8 A W kR A I PR Ak
DL R PR A A Bk %, N TT & 48 5E 22 PAD SR,

=& ¥ £

[1]  Houghton JSM,Saratzis AN, Sayers RD, et al. New horizons in peripheral artery
disease[ J]. Age Ageing,2024,53(6) :afael14.

[2] Fowkes FG, Rudan D, Rudan I, et al. Comparison of global estimates of
prevalence and risk factors for peripheral artery disease in 2000 and 2010: a
systematic review and analysis[ J]. Lancet,2013,382(9901) :1329-1340.

(3]  IF, PS5, &71%. (2024 47 ESC S1E B kAN = 3l kw2 o 5 FR46 7 ) i 152
(07 o A SR R4 R, 2025,32(1) 1 14-23.

[4]  Gomez-Sanchez CM, Conte MS. The importance of optimal medical therapy in

patients undergoing lower extremity bypass [ J]. Curr Opin Cardiol , 2024, 39

(5) :451-456.
[5] Abouzid MR, Vyas A, Kamel I, et al. Comparing the efficacy and safety of
endovascular therapy versus surgical revascularization for ecritical limb-

threatening ischemia:a systematic review and meta-analysis[ J]. Prog Cardiovasc
Dis,2025,88:126-135.

[6] Costa ALR, Willerth SM, de la Torre LG, et al. Trends in hydrogel-based
encapsulation technologies for advanced cell therapies applied to limb ischemia
[J]. Mater Today Bio,2022,13:100221.

[7] LiuS, Yu JM, Gan YC, et al. Biomimetic natural biomaterials for tissue
engineering and regenerative medicine: new biosynthesis methods, recent
advances,and emerging applications[ J]. Mil Med Res,2023,10(1) :16.

[8] Yuan Y, Zhang Z, Mo F, et al. A biomaterial-based therapy for lower limb
ischemia using Sr/Si bioactive hydrogel that inhibits skeletal muscle necrosis
and enhances angiogenesis| J]. Bioact Mater,2023,26.264-278.

[9] Serack FE,Fennell KA, Iliopoulos C, et al. Probing the effects of polysaccharide
hydrogel composition on the viability and pro-angiogenic function of human
adipose-derived stromal cells [ J ]. J Biomed Mater Res A, 2025, 113
(1) :e37800.

[10] Zhang T,Ouyang H, Liu S, et al. pH/Thermosensitive dual-responsive hydrogel

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

[28]

based sequential delivery for site-specific acute limb ischemia treatment[ J]. J
Mater Chem B,2022,10(38) :7836-7846.

Zhu M, Wang Y, Ferracci G, et al. Gelatin methacryloyl and its hydrogels with an
exceptional degree of controllability and batch-to-batch consistency [ J]. Sci
Rep,2019,9(1) :6863.

Zhang Y, Liu Y, Liu H, et al. Exosomes; biogenesis, biologic function and
clinical potential[ J]. Cell Biosci,2019,9:19.

Zhong T, Gao N, Guan Y, et al. Co-delivery of bioengineered exosomes and
oxygen for treating critical limb ischemia in diabetic mice[ J]. ACS Nano,2023,
17(24) :25157-25174.

Zhang X, Jiang Y ,Huang Q, et al. Exosomes derived from adipose-derived stem
cells overexpressing glyoxalase-1 protect endothelial cells and enhance
angiogenesis in type 2 diabetic mice with limb ischemia [ J]. Stem Cell Res
Ther,2021,12(1) :403.

Sun H, Wang J, Bi W, et al. Mesenchymal stem cell-derived exosomal
microRNA-367-3p mitigates lower limb ischemia/reperfusion injury in mouse
skeletal muscle via EZH2 targeting[ J]. J Pharm Pharmaco, 2024,76 (12):
1634-1646.

Pan Y,Lin T,Shao L, et al. Lignin/puerarin nanoparticle-incorporated hydrogel
improves angiogenesis through puerarin-induced autophagy activation[ J]. Int J
Nanomedicine 2023 ,18:5095-5117.

Sligar AD, Howe G, Goldman J, et al. Syndecan-4 proteoliposomes enhance
revascularization in a rabbit hind limb ischemia model of peripheral ischemia
[J]. Acta Biomater,2023,167:425-435.

Tian X, Yan X, Zang N, et al. Injectable thermosensitive selenium-containing
hydrogel as mesenchymal stem cell carrier to improve treatment efficiency in
limb ischemia[ J]. Mater Today Bio,2024,25.100967.

Kinali H, Kalaycioglu GD, Boyacioglu O, et al. Clinic-oriented injectable smart
material for the treatment of diabetic wounds; coordinating the release of GM-
CSF and VEGF[J]. Int J Biol Macromol,2024,276(Pt 1) :133661.

Le Thi P, Tran DL, Park KM, et al. Biocatalytic nitric oxide generating hydrogels
with enhanced anti-inflammatory, cell migration, and angiogenic capabilities for
wound healing applications[ J]. J Mater Chem B,2024,12(6) :1538-1549.
Fang F,Yang H, Li C, et al. Injectable alginate-based hydrogels encapsulating
engineered endothelial extracellular vesicles for the treatment of critical limb
ischemia[ J]. Biomacromolecules,2024,25( 10) :6656-6665.

Pan Q,Xu X,He W,et al. Enrichment of miR-17-5p enhances the protective
effects of EPC-EXs on vascular and skeletal muscle injury in a diabetic hind
limb ischemia model[ J]. Biol Res,2023,56(1) :16.

Wang P,Di X, Li F,et al. Platelet membrane-coated HGF-PLGA nanoparticles
promote therapeutic angiogenesis and tissue perfusion recovery in ischemic
hindlimbs[ J]. ACS Appl Bio Mater,2025,8(1) :399-409.

Tsumaru S, Masumoto H, Minakata K, et al. Therapeutic angiogenesis by local
sustained release of
nanoparticles in murine hindlimb ischemia[ J]. J Vasc Surg,2018,68(4) :1209-
1215.

microRNA-126  using poly lactic-co-glycolic  acid

Udriste AS, Burdusel AC, Niculescu AG, et al. Organic nanoparticles in
progressing cardiovascular disease treatment and diagnosis[ J]. Polymers, 2024,
16(10) ; 1421.

Yang C, Yang SS, Fang SM, et al. PLGA nanoparticles enhanced cardio-
scutellarin isoproterenol-induced

protection  of and  paeoniflorin

myocardial ischemia in rats[ J]. Int J Pharma,2023,648.123567.

against

Esteruelas G, Ettcheto M, Haro I, et al. Novel tissue-specific multifunctionalized
nanotechnological platform encapsulating riluzole against motor neuron diseases
[J]. Int J Nanomedicine ,2025,20.2273-2288.

Yan J, Huang L, Feng J, et al. The recent applications of PLGA-based

nanostructures for ischemic stroke[ J ]. Pharmaceutics,2023,15(9) :2322.



AR A UE R 2025 4F 12 A5 46 557 12 W] Adv Cardiovasc Dis , December 2025, Vol. 46, No. 12

- 1095 -

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chen J, Zou X. Self-assemble peptide biomaterials and their biomedical
applications[ J]. Bioactive Mater,2019,4:120-131.

Kumar VA, Liu Q, Wickremasinghe NC, et al. Treatment of hind limb ischemia
using angiogenic peptide nanofibers[ J]. Biomaterials,2016,98:113-119.
Tongers J, Webber MJ, Vaughan EE, et al. Enhanced potency of cell-based
therapy for ischemic tissue repair using an injectable bioactive epitope presenting
nanofiber support matrix[ J].J Mol Cell Cardiol,2014,74.231-239.

Yang L, Shridhar SV, Gerwitz M, et al. An in vitro vascular chip using 3D
printing-enabled hydrogel casting[ J]. Biofabrication,2016,8(3) :035015.
Pinnock CB,Meier EM, Joshi NN et al. Customizable engineered blood vessels
using 3D printed inserts[ J]. Methods,2016,99:20-27.

Gao G, Lee JH, Jang J, et al. Tissue engineered bio-blood-vessels constructed
using a tissue-specific bioink and 3D coaxial cell printing technique: a novel
therapy for ischemic disease[ J]. Adv Funct Mater,2017,27(33) :1700798.
Niu J, Huang H, Pei J. Research and development strategy for biodegradable
magnesium-based vascular stents: a review [ J]. Biomater Transl,2021,2(3) .

236-247.

R SUIE SRS -SHII SR SIS S S SIS ST S SIS ST SIS S SIS S S S

(_E#5E 1089 T7)

[24]

[25]

[26]

[27]

Cai X, Shen Y, Yang Y, et al. Renal denervation by noninvasive stereotactic

radiotherapy induces reduction of sympathetic activity in a

hypertensive swine model[ J].J Am Heart Assoc,2021,10(16) :e020068.

persistent

Zhu ZW,Li XP,Gao YW et al. [ Safety and feasibility of stereotactic radiation
therapy on porcine ventricular septum:a preliminary study ] [ J]. Zhonghua Xin
Xue Guan Bing Za Zhi,2022,50(9) :907-912.

Li X, Zhu Z, Liu J, et al. Septal radioablation therapy for patients with
hypertrophic obstructive cardiomyopathy : first-in-human study[ J]. Eur Heart J
Open,2023,3(3) ;0ead052.

ZRERVE AR AN, 4. SLRE 1 S TR R T T IR B UL ) SRl

[36]

[40]

[41]

Bosiers M, Peeters P, D’ archambeau O, et al. AMS INSIGHT—Absorbable
metal stent implantation for treatment of below-the-knee critical limb ischemia:
6-month analysis[ J . Cardiovasc Intervent Radiol ,2009,32(3) :424-435.

Wang Y, Wang X, Chen J, et al. Stem-cell-based small-diameter blood vessels
with 3D printing[ J]. Small Sci,2024,4(11) :2400261.

Zhong L, Tan X, Yang W, et al. Bioactive matters based on natural product for
cardiovascular diseases[ J]. Smart Mater Med,2024,5(4) :542-565.

Wang Q, Zhang Y, Shao F, et al. Bio-inspired design of 4D-printed scaffolds
capable of programmable multi-step transformations toward  vascular
reconstruction[ J ]. Adv Funct Mater,2024,34(45) :2407592.

Aslan C,Zolbanin NM, Faraji F et al. Exosomes for CRISPR-Cas9 delivery ; the
cutting edge in genome editing[ J]. Mol Biotechnol 2024 ,66(11) :3092-3116.
Xu 8J, Yang F, Zhou X, et al. Uniform PEGylated PLGA microcapsules with
embedded Fe304 nanoparticles for US/MR dual-modality imaging[ J]. Acs Appl
Mater Interfaces,2015,7(36) :20460-20468.

MAG B #1.2025-02-21

1111411111111 1111111111111 1111111111111 -

[28]

[29]

[30]

R R RARR [J]. B2 R (E20R) ,2022,49(3) :360-368 ,383.
Bonomo P, Cipressi S, Desideri I, et al. Stereotactic body radiotherapy with
CyberKnife for cardiac malignancies[ J]. Tumori,2015,101(3) :294-297.
Stergioula A, Pantelis E. Treatment of a primary cardiac angiosarcoma with
stereotactic body radiation therapy[ J]. Hellenic J Cardiol ,2023,72.:70-71.
Dhar A, Donovan E, Leong D, et al. Stereotactic Body Radiation Therapy
(SBRT) for a patient with a myocardial metastasis: a case report[ J]. Curr
Oncol ,2021,28( 1) :390-395.

HAS B 49 :2025-06-05



