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Small interfering RNA delivery mediated by mPEG-PCL -g-PEI
polymer nanoparticles

HUANG Wei', LU Ming®, GAO Zhong-gao”, JIN Ming-ji*, YANG Chang-qing’

(1. Ingtitute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, Ching;
2. College of Pharmaceutical Sciences, Yanbian University, Yanji 133000, China)

Abstract: The aim of this paper is to report the synthesis of the mPEG-PCL-g-PEI copolymers as small
interfering RNA (siRNA) delivery vector, and exploration of the sSiRNA delivery potential of mPEG-PCL-g-PEI
in vitro. The diblock copolymers mPEG-PCL-OH was prepared through the ring-opening polymerization.
Then, the hydroxyl terminal (-OH) of mPEG-PCL-OH was chemically converted into the carboxy (-COOH) and
N-hydroxysuccinimide (NHS) in turn to prepare mPEG-PCL-NHS. The branched PEIl was reacted with
MPEG-PCL-NHS to synthesize the ternary copolymers mPEG-PCL-g-PEI.  The structure of mPEG-PCL-g-PEl
copolymers was characterized with Fourier transform infrared spectroscopy (FTIR), nuclear magnetic resonance
(NMR) and gel permeation chromatography (GPC). The mPEG-PCL-g-PEI/SIRNA nanoparticles were prepared
by complex coacervation, and the nanoparticles size and zeta potential were determined, separately. The
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cytotoxicities of mMPEG-PCL-g-PEI/sIRNA nanoparticles and PEI/SIRNA nanoparticles were compared through
cellsMTT assaysin vitro.  The inhibition efficiencies of firefly luciferase gene expression by mPEG-PCL-g-PEI/
siRNA nanoparticle at various N/P ratios were investigated through cell transfection in vitro.  The experimental
results suggested that the ternary (MPEGsc-PCL1)1.4-0-PElox copolymers were successfully synthesized.
(MPEGs-PCL 1 2)1.4-9-PEl 10« could condense siRNA into nanoparticles (50-200 nm) with positive zeta potential .
MTT assay results showed that the cytotoxicity of (MPEGs-PCL12)14-9-PEl10/SIRNA nanoparticles was
significantly lower than that of PElq/SIRNA nanoparticles (P < 0.05). The expression of firefly luciferase
gene could be significantly down-regulated at a range of N/P ratio from 50 to 150 (P < 0.01), and maximally
inhibited at the N/P ratio of 125. The mPEG-PCL-g-PEI polymers could delivery siRNA into cells to inhibit

the expression of target gene with very low cytotoxicity, which suggested that mPEG-PCL-g-PEI could serve as
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anew type of SIRNA delivery vector.
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INTIRERIR (small interfering RNA, SiRNA)
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PR 24 h, 4643 B~ mPEG-PCL-OH. ¥
0.5 mmol ) mPEG-PCL-OH Jili o /K FH & 20 mL #%5fiE,
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L1 1) PEI A1 mPEG-PCL-NHS /Tl DCM ¥ fi#, =i
RSN 24 he N EAE DCM HEAT 48 h (iEHT
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48 h, FR LRV PEI R ikBILRY) . K@i
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4 ) e o R o TR T T SR LA AL o A
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100 pL . R 3 AFATAL, AL SRNA [R5 4 7)
w344 4 pmol

R K REIREEE S MY 36 h 5,
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5s, 3% Rennila %G Z BT 1. VAR 90
W (relative luciferase activity, RLA): % Kk 56
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Figure 1 Gel permeation chromatography (GPC) results of
synthetic polymers. A: Final product (mPEGs-PCL12)1.4-0-
PEI 10k B: Mediate pI'OdUCt mPEG5k— PCLl_zk-OH
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T AR B B, ) RNase-free Water #iF% 42 1.5
mL, H Malvern 9KRLRE 73 B A0 e Ritt & zeta HY
A7, IESE R ILIE 2. 24 N/P Lk 125 I, (MPEGs-
PCL1.21)1.4-0-PEl10k/SIRNA Kb ~¥- 35 ke (68.8 +
2.1) nm, JLRifR oA LK 3.
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Figure 2 Particle size and zeta potential of (MPEGsc-PCL12)1.4-
0-PElio/siRNA nanoparticles at various N/Pratios. n=3, XS
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Figure 3 Particle size distribution of (MPEGs-PCL12)1.4-0-
PEIl1a/SIRNA nanoparticle at the N/Pratio of 125
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Figure 4 Effect of (mPEG5k-PCL1_2k)1_4-g-PE|1ok/SiRNA

nanoparticle at various N/P ratios on cell viability. A: HepG2
cells; B: MCF-7 cells. Test: (mPEG5k—PCL1_2k)1_4—g—PEImk/
siRNA nanoparticles; Control: PEli/SIRNA nanoparticles.
n=5 x+s “P<0.05vs control
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Figure 5 Inhibition of firefly luciferase expression by (MPEGsy-
PCL1)14-0-PElLo/SIRNA nanoparticle at various N/P ratios.
PC: Positive control; NC: Negative control; BC: Blank control.
n=3, x+S "P<0.01vsnegative and blank controls
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PEI 157> ¥ 45 1 1 BAT K8 i A ik o 7R
PESAET, XA RE K T A i A PEI 731
SR A w5 2 R (K I A2 Sl e kAR, PEI Al
PSS & AT ORI AR 7> T (B 65 DNA HI RNA)
FFREME AR A . BAR PEI QR —FhE
HIRE RIS IE TR, HJE PEI 43 73R G 1 %
IF HL A 40 i LA AR O g Y, XA R B I
BT PEI fEAZ RIS IR MU N . O T A% PEI
A sEtE, W LAAE PEI S 1 b AR i ik Ay B
FINMEFEE R, WO rHcE, MRS PEI 7>
TR E HAT B B, ks PEI 0P 4w
I, ASCESEE T B REY mPEG-PCL, AR5
¥ mPEG-PCL 43¥ ) PCL —¥i il PEl 4> 11 -NH,
B e, B RO Y S A4 B mPEG-PCL-g-
PEl. AISCRM FTIR, NMR Fl GPC % )i VL0t R A1)
MPEG-PCL-g-PE| HH1T T 45 MIZRAE, 45 FR W& it
BEWH IR, > TFEE/-A (MPEGs-PCL 1 2k)1.4-
g-PEliow, 7> FiiE a5 HAa s (K 1).

mPEG-PCL REWEMMGIANSAL T PEI 71
fwg SR PE, LSRRt v Be PCL f# mPEG-PCL-g-
PEl 7> 1 BA — @ RE RN HKE, XHHT mPEG-
PCL-g-PEl JE i #% MR 7> T TR A K KL &5 AR W
(MPEGsk-PCL1.2k)1.4-0-PEl 10k AETE 4 SIRNA T %,
KAt/ T 200 nm AKRL, R /AT, HArk
KL AT — 2 s R F AT (18] 2). BEAF N/P EE
(R85 K, (MPEGsk-PCL12k)14-0-PEl ok #ifA S sIRNA
(W& 4 1B, R4 SIRNA TR fig 02 i i 5,
DRL i 2 K RE R AR B ), TR, BEAY (MPEGs-
PCL 1 2k)1.4-9-PEl 10 L 451 BRI HE O, AN g KR AR
FIIE LA 35 PR K, zeta PO IR HT T 5

FiAN, A0 M EE SR R (MPEGsk-PCL 1 2k)1.4-
0-PEl10i/SIRNA - 24K 1) 41 i 2 4 2% /N T PELok/
SIRNA ZKKE (& 4), KA RINESY) (MPEGs-
PCL 1 5)1.4-0-PEl 1o, FJ 41 BT 73 PE AHXT T PElo Ak &
FHBRAR, R BRIAE T JE B (1 mPEG-PCL JE #1751 Ak
D TAARIE R HCR, AR PEI 2313 1R 1E HL A 3
MR T PEI SRR A TR, G55 T A SL56 1
HH .

K IR TR MR B R 3k R AR L )
Gy s R, R AR S P 1% i DR Sy 3 IR
ITHRAN SRNA BEIEITST. T3 K B Rk [
AR FE DR, WL B A A0 A B AN A K LY

JeE A, FTLAERS SRNA 3635256 b 15 e ils
JFoki pGL3_Control 1 pGL4.75 JL A% Y4 iy, Horp
pGL3 Control HEW R IA ;= £ K e 2, HT
DK S RNA BRI 0%, 1 pGLA.75 Ky N 5 ik, fEWS
FaL7 A Rennila 5863, 78I AR G I 30
XTI, ORAR IE 5 S50 FL IR YL 3R (0 2 5 o AR A4
J e g 45 R B oR (MPEGsk-PCL1 2)1.4-9-PEl10/SIRNA
YK KL B T I K L FE MR IA KT (B15),
KB (MPEGsk-PCL 1 2)1.4-9-PEl 1ok 248 1] LUK SRNA
% B A0 i P9 I AT O R R K e ' 3l R TR R
ke B, AT AT G ) mPEG-PCL-g-PEI
AN EEIE N T PEI, A 2K061% SRNA HEA 41D
TR Rk, AN — R RN SRNA
LA
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