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Abstract: Objective To prepare a VCAM-1 monoclonal antibody (VCAM-1 mAb) modified miR-126 targeted delivery system
based on cationic liposomes, and to preliminarily evaluate its stability, cytotoxicity and cellular uptake. Methods SCL was prepared
by a thin film dispersion-extrusion method. With liposome size and zeta potential as the indicators, single factor method was used to
investigate the effects of soybean phospholipid to cholesterol ratio, amount of stearic amine, amount of ethanol, film-forming
temperature, amount of hydration medium, hydration preparation temperature, and hydration preparation time on the liposome. The
dilution stability and storage stability were also examined. The loading capacity of miR-126 by SCL and the protection effect of SCL
on the enzymatic hydrolysis were investigated by agarose gel retardation assay. The coupling efficiency of VCAM-1 mAb with SCL
was examined by SDS-PAGE. The toxicity of Va-SCL, Va-SCL/miR-126 to human umbilical vein endothelial cells (HUVECs) was
investigated by MTT assay, and the uptake of miR-126, SCL/miR-126, and Va-SCL/miR-126 by normal HUVECs and LPS-
stimulated HUVECs was examined by flow cytometry and fluorescence microscopy. Results Weigh out 120 mg of soybean
phospholipids, 40 mg of cholesterol, and 10 mg of stearic amine into a funnel-shaped bottle, and add 5 mL of anhydrous ethanol.
Ultrasonicate at 50 °C (power 300 W, frequency 40 kHz) to dissolve the ingredients completely, and visually inspect for any visible
particles or insoluble substances. Remove the organic solvent by rotary evaporation at 50 °C under a vacuum, forming a uniform,
transparent lipid film on the bottle wall. Add 12 mL of DEPC-treated water as a hydration medium, and ultrasonicate at 50°C
for 30 min. Pass the mixture through a 200 nm polycarbonate membrane using a syringe pump 7 times, collect the filtrate, and obtain
SCL. The stability is good. When the nitrogen-to-phosphorus ratio is 10:1, SCL can effectively load miR-126. miR-126 adheres to
the surface of SCL via electrostatic attraction, and SCL to some extent protects miR-126 from enzymatic degradation. The SDS-
PAGE results show that the Va-SCL and Va-SCL/miR-126 antibodies successfully coupled to SCL, with an attachment rate of
(53.2 £ 7.6)%. The MTT results show that the IC;, values of Va-SCL, Va-SCL/miR-126, SCL, and SCL/miR-126 for inhibiting
HUVECsS are 17.38, 71.61, 81.03, and 97.79 nmol-L™', respectively. The fluorescence microscope and flow cytometry results show
that Va-SCL/miR-126 has a more pronounced cell uptake effect. Conclusion Va-SCL/miR-126 was successfully prepared with a
high safety profile and significantly increased the cellular uptake of miR-126.

Key words: cationic liposome; miR-126; film dispersion method; EDC/NHS method; modified by monoclonal antibody to vascular
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Table 1 Study on mass ratio of soybean phospholipid to

cholesterol
kﬂﬁ?@)ﬁéi RS T - PDI AL/
JilEN i &/mm mV
2:1 178.61  22.71~1322.81 0.274 16.06
301 16494  19.18~1407.83 0.309 14.68
4:1 18420  19.34~1676.10 0.333  11.50
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Table 2 Study on dosage of stearic amine

W kL

o , RiAEEHE/mm  PDI HA/mV
H/mg 12&/nm
3 21518 26.97~1660.82 0282  20.27
5 165.53  19.14~1311.10 0297  17.46
10 23444 30.40~1698.65 0265 1331

213 TKZBERHENHERE BE bR ER,
L2 170N 46 T2, BHEIK ORI R AN
5.8.10 mL I ) Jlig BT AR KA L LA O RE I . R 3 &5
REH,TOK ORI E S mLIN, SR AR A%
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N 50 °CHY , BT 45 AR 5 A (1 R A% JORL AR ¥ Rl /N, i
FS SR FE 16 4% 50 °Co

215 KENFHERE L b KA K xR,
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Table 3 Study on dosage of anhydrous ethanol

TREE PR bam et
FH&/mg nm mV
5 148.90 17.81~1267.99 0.304 19.63

8 179.71 19.53~1580.72 0.326 18.59

10 217.78  24.39~1847.56 0.312 14.11

x4 BEBEEZZR
Table 4 Study on the film forming temperature
BRSPSk, HLA/
N " RR G /mm PDI
JE/°C nm mV

40 208.46 11.66~424.37 0.265 24.84
50 132.01 3.45~258.04 0.335 26.00
60 193.00 7.44~404.31 0.279 20.56
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Table 5 Study on dosage of hydration solution

KGR Tk

I EmL % /nm K42 VS /nm PDI  HLf7/mV
10 160.66 18.27~1328.71  0.312 28.13
12 135.53  14.76~1231.72  0.327 31.06
15 177.78 20.63~1458.07  0.303 31.75

2.1.6 UK Al & IR FE R [ e HAh &
17BN & T2, 5K A il & iR B oy AN
40,5060 °CH X JE Jii AR AR  HLAL [P 52 M . 3R 6 25
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1% BRLARTE R /N, WK A i) 405 B 18 9% 50 °C.
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Table 6 Study on temperature of hydration preparation

AR TR KEAZ VS /nm PDI  HLf7/mV
JE/°C f&/mm
40 199.79  2433~1654.53 0295  24.18
50 154.07  17.90~1356.99 0315 19.65
60 192.67  20.87~1634.08 0315 25.68
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Table 7 Study on hydration preparation time

TK%E,]‘T jFig & R4 Tl /nm PDI  Hifi/mV
[d]/min  4&/nm
15 176.96 23.07~1421.08 0.283 29.74
30 144.72  15.75~1229.32 0.316 28.08
45 161.42 1697~146590 0.336 26.67
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151 5 min J&5 BT ) ~F S RLAE 09 (96.32+£2.15) nm,
PDI & 0.29340.019, H {7 4 (23.52+2.16) mV,
R WK 1.2,

E1 SCLESMURE
Fig.1 Appearance of SCL

22 fEFEREM

W W1f FF AT 1) % 169 SCL 43 51 T % 3R e 4 °C %
12 1 JE, W %2 SCL A8 W I Wl s kL 42 Je B Ar, BA
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SE M, 1 ARLAR Y SD R 43 ) D 2.09 A1 216 H
H AR 6 RIFUE Tt &, He 18 N FLAL ) SD A
H3.90.
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Il FH 1 1) 4 1 SCL 38 & , 43 5l ik 52550
75,100 1% , 35 HILE 041224 h i Hop 42 K B AT,
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Fig. 4 Dilution stability of SCL (n=3)



475 BOH 2024498 L¥4AR  Drug Evaluation Research  Vol. 47 No.9 September 2024 - 2011 -
miR-126 SCL/miR-126 SCL
RNase A - + = = + + = -
1% Triton X-100 - = & + = + - +

[

¥ e :‘J"‘;”?T' o _
miR-126 SCL 5:1 1001 20:1 3021 40:1
5 HARMERRSLBRERARNPZMAT SCLE miR-
126 EEHE
Fig. 5 Agarose gel experiment to investigate effect of SCL

and miR-126 composite efficiency under different N : P
conditions

FF) 4 . B FL ) + RNase A fiff 41 . RNase A [
4 : SCL/miR-126 % Vi 5 miR-126 43 5l il A 2 uL
RNase A (10 mg-mL™), & T 37 °Cli¥ & 30 min, HX
HE I PR TN —80 CCURK AR Hh 26 b s 5 B L) 2H. < o
A5 uL 1% TritonX-100 4 2E 5 min % 55 5 52 5 ; A%
.55 +RNase A i : /& 0\ RNase A fif B i 7L 6 B
HEE ERERI . 242,47 3T HEL Pk OF A IR .

RNase A [iff fiff 5256 25 3 571, 0\ ) RNase A
iy BE % {5 B miR-126 72 & Bl . SCL AL, fEMA
1% Triton X-100 A1 RNase A 5 , | #¢ FL 4t F1 miR-
126 % B AL B %A H LA & %4 . SCL/miR-126
4, AN 1% Triton X-100 41, 7 _EFEFLAL, 5 SCL/
miR-126 % {20 K FEAE AH 24, $2 78 miR-126 W] fE 2
JE 1 i B T SCL B s i 1% Triton X-100 £
RNase A g J5 , B FLAL IR %5 2K FEAR A P PR AIG , 4
TNIEA HB 4> miR-126 K 4% B f#f , %181k R Re 1E
— B FAR miR-126 (R EEAR , 45 5 0K 6.
2.6 Va-SCL/miR-126 AU & R 36 E

4y 5K 0.5 g EDC f10.5 ¢ NHS % T 0.5 mL
MES %% #¥ (0.1 mol-L™", pH i 5 6) 1, BL 1.5 puL
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Fig. 6 SCL enzyme protection assay against miR-126

VCAM-1 mAb (1 mg-mL™), 5 H I N b3 ¥ W %
100 pL, =I5 [ B 15 min, I\ SCL/miR-126 x££ %
Tl EL Ak 77 500 pl, S8 2 h, i BT 25 £ &1 EDC K
NHS, 3 %] Va-SCL/miR-126. ¥ FEdh 55X E i E
FEZMIR A G » T 100 °CE 3 5 min, 1 8% A1k
5B DA 0 T g BB P2 FELYK 5 150 VL TK 90 min, % 1
W GL 5 40 min, 2% B T KB Ja T RS & Stk
%, K 0 VCAM-1 mAb 5 SCL/miR-126 25 & 15 1 %
IR 2 (42 B 2 = R R K 2 B/l VCAM-1
mAb KA . AR B L] 7.

Kl 8 45 B % B, Va-SCL/miR-126 41 1 , 5
VCAM-1 mAb X B A7 B H B AH B2 2%, 52 7R
VCAM-1 mAb # i % SCL/miR-126 | . il i
Image J X & (1 2% 45 K AR AT A X 2 2, T
2~3 & UK E I A H K BE A, R R R R (5324
7.60% . 4w HoRAE K H AL 4 B o (92.38+
0.98) nm. (15.76+1.43) mV, PDI 1§ & 0217+
0.019, 25 5 WL 9.

2.7 BHIHE

# 5 uL F B¢ i) SCLs/miR-126 Al Va-Va-SCL/
miR-126 43 77 7E 41 X |, i B 5 min, 1€ 40K £
REVIET, T4, 5 uL B ERAE 2 |, G430 s
J&i o FH R ARIR 15 575 15 5 7 2 B T L8R40 5%

Tiliies e s o £ ~H -~
N

Q) 0
L_> Y)I\E /Q + NH
L §

EOMEN ELihifDIYES SRR

E7 EDC#1THI VCAM-1 mAb STEREPRIE R ZBER R =

Fig.7 Cross linking reaction formula between VCAM-1 mAb and stearamine liposomes via EDC
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