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Preparation of polyethylene glycol-modified polyarginine for gene delivery and in vitro evaluation
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[Abstract] Objective To modify polyargine (PLR) with polyethylene glycol (PEG) and to observe the effect of PEG
modification on PLR cytotoxicity and efficiency of PLR-mediated RNA interference. Methods 'HNMR was used to characterize
PLR-PEG and gel electrophoresis was adopted to determine the siRNA-packing capacity of PLR-PEG. The cytotoxicity of PLLR-
PEG, cellular uptake and RNA interference efficiency of PLR-PEG/siRNA complexes were investigated using prostate cancer
stem-like cells(RC-92a/hTERT). Results 'HNMR results showed the successful synthesis of PLR-PEG. It was found that
PEG modification decreased cytotoxicity of PLR and reduced cellular uptake of PLR/siRNA complexes, but the reduction of
cellular uptake was limited when N/P was high. The modification also inhibited the efficiency of PLR-mediated RNA
interference, but the influence of PEG modification was not notable within a certain range. Conclusion PEG-modified PLR may
be a promising vector for gene therapy targeting prostate cancer stem cells.
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Fig 1 'HNMR spectrograms of PLR(A)and PLR-PEG1(B)
The signal 1-4 are attributed to protons of PLR; the signal 5
are due to protons of PEG. PLR: Polyargine; PEG: Polyeth-
ylene glycol; PLR-PEG1: PEG modified PLR with PLR :

PEG=1:1
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Fig 2 Zeta potential and particle size of PLR-PEG/siRNA complex
A Zeta potential of various PLR-PEG/siRNA complexes at
different N/P ratios; B: Particle size of various PLR-PEG/
siRNA complexes at different N/P ratios. PLR: Polyargine;
PEG: Polyethylene glycol; PLR-PEG 1,3,5: PEG modified
PLR with PLR: PEG=1:1, 1: 3 and 1 5, respectively.
n=3, xts

2.3 PLR-PEG #9mpe &K HEFRAEYILEE

TR 1 40 L 35 P 5 R % T 1) I R e A 06 B IR R T
(14 1 A fof T DARRAR AR AR A A0 M i d: . NIEL 3 I U
L BEE PEG &4 B i 34 i, PLR-PEG %} RC-92a/
hTERT 40 il i) 5 £ T B R & PEG & 1fi i) PLR 1y
15,24 60 pg/mL,7E 100 pg/mL B HARE] 10 %0 1)
AERESEAE TS . LR PLR (40 jE 8 K. R dE &
BN B R # R N . 2 PEG &1 5 . PEG Ji#
it T PLR 2R A (438 43 1E #7386 i 7 PLR f) 2 7K #
AE DA W] R A T LA i R 1 500 1 5 A PEG &
i) PLR-PEG5 ) 1C;, f > 100 pg/mL, 7E 100 pg/
ml BHATS A 7020 (¥ 20 i A7 15 . 15 AR W] ¢ B PLR H
5.5V I 40 i A7 0% A AH L. A T K . PLR-
PEGS 35 31| 7 5 PH 28 {4 75 2 it 75 1 5 Th 1 220K

120
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Cell viability (%)

0F o pir
- PLR-PEGI
40 _a PLR-PEG3
- PLR-PEGS
20t
0 1 1 1 1 1 1
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Concentration py/(ug * mL ™Y

3 A EEMHER PLR-PEG Xt RC-92a/hTERT £H fal 9 5 14
Fig 3 Cytotoxicity of PLR-PEG of different modification
degrees on RC-92a/hTERT cells
PLR: Polyargine; PEG: Polyethylene glycol; PLR-PEG 1,
3,5: PEG modified PLR with PLR : PEG=1: 1, 1 : 3 and

1: 5, respectively. n=3, x%s
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PLIAR SIRNA ot Ukl A2 4y, Bl N/P i 3
J.PLR-PEG 3, 2= {E ) siRNA i 2, siRNA 75 3K i
B iR AE AR AL R 2, T LR B Rl
PEG &/ B i35 i, PLR-PEG %} siRNA {43 3 g /7t
fE TR, PLR 7E N/P 2y 2 ) i) LS8 4 B2 4F siRNA
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mE T 5(E 4Dy,

2.5 PLR-PEG/siRNA £ &4 69 o B & M
5 ATLAE L BEE N/P By I, RC-92a/ hTERT 4 fitg %f
PLR-PEG/FAM-siRNA & £ ¥ 1) £ R0 3 Bl 2 1
T G 2K ARG 0 85 A € 51 14 240 L L ) 184 33X 2
F N/P #1J5 . PLR-PEG/FAM-siRNA & & 145 4 1)
SN SRR L A5 ) AR 1 BH B 4 22 T 40 R £
17, PLR-PEG/siRNA & & W) 91 75 7 5 40 il i 35 17 445
&, WA LLE W, B % PEG & i B 9 B4 i, PLR-
PEG/FAM-siRNA % & ¥ 1 40 Ml 55 R 5 R B
#OAE N/P 2Ry 5 B, PEG &1 5 41 i 38 Ui % T B AR
B .76 N/P Sy 10 1 20 W), PEG &4 X &2 & 91 it 4i
MR AN K. R ZMEMG A PLR (1435 [ 32 1%
AR A2 N/P kg 20 B 20 6 2 5 BA 1 3 fi ey
A PLA $197. 87 % . PEG &4 FE k5 1) PLR-PEG5 3
IR 3 % A LA B AR 76 N/P 2 5 Bl TRk e 4
L AE siRNA, PLR-PEGS5/siRNA & 4 %) 1) 2 Ml £
R AR AT 35,86

1 2 3 4 5 6 7 8

2 3 4 5 6 7 8

B 4 IRBE MRS R R KGN
@ PEG &1 £ # PLR Xf siRNA K& AL 7
Fig 4 siRNA condensation ability of PLR-PEG of
different modificaiton degrees
A:. PLR; B: PLR-PEGIl; C. PLR-PEG3; D. PLR-PEGS5.
1. Naked siRNA; 2-8. N/P ratio is 0.5, 1. 2, 3, 5., 10, 20,
respectively. PLR: Polyargine; PEG: Polyethylene glycol; PLR-
PEG 1.3.,5: PEG modified PLR with PLR : PEG=1:1, 1: 3

and 1 * 5, respectively

2.6 PLR-PEG/siBcl-2 Z &4 694k 5h 3K A T 3 &
£ ON[FEMEM R PLR-PEG/siBel-2 4K & & ¥ 7
551 5 10 51 R 8 4 RC-92a/hTERT fE A 24 h 5, %t
Bel-2 AWM FE Y AT THAEHE 6,7 LLE
i E PEG &1 B 1935 i, PLR-PEG/siBcl-2 44k
EEYXE B S BT Y RSB %, PLR-
PEG1 #l PLR-PEG3 5 siRNA & SN K E &9
XF Bel-2 B THAEH 5 R & B i i PLR #1224

K1 PLR-PEG5/siBel-2 0k E 500 FR/EHS
PLR #H H 22 BE ¢ K, 5 BH P X BB 40 (PLR/NC-siR-
NAEZE SV ZEFEC 2 A S,

100 BN/P=5 ON/P=10 BN/P=20
80}
60}
40t

20t

FAM-siRNA positive cells (%)

0

PLR PLR-PEG] PLR-PEG3 PLR-PEG5
E 5 PLR-PEG/siRNA £ & 40 fa B BN &%
Fig 5 Cellular uptake efficiency of PLR-PEG/siRNA

complex in different groups
PLR: Polyargine; PEG: Polyethylene glycol; PLR-PEG 1,
3.5: PEG modified PLR with PLR : PEG=1: 1, 1 : 3 and

1: 5, respectively. n=3, x=*ts

1 2 3.4 5 6

siBcl-2—

GAPDH — R ————
B 6 PLR-PEG/siBcl-2 £ &3t B2 RizWTFHAER
Fig 6 Interference of Bcl-2 by PLR-PEG/siBcl-2 complex
1. Untreated; 2: PLR/NC-siRNA; 3: PLR-PEG5/siBcl-2; 4.
PLR/siBcl-2.
PLR: Polyargine; PEG; Polyethylene glycol; PLR-PEG 1, 3,5:
PEG modified PLR with PLR : PEG=1: 1, 1 : 3 and 1 : 5,

PLR-PEG3/siBcl-2; 5. PLR-PEGI1/siBcl-2; 6:

respectively

3 i ®

A BRI ) A AN Tt Han 2 Ok a3 5
f Y R =2 — . T4 B T 200 B 2 i A7) R 2
S /D RCELA T PRI FE P R 1 40 B, 3K 2T o 98 1T R
AR HRTC AR P A BIES Y . AR AT S ke T
20 M AR 2 R AR B AR E A T RE R ) R
IR 2 2 R R SE I AR IR . TR X i
G g T AL TR T ISR A I R S =R TT
IS J 88 1) T JEL T SR . AR5 A PEG &)
A REAR AR PLR 647 00 76 54 F 80 e T 20 i
PE) RC-92a/ hTERT 40f | . %f el 5 19 PLR-PEG %k
K17 T — R 5FM . PLR-PEG/siRNA & & ¥ i) ki
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