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B OE OOHUBEREME . NSRS LR B AL R BESE SR BF9T & 3, FRai O LR B
JEFHOL S R AL E AN 22—, miR-133a 2O ZU & i E 5 A miRNA 2 — 18O LR
BIHE T F, B S S5 0NUBIRR KA KR R . RAERT miR-133a ZEIGIT 2—MEA RHga o HUE
ROk A% 4 | AR miR-133a i PN 602 = A0A YT I W EZE AT . O T 95 miR-133a S0
% ARBFSEH S T — R R A4 A FE IR % AR (HR-133a@F | sLNPs ) , F43H7 T HAE D WUEE A7 Hr il g
FME. 25383, HR-133a@F, sLNPs HAT RAFI Y2 F al RS0 .0 U AR, 5530 miR-133a
BN . TR i R A TSR N (qPCR) FI L EIIE (Western blot ) 45 it —HAIESL HR-133a@F ) sLNPs
A LA R O WUIE O F RhoA 19 mRNA FIZR Y RIAACT o AFFEH Y HT % HR-133a@F, sLNPs
B R R 2 A AR P Al miR-133a 36306 20 WUABJEARA b, T30 IAR DG R 13835 , Bl b L
NEJR A R RBGRT TR T —Fh 2B TRy T LS

KA ONUCIE; Uik SRRk aiid; g art; gk

o JUHE PR A L T e I S AT AT Sy 7 i o U TE 5 e 4 T RE T K A 2 B IS PR
R ERE O LR S S0 i S RE RS | TaIBREF4Efh . OS5 S SR AR ) L5 DR A R 2 IR DG,
PO N TR AR BB N 2 — 0 HR, O AUIRE R 20 MR 25 A) T, B i 1
IR 8% 2 REAS SELIT 1 R 2R REAZ IR 10 2501 (8 35 (I PR A B 3 AI  SA PR I R BEAH . A I, iR 7
T — R REA RPIT EE W AO IUIRE B A T

MicroRNAs(miRNAs ) &—2AR GG )7y RNA , DABSIE B AN (97 5 HE LA 3R mit [X (3'UTR)
PRI A | 80 1 6T 3 PR 7 0 s A 20 o T 4 BT DR 026358 miR-133a 2O LS A B
) miRNA Z—  7ELMAG B R T B BRI . DR L, miR-133a 50 WUIEE R AR
FE S GDP-GTP 58 #e 3K F (RhoA ) FFEA e P O WU R (s Bt A 100, R, miR-133a BAF
TBIT O US4 BV T

HT RNA FAR B EEDNEY T (41 mRNA . siRNA I miRNA 25 )3 5o 1845 A0 56 3 R A 22 08 SE G Y 7 40
O . R . AL AR e B S L R i B . O T SEBUA0AYT , RNA SF ik fia
JEPER RNA Bk EHRARIrp 21 SR1, RNA 76385 26 11 72 P If0 I 25 22 BERHL RS, 40 RINA 26 1 6 FL 4o 11
FEOKPERHAS T RNA e85 RIS 2 0] (485 s 5, I HL2 5 10035 25 1A 2356 T 0 6 s A e e, K P I VR 3
bl 5 o RNA AR5 | 35 S8 A 4 AR IREN . o T Se R R BHRS , 2 R B2 AR
BB RGWTT & T RNA 1% . M T REEE R 50, AR i 16 R G0 T Sk s 4 AR i BRI, 78
ARG A SN ARTHE TR bR RNA 323 250401 & 50 H

PHES 71 B4 K UKL (Lipid nanoparticles , LNPs )& H BN ) (AR EESE RNA 254186 128 28004 i
WHEE PR, #i5. MHEEEFIER 2 —EE(Polyethylene glycol, PEG)*@EE[IS:O Hodr BHE IR &
o 5 O LT (A R A AR O A R AL B R T A 24 (A R R B A T v |, R BRI R A% R
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o ZA% R R AE ] . PEG 5 78 LNPs H (b Hedse/IN 5200 LINPs (REA2 R L ey, 76394 5 S0k A e 1 1
[ BHLIE LNPs SRAE  FER IR A W) oA sl F v B DGR . e, Sl BV BT Canaste Al AR AH 1 e ) 5=
B SRR 8 HE A G ER I R b s s A e

LT LNPs (438325 20 AR 7E RNA A7 Sk 2L A AR 4 i o FH A 5, (E AR A P 104 A5 0CREE [ i 06 ] R 15
B ARBIFEIET O ERT SIS, FH R AR AN 4 K A 45 T HR-133a@F | sLNPs {5
ERKIBE RS, ARG EAIERIRMM AP rERe, IR E R Aoy Y aasvE . RIREE . IR
P2 R P R TR AR B ERIRE ] 107 Hou 252008 94 2K 20 14 21 200 J 4 32 SR LR - R L TR L B )
(Poly (lactic-co-glycolic acid) , PLGA) , JF & T —FHi 2 ¥ish ik V-5 . B0 5085 20 40 i IR SR 5 0 Ak 1)
SRS R AR T CDAT K 25 AR ER ARl “ A3 st 1 F W20 i B R A
PE RGOSR AR T R R AR It ] | 40 16] 78 343 . Wang 2512 i 4 M L3 Hh 2 B oy
ML B4 A TSR S W W T —Fh B D5 A 28 . b2 P T B 198 DL/ N T £ B 1)
JEEE Y, AT LU ROmES & AR R A, HEHE 907 1045 B X R . Chen 28 2 HGH T — Mo
S L S LA T 15 P 2 (1CG ) SR B A% 3 1T T AL A A% - e AN K 2548 (ICNPs ) o I ICNPs HoAT i 20 i AH
RAE) 240 LAY B 53 , A R T U590 A e R B 2355 100 IR e D B A 5 A 280 1 22 38 AR Wit B2 9 0 it EL T
DA 3 [R] R 25 S AL K TCNPs A v Hb R ) 22 595 0, 18 1 SR A 8 TR TP A8 o X Fh A R AR 4 i
I BE RN K B AR BE T — R B0 98 K AR A W B2 45Uk P BLA R B 7 R 1 R 2 R 2524

TERTHAG AW A S At L AR O LA RS CR A H 2R ) B 7EF4 8 miR-133a IR BIA (F )
YRR R-133aF sLNPs (B F, BHE F 2K 7E BB L (N/P) R 50 1 B FE miR-133a JE B3 A0 40 K ks )
FET , P EE T AL 3 2 ORI AN A A 0 A S R 3R AR HR-133a@F | sLNPs 38 i 0 A4 3 [H 3 44
HR-133a@F,; sLNPs # miR-133a i1 Z TSR0 LA M 255 RhoA 3'UTR #1] RhoA/ROCK 155
ST A0 T A 00 A S TS TR T U SR B AR | i B U5
FEIERLAT Y E P10 S DUIE A PR AL T — R L

1 SEIGERS

1.1 4E5EH

7590 FIG KA E AL A (HE ] Malvern 22 )5 Tecnai G2 F20 S-TWIN A4 G vt - i B ( TAE AL
200 kV,SEH FEIAH]); UH-100B B 7 AN (R T BB R (AR AT BR A7) 5 Axio Observer 7
4 H S & 9O U (M2 [E ZEISS 23 H]) 3 Beckman Moflo-XDP Ji 2G40 MEAY ( 7 U1 58 2 J /R 4 7l 52
ABRZA]) 5 TC-XP-D 1 H IE RS L (BUM T H BHCA R R 5 ABI 7500 SERF2EERE & PCR X
NanoDroplite 43GYGEE AT EVOS M7000 AR BE HiA% 4381 R 45 (€1 Thermo Fisher /A F]); Multiskan FC
FAREARY . 5 KGR R G A GeldocXR+EEIE HAR R 45 (3 [# BioRad A 7)) ; Chemi Scope6200Touch
e KOG BT R G ( E ISR AR A BRA D)

MiR-133a(‘LHEBEHEY RGEA PR/ R ) ; GAPDH. BNP Hl RhoA 514 (£ A TRE (1 ) A IR
Fl) s 1,2- A AR -sn-H 1h-3-BEHR ALK (1,2-Dioctadecanoyl-sn-glycero-3-phophocholine , DSPC ) A1 H [&] 5
(Cholesterol, CHO) (3 ¥ ( i) BELRHEA IR AT ) 5 1,2- N S BE-rac-Hih-3- & ALK £ 1
2000( 1,2-Dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000, DMG-PEG (2000) ) Fll % ZE I AK (36 &
Avanit AH)); M 55K % 11 (Angiotensin I | Angll |, 3E[E MCE AH]); R M} (Polyethyleneimine,
PEL, FIHEBIRL T AR R AT IR A R]) 5 BRRERZ2 tP i (PBS, 3¢ Corning A7) ; DAPLIF R (R
R R B FERHEABRA R o AR 1 S 40 MR AR RO & G s RAEYHARAR AT ) ; M5
Hiper Universal RNA Mini Kit ZHZV/40/{d RNA fR# 2 P77 & F1 M5 Super plus ¢PCR RT kit with gDNA
remover, 2 % M5 HiPer Realtime PCR Super mix with High Rox. M5 Hiper Cell Counting Kit(CCK)CCK-8 4f
s SR AR & (AL R G E AR A BR/AF]); One-Step PAGE Gel Fast Preparation Kit
(12% )15 & (R mUEHERE A IR AR AT BR A D ) o
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1.2 XWH*E
1.2.1 BERSKFI(R-133a@FLNPs)H & B #0751

3 HIFREL 2 mg FHES R4 Fy . Fy M F(S5F ULE 1T 1 mL oK LFEH (2 mg/mlL), FFHEHR
HeFFEE IR 12 (BH SR8 T - DSPC : IR [E 2 : DMG-PEG (2000)=50:10:38.5:1.5) /i1 A DSPC.. JIH & B Al
DMG-PEG, 43 | #l %5 Fi-LNPs . F,-LNPs 1 F-LNPs; BfiJ7, F 200 pL PBS A% 1 OD(1 OD = 40 pg)
miR-133a(200 ng/pl) . F-LNPs 5 miR-133a ()& 5 HL G FH A B L (N/P) FR  FBB N/P Hol 2501, 501 Al
10: 1,4 LBEAH Fi-LNPs . Fo-LNPs 1 F3-LNPs 435 P 3 A miR-133a PBS A, R EWATIRA) G , & il
% F 30 min, Hil 45 AL 3 FOAR[E N/P L ROIE R 24k R-133a@F,LNPs, R-133a@F,LNPs fil R-133a@F;LNPs,
TR PBS W4 AR B B ZARTUR 1 mL, 38 5 40K LA (SR 48 K 25 W R4 R/ N T

EEA%O

AP e e e g
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Fig.1  Structure diagram of cationic lipids Fy, F, and F;

J T Pl R-133a@FLNPs XHAZER IR 4R HE 11, DABH B F300K ) “SAniE” PELVE X IR . B IEAS
] N/P LU il 28— RN LR 44 R-133a@FLNPs #i B E AR 10 pL, WM E 30 min J5 1T 5UAENE
BERC B 5256 . FEHLE R 100 V 2544 F HLIK 30 min Ji , 7E B AR T WL, LA TR N/P L3R 5
miR-133a 25 A RE ST, e 3 R ORI Z5 A miR-133a A s HL

B KA AL D ULAILA 8 x 10Y/FLAYE R T 8 FLILR /N BT 37 T 5% CO,
TR A PR R . RN A K & 60%~80%FT , 435I i A R-133a@F,LNPs, R-133a@F,LNPs £l
R-133a@F;LNPs , RZEFEREFRAA T E 12 h )5, 57 RREFRIL, IS PBS ViU 2 Ik, bR Ak, i m
HIIA DAPT Y, BE'EARFE 10 min, T PBS PEiA 3 R (FFIK 5 min) . 38 OB IR A B B LA L
20 ok A ) 28 L DR AR A BB 1 . CyS FRICAY miR-133a BRI KN 650 nm , & 5F KN 670 nm.,
DAPI AW K R 358 nm , K HHE K Ky 461 nm.,

B HLL O WUANMERERD T 12 FLBP , B F 37 °C. 5% CO, B s st i . FRaiifisE K= 60%~
80%INf , 23 Wl Hirh A R-133a@F,LNPs . R-133a@F,LNPs 1 R-133a@F;LNPs, B 545 M H 12h 5,5
FREFE AL 22 I TE AL AL B T U EE 40 9 B % (2000 r/min, 5 min); AT PBS B4 2 YK (1000 r/min,
5 min) 5, B AR B R A T TR 2305 DA A SR A B T BE A CyS FH A 240 i L
B G
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1.2.2 {FEEFEHAEMHR-133a@F, sLNPs)H il & FIR A

L TP KB HLL O WU AEERD T 10 em Z0HEEE SR I | b3 5 35 5 e R 4, 314 BR 20 g
BB IO & (B = KA E A R R 368 45 9 ZER $E I HLL O WUANIEAR . B e Y% PBS Pk
3R B A AR AR 53 2 S IR T 15 mL B0 A8 T, 2000 r/min 5.0 5 min, B HCMIDTTE . 10 40 HEDT0E
HInA PMSF Z9 B4 1 mmol/L YEER P A IF IR ST BT UK L2327 15 min, FAUIEER
TR B BRI AS  DHES 30~50 1K, AR Z4#W ; 7F 4 °CLL 2000 r/min 250> 10 min, 2 BRAHMIAZ AN
RBEFEIANME . W EIE W, AE 4 CCLL 14000 r/min B0 30 min, ZRASAUTIE RN HL1 O L40 B  F
—80 CIRAFF I

B HLL O WU B 25 B kb B A BRI A o s IR ERTE 0.22 pm 28R F g
10 WK, A AL 50 78 5 TUE AR AUE I L5 R0 18 Hh 1) e (3 PR 48K R-133a@F | sLNPs 7E[R]—JE#s it
JEEHE e 10 U, {4 Mo RS 34 50 78 5 AE SE IR AR ZR 1T, A5 05 E 9K 214K HR-133a@F, sLNPs, RGBS H
T W (TEM) BRI AR 20U HR-133a@F | sLNPs FR 12 FIEASTE $5 HEAT AF | 30 4ok 2% T b s v
{63l HR-133a@F | sLNPs [ AL B2
1.2.3 HR-133a@F, ;LNPspy 412 £ 4 NE

B HLLDALAIIMILA 5 < 10°FLAY S BEERD T 96 FLAR T, BT 37 °C. 5% CO, BiRMi PRt . o
Pl IR LS AR EE (0~100 wg/mL) A4 R-133a@F, sLNPs ., HR-133a@F, sLNPs I PEI, 4k £ 1E i 5
3524 h, EHGFEEEFRILS  INA CCK-8 30, T 37 CHEEIFE 30 min, K JHEEFRGZEL 450 nm Ak AT
JGHE A (1) HH A MEARE 2 (Cell viability, CV).

As— Ay
= x 100 (1)

Horfr ) AL I PHES FIL R AR A SE IR L RO, A, A BH S 35 R AR i %o IR ZH IS B | Ay AR
TN A RS RIS O BRI RO

AR A1 1S 56 AR DA 3 R AR AR 2 A S B EE LR bR 2 — . B2 mLL C57BL/6J /NN A 1T
EDTA HUEEE T, 5 25 40 M AT PBS H, AR 25 we/mL, N/P LR 5:1 19 R-133a@F, sLNPs
HR-133a@F, sLNPs Fl PEI 8 £l 2L A0, ZEAH MG TR0 73 i & 12 #1024 he LA PBS AbB R BAPEXT |
FB T KA BE Ry BHPE XS BE SR A 66 BE 1 i N [R] SE B A S AE 545 nm ARFIOGRE /A (2) 1
B MY IR (Hemolysis ratio, %) o BRALFRIE BYLL M0 R 8RB b, 76 WA F B4 AR 2 gn
MR ZS | DAk 21 40 G 45 4 5 4k

CV (%) =

Op= oD * 100 @
Hrbr, ODyo AIIAGYK AR B S50 20 A W GRS, OD,,, AT OD,,, F3 550 Ay BRI T BRI BH P4 X R 5
M.
1.2.4 {KSMOALIEERERI A2 7 K HR-133a@F sLNPs{RSMNE [ 1% 53 4

I Ang ITJITE HL O IUAH M, AU I 5 0 5 | R 180 MR A A R 350 ) O A AR PR A, A 70
HJLHEEE‘J?EH@*%?&WO %ﬁﬁﬁiﬁl‘ﬂzfﬁlbHﬂaéﬂﬂﬂ@*ﬁ?éﬂﬂj—%%(B—Type natriuretic peptide, BNP)#1 HL1
SO LA AR AR AR AR A 10 96 F A A5 ) o A T X BB HLL O LAIHE LL 2 x 10° /LAY %% BE 30 T
6 fLAR T, T 37 C. 5% CO, EFRA R FR. BHICIME 1) MEM K552 3L 05 | 43 3l FL o AR [a) ik
(1x10° mol/L, 1x10°mol/L. 1x 107 mol/L #1 1 x 10 mol/L) i) Ang Il 5535 M AL BE 48 b, I5E S
O LA A R Y e 2 W A BRI FE

KFH M5 Universal RNA Mini Kit i @ BOA [ BE2H HLL O AR HYE RNA R NanoDroplite
LHNPEEEE TN E RNA BYHREE . B8 HiScriptlll RT SuperMix for qPCR(+gDNA wiper) 1% i3 &
ULAH A3 | BO il s Sl SN AR R | 1005 S J5 o cDNA & F 20 CHRAF . qPCR WY A Z AR ¥ Cham(Q
Universal SYBR qPCR Master Mix Ut H7EVK FiFATHECH] . qPCR $dla 43 Hrit , #4 GAPDH /NS
FEPH SR 2728 e R RV Ang T IR HLT O L0 BNP AN ik 5. 51¥)F%). GAPDH

Hemolysis ratio(%)=
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Forward primer(5'-3") : GGTTGTCTCCTGCGACTTCA; GAPDH Reverse primer(3'-5') : TGGTCCAGGGTTTCT-
TACTCC; BNP Forward primer(5’-3") : AAGAGAAAAGTCGGAGGAAATGG; BNP Reverse primer(3'-5") : TA-
CAACAACTTCAGTGCGTTACAGC.,

K b F XA A KU HLL O LA R F T 23R M2/, Ang T (1 x 107 mol/L) Hl#Ab 31 48 h,
7O AIUAE JE B 20 A TR RO ILAE JER A 7R A8 ST 5, 1) B AL A 500 L 4% 22 5 Y 5 i1 7 4
10 min, PBS i 3 WK, FF W 1M BEFLINA 200 WL 37 CHIBA RAEM KL, BT 37 ClEER IR
FETPRER SR 30 min, FEAYSMRE , LA PBS W IRVES 3 UK, INA DAPLEE W (RPAAD) YLt 5 min, P48 PBS
RIEEEE , A0 G LR 42 BB WA O LA HLL 4028 BEDLIEEL 5 AL EF gE 47411 08 | BP0
BEALZEEL 10 20, K FH Tmage T A0 WLAR M Z2 1 AR, BOF- 2 (8, B F A 3 1k,

B HLL O L4 42 Fh T3 A /NI ) Ang 1T (1 x 1077 mol/L) T BCALFE 48 h, #2570 JUUIE A4 4 it
R, 235 A R-133a@F, sLNPs ., HR-133a@F, sLNPs fil PEI/miR-133a IS RALPE 12 h, FE 15 9 5,
PBS ¥R IE YL 2 YK, LA DAPT 447 5 min, PBS 74 3 U0, B S min, 7E LR A2 i fE LA AL 00 L
Y% HR-133a@F | sLNPs HIFEHURE I .

1.2.5 HR-133a@F sLNPs{Esp 3t 0 LIRS 87 R R IE M

J T BHIE HR-133a@F | sLNPs 2754 miR-133a 136 Z 4004 8 HL1 DAL A3 T 6 LAk,
Ang T (13107 mol/L) JilF4ALHE 48 h, FEST O UIEIE 4IRS, bR 25, LU PBS AbERZL A%t ], 43331
JA R-133a@F, sLNPs fil HR-133a@F, sLNPs, 4k£2 15 5% 12 F1 24 h, R H qPCR & HL1 O L4
RhoA R AE KK, 51975 : RhoA Forward primer(5’-3') :GTTGGTGATGGAGCTTGTGG; RhoA
Reverse primer(3’-5") : CAGCTGTGTCCCATAAAGCC

AL T REEA A BT HLL O LA AR T 6 FLAR I, Ang [T HL L CoWLARA, 2570 LAY 240 AR
JERR [ H ARSI PBS, R-133a@F, sLNPs. HR-133a@F, sLNPs Fll PEI 4K£E15 5% 48 h. H#EHU45Ab
PHLA AR A B 5, JFE T BCA 8 o sl S e A AR Y B OV . R One-Step PAGE Gel
Fast Preparation Kit(12% )37 &l £ 12%8 H LKA, B KA F A Running buffer FLIKZE R, BFFLIE
FHIFEE i L FE, 80 V HE R HLYK 25 min, B 5 VA& HL R 150 V HLVK | he BESHEATHEME . B . WE
—Pr. VRS WEE PURPER  INA R BT R OC UG BT AT A, R HLT O LA i
H1) RhoA BYZR FI7K P-4
1.2.6 Sit=ah

SIS LA + BRifE 22 IR K Graphpad  Prism B4 HAHr | 2H 8] W5 HE#8R F Student's t
K, p < 0.05 B, I 22 R A g L.

2 GRS

2.1 FERANKHKI(R-133a@FLNPs) )& B FA 0 %

WK 2A iz, N/P HUr5oR 2.5:1, 5:1 Fi110:1 ) R-133a@F,LNPs, R-133a@F,LNPs Fl R-133a@F,
LNPs 4K 5 AWk 2RI N/P HHE AT HT8/N , 56T 70~300 nm JEFE A . T HE A5,
N/P L6R 101 BF A ARAR B /N e SR Zeta AN RZITE 25~40 mV Z [8] , BE N/P HCAESE N, HLfar 3G K
(B 2B) o 32 1 T BH S 2 117 IE FELAT , 1T L 3o 8 o 1 DA A R A A N ST B /N 0 K ook 27 3l
I BN AR OB s BEL VS S 35Kl BH 25 - 284 F-LNPs 456 miR-133a 957 (K1 2C), A 1) R-133a@F, LNPs |
R-133a@F,LNPs Fll R-133a@F3LNPs H T4t 28 K9 P 7EDK 8 H, EARPESS 61 miR-133a 23ffiE
TKI IEARFE S , Y miR-133a 58245 G HE AR A P Ui s K . R-133a@F,LNPs 76 N/P [tk 51 B Al 584
454 miR-133a, 1Mi PEI, R-133a@F,LNPs 1 R-133a@F;LNPs 7E N/P H A 10: 1 BFA T 5842454 miR-133a.

R T % miR-133a $EA HL1 O LA AR A A BH 5 728k, DA >4 R A R M 2R 4 I8 e
ATIRANIE o SR ZE 5 (8] 3A) B~ , R R-133a@F,LNPs . R-133a@F,LNPs. R-133a@F;LNPs F
PEI/miR-133a 43 /AL B HLT O LML , BEZ N/P FLH N, Cy5(Cy5 FRic miR-133a) B4 20 A L 41 5 30
S I AR A A A S AT R DR TE N/P HER 2.5 1 4F R4 Y 3 Fh 3R BH 2 T2 A R iR i 45 5 ik
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g R-133a@F, LNPs B R-133a@F, LNPs
R-133a@F,LNPs 60k R-133a@F,LNPs
R-133a@F LNPs R-133g@F§LNps
300} PEV/miR-133a > PEl/miR-133a
I I . \E I I
= £ 40 I I I I
S 200f g I I I1
> a a m|l @ I
n I e
<
100 . 320
1 1 1 O 1 1 L
9 2.5:1 5:1 10:1 2:5-1 5:1 10:1
N/P N/P
C 0 251 5:110:1 0 25:1 5:1 10:1 0 251 51 10:1 0 2.5:1 5:110:1

R-133a@F LNPs

R-133a@F,LNPs

R-133a@F ,LNPs PEI/miR-133a

E2  (A) ARIEBE(N/P) LAY R-133a@F,LNPs, R-133a@F,LNPs, R-133a@F;LNPs # PEI/miR-133a (1)
FiteAsAbE; (B) R[] N/P HRY R-133a@F|LNPs, R-133a@F,LNPs, R-133a@F;LNPs fil PEI/miR-133a
R HL A AR PRI (C) BRI BT AS[E] N/P HLfY F)-LNPs. Fp-LNPs, F3-LNPs L& PEI X} miR-133a )
ZiaREN

Fig.2 (A) Particle size variation of R-133a@F,LNPs, R-133a@F,LLNPs, R-133a@F;LNPs, and PEl/miR-133a
at different ratios of nitrogen to phosphorus (N/P); (B) Variations in charges of R-133a@F,LNPs, R-133a@F,
LNPs, R-133a@F;L.NPs, and PEI/miR-133a at different N/P ratios; (C) Gel retardation analysis of the binding
ability of F|-LNPs, F,-LNPs, F3-LNPs and PEI with miR-133a at different N/P ratios

T B B AR IR R 8K AR AR N s 2 N/P LR 1021 B, B AR GROR AR X6 2% i 1) v
AiRE 7175 (AR R N/P LU 2 DR A %) 3R T H A 3 v, B B R MRS . 4nf&1 3B 1 3C s, 7
N/P R 5:1 B, R-133a@F, sL.NPs AL 155 B F CyS PHA: A M LA (92.3% )3zt iy T B Ab BA
M0 B PET AbBRZE A 2 S0 FE RN CyS BRI A LA 55 1K, AR 20.9% . 2R A2 9 5t f B () A ) 45
(& 3D) R, M T H B A4 | R-133a@F | sLNPs ZbBRAL Y CyS L0905 S5k, PEI AL 1928
(EReg=Ec R

Zi L TEN/P R 511 8, R-133a@F, sLNPs 99K 5 & WA sk 5 M AR 5c A, nT 4 O WUIE IR JE RA
I7 1) Foe A 3 PR 3 16 284
2.2 {FEEREFHEMHR-133a@F, LNPs) 1 #l FF1R1E

K U I L B 40 ZEE 705 328 1 P A SR BH B 124K R-133a@F | sLNPs I 45 )72k 99K 4844 HR-133a@
FisLNPs, #&$1 7 RdEst B R, R-133a@F | sLNPs 22 ERIE  KiA2 20 70 nm , KA RIAR 25 5 R sy
ABEAE T SEYPRIAE A (71 £ 1) nm; ANZEM HLL LAY HR-133a@F | sLNPs 44K 50k 2 ERTE
I AW B — 2 RELE A U T, KR 2N 90 nm; KA RIAREERE W, HR-133a@F | sLNPs 2/
AEET PRI (90 £ 1) nm (&l 4A) . 8 T #E— D 5HIE HLL DU C a8 TR 8k 1m , il
b 2 s i S B E HR-133a@F, sLNPs R A F/KF-. f & 4B 7] UL, HR-133a@F, sLNPs 5
HL1 O JULZR B 0 B 1 288 AR — 38, 117 R-133a@F sLNPs 2R M 1, FRgERFE, HL1 O WL
YRR CABIEFE R-133a@F, sLNPs ZRAARR M, Bl 275 2] T 05 £ 99K 344 HR-133a@F | sL.NPs.
2.3 HR-133a@F LNPspy &L £ HNE

FH CCK-8 SZPFAL AR e BE (0~100 we/mL)HR-133a@F, sLNPs 1AM K -0 25y 2e v . i
& 5A s BB M BER S, R-133a@F, sLNPs Fil HR-133a@F, sLNPs 40 FRZH A4 HL1 O JULZR B A4 A7 35 0%
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Fig.3 (A) Internalization of different N/P ratios of R-133a@F|LNPs, R-133a@F,LNPs, R-133a@F;LNPs and
PEl/miR-133a in HL1 cardiomyocytes; (B) Average fluorescence intensity of R-133a@F, sLLNPs, R-133a@F, s
LNPs, R-133a@F; sLNPs and PEI/miR-133a uptake by HL1 cardiomyocytes at N/P ratio of 5: 1; (C) Transfection
efficiency of R-133a@F| sLLNPs, R-133a@F, sL.NPs, R-133a@F; sL.NPs and PEI/miR-133a in HL1 cardiomyocytes
at N/P ratio of 5:1; (D) Observation of uptake of R-133a@F, sL.NPs, R-133a@F, sL.NPs, R-133a@F; sLNPs and
PEI/miR-133a by HLI cells under fluorescent microscopy
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Fig.4 (A) Particle size distribution and transmission electron microscopy (TEM) morphology images of
R-133a@F | sLNPs and HR-133a@F| sLNPs; (B) Results of Coomassie Brilliant Blue staining of R-133a@F s
LNPs, HR-133a@F | sL.NPs and HL1 cardiomyocytes membrane
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Fig.5 (A) Cytotoxic effects of different concentrations of R-133a@F | sL.NPs, HR-133a@F| sL.NPs and PEI/miR-133a
on HL1 cardiomyocytes; (B) Changes in hemolysis rate of red blood cells after treatment with 25 pg/mL
R-133a@F | sLNPs, HR-133a@F| sLLNPs and PEI/miR-133a for 12 h and 24 h, respectively; (C) Morphology of
red blood cells after treatment with 25 pg/mL R-133a@F | sLNPs, HR-133a@F | sLNPs, PEl/miR-133a for 24 h,

respectively
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Fig.6  (A) Expression of hypertrophy gene (B-Type natriuretic peptide, BNP) in HL1 cardiomyocytes after 48-h
stimulation with different concentrations of Angll; (B) Observation of cell morphology changes by Griffonia
simplicifolia lectin staining; (C) Statistical analysis of cell area using Image J software, n=3, **p<0.01 vs Control;
(D) Uptake of R-133a@F; sLNPs and HR-133a@F, sLNPs by hypertrophic HL1 cardiomyocytes
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Fig.7 (A) Detection of RhoA mRNA expression in HL1 cardiomyocytes after treatment with R-133a@F| sLNPs
and HR-133a@F | sLNPs for 12 h and 24 h by qPCR; (B) Detection of RhoA protein expression levels in HL1
cardiomyocytes after treatment with R-133a@F | sLLNPs and HR-133a@F| sLLNPs for 24 h by Western blot
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New Cationic Lipid Nanoparticle Modified with Cardiac
Cell Membrane for Effective Treatment of
Cardiac Hypertrophy

JIAO Li-Ping', LI Wei®, SUN Zhi-Hong’, LIU Jie’, SUN Cheng-Ming "
Y(Department of Medicine, Qingdao University, Qingdao 266071, China)
*(Center for Laboratory Diagnosis, Yantai Yuhuangding Hospital Affiliated to Qingdao University,
Yantai 264000, China)

Abstract Myocardial hypertrophy is the common pathological result of hypertension, myocardial infarction,
coronary heart disease and other cardiovascular diseases. It is found that persistent myocardial hypertrophy is one
of the important causes of heart failure and sudden death. MiR-133a is one of the most abundant miRNAs in
myocardial tissue, and as a crucial regulatory factor for myocardial hypertrophy, it directly participates in the
occurrence and development of this condition. However, although MiR-133a-based gene therapy is a promising
intervention method for myocardial hypertrophy, achieving safe and effective miR-133a intracellular delivery is a
main obstacle to efficient treatment. Based on this, to achieve efficient delivery of miR-133a, a new biomimetic
gene delivery vector (HR-133a@F | sLNPs) was successfully prepared in this work, and its application for
myocardial hypertrophy treatment was discussed and investigated. The results indicated that HR-133a@F, sLNPs
had good biological safety and could be preferentially targeted to cardiac hypertrophy cells, achieving intracellular
delivery of miR-133a. Meanwhile, qPCR and Western blot results further confirmed that HR-133a@F| sL.NPs
could effectively regulate the mRNA and protein expression levels of the key factor RhOA in myocardial
hypertrophy. In conclusion, the new biomimetic gene vector (HR-133a@F | sLNPs) constructed in this study had
excellent biosafety and targeting properties, which could deliver miR-133a to myocardial hypertrophy cells and
inhibit the expression of related factors, and successfully achieved miR-133a-mediated cardiac hypertrophy
therapy. This study provided a new therapeutic approach for achieving efficient treatment of myocardial
hypertrophy.

Keywords Cardiac hypertrophy; Biomimetic nanomaterials; Gene delivery vectors; Biosecurity; Active targeting
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