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Preparation and cellular uptake study of anemoside B4 and PD-L1 siRNA co-delivered ¢cRGD-modified
targeting liposomes

WAN Anping', ZHANG Jing’, ZHOU Xiong', FENG Yulin', LIU Jun', HE Yao"*, LI Xiang' (1. National
Pharmaceutical Engineering Center for Solid Preparation in Chinese Herbal Medicine, Jiangxi University of
Chinese Medicine, Nanchang 330006, China;2. Key Laboratory of Modern Preparation of TCM of Ministry of
Education, Jiangxi University of Chinese Medicine, Nanchang 330004, China)

ABSTRACT OBJECTIVE To prepare anemoside B4 (AB4) and programmed cell death ligand 1 (PDL1) siRNA (siP) co-
delivered cRGD-modified targeting liposomes (AB4/siP-c-L) , and to study the cellular uptake in vitro. METHODS The ¢cRGD-
modified AB4-loaded targeted liposomes (AB4-c-L) were prepared by ethanol injection. AB4-c-L was mixed with 20 nmol/L siP in
the same volume and AB4/siP-c-L was obtained through electrostatic adsorption. The particle size, Zeta potential, morphology,
encapsulation efficiency and drug content, in vitro release behavior and serum stability of AB4/siP-c-L were investigated by laser
scattering particle size tester, transmission electron microscopy, ultrafiltration centrifugation, dialysis and agar-gel electrophoresis
block test. Cellular uptake of AB4/siP-c-L by Lewis lung cancer cells LLC and its intracellular localization were evaluated by flow
cytometry and confocal laser scan technique. RESULTS The average particle size of AB4/siP-c-L was (187.4+3.1) nm, and the
Zeta potential was (33.5+1.4) mV. AB4/siP-c-L was spheroidal in shape. The encapsulation efficiency and content of AB4 were
(95.2+0.4) % and (1.0+0.2) mg/mL, respectively. AB4/siP-c-L could better package siP, and exhibited good serum stability,
obvious pH sensitivity and sustained release property. The uptake rate of AB4/siP-c-L by LLC cells was significantly higher than
that of free drug, and was able to accumulate in cytoplasm. CONCLUSIONS AB4/siP-c-L can effectively realize the co-loading of
AB4 and gene drug siP, which has certain in vitro targeting to LLC cells.
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P 8 2 T R e R I R B i 43, BRI g
KAy 5 PD-L1/FE P 3B T2 H 1 (programmed death-1,
PD-1) A LA ] 48 240 0 1140 55 , 32 0 12 s B e G R )7
IR, /INTHE RNA (small interference RNA , siRNA)
JE— PR 21~25 bp (YN RNA, KTl i RNA T
YA T BRAR G 3 Rk B3R 7 B 9 /E FH®. PD-L1
SIRNA (A FK A “siP”) v] i i 175 5 P TR mRNA [ >k
T R b 24t B PD-L 1 A KSF , BN T ik 8 20 A
PR G T, AR S siP (RS M2  MELL 2F 15
AR, HR R ORI, et —Fh ] SEa
A ) 3 1% siP YA RERIA A B2 X,

R A B RTHFSE e 2 N ) sk R S, 1)
G IR ETEY . K AB4 FI siP e [F) 40 4% T8 B 1A
Py A R AR LA R Y AR PR [] , DT £ 55 A
JeIEg ZH AN 3 A o PR 2Bt H 2R R &R T8 [eyclo
(Arg-Gly-Asp-D-Tyr-Cys ) ,cRGDJ&—F i 5 aB A& H
ZAREE G IR IK™, T o Bs 3 A A2 ARAE AR /N i il s
) 9o 25 2RI ek o A 200 R T v R SRR R, AR
WF 58 B SKs AB4 A siP 2% 38 1 i A b, 4% )5 1 H
cRGD 1] 5 o B A5 R ZIREE A L HY, Wi B AR kA7
B, il % AB4 Fil siP 3L 336 2% cRGD 14 M 41 i) J 5 14
(AB4/siP-c-L) , LA (=i Mg o3 1A A Jieb g = 3 g 2, S
Je SRR I Y B Sl
1 #E
1.1 EENUEF

AHIFFE I 0 B ERA Gallios B 240X (3&
[ Beckman 2 7] ) , JEM-2100 % 25 43 P23 3% 5 7 B 1k
% ( H A< Jeol A 7] ) , Chemi Doc XRS Hl #E 18 4% 1Y .
Mini-Sub Cell GT Cell /N 7K - i, Jk # ( 3 1] Bio-Rad 2%
F] ), LSM-710 ZH 5 A= HOG 1 10 3805 (T2 [ Zeiss 2
F] ), ABI 7500 Y 52 Fisf 20 S 2 1t 2R 45 i =X S v (PCR)
1 (3£ [H Applied Biosystems /A H) ) , LC-20AT B = 2 i A
{6354 ( H 4% Shimadzu 23 7] ) , HC-3018R #4157 34 ¥4 T 25
OHLCEBP R EERF2EAE A FRZA 7] ), Nano ZS 7k
B 2 AL (FE [E Malvern A H] ) .

1.2 FEHRBSRAF

AB4 J5UBL 2 (415 2018042505, 46 J&F >98.0% ) 4 [
TLPGAR LR TR B BRZA ) 5 98 ek Alexa Fluor
647 HRic Y siP (siP™) (FE Ik FAM ARIEAY siP (siP™) |
FAPEXT BE SIRNA 0 [ ) M B A 1 E AR FRA A R
K G B RE BEALAK (HSPC) |, — Hfi 5 Bk L s 15 2 P i -
B Z, . JE (DSPE-PEG 2000) 41 [ 7% [¥ Lipoid GmbH
oy )y U g I O IR mE £ B - B £ U BE -cRGD
(DSPE-PEG 2000-cRGD)H F P4 e A= WIRHE A BR A
Al (1,2- ML - 56 ) - = H k4% -3 (DOTAP) I
i Ji JIE P R 0 A SO (R0 ) BR 2GR A R F
4", 6- " R IL-2-ZR LML (DAPD) W [ 2 - A )
THEA B FE RPMI 1640 55573 54 MML3 (fetal bovine
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serum, FBS) . 0.25% i 3400 [ 75 [ Gibeo 22 7l 5 g b
W A LR AR A BRA R A4 A 4l
1.3 4Apm

/INE Lewis Jilifea 40 i LLC W H 58 [F B AR5 0
2 FAETGER
2.1 BEREHIHI&

(1)K 2B AL 45 cCRGD &4 ity AB4 #8i) fig
JEAR (AB4-c-L)", ¢ AB4 1 T B R 15 B3k i 16
mmol/L ) AB4 Z BE % W , ¥ HSPC . DOTAP ., JH [if] Bt |
DSPE-PEG 2000-cRGD .DSPE-PEG 2000 (¥ i it & 2 It
#8.3:25:7.2:0.1:0.9) % F ik AB4 L BER W,
(60 °C, 50 kHz, 5 min) ffi H:5¢ 275, SR 5 2218 1 A 5
2 mL 5% A B H L 60 °C /K AE 1 h, #3887 (300
W, 10 min) . ¥ iR 9K RS E T BN E 75 5%
AR WP ENT 4 h, 25 0.45 pm U B g Uik
W, B8 AB4-c-L. (2)% DSPE-PEG 2000-cRGD %4
DSPE-PEG 2000, [A] 72 45 1E il #& & Z& cRGD & 1ii 1) 2%
AB4 I Fifk (AB4-L) . (3) 4 115 AB4-c-L 5 20 nmol/L
B siP SEARFR A, 2 R B 30 min, 3 12 i R R A4S )
AB4/siP-c-L, (4) ffi I siP*", siP™ f{ % siP, [n] ¥ il £
AB4/siP*"-L . AB4/siP*"-c-L Fll AB4/siP™-c-L,

2.2 AB4/siP-c-L HIRAE

2.2.1 RiARFN Zeta HEAZINZE 43 5 HL AB4-L . AB4-c-L
F1 AB4/siP-c-L IR AR5 100 WL, FH 5% 7 25 Wi W
22 mL,IRAT, R HBOGHEL R AR S0 HoR A2 K
Zeta L o REMREREATINGE 3K, 455 N, AB4-L
AB4-c-L AB4/siP-c-L BJ~F-2 k42 435 24 (180.6 £ 0.3) |
(190.7+1.2) . (187.4+3.1) nm, Zeta {37 735~ (51.4 +
1.3).(49.2+1.2) . (33.5+1.4) mV,

2.2.2 JEAWES ¥ ABA/siP-c-L 1R & WA Bl 2415 %1
Jei , B I 0 TR )L, i E 5 ming, F 2% BERSPR YL (1
10 min, BT, & FBE ST BB 0L, 450 ER,
AB4/siP-c-L BRI i R AF . 45 ILEI 1,

- e

1 AB4/siP-c-L HIZESTEERE
2.2.3  AB4GIE A G HME RSO G5
I 5E AB4 &, {6354 4 Diamonsil Cis (250 mm X 4.6
mm, 5 pm) , G S A R M-k (8: 17, Viv) AR iR N
25 °C, Kz K4 201 nm, JiL# A 1.0 mL/min, $EEE A
10 pLo ZI7TIEFH 5 G5 RAF G 2020 4F i 6] 245 )
QUIEHORCRT S
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T A R Y 9 0 A I T A X ABA4 B A R
¥ 400 wL AB4/siP-c-L {2 & T Ultra-4 8 38 55 .04
(BB T8 10 kDa)H, Lk 10 000 r/min &0 15 min,
WCEE VST 5 BB R e L3R (it SR E AR DU A L A5 2008 Il
s ABA I & i (M) o HL400 wL AB4/siP-c-L ii
B Vi, I EERG B 2 mL, R 5 ¥ iR (0 43% 4%
A AR I S, 75 B AR B AB4 B B (Mow) o 38
T EN o o TSR B R AB4 A B R A2
i IR (%) = (Muw— Miee) /M X 100% ; 259 &5 1 =
(Moo= Mie) Vg o 258878, AB47E AB4/siP-c-L H1 1)
I ER R (95.2+0.4)%, A (1.0£0.2) mg/mL,
224 SiPHEREIFEE RABURIHEER Ik L H 52
BIFARXS siP AU BERE J1 . # AB4-c-L 5 20 nmol/L siP
RA, 15 AB4-c-L IR Z M H DOTAP B9 A (N) 55 siP
HE (P) B B 0 B 2 Lk 10+ 1, 25 IR 30 min, VE R
FE S5 DS B 37 55 siP (20 nmol/L) Fll AB4-c-L VR 2 Wi
PR BRI X BRRE &, TRD IR 38 . g LRk R 35 5
FEGE M BOIR A, UK R HE AT B N8 W 58 ¢ P Uk (FL
75 mV, B [H] 60 min) , THER MR R G % . 455 W
/N, Y AB4-c-L TN FI P 9 o i & 2 LA 100 1A, H
WK L H 8 ABA-c-L A B siP SE U Bt 45 R
WIE 2,

siP AB4-c-L

2  AB4/siP-c-L3TsiP B R BE N Z A HEKE

AB4/siP-c-L

2.25 IMIEREMHHEE 1 ABA/siP-c-L 5 FBS A
RAE,FE37 °CFE , A WIAE0.1.2.4.8.12.24 h i BUH
24 pL %) AB4/siP-c-L T B0, M B DA A 6 wL
RGP R TE TR ST VR A A A 5 D AR R A T S
siP (20 nmol/L ) 1E Jfy B X RERE & , [ #elE . B ik
FE S 4300 AR 2 1.2% PSR B EE I A VKB T IR B
RS ECM U 75 mV  FE] 60 min , SR FHEER S R G0
1%, G55, 1Y siP 78 FBS W 2 h )5 T i i (5%
WP AR ), H IR | B AR B 5E 42 5 11T AB4/siP-c-L
TE FBS "' 8 h [5G /547 4E , %2 ] AB4/siP-c-L fE$ 7 siP 7¢
MR E M. 455 LA 3,

Oh 1h 2h 4h 8h 12h 24h

siP

AB4-SiP-C-L _

B3 AB4/siP-c-L MiEfaE M %2 22a) B ik E
226 WWANBEAT M EE RABIHARY BUEL %5
ABA4/siP-c-L FRINEIAT R o 40 ) HIGE 1 1Y AB4 5
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1l AB4/siP-c-LIREW , B T 40150 10 kDa 3T
LSRG G IENTAE 530 B T 100 mL AN [W] pH (pH7.4 .,
6.0.5.0) FYWERRERZE il (PBS) Hh, T 37 °C . 150 r/min 4%
F N %% AB4/siP-c-L /' AB4 7E PBS BT ] 0 4
BT 0.5.1.2.4, 8.12.24 .48 h I HURE , [F] A4 78 4H [ 5
JE AR RMARR B BB i, 4% 2.2.3 7 TR Jfy ok I 2 i
A ABA B B i AR E RS COPA TS 3. LR
JHCE ] A i A b L AB4 SRBRRE R AL AR R J
LLARILE 4, E4 PR, 5 ABAERAH L , AB4/siP-
c-L i AB47EANIR] pH 451 A WL W 58 ¢, 1] AB4/
siP-c-L AT B BAE . W, ABA/siP-c-L 1Y B B A
pH HUREME , 6% pH I &K , AB4/siP-c-L i ABA I REJiL
P 7E pH5.0 25144, AB4/siP-c-L " AB4 it 48 h 2
PR B J2: pH6.0 . pHT .4 451 F 1Y 1.4.2.4 4%

- AB4/siP-c-L(pH5.0)
= AB4/siP-c-L(pH6.0)
-+ AB4/siP-c-L(pH7.4)
80 1 + AB4I# (pH5.0)
AB4 I (pHE.0)
-+ AB4I#K (pHT.4)

100 4

ABA4 BEURICR/%

I l/h

El4 AB4/siP-c-L B AB4 FE A B pH B A 47 B A 44 b
BHME&(xts,n=3)

2.3 LLC ZHRaxIiE AR E R

2.3.1 TR R I A MR 25 25 LLC 4
Jit X 5 S A i 3R A B B o KE LLC 4N i 4% A FL
X 10N T 24 LA, 76 37 °C . 5%CO. 15 F- 48 H il
A 24 h BAMMINGRE R A5 R S IR (siP™ A
AB4/siP™"-L 2 . AB4/siP*"-c-L 41 , I 4Hi% & 3 N E 1L .
25 X R AN 45 7 H RS 3R 3, 45 2 A A0 S i A
siP”" AB4/siP""-L . AB4/siP*"-c-L (siP™ 1 ¥ FF 34 g 20
nmol/L , AB4 iR FE )4 1.6 pmol/L) . KF 4TI & F55 5%
A6 ) H LS 3% 15,3060 min i, JH PBS T YE4H Y 3
U, A e A i b W A i =i U R, R
7 2 0 A SRS 0 585 75 AN [0 s I s 40 6 20 S b2 1
FI A FRHCE . % F Graphpad Prism 8 #FXt 45 b 748
Tt THEPORL x +5 R, Z2 48] He AR I H R
R Z 50T, 7 25 55 VI 4 18] 5 R L 5CR H Tukey s
K56, 5 22 AN 55 s 21 18] 9 6 B %% % A Dunnett” s 73 6
5. KK KHE =005, Z5F BN, 7EMHF 15.30.60
min Ji7 , 345 25 4L AR A SO R A A 6 IR A 35 i
F 1 (P<<0.05) , Hir AB4/siP*-c-L 21 41 itd (1) 5¢ Y645
B X 2 T siP™ 4 F AB4/siP*-L 4 (P<<0.05) ,
L Fifi 25 5% 75 I 8] ) 4 K AB4/siP*-L 4H . AB4/siP*-c-L
ZH 20 JEL 1) 2% G B B 38 W 2 T R (P<<0.05) . &
W1,
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R1 WEAFEREGE&HEMBIT R 7R ERENE
ZR(x+ts,n=3,%)

A% 15 min 30 min 60 min
2 AR 03£0.1 05£0.1 0601
S LIELE 12421 92+2.1°
AB4/sP-LA] D4£28° 718+2.5% 96,1 £ 1.7
AB4/sip*"-c-L 41 509+3.1% 904118 078413

a: S E MR R) A9 25 6 R HL 3, P<<0.05; b S50 & A1 R

[] 4 siP*"2H [1 45, P<<0.05;c: 5 AH A I3 15 minff 4%, P<<0.05;
d: AT AUE 7 30 minfif HLAE , P<<0.05;e: 50 AT I 1] 19 ABA4/
siP*-LA kb4, P<<0.05

2.3.2 MEBEFOCH BB R E KL
J7 %8, R FH AL A O 10 25 58w e hr i il 51
FE LLC 40 L P9 14 70 A o K5 LLC 20 B 4% A5 £L 1 X 10° 4>
AT Lab-Tek" I8 36 i I, B F 37 °C .5%CO. 5 3%
FETRREE 24 h Z A0 RE o R A0 43 R S 0 BR A
siP™ 41 il AB4/siP™-c-L 4 , A B3I NEfL. ©EH
Xof FEZH A0 M 2 T E R R L L 40 2 A Al I 43 ) A
siP™ | AB4/siP™-c-L (siP™ f ¥k £ 44 4 20 nmol/L,
AB4 M IR 1.6 wmol/L) . BF i E T 1 =56
O3 HE RS 3% 1.4 h5 , F PBS 5 UE4N I 3 ¥k, DAPI %%
410 min, FRH PBS 158 3 K5, &, T il
AT DA . Gt kR “2.3.17 W
SiRNN W E 140G, AW ETE S TR,
siP™ 2 | AB4/siP™"-c-L ZH 4l g () 5 Vit i J3 35 W 3 v T
2% % IBH (P<<0.05) , AB4/siP™"-c-L ZH 2 Y i) 5 Sl o
B T siP™™ZH (P<<0.05) , HLFifi 25 0% 75 ) 1) i 2EE K
2 2 2 A B A G R BE 3A T i (P<<0.05) o 4
UL 2,

DAPI SiP™M Merge

25 A% IR 2

SiPPMZ

AB4/siP™-c-LZH

K2 WBEAREREESHEMBERERH KRR ENE
ZR(xts,n=3)

413 Ih 4h
R 0 0
siPPY4 86139 250186
AB/SIP™--L 41 184+44¢ 35.0149%
a: 50 E AR [R] A4 45 (0 BRZH LR, P<<0.05 5 b - 55 A ] il 551 90
B 1 hEF R, P<<0.05; ¢ : 550 AH R ) siPM4] Fuds , P<<0.05
3 1tig

ARHFFE R CBEE A48T cRGD B 1) fig
JiA, HF i LK 25 1) ABA FISEH 259 siP, 1F
il gt B 2EH R, il A DSPE-PEG 2000-cRGD J&5 1]
FAAIC AB4-c-L Fl AB4/siP-c-L i HL {7 . FErT BB AE T,
PR MY PEG AT fE—E 2 L3I 75 DOTAP Y IE
H AT, AT SO0 AR G o7 T R X T R 259
siP, TR A7 7E KB A% TR Il , — LI 5 siP 2F A (A
N, 2 AR 2R 30, (HR i IR U 3L ), IS iR

[~ PEG 1] {4 siP A% BRI , 388 G0 61 Fi oy 119 26 P4
o 2T 20 % siP (14 I8 BRF L AT B R HE 7 4 N 1% 916 A8 15t
[ 3 i 20 S 56 4 R AT HT, LLC 4i A X AB4/
siP-c-L [ HLRE J7 LU XTUiE 25 siP 5% , AB4/siP-c-L 1] 7F
YT N K A . LRI AE AL T BE S ) 3
cRGD (14 fiivia 20 A 25 B A E FH A O,

R AR IR 2 iy 301 F S 1) 25 2 e A1 405 A SE
1550, AB4/siP-c-L £5 2% 12 h J5 /) BUIMNL & Y AB4 Y e &
ELAEFAR, AB4 & LA A I ploga 07 . Rk, e sy
5% AB4/siP-c-L H AB4 B REIAT M , AN BF ST £ 48 h
Vi 2 5t 0) , R B KA 72 he FERINBIT %
gLz b | 5 AB4A VM FL , AB4/siP-c-L IR B H AB4
BB BRI . HIF R A HE7E T AB4 2 TR FifAk

DAPI siP™M Merge

t=1h

t=4h

5 WEAFIREGESHMEMEEREHDRHBRIE (x40)
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B9 K AR BEAR XU I A 4 T 3 22 25038 5 B4 o
ABA/siP-c-L 7E 423 N AR R 14 pH 45F T (pH5.0~5.5)
A EEPRORE 2 T AE M pH A5 AT (pHT.4) B 2 UK i
18 o FCJELER AT RE 2 BT FH AR B KL DOTAP B 15k

P = SRR AR R R 25 F T B AR EE S 0, il AL R A

PR P R AL (LA B X031 R SLAR BE RS i, 1 1M 2

5% 3 375 P 3, R 2R R T ABA/siP-c-L T AB4 7

pH5.0~5.5 PRk it 5 IR il 42

gk B ABIE T i #5 19 AB4/siP-c-L 1] A7 2505 B

AB4 5K 25 siP 1 AEa, E X LLC 4 B —E ik

HME P, AT RS ABA/siP-o-L TR RS e B SL Al

B2k
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