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Preparation of folate-targeted anti-miR-221 anionic liposome and its in vitro anti-hepatocellular carcinoma
effect

ZHANG Wendian', CUI Jie’, XIA Yifan®, DUAN Shaofeng”[1. Dept. of Pharmacy, Guangdong Provincial People’s
Hospital (Guangdong Academy of Medical Sciences) , Guangzhou 510080, China; 2. School of Pharmacy,
Henan University, Henan Kaifeng 475001, China]

ABSTRACT OBJECTIVE To prepare folate-targeted miR-221 antisense oligonucleotide (anti-miR-221) delivery system, and to
preliminarily evaluate its in vitro anti-cancer effect on hepatocellular carcinoma. METHODS Folate-targeted anti-miR-221
liposomes (FRL) were prepared by thin-film dispersion method; the particle size, Zeta potential and encapsulation efficiency were
determined. The delivery efficiency of folate-targeted anionic liposome in human hepatoma HepG2 cells was determined by in vitro
cellular uptake experiment using calcein as the model drug. Flow cytometry was used to detect the effects of FRL on the apoptosis
and cell cycle of HepG2 cells. RESULTS The particle size of prepared FRL was (172.70 £3.76) nm, Zeta potential was (—1.16 +
0.15) mV and encapsulation efficiency was (83.53 + 1.85)% .

anionic liposome successfully delivered calcein to HepG2 cells, and the delivery efficiency in targeted group was higher than that of

In vitro cellular uptake experiments showed that folate-targeted

non-targeted liposome group (P<<0.01). Apoptosis experiment results showed that the apoptotic rate of HepG2 cells treated with
FRL was significantly higher than that of non-targeted liposome (P<<0.01). In cell cycle experiment, FRL could shorten the S
phase fraction of HepGZ cells and induced arrest in the Go/G: and G/M phases. CONCLUSIONS FRL can encapsulate
anti-miR-221 well and deliver it to hepatocellular carcinoma HepG2 cells successfully, and has a good in vitro anti-hepatoma effect
in inducing apoptosis and cell cycle regulation.

KEYWORDS miR-221 antisense oligonucleotide; folate; anionic liposome; hepatocellular carcinoma; targeted; nanoparticle

delivery system
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B, BRI, Bl T e R i — SR T 2
RPN AR JE 28, HHAS B SO0 A 25 04 W
A i E R 25800 I 2 B Y 5 R ik
& RIT R AR AT 22, L IR TR 2
PIRNEST SR WA N iR T B Ul [l

DR T8 BV 1 A e Ay i i S5 ™ E N R T 1R
HET R . microRNA (5 SCHHIFR “miRNA” ) & —2
20~ 24 AT BR 2H B A R LS /N RNA 43, 7T 38

China Pharmacy 2022 Vol. 33 No. 7 - 813 -



o BELIKT B AD (B8 B A mRNA TR N Rk, IS
5 &P A2l FE CAn i B 7 JR T Ak AR i
FIFRZ) Y, miR-221 4 miRNA (15—l , 76 T8 41
Wl SRR IE S IHREAL MR 43 B DL SR R TS
A RO, A AT miRNA FITR AT , miRNA TE R
[ ATT U I S ) 120 32 B0 . RN, TR R T
miRNA [IRYT L ENGVF Z2 PRER, G5k e AR R
Tob LR | SRR B0 ) 240 LB B 3 AR 2 SR S
T /NME 4 B TR RN R N S50 A I o i
miRNA 25 (Fa e PR T —Sufi gy 28, B ans | Ak
iR MR ARACBERR . BBk, T RNA HAA &1
0 HL A FH 431k, 200 I S 57 B 2 RNA 35 3% 119 0 — ) i
15, 4N K 2538 3% 22 48 (AN A o A RH DGl 5R) ) AT i
RNA 408 £"

B BN 22 W A K 25 R R B, BA R Ak
U R AR A 5 RNA L H AP 128
PRASTR] , 5 1B o 1R 1 f 2 S A I, (R 16 50
T HARAES B, XF ok, A % B S g AR A T4
S, AR A A g KR [ lC A4S, DA S5 BHRE S
BB ) Bk I RE , P HOs R Rk . R — A e B AR
B [ BCAAR 0 Ak 2R 28 ) I 1R 32 AR 3 B 2R 1 g 20 LA
U SRR R Z AR ] AL SRR I BRES A
T R A IR T (R AR K T I R 2 AR P49 A
A5 I TR 37 VIS i) A () BRAR Ok v R, L
R PR T AR 28K A 328 06 81 e £ i %) L ABLREE o e

AU 25— Pl 125 B ik , A T3 3% RNA
259, LAKG5E RNA 2591 ) A MBRCR 250097 30 M4
HASE S, AL RRAb 2 B 1 ) miR-221 [ SCBERZ
fi? (anti-miR-221) VE MG YT 5P BHY | anti-miR-221 7] L)
R AR miR-221 [ 3R 3K, J& — P vk 76 (%) 9 o2 0 i)
T, FERTHIS R AR A R T MR- 2R 2
4000-H [ BEHE FARR HLHK (folate-polyethylene glycol 4000-
cholesteryl hemisuccinate, Folate-PEG -CHEMS ) ", %
B R WISEE T TR . S T 38 & BB 8 I A
(5% e % AR 55 #4 Folate-PEG -CHEMS i -1
FiR #0 [W] anti-miR-221 fI§ it & (folate-targeted anti-miR-
221 liposome, FRL) ) ill 7§ v , 3 1) 7 = 240 g AR 2% %2
FRL X A& HepG2 2t L8 1~ K ARG 2 00, DA T A%
1 1) ) 2 B AR AE e s 0697 v 1 iy R B A 51
oo LAt

1 ##
1.1 EFE{UEE

AHIFFE T ) 32 B #8036 ZEN3690 R ROk
A ([ Malvern /A ] ) , CytoFLEX 137 20 41 i A% [ D1 5
B R A IR IR M) AT BRZN 711, Ziss 880 Bl 3L
AT B S (15[ Carl Zeiss AG A H] ), UV-2000 %
EEHN-TT WA BE T Je Al (it ) AR A BRA HT,
EnSpire I 4 K473 20 2 IR BU L (4 3R B4l
BEL () A PRA A
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20200811, "% PEG 0 CHEMS ¥R AR Z L A 1:5:5) 5
21 ] A A I 3R] & (L5 C1052) W A Rk = KA
Yy AR A PR 1] 3 YE®488-Annexin V/PLYH T 5 I ik 71
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95% )4 H BB A= fin B} 24 A PR\l 5 &4k K S g (hy-
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1 g 1% H v B g TG 2 e e -N- AR SR 2 R 2000
(DSPE-mPEGeuo) ¥4 A [ 3L #5725 B A BR A
A IR BEEE I CL-4B ) B _E i IE vt A B A FR A
Al RPMI 1640 5 5% 3L 11 [ 7% [ Sigma-Aldrich 23 A ; i
A I3 ) B W LR A PR e A PR w5 Hoaris7)
YR ral, K kAl
1.3 4HpE

N JH-9i HepG2 21 i) B FE 5t BHA ZE ) B A TR
ANTEIS
2 HEEHER
2.1 anti-miR-221 BI& R

anti-miR-221 ( §i& & J¥ 41 &7 5’ -GAAACCCAGA-
CAGACAAUGUAGCU-3" )BT MNEL 1A Y1 AR A R
IS EVE R, A A AT BRIP4 B A TR AR 5
T 5-38 R 94 Y & (5-carboxyfluorescein, FAM) %¢ Yt ik
10, 7E 3" L EA T IH R EE A , A 57 v ) 3 M AZ AT IR 1] 5
3" Ui ) 3 AT IR B A T A U R TR BE A8 1 , 7 27 (37 i
A7 A B
22 BERMEHIH &

SR FF VR S A BB AR 15 T 48 BB B AR, A 28 R U
A K S IR g | IH [ B DSPE-mPE G . Folate-PEG -
CHEMS (¥ () 2 b o 55:4.5:35:0.5) Fai e,
TAGE 5 A Rel T, BT 37 C/KIR FIREIEZ 1 h,
TE B340 50 49 I T v 5 I A 2 mL W FR £h 2% b i (PBS,
pH7.4)#1 anti-miR-221(20 mmol/L) 160 uL,60 C7KALiF
30 min; ZKATE FIIRAARRE i 2371 T 450 . 220 nm ffLUE
JEORE, 4% 5 Y s SR DL PBS BRI 7, 28 CL-4B Bt i d
BERCHE s atifl, RIS FRL . E#E[A] anti-miR- 221 85
& (non targeted anti-miR-221 liposome, RL) 1 1l 4% 7 1
[A I, &b 7577~ 25 Folate-PEGio,-CHEMS ., IH i 1 1] 455 ¢
2 % I8 1A (folate-targeted calcein liposome, FCL) M JF
1555 85 4 2 )18 T 1A (non targeted calcein liposome, CL)
(A28 Tk [RS8 R KU A anti-miR-
221 KV T AN IR R LR ) |
2.3 2T ERRE R RAE
2.3.1 K2 Zeta LA HUE 7t FRL A RL, DU &
PBS(pH7.4) 5 )5 , I FHBOCRLEEASC 2 B 1A iy ki Az
M Zeta Wi . K GraphPad Prism 5 8K {4-%F 5256 4k 1F
PG AT, B DL x + s FR s IALIR) FL SR e K
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K56 K #Ea=0.05, %5 5F 2R, FRL A F 348712 Fl Zeta
HL 703 R (172.70 £3.76) nm A1(—1.16 £0.15) mV,RL
B - 341 K7 4% Fl Zeta B3 32 43 531 A (169.10 £ 4.15) nm FlI
(—1.42+0.18) mV, 2 Bl F2 g A ()67 A2 Fl Zeta HL A
SRR L (P>0.05),

2.3.2 QAR SEICER[17— 18I LA 5 i
A 5E . BL5 nmoL anti-miR-221 3 F 250 uL 7K, B ¥,
20 pmol/L /KR, VE R ERRR o BRI 43 5l 25 A 1.0
0.8.0.5.0.4.,0.25 umol/L 5/~ & A 7K I, Al 4
P Z BB AR R P 493 nm & HH K 518
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BEARAR SRR EE () AR FRIEIR (] 1), HHLA 15 5]
LRk ) ) FE y=168 676x—2 472.1(R*=0.999 6) . %k
RBIR , anti-miR-221 7£_F IR BE VI P, 5 20
SRR AT MG R
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T2 2022 5 33 454 7

Z [R] Fe 85 R FH B IRL 3R U 25 43 B, 4L Ta) R T L 2R
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X E A K 9 HepG2 Al ifa $ F3FL 8% 10° N RN F 6 1L
i A T SR P R R . A
25X REZ] RL 4L FRL AL, 25 (AN BRAL 45 T 597 3 0
RS2 25 412 anti-miR-221 3£ 200 nmol/L 1)k &
JIARL . FRL, 7E 37 C N 5555 24 h )5 , ¥4 40 B 55 0 %4
1357 2 EP % rh, L PBS VEIR 20 i 3 1 )5 , 4% YF®
488- Annexin V /PLRGH & 284 , R F i =S i A 43
Mt HepG2 20 L B R T 1 50 (1l 3) o $8¢“2.57 3 Jy vk ilk
T, S50, 5 X IR4[(13.34 £ 1.46) %
¢, RL 2 A1 FRL 41 40 Jf 1% 98 1258 [ 4 51 o0 (19.09 +
3.28) % . (33.08 £+ 2.90) % 134 i % Jt &5 (P<<0.05 5 P<
0.01), FL FRL 40 40 ffd (i 8 1= % B % & F RL 4 (P<
0.01),
2.7 ¢RREEEAR

W40 T B K 118 Hep G2 40 M 42 45-L 8 10°4 43
Pl T 6 fLAR B TR FRM T E G TR . A alE
25 N HRY] RL4H FRL A, BB E 3 MR fL. a5 Xt
HE LR 25 7 5 32 0 FLEE 5%, N2 41 4% anti-miR-221 B:-4L
200 nmol/L A B i A RL \FRL, 5% 3% 24 h )& , B 4 i 1k
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