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MR ZHBIE(LPEL) TS
DNA 0L HR

LxXF, rEAR,  FfokF, REFE, %5

IR R7 S RLrbe . BIK RE 402460

WE: EBRCHER(LPED A — X7 2 A THRBEIGDHEZGMBE T REY. HT#—F KR 25 kDa
LPEI # % 3 &40, i@ i 5 ik & ok L X 30 3- 45 N/P. B4 pH AR &8 B 27 LPEFDNA £ &% % R e %k, %
A A K E N/P #9 25 kDa LPEI #f HEK293 T et 7k & ¢ A F O R A Raadb e, # 4 48 h G & K bm
F il B MTT 6 %3t 47, iRAEse s &5 LPEL Rt mm Ak, %R &9, N/P #9 LJ-4: 5% 3% LPELDNA
Wk AR EF pHIAMK 6~8 &, LPEI-DNA B A #Z #8535 MA LM% F oM%K, LPEFDNA & A% #f
¥k, MF 1 het Xk 8l4ad. M ARSI HEK293 T @ty N/P It &, s mitmpib sl 245, % N/P &
B 40~60 B HEHFARF KRG, —FTRHINPEHEHXEREIF FTH(HPp<<0.0D; A N/PH G, @MIE HiE
BT, &R AW, N/P, pH, B4 ¥ THm LPEI RASHBKR A D %546 F & N/P 3 HEK293 T %0 i 4% 4 s &
Bt M A 6 o, A8 25 kDa LPEL % 4 fn fuiE & 69 5o 4 N/P % 40~60, 4 pHEH 6.0, AatE A4 1 h,
E B O ABRBRLHTHE; HRES; RI T

hESES: Q782 XHkFRERD: A XEHS: 1673 -9868(2019)06 — 0028 - 09

WL BR AL 338 2 A W) 2 5T L B B RS RIIR 7 b 2 0 i ZEOCHEBR Y. i TR 1Y ) 32 A7 7 PR R 1
f o i S A AR ARV S B TR R AR ME A T A 3o 306 O A M LT /D o 3 6 A B Y A% R N 5
VAR - W R R G R AL DR, R AR A2 R A IR A R B Y BRI R AR W 2 BF S ) R ) L
H R A% Rz 300K 3 200 M T R AR RE 28, RO AT H M SR R E L e, RErE. mAR
EEg TR E.

R LI W% (Polyethylenimine, PED & —F/KIEHHE F &0 TR EY ., th2a85H i Kim i 5E 1E H A
G- EL A 4 o B IE AT, AR 1995 AR TARAMZ IR L Y IE AT B9 PET I FH % 0 22 T4 FH 45
R 1 W AZ R I T 1 B 5 40 M B A O /N R AR S A AL K b B SR A IR Y BB 0 A b B ) T e AL
IO PET T8 1 K ik e 36 HL A TR IR 4R A0 o R AR M PET —A% W 52 4 0y a0k 183 11 oA TR 0 o 7 il 2 4k 117 7 T
BEROZ Rl B 3L AR LA . [RIBT PEL Al 55 40 i 25 44 1 0% 8 7 sl il i AH B4R FH 52 el S 1 S R 1 7 A
21 P 3 T 5 ) 20 P T iR T T b R A R v R A R A R PET A A R T e 1 A S
PET % e R M40 il #5432 21 PET g N JTER 5 B0k DNA P JT R 19 B R B (N/P) . PET IR R 5
B BEYSE L PET WA T Ao A Ak 25 Z R R g i 4> F B9 PEL R R SR 4 R AR

O WHHEH. 2018-12-20
HAWH ., &R S AT AR R E (este2016jeyjA0386) 5 H1 e 25 A% B A BFHF L 45 2% (XDIK2018D016).
FEZRIA: D25(1993 ), B, WLRFSE A, 3258 N8/ BUIFIE 3 B 10 B 5%
SEEVEE . XEIF, Hz.



% 6 4 Lg%, ZBELHTRE(LPED /% DNA # £ 69 LR 29

SHES YRR AT, ML AR, R PEI S T RIS AR LTS, BHEtd o
SECL R ETSY R A A 25 kDa PET & FH B 7 56 9 450 8 A9 < 8¢ & AR 7. PEL & 4 % fk PEI
(Branched PEI. BPED FI£k ¥ PEI(Linear PEI, LPED # K261 B 5% B BPEI B KA % # %) LPEI B
S P A% I U5E SR BE T . (A R BB RE S AR 5 L i AN N TG Tk A OB TR R T R L R R KL 25
kDa LPEI J& —Fl M1 %t T 1% 45 PET 3505 9 /N | 5% e R 0 g (9 A% 2 PH B 7 304K N/P S S i PET #%
MORB e EE N Z, B 25 kDa LPEI N/P i i i 5% 22 S48 K, gk A9 N/P i fH (1~20) t i /M PEI
(5% g% 5 LPEFDNA & SR R A& 12 M Qe A MF UM G, PR R WA F PET# R . £h 8 1k
JE LR ML . 40 M S A R PEL BB s R e V0. LPEL MR N % B A% i R AR B A W 2 4
PR BRAET M L BRI SR, B RS SRR YT T AZ R 1% 3 T B R W 1. A 25 kDa LPEI 4y
SRR e 0 AR Z RGEAEDRSE , HA R R Y 09 SR T B — B T e O Ak . DA e L A R
FTE0 M0 N 15 38 B 5%, b, AR ST 76 i B 98 A 3L AL, DLSE PR FA AT B T 45 9 25 kDa LPEI/E R
WAL, 8% N/P I, LPEL 5 DNA B4 6, R4 pH X LPEFDNA Z &R R & 0%, 4Lt
M YL M RE T, O LPET 3% e 45 040 1 56 38 SR B2 1t 210 B i

1 M5 RE
1.1 ZApES5iK7F

HEK293 T 40 it i o [ B2 B 1 40 i )22 #5241t . LPEI(25 kDa), Santa Cruz A #l; MTT, Sigma 2 fl;
DMEM Hil F12 ZHfi 85553, Opti-MEM, J&ZFE 1L . Gibeo 23wl s JBE i 40 i 4 1L ¥ . Beyotime 23 75 100x
TR R B R R IR, Biosharp Al s S 29¢EIEH TR pEGFP 28 & A7 S 50 % 76 pCDNAS. 1 24 rpii
A EGFP A 21l ; DMSO, Sigma 2 #) ;s HBS 2% 1k (20 mmol/L), Hepes; 150 mmol/L. NaCl(pH
B 7. 1) il ¥ o ™ 23 B 4l ).
1.2 ZERFEAFIRE

B4 N/P Wil : BB P 330 Dad 14 P, LPEI V4 43 Da & 1 4 N, LIt
A N/P R B9 LPED AR e & . 0 HBS 2% vh i i i #5 %€ N/P(0.1.2.3.4.6.8,10,20) f§ LPEI,
200,22 pm PEMEALIEE SRR A, BLH SR 20 pL 9 LPEI/DNA RA W, M0 & 1 pg K
pEGFP. FRIBAWAEER T ® 30 min Ji. B 5 pL 78 1% B8 M S EoEfr ik, ik 5 F N
I X TAE HIKZ M, K 5 V/em, HLUK 10 min FI%ERE SR AW %8 DNA a7 (19 38 58 0 41 1R
1.3 E&rEEi

JH HBS 2 ooy e il 45 %2 N/P(0,1,2,3,4,6,8,10,12,16,20) 8 LPEI 5 F ki IR & W, 45 9 &6 &
10 min,30 min,1 h,2 h 5% 8 [ 38 A0 W] H UK 2% 1 20 47 3 Jise i K BHEL v 1 35
1.4 BE&pH#KL

FIFH 1 mol/mL A NaOH ¥ 5 2 2 K5 i 8 % HBS 28 v Ml LPET W0 pH, #% pH {5} 6.,6. 5,
7,7.5,8 50N 5 . B BIECE N/P oA 2,4.6 (9 LPEL 5 FOR IR AW, e 08 3R A0 [R] 6 9k 45 18 00 47 %t
Ji2 F, Pk BEL i 3 56
1.5 HEK293 T s

HEK293 T R F- 76 & A WP (F B ZE 100 U/mL MEERE ZE 100 pg/mL) Al 10% B4 15 (FBS) (1
DMEM/F12 ¥ Wb, AR5 40 37 °C.5% CO, JFIRE &M T, 4 2 d #Wk 1w, FRgnie sk Kik
90 %6 YA RS s FH IRt 7 fh i AL AR A . K A 2% FE R 4L & 2<10° 4/ mL, LA%EAL 400 L 40 B i 322 Fh
24 FLEEFRML . R5 5% 24~36 h, UMLIC A BE IR B 80 % A2 A7 i T #5 YL i 5.
1.6 FEPRKN

Fi i N/P 1.(0,1,2,6,10,20,30,40,60,80,100) BEAALFE 5 AN FA7FL. 6 Y iy 4 i 55 55 W #5400 pLL
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Opti-MEM K573k, ¥ H7E pH{E N 6 BH 1 h G JCH 25 kDa LPEIL Ml pEGFP Jikr Chi£L 1) J5kr 2 R
1 pg) A Wi 2% 7 i 20 i L v, 55 S sh [l i e Wy o A 39 5], A a4k 221535 4 h 53 Opti-MEM i
i35 IR 3, 48 h 5 FE DG B B W AUEE R LS8 A0 I EL ) IR 40 IR R Tmage-] B4 HEAT 2% (6 58 O FHAE 40
U8 B G T Y B MR T
YRR = SO TGN EL / SE A AL < 100 %6

1.7 MTT %l

¥ HEK293 T 40 g 2 BG83 40  56 i 454 A o A 24 5 4 Fh 1 96 LA, 1597 24 h J5 4 IO TR
N/P [L#47 LPEL # 3y, 4G4l 200 ng Bk (5 vElR 1. 6), G0 BE 5 AN P47, # YL 48 h G IR B850, 1F
BALHMA 20 pL MTT % (5 mg/mL) M 80 pL Bk ) DMEM 85383, A 37 CEiFRFIRFF 4 h, BBk
MTT ¥ W, A 150 p1. DMSO %5 fif 45 60 B 25 &, HBEARAAE 570 nm %Kl AL oG B, if
O 0 LA

b PR LI B — =5 FALOLE(E

Xt IR WO (L — 7 A ALBOERE (L 100%

o 7 1 2 —

1.8 ZHitFEHH

ARG SPSS 19, &5 i Levene /M, Jf 347 8 & J5 2270t Cone-way ANO-
VA), Tukey's I #H/TH G L EAL. p<<0.05 B/RZEFA G 22T L, Bl Rm ik oy FE8E +
b o 2.

2 7 R

2.1 N/P %t LPEI-DNA £ &% B 09 &1

LPET F1 DNA i & # B A0 BAE 456 2 8 LPETDNA & 69, 5458 G Y E d ks £ W LPEL Xf
DNA 58 58 SOR Mt 7 5 v 0 Mo ). LPET-DNA & & Wy Fir s o fif (19 22 5 0 DLl o i 3 i B 1
25 S IMUARIL . 26 WA IF W A 3 25 0 ) 5 BH R BTk DNA 7E L5 3B 8. AW 9% 1 56 R H B i BEL
AR 7 T AR N/P XF 25 kDa LPEL 5 itk DNA 259K WA, 4558 88, %A N/P Jhe, i
i DNA TE LR WEEE I L 37 h B RS e 1 B W 22 FR H LUk 57 2855 5 24 N/P 7 1~6 B, #8437 ik DNA 78
B P I B S R, M N/P Bt 6 UGS . ok DNA £E 58 4 5¢ 5 83 78 B Bk i FL b (B ).
LKW 25 kDa LPETAHXS T Bk DNA () #k £, #2219 DNA Bk R RO B84

NP 0 1 2 3 4 6 8 10 12 16 20

E 1 7[E N/P# LPEI-DNA £ & 4 37 5 #5 58 B B2 ik =
2.2 BE4&BtEX LPEI-DNA E&8WF B 0
AHEFEAEA ] N/P 4548 T R 35 s b5 e ri Uk 43 Bt T LPETL BT KL DNA 258 75 8 3] %) LPET-DNA
EAYIE RN, 455 B8, 24 LPEL 5 ki DNA BEE 10 min #E7 B K K3, N/P/NT 4 i1y
Kk B R AZ PR B B 4. 4 N/P AE 4~10 B U W55 R R B A B 4 . R BB DNA WA 745 5
LPEI 254 (F 2a); ¥4 LPELI 5 ik DNA 0% 7 i (8] ZE £ 2 30 min B LPEI 55 ik DNA 45 & % in s 4.
N/P KT 8 if DNA 1 1137 i i 18 5% 58 2 9 B (18 2b) 5 24 LPET 5 Bk DNA W% & B[] 3 K & 60 min,



% 6 4 LrF, F,. ZBHROH B E(LPEDA-$ DNA % ¢ 5 31

LPEIDNA E&5YERESRLFN R K, MPFEEF £ 120 min B AHE T 60 min JWKE 1 305 ™ & 0 #i 2 0 %
(Bl 2c.d). DL R £, LPEL 5 Bk DNA L% & 6 7] 25 & 3% 52 i LPEI-DNA & & % 8 i X iz
EPE, TEHLE 60 min B F & I BE F B [ 42 K LPEIFDNA & & ¥ % & th3 i, Hfgis 3 LPEI-DNA
e B Es A s s L E AR 30~60 min B, A T LPEFDNA B AWM K, - KRS
B E) B2 i i LPEFDNA & & ) 82 2 P 1l 55 .

N/P 0 1 2 3 4 6 8 10 12 16 20

(b) ¥¥E30 min

(c) FF¥E60 min

(d) ¥#&120 min

B2 AERSKET LPEI-DNA £ & W IEMERE Bk E

2.3 pH X LPEI-DNA £ & ¥ 7 B B9 8 i

T LPEI-DNA & G928 o i B AFIE i, Btk LPET 5 DNA E8E & 9% pH Al G J2 52
LPEI-DNA & & WI¥ sy 5 252w K 2. A WiF 90 38 2 3 B8 W 6 e i UK BELVRE K38 40 A 17 AN Rl pH 461 F
LPET 5 k. DNA A M. 458 WoR, X N/P 2y 2 i, FiE pH 197 & DNA 78K AL A B w2 (&1 3) 5
M N/P 4 F16 i, AE pH & T 1 LPEFDNA & &Y R &40 BB fLh , BFEFEREE pH b Ik iE
ikt 2 (K 3). DL RS R K], W& pH 7+ LPEL R4 DNA BB 28 MR, mHEE N/P F+
= pH X LPEI-DNA & & WY j 1) 52 M 14 38 ek 55 .
2.4 N/P 3t LPEI ' 58 DNA B LM EMNF N

T4k LPEI - 40 ME N DNA f&38 , A5 456 C A ML R, e LPEI MUK DNA &
WHE A 1 h, BEE M pH E N 6, PE—0ik N/P Xt LPEI 4 10 DNA #% Je 08 K 40 M d v o 52 . A
ST AR TE] N/P ) LPEI-4¢ (8756 %G 3 [ Bk (pEGFP) % HEK293 T 40l k4755 4, 48 h J& i i3 75 2¢ 6 . i
Be NS L P A 3, B g B9 R AE 0L, RIBT R MTT %4041 7 LPET X 20 Ml 15 4 19 5% ).
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ZER IR, N/P<<6 WL %A 05 6E 5 (K 4a 2E 40) 5 N/P M3t 10 J5 4 0,257 %6 40 M 5 12 ) 1o 35 1
nCp<<0.01), JHFiZE N/P FrEst o A E e B Wil £, s8R 7E N/P S 60 ik B, b5 A Fr
TRECE 4d ZE 4k) s LPED X4 1& J1 2 ma 09 0 A &5 S 7 . B N/P 1 T 5 40 B A X 36 77 528 8 T 1%

HFE 4D, 24 N/P IKE] 30 IF, 40 S 3 A X T BEZE AR 2% R B (p<<0. 01D, 24 N/P 3K 3] 60 f, i i
I 1k — 2D R 2 R R (p<<0. 01) . JFRE LSS 2 1 e e 40 0 1 0K 8 FIAE T Y B A
N/P#2 NP4 N/P#6
pHE 6 65 7 75 8 6 65 7 15 8 6 65 71 15 8

3 AEES&pH TN/P3X2,4,6 8 LPEI-DNA E ¥R s R Bk E
PLEZERERW, BEE N/P 1y I Qe OR 8 e Thm e BRI e 35, >4 N/P ARIKET (N/P 2 0~6),
LPEI JCv:A S 40 M AL 88 R 5 24 N/P Sl 40~60 B, fc A T 25 kDa LPEI [ 40 i £% 1% A% /2 . 1 1k —
TR N/P £ e 85 LPET 9, 7= A= 40 i d A A, 3 R i i sE T

3 i it

25 kDa LPET J& — fl A 0 19 8% 18 R 245 40 1% 38 400K . il #& 5 . M As AR B, LK R 5% L D Re vk ) i N
FHE g T E A 5 A 25 kDa LPET X — A% MR %6 Yt T2, ASBF 55 3 b 366 e BRL 7 38 36 #F 58 N/ P, LPEI
5 DNA B4 pH, B4 B EXF 25 kDa LPEI B4 DNA 8 7 (52w, I3 3o 40 o 5% L3 36 0F 5% 7 K 70 1
N/P % LPET /3 DNA 5 e 40 2% o 20 i 85 M 1) 52

PEI & IR AE 1 5 oAb 22 B 28 h 5 20 FH B8 7 19 R JE i %5 DI AR OC. A WF ot 3R B, e A X 1% R 1)
i, B N/P FHmif . PEL 5P B0y IE B G AR T f #8 K, RiAR 78/, PET X A% R 1Y W B 0 Hs 45 fg
JissR = ABEHONE N/P (9 25 kDa LPEI-DNA &2 &9 8t B 20, BE%E N/P B34, %1
HL UK 32 B0 A B FHRR SR . 4 N/ P B B, AR AE Bet HiE WEBE e v i iR RS i g k). R N/P 3 in A
BYF 25 kDa LPET MR 10 5 & K BB 71k, X4 KL% PEL s itk LPEL 445 4% B iy M e =,

AR AN E R A B E T 25 kDa LPEFDNA & & ¥ % i B K30 3R W1, 25 kDa LPEI 5 DNA St
A 10 min TEARBUE iAe € 19 LPEFDNA Z &%), M7EdL#H 60 min i LPEI 5 DNA X4 ik 21 1,
120 min B HBUAZ BR MR B 4. KW 25 kDa LPEI 58 2 % & KN EE T 10 min 80843 1 h ¥ A FF
W LPEFDNA B 49, i@ R AWHE N 1 h, #7955 %8 22 kDa LPET 5 DNA L5 & i} 8] i K . LPEL-
DNA & & Pk o o 28 K, IF % it T A e .

PET 5% iR 6007 75 BR 85 AT LU b B 730 % | 38 15 1 0K 52 i 34 1 26 1 il 38 ROkr 420 L AR5 o R A
4 pH T 25 kDa LPEI il DNA & & W5k B 000 2= B, 880 pH A7 F] T LPEI MEMR R G, &b R
A pH KA 6. A BF 588 B E 4% PF T LASE N PET Ay 3, {H Xk 40 i % J AR 00 3 5 i . A SCHE I R A
pH WIBEARA AT LPEI XA RR R A . ARG LPET ) H ' 2 B 5 4 580 LPEI FHE + 28 vh M0 55
AT e LPEI-DNA & & 47k i i B, 33X — 58 75 0F 53 30 1F.

TF 53 2% W PH 25 280 00 J53 1 2% o i 77 ik i L o) 400 . %) A% I8 328 26 B 7 ks L T T AR 9K ) R B LPEIL
(5T oPBE 1 5 N/P S IAH Y AR P R [E N/P A HEK293 T 40 i 59 5% e i 5 01, N/P /)
F 10 B} LPELME LA AL TR G e, B N/P T i Ye 5OR B i i i . 72 N/P 2l 60 i 5% Yo B 14 41 ifd 35 2] 0



%6 T, &, ZABRTH EE(LPED A5 DNA # 6L AL5F 7 33

&, X 577 A% 48 PELBPEL, 10 kDa LPEI & AE 44 N/P h 6 ~10 W4 H A A, ZiS)‘cTE%B“Ji‘_n
%Eﬁ%%m%Imﬂ%¥u&%AK#Kﬁﬁ% [&] B B A 56 A S LPEL 19 35 7 1 8 2 52 i 4 Yy
R T E N/P 0 e B N

(a) N/P350 (b) N/P¥92 (c) N/P36

(h) N/P60
40 - 120 *k
ke lél L hﬂ ke
E}_ ﬁ 90 f '
{Sé {!‘E 60
B2 = 30r
=5} gz
—— ole—— v
0 2 6 10 20 30 40 60 80 100 0 2 6 10 20 3040 60 80 100
N/P N/P
(j) N/PF100 (k) MpBAETE () HEX LRI TE

B 4 [ N/P ) LPEI-DNA # 3 HEK293 T 4052 48 h [FHAE K E

— E W FE WU LPET A] 76 40 il R 1 W B A R R M py Rl A . o, al DL A E B
DNA $ii 45, 4 32 MMIET, M DNA 5 LPEI R&J5 RN, KA 20 N/P 384 240
TR O E B S R, A KL O T 3 B A B T R IR e R T AR B 5T R
BE N/P 35040 #FE PERE K, 24 N/P KT 60 Ja B P ROR N, (A 40 MLTE 228 A W] i, R W 4% L R0R 1Y
W AR 5 400 i 75 P 0 388 0 A AR DGR AR ISR AR HE I N/ P i K 1 AR A Y ik R R AR AY R AT BE R i i LPET
i 45 A DNA, $3 DNA TGk LPEIFDNA & A& 4, i DNA X L JE A 48 2 ik, X —HE 8
T UE. AWF IR BT, WL 5 Je 0 00 [ I 5 25 G A B 05 8 0% 1E 5 . N/P O 40~ 60 ] B2 41 i i%
Yl e fE N/P L
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BRitz oh, Bhog Rkl i ek LPET #E47 8 i, S22 & 55 O [A] O 3U 4 i % e 280 B A1 2 Mo 25

PED B LPEL AL I (AR WIR A . 2T 58 R W% R G B AT IR 7 I . S5 i . b e i 45 T Ko
G 1 TR AR BT X 25 kDa LPET S-S 4% M 5 e 1 6 Ak L B 4 38 % Y N/P 3 BBl 1 O 32 ik O I 42
AWy 5 R R ST O ST B S 25 KA L K R TR A

SE LWk

(1]

(2]

(3]

[4]

[5]

[6]

7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

ELSABAHY M., NAZARALI A, FOLDVARI M. Non-Viral Nucleic Acid Delivery: Key Challenges and Future Direc-
tions [J]. Curr Drug Deliv, 2011, 8(3): 235-244.

WILLIFORD J, ARCHANG M, MINN I, et al. Critical Length of PEG Grafts on LPEI/DNA Nanoparticles for Effi-
cient in Vivo Delivery [J]. Acs Biomater Sci Eng, 2016, 2(4): 567-578.

GOYAL R. TRIPATHI SK, TYAGI S, et al. Linear PEI Nanoparticles: Efficient pDNA/siRNA Carriers in Vitro and
in Vivo [J]. Nanomedicine-Uk, 2012, 8(2): 167-175.

TANG M X, REDEMANN C T, SZOKA F J. In Vitro Gene Delivery by Degraded Polyamidoamine Dendrimers [ ]].
Bioconjug Chem, 1996, 7(6): 703-714.

BOUSSIF O, LEZOUALC'H F, ZANTA M A, et al. A Versatile Vector for Gene and Oligonucleotide Transfer Into
Cells in Culture and in Vivo: Polyethylenimine [J]. Proc Natl Acad Sci U S A, 1995, 92(16): 7297-7301.

GODBEY W T, WU K K, MIKOS A G. Poly(Ethylenimine) and Its Role in Gene Delivery [J]. J Control Release,
1999, 60(2-3): 149-160.

PATTI A, JENNIFER M, MIN-SUNG K, et al. Transient Mammalian Cell Transfection with Polyethylenimine (PEID)
[J]. Methods Enzymol, 2013, 529 227-240.

PACK D W, HOFFMAN A S, PUN S, et al. Design and Development of Polymers for Gene Delivery [J]. Nat Rev
Drug Discov, 2005, 4(7): 581-593.

KASPER ] C, SCHAFFERT D, OGRIS M, et al. Development of a Lyophilized Plasmid/LPEI Polyplex Formulation
with Long-Term Stability-A Step Closer from Promising Technology to Application [J]. J Control Release, 2011, 151
(3): 246-255.

FISCHER D, BIEBER T. LI Y, et al. A Novel Non-Viral Vector for DNA Delivery Based on Low Molecular Weight,
Branched Polyethylenimine: Effect of Molecular Weight on Transfection Efficiency and Cytotoxicity [J]. Pharm Res,
1999, 16(8): 1273-1279.

W, R, BRUL. . PEI SIRBUAN SR E L0 LRI [J]. ERRKGIES 448, 2015(3) : 328-330.
GODBEY W T, WU K K, MIKOS A G. Size Matters: Molecular Weight Affects the Efficiency of Poly(Ethylenimine)
as a Gene Delivery Vehicle [J]. J Biomed Mater Res, 1999, 45(3); 268-275.

NEU M, FISCHER D, KISSEL T. Recent Advances in Rational Gene Transfer Vector Design Based on Poly(Ethylene
Imine) and Its Derivatives [J]. ] Gene Med, 2005, 7(8): 992-1009.

GODBEY W T, WU K K. MIKOS A G. Size Matters: Molecular Weight Affects the Efficiency of Poly(Ethylenimine)
as a Gene Delivery Vehicle [J]. ] Biomed Mater Res, 1999, 45(3);: 268-275.

NEU M, FISCHER D, KISSEL T. Recent Advances in Rational Gene Transfer Vector Design Based on Poly(Ethylene
Imine) and Its Derivatives [J]. ] Gene Med, 2005, 7(8): 992-1009.

BRISSAULT B, KICHLER A, GUIS C, et al. Synthesis of Linear Polyethylenimine Derivatives for DNA Transfection
[J]. Bioconjug Chem, 2003, 14(3);: 581-587.

VON HARPE A, PETERSEN H., LIY, et al. Characterization of Commercially Available and Synthesized Polyethylen-
imines for Gene Delivery [J]. J Control Release, 2000, 69(2): 309-322.

RUKIAE, KL BRaEI, GE S A EORR S0 WA T B R AOME R LB ST ()] EIR¥¥IROAA
JiR), 2008, 47(2): 36-39.

EARBE, AR R R D8, SE. AR T N ) R SR U 0 4 SR AR P ik R RE R B AR A [T, R AR R
W CHRRFERRD » 2015, 36(6): 605-611.



%64 T, &, ABRTH EE(LPED A3 DNA # 65 7 35

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

WO, M WL REE, S BRI R OGNS DNA BRMFS (1], E¥0FAEY ¥ IRE, 2007(3):
229-233.

MERKEL O M, ZHENG M, DEBUS H, et al. Pulmonary Gene Delivery Using Polymeric Nonviral Vectors [J]. Bio-
conjug Chem, 2012, 23(1). 3-20.

AW, EFT. R MW, 5. BOGW R SR 5 m R R e L A (1] h EAYA 550 F 4%, 2004
(2): 234-240.

MERKEL O M, ZHENG M, DEBUS H. et al. Pulmonary Gene Delivery Using Polymeric Nonviral Vectors [J]. Bio-
conjug Chem, 2012, 23(1): 3-20.

AHN C H, CHAE SY, BAE Y H, et al. Biodegradable Poly(Ethylenimine) for Plasmid DNA Delivery [J]. ] Control
Release, 2002, 80(1-3): 273-282.

WL, ARtibik, #EM, 4. i8] CRISPR/Cas9 $ AR X BE b0 {i B 238 5L K A s B 098 [T, W R 224l (B 2R E
2R, 2017, 39(5) ; 54-61.

ZHOU Z ., MURDOCH W J . SHEN Y. A Linear Polyethylenimine (LPED) Drug Conjugate with Reversible Charge to
Overcome Multidrug Resistance in Cancer Cells [J]. Polymer, 2015, 76 150-158.

ZHANG B , XINPENG M , SUI M , et al. Guanidinoamidized Linear Polyethyleneimine for Gene Delivery [J]. Chinese
Journal of Polymer Science, 2015, 33(6): 908-919.

Zl, EHFT. & . PREHERRFEARR OE A S ERE RSB [J]. hEAYES TR, 2006
(4): 481-487.

EARGE, AR R R DS, SE. ARl T N ) T SR A U 1 4 SR 20 P Bk R R B AR A [T, R R R
W CHRBIERRD - 2015, 36(6): 605-611.

WM. O, kEE, . EREERER BTN S DNA B sy [J]. B0 FAEY 445, 2007, 4(3):
229-233.

XD, ZESEE, BB W, % PEL A SRR MBE R BEat 5 e i s b (1], BUAC A BEE ok B, 2015, 15(1):
145-148.

STATHOPULOS P B, ZHENG L. LIG Y. et al. Structural and Mechanistic Insights Into STIM1-Mediated Initiation of
Store-Operated Calcium Entry [J]. Cell, 2008, 135(1): 110-122.

BOUSSIF O, LEZOUALC'H F, ZANTA M A, et al. A Versatile Vector for Gene and Oligonucleotide Transfer Into
Cells in Culture and in Vivo: Polyethylenimine [J]. Proc Natl Acad Sei U S A, 1995, 92(16): 7297-7301.

GODBEY W T, WU K K, MIKOS A G. Poly(Ethylenimine) and Its Role in Gene Delivery [ J]. Netherlands: Elsevier
BV, 1999, 60: 149-160.

GOYAL R, TRIPATHI SK, TYAGI S, et al. Linear PEI Nanoparticles: Efficient pDNA/siRNA Carriers in Vitro and
in Vivo [J]. Nanomedicine: Nanotechnology, Biology and Medicine, 2012, 8(2): 167-175.

ZHANG B, MA X, SUI M, et al. Guanidinoamidized Linear Polyethyleneimine for Gene Delivery [J]. Chinese ] Polym
Sci, 2015, 33(6): 908-919.

FISCHER D, BIEBER T, LI Y, et al. A Novel Non-Viral Vector for DNA Delivery Based on Low Molecular Weight,
Branched Polyethylenimine: Effect of Molecular Weight on Transfection Efficiency and Cytotoxicity [J]. Pharm Res,
1999, 16(8): 1273-1279.

OMIDI Y, KAFIL V. Cytotoxic Impacts of Linear and Branched Polyethylenimine Nanostructures in A431 Cells [J].
Biolmpacts, 2011, 1(1): 23-30.

SUN Q. RADOSZ M, SHEN Y. Challenges in Design of Translational Nanocarriers [ J]. J Control Release, 2012,
164(2): 156-169.

CADETE A, ALONSO M ]. Targeting Cancer with Hyaluronic Acid-Based Nanocarriers: Recent Advances and Trans-
lational Perspectives [ J]. Nanomedicine (Lond), 2016, 11(17): 2341-2357.

PINNAPIREDDY SR, DUSE L, STREHLOW B, et al. Composite Liposome-PEI/Nucleic Acid Lipopolyplexes for Safe
and Efficient Gene Delivery and Gene Knockdown [J]. Colloids Surf B Biointerfaces, 2017, 158: 93-101.



36 HHRFFROA R FR) http://xbbjb. swu. edu. cn % 41 A

[42] URNAUER S, MULLER A M, SCHUG C, et al. EGFR-Targeted Nonviral NIS Gene Transfer for Bioimaging and
Therapy of Disseminated Colon Cancer Metastases [J]. Oncotarget, 2017, 8(54); 92195-92208.

[43] URNAUER S, KLUTZ K , GRUNWALD, GEOFFREY K, et al. Systemic Tumor-Targeted Sodium Iodide Symporter
(NIS) Gene Therapy of Hepatocellular Carcinoma Mediated by B6 Peptide Polyplexes [ J]. The Journal of Gene Medi-
cine, 2017.

[44] SIDI AA, OHANA P. BENJAMIN S. et al. Phase I/1I Marker Lesion Study of Intravesical BC-819 DNA Plasmid in
H19 Over Expressing Superficial Bladder Cancer Refractory to Bacillus Calmette-Guerin [J]. J Urol, 2008, 180(6):
2379-2383.

Optimization of DNA Transfection Mediated
by Linear Polyethylenimine (LPED

MA Xing-yu, YE Guo-geng, QIAO Bing-ke,
ZHAO Jian-jun, LIU An-fang

School of Animal Science, Southwest University, Rongchang Chongging 402460, China

Abstract; Linear polyethylenimine (LPED is a cationic polymer which is widely used for nucleic acid trans-
fection and drug transport. In order to further explore the transfection conditions of 25 kDa LPEI, gel re-
tardation assay was used to investigate the combined effect of N/P, co-incubation time of LPEI and DNA
and co-incubation pH of LPEI-DNA on the formation of LPEI-DNA complex in this research. Then
HEK293 T cell was used to transfect the 25 kDa LPEI with a GFP expression plasmid in a wide range of
N/P., and the transfection efficiency and cytotoxicity were assessed with statistic analysis of fluorescent cell
percent and MTT after 48-h transfection. The results showed that the gel retardation of LPEI-DNA in-
creased with N/P, LPEI-DNA polymerization gradually decreased with the increase of co-incubation pH
from 6 to 8, and LPEI-DNA polymerization gradually increased with the extension of co-incubation time
and reached saturation at 1 h. With the increase of N/P in in vitro transfected HEK293 T cells, the pro-
portion of transfected positive cells gradually increased. When N/P reached 40-60, the transfection effi-
ciency reached the maxximum. With further increase in N/P, the transfection efficiency sharply decreased
(p<<0.01). The cell vabiliity gradually decreased with increasing N/P. Conclusion: N/P, polymerization
pH and polymerization time all affected the ability of 25 kDa LLPEI to polymerize nucleic acid. Considering
the effect of N/P on HEK293 T cell transfection efficiency and cytotoxicity, the optimal conditions for
25 kDa LPEI transfection were N/P=40-60, polymerization pH=6. 0, and polymerization time =1 h.

Key words: linear polyethylenimine; nucleic acid polymerization; in vitro transfection
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