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The polyethylenimine-mediated gene transfection in tumor cells

LU Yue'?, YANG Hang?, YUAN Lin*, XU Guo-ping®,YAO Zhi-feng®, LIU Yong-biao**

("Department of Radiotherapy ,the Affiliated Cancer Hospital of NJMU,Nanjing 210009;’Department of
Radiotherapy ,the First Affiliated Hospital of NJMU , Nanjing 210029 ,China)

[Abstract] Objective:To investigate the feasibility of gene transfection of Hela and A549 cells mediated by cationic polymer-
polyethylenimine (PEI) and evaluate the effect of cell cycle status on efficiency of PEI-mediated gene delivery. Methods; Hela and
A549 cells were synchronized into different phases of the cell cycle by 6 MV X ray radiation or drugs or serum deprivation. The
synchronized cells were transfected using PEI carrier at various PEI/DNA ratio (P/D=2/2,4/2,6/2,8/2,10/2pg/pg),and the
transient transfection efficiency of enhanced green fluorescence protein (EGFP) gene in these cells was determined by flow cytometry
and fluorescent microscopy. The relationship between cell cycle status and the efficiency of transgene expression was analyzed.
Results: Hela cell could be synchronized in S phase by X ray radiation or incubation with Cisplatin (PDD),and A549 cell could be
synchronized in G2/M phase by incubation with Docetaxel (TXT) at certain dose-time condition. Both Hela and A549 cells were
synchronized in GO/G1 phase serum deprivation. Transfection efficiency in synchronized cells was different at different phases of the
cell cycle. PEI showed the minimal transfection efficiency at GO/G1 phase and the medium at G2/M phase and the maximum at S
phase (P < 0.05,S,G2/M phase group vs control; P < 0.0001,S,G2/M phase group vs GO/G1 phase). Conclusion;PEI is an
effective and safe carrier for gene delivery. Cell cycle status restricted the expression efficiency of transfection mediated by PEL
Transfection using PEI is influenced by cellular uptake,transportation into nucleus and transcription,and those processes are cell-
cycle-dependent.
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AT G5 Ay 4 2 AR B AR P DR 2 o 3 4k
S YRR AN B IR 2 Bk i, QA i itk |
BEPE AR A R A AR R AR £ E A AR R
BRI BB 5 2 R A WA, HHe YR AN
B BRAEVFZ NS SN R 25
K Toife itk T itk s 2R E 6,
TR & 2 5 20 W (polyethylenimine , PEI) B8 % &
IR IR S BRI PEL A 225 IR T2k
TRA B BT AR B B — L8250, it HLAT
AR SR G e R 5 M - E TR 5 G xof A
e A SRR A m S VR 18 2R A0
U RS2 e i PR e R 030 JHG e 200 Y o A %) 40
BB OCTEM R R . SCGE PET AT HA R =
SRR, HE RS2 A0 R s ) B H AU
SR 500 H 240 ) S0 AT e R AL A R 5
M e PRI 2 G AL A e R, Ry s AR S 38 4
FRI LT 25900 B BB (Hela ZHAE) | AR
T (A549 AL ) [R) 251 TS [] (%) 4 o 48, e 434S [
Jii) 39 1 4 i e G i 4 R PR B i A S 1, 0O R
(EGFP) , FeA HAL Ju 32 (1 22 55 NI ER 1T PEL AR Ry
AR R DR A LT 240 R e R A 5
IRkl RZR-G AR AT B 3k BRRR 7 42 L3
WA,

1 #RFnAix

1.1 #H

pEGFP-N1/C1, & NE #HMi5# (human cy-
tomegalovirus, CMV) i 2 F 5% 2 3& K (Neor) S
YA N EE RN (Amp) 04 H 3EE Clontech 23F]
12 Fik
1.2.1 43208 -F

FRHL 20 ¢ LB B53%3EA0 1.5 ¢ B8, A 200
ml HEIE S GE KR, BiEH, BHKH 20
min, K & 55CKET R HERC, & 4°CHkFE%
s
1.2.2 DHS5a KA B2 A ) &

TRl DHSo KIWFFER , B 37°CHE 77, K H BRHCR
TSRS 20 ml TYM R332 F 37°CHE R
BFREXNBUE R, BRI R 2 L IR
oA 480 ml TYM B5FRIE4REE1E 72 2 D(600 nm)
4 0.5~0.6, A VKIE T, PR 5, O A 35 7R T
HRHI R 0°C, KB %2 10 1> 50 ml 1YE.C
#4200 v/min B0 15 min, 75 SRR #A
BAFTMA 2 ml Tplys [T, vK/K¥ th 238 B4

B, A (B4 0.5 ml), R E TR AT, A
JE AT -T0C#
123 #4128 FFE XN MHLFHR

HTMAZ N EHER WG, Lk
100 U/ml, K 1 iREE 37 FER R U REF ARG SR L
BHGTEFRIC, BN E 4 CORET IS
1.2.4 #:3% DH50 KMATH 7

B 1wl pEGFP FURIIA 100l 756 il 2% 1)
DHS5a BAZ 840, 1RAT, UK 30 min, S7RIA
37°C/K#E 5 min, JIATAARY LB 5575 500 wl, #i
fBRAT,37°C/K 1 h, B 100 wl 355 2 A, 1
SIS T R &1
12,5 ey 3 RIRFshiil

Z: IR U6 B A R SR
1.2.6 Hela 288 % A549 20 fa 6 F 44k

F 5 5 Ak 2= 25 W) i Hela S A549 4 Jifd ]
oAk AR SCHREBE AN T [R5 A 5 ik U0 B
Hela ,A549 4%/ 6 fLAR T, BEFLIEFP 5 x 10°
AN, Fo 6B E KRR R B G458 53 3147 0,
1.2.4.8.16 Gy B9 X JF— kPRI (200 T BT,
P2 EE 100 em, BESITHALA 10 em x 15 cm, &%
100 c¢Gy/min), ZPIFHHE : Hela , AS49 AR T
24 FUtR Y AL 5 x 10* MR, 353 60% 4
% BE I Hela 20 M3 252 i 4H (DDP) &b B, ¥R B K 3
pe/ml F1 9 pe/ml, 53 HWEHR] 72 h 1 24 h; A549 4iifiEg
Pz R (TXT)ALHE, WA 10 ng/ml A1 50 ng/ml,
I HIVEF 48 h 1 24 h, IMTEYLEREE : Hela , A549 21
L35 B 60% 1 I BE R, i AA KW, PBS PE 2
U IMAE 0.1%IA35 1Y RPMI1640 4k£23555% 45 12 h
P 1 IR FE 72 h,

LIRS ERN R EA 6 L, I IR H
SCHR A (RS HOREEA T R 3 3 TS, DA e 20 e
S A B AR AT R
1.2.7 R4 mpeh 2 i B ) R A& il 2

AR [ A A A0 AR 22X SR T 24 e )]
1, AT MTT 3256, 75 B4 A B R T 4 i A
R AT R B, SCI0 A R S B R UE BH 45 FSC
TR 200 R X A 35 28 = A B WK ' B L/ %o B 2 '
FEE X 100% , X [7] 25 Ak 240 R 1 40 i J&) 300 B 4 A7 3
RRIGIATEA TG |, PEPRRR AR 25 JE 3 BE i L
G HH . 240 953 405 EL 40 A7 35 2> 80% 1 4 4 il 24
PRI T i e i
12.8 R Fibmppey st

A549 215 Hela 20 A4 41 MR 1 20 A1 KEGH
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], A4 M R A R 21~23 h, GO/G1 HIF4E4 7 h,
SHIZ9 9 h,G2/M M2y 6 hi', Hrh S B AT LI
3B RIS HY S HAReme S 45 3 h, [AlZP
A 20 R 2 B BEL S 1R 2R 5 2 sk 3 o I o B A
T A% [R5 Ak 4 M 20 A LA 1 B[] PN R4 7 A e B
S W — Mk AE b S WY B LIASIR s i i
THIVERE BLEE T GO/G1 HAM 4 e /e ok A AE KBS
4 hEEYe  BHUET S WA AE L BRI N kA
ARWE 4~6 h 7 9%, BT G2/M B anife &
BRBEA P Z AR KU 3 h e, SARIAA
Ji 2 G (R It R] 55 4 S AR EE YD BEARAL, T PEL/
DNA 9 ELfE 2 2] PEL A S (0 7% G308 BURHE AR
PREUZH BT PR g A5 R e 5 BT AR L (DNA
HAFLE M 2 wg, PEL/DNA=2/2 4/2 6/2.8/2.10/2),
R HEST 5 > PEI/DNA R 4N
526 AL U = VR i IR A e T H B 5
) Hela 4015 AS549 4 7E x50 K (70%F 5 )
A EA T G | LI YL S8 TE B0 B R T e )
Hela , A549 4 AE R FIMHXT AR
1.3 “%itsusE

A KRR ] SPSS10.0 24T 40110 HT , 5k
P LIIEL + ARifEZE (% = ) 3R, BOXET T 2413
BT T B B 7 22 00 0, 25 AL 40 i =2 Ta) 1Y)
T YHOR LSRR I 2253, B o = 0.05 YRR AG
IKHE

2 & B

2.1 RlF e smpe B R G ER

BRI Hela 4 MY B IR AHZE 1.2 Gy X 4
LARAHEAR BB E NI, 44 Gy ) X JTLER
S5 6 h AT UL E 4 FE SRR TS 1 H 40 M T
P (P < 0.01);TM4 8,16 Gy X HH£kHR5TIS 6 h 40
JfLEBE AT G2/M ] (P < 0.01), {HAAE45 1581
AT LT 80% (K 1),

A549 R B AR AHZE 1.2 4 Gy I X 14k
WA AR WBI RG22 U AE, 48,16 Gy 1Y
X SFRER TS 12 h #BAT ULE 20t IR T G2/M
W (CSX IR A, G2/M 4R e e s B L P <
0.001 ) HAH AR5 A 5, 735 KA T 80% (3% 2) .

W RHI: . Hela 4000 S WI4HHE LLFIRE DDP ¥
JEE R AE FIR T3 hnimidg &5, 48 3 we/ml DDP YEH 24
h S AL 1 v R B (P > 0.05), 48 3 wg/ml
DDP YEH 72 h B4 4 it R HHRH A T S 11 H 4h g
MR G (SXTIRARLE S W E i . P <
0.05) , M Ji5 B ey R B AN EE A IsF (R 2 S B0 4t i L f37] 4k
SEN  AE AN MR 05 7R B B R, AN AT R < 80%
(%3),

A549 4 G2/M WAL L (71 Bl TXT ¥ B e AR
FHESH ] B4 i 84 75 , 10 ng/ml x 24 h 21 G2/M 48
it 491 458 5 1 A B (P > 0.05) 328 10 ng/ml TXT

&1 Hela HRETEFE X HEEHNFHEEEAHRENEFEREN

Table 1 The cell cycle status and survival fraction of Hela cells received radiation (x +s5,%,n = 6)

4 GO/GI G2/M e
X} HEZH 68.46 + 4.32 17.87 + 2.31 13.67 + 2.68 100.00
1 Gy 65.06 + 4.52 18.73 +2.26 16.16 + 4.06 97.48
2 Gy 62.73 + 2.64 20.73 +2.79 16.54 £ 3.74 95.64
4 Gy 53.19 + 3.44 29.57 + 2.38* 17.39 £ 3.18 91.45
8 Gy 54.16 + 2.60 24.84 +2.76 20.99 + 2.33* 72.72
16 Gy 53.05 + 2.67 23.88 +3.45 23.07 « 2.55* 50.26

5 A, P < 0.01,

R2 A5 FREAFFRFE X HEEHFEEEAHEEXNEFERTN

Table 2 The cell cycle status and survival fraction of A549 cell received radiation (x +s5,%,n =6)

4 5l GO/GI g G2/M pean g
X} HE2H 69.07 + 3.87 20.63 + 4.91 10.30 + 2.68 100.00
1 Gy 67.96 + 4.32 19.98 + 4.74 12.06 + 4.21 98.15
2 Gy 66.93 + 2.99 19.40 + 4.34 14.05 + 2.53 91.52
4 Gy 65.51 +7.25 19.71 + 6.32 14.78 + 1.06 84.78
8 Gy 57.33 £ 12.70 21.04 + 8.85 21.63 + 4.15* 65.64
16 Gy 46.88 + 12.68 26.94 + 10.95 26.18 + 6.73* 54.42

5, P < 0.01,
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Table 3 The cell cycle status and survival fraction of Hela cells cultured with PDD (x +s5,%,n =6)

4 Gl GO/G1 S G2/M VAL

X HEZH 68.46 + 4.31 17.87 +2.31 13.67 + 2.68 100.00

3 pg/ml x 24 h 65.22 + 2.06 2043 £ 1.74 14.36 + 2.24 96.15
3 pg/mlx72h 58.22 £ 3.26 27.08 + 1.31" 14.69 + 2.63 90.85
9 pg/ml x 24 h 55.79 £ 2.49 28.98 +3.36"" 15.24 + 4.08 78.78
9 pg/ml x 72 h 42.84 + 343 4482 £ 351" 12.35 £ 4.71 62.64
MIEYUERA 87.44 + 355" 7.62 +2.68 4.94 + 1.43 88.54

XA A, *P < 0.05," P < 0.01,***P < 0.001,

YEHT 48 h AT Ke 4 it A I FEL A T G2/M 1 H 48 i TS
B 45455 (P < 0.05) , T e vk BE FNEE IR [H] 2 G2/M
SHZ0 B Eb (o) 5 2 1 (LA B A5 TR B X, BRI
< 80%(FK 4),

MIEYUVRIER: 7 A2 25 1 57 1 7 DLk 1k
FE) Hela ,A549 4 ffd & w]R: 240 it J5 1) B W T GO/
G1 (55 3 .4) HAEAF IR > 80%.,

22 RlHiksmiaiy R

HRAE TR [R5 Ak a5 e 4 i &1 3 434 B K 4
AT REAR G AT 45 51 625 4Gy 11 X 5
2R 4R AT .3 we/ml DDP YEF] 72 h Y Hela 4H i ([F] 25
16T S #A) FIZE 10 ng/ml TXT 7 48h BY A549 4
B (FZEAET G2/M 1) UL R 28 M WUk 55 72 1 1
WIRR AN (R T GO/G1 W) AT YRS, 343
SLATE R R 550 Hela N2 A549 2R MIAE g X HE

Ti) A L 0 00 2 e 28 SRt DA s e R A 2K
SRR 2 ANFRERAIL, 2 FRAREEASHHL, LAy =Cam i
I IHE A T 5T 3T

X HRZH Hela 4HHU7E 5 FF PEL/DNA HUAE & A0

WEEHOE AL, UL 6/2 YR, 2
26% (% 5).

Hela 40125 4 Gy 19 X STE4R ST R4 T S 1
HEATHEYE |5 e LR AT DL TR , RNIE H X R —
FEUIEAE PEL/DNA K 6/2 4L R I, FeeR N
62% I AT  WE(H AT AN IRZH Y 3 f5(P < 0.01, % 5),3F
HIFGAMER TEEYLS 12 h A DB B4 A58,

Hela 20145 3 e/ml DDP YER] 72 h 40 J& 31
BV T S I, i A e G R0k 6 h Rk AT4% g 5 1
B FE R AT WL 263k PEL/DNA b 6/2 4155 Y F iy
N 32% A, T IRAL (P < 0.05,% 5),

XTHEAL A549 YAFE YL S5 7E PEL/DNA H{AZH A
WK JE 4 HP IR LL 6/2 AR, £923% (%
6).A549 4AIZ: 10 ng/ml TXT YEH] 48 h 45 HEH
W G2/M M, HEASEEREIRIE 4 h 5T L5
A LEER AT W 2635 PEL/DNA =8/2 41 /% e 3 £
5,29 42%(P < 0.05,% 6) .,

I35 YUER L 35 3245 2 1Y GO/G1 ] Hela [
A549 4, i#E ASE A REFR AL 4 h Ja %Y EGFP,24 h

F4 A9 HRZAREFE-FENEERERARNBEYHEEEFEHMERRBNEETETL
Table 4 The cell cycle status and survival fraction of A549 cell cultured with TXT (x +s5,%,n=06)

I GO/Gl1 S G2/M A7 R
X} HE2H 66.40 + 2.52 18.96 + 1.15 14.64 + 1.85 100.00
10 ng/ml x 24 h 65.77 + 3.94 18.15 = 1.68 16.08 + 2.55 94.54
10 ng/ml x 48 h 58.96 + 4.96 20.22 +2.18 20.82 + 3.03* 88.85
50 ng/ml x 24 h 42.01 + 8.08 21.31 + 3.08 36.73 + 6.89** 70.78
50 ng/ml x 48 h 28.86 + 4.50 8.51 = 1.57 62.63 +5.21*" 58.64
5 Lk 2H 88.51 + 1.92%** 6.50 + 1.28 498 +1.32 90.78
xR AL, P < 0.05, P < 0.01, " **P < 0.001,
RS5 FIH Hela AR L RIAR
Table 5 The transfection efficiency of Hela cell in each grorp (% £5,%,n=06)
41 Xt B4 LR DDP 41 I3 LR
B YL 25.73 + 4.25 60.38 + 5.43 31.71 + 4.89 2.67 £1.20%*"
i L 2 26.02 + 4.10 6221 + 5.40%** 31.57 + 1.66* 4.01 £0.92%**

SxIR4L A, P < 0.05, " *P < 0.001,
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Table 6 The transfection of efficiency A549 cell in each group

(x £5,%,n=06)

X HRZH TXT £H MLE LR AL
BE TR 21.31 = 2.41 39.33 £ 3.71 1.06 + 0.58
W e R 23.17 + 2.41 4279 +3.32"* 1.89 + 0.86" "~

S5xFIRAHE, P < 0.01,"**P < 0.001,

JF LB AR g0 9 R 3R 35 ,48 h I ITE
PEI/DNA 2} 6/2 4 UL55 53 , Hela ZHHOAG I Fe 1k %
2590 4.01% ; A549 AN FE RN 1.89% ., 4R
SRS T S B0 Hela 201 2835 R L 2 [/ 45
f£F GO/G1 i Hela 1Y 20 % (P = 0.000), Ifii
TXT H[FAE T G2/M H1K) A549 20 i) 218 R 24
AT GO/Gl H AS49 41 40 5 (P =
0.000 1),

3 i i

ARG S5 R R T LA R LT G2M
B, TEASEFSE il TR A AR ME X 43 G2 AT M
W, BT LK — 35 VR R B AR 1 — S I A A T AR
WHE, — @R - TRl B AT (i Hela 20 R 24k
TS, 02 B TIBAEAEAT S Bl fb 7 3 g S 14
FIVERT, £55 DNA #ERIREEAN A, 512 DNA
S A, AT T S 3, SCR BN &
SN o YAED) i K G S i DR T L R
ST T BEBR T A i [R5 Ak A1 5 2 30k A0
R IR EEE A5 A F G0 B SRS BE G Y AR 2
AEFE i QA M SR I B AT 148, SO AR 25 BRI
FEYRIM A 45 5 ok & TR AT B 1E [ A1k 4h
JiUE e R A T Akt G R 0 B AT T2 e 26 Bk
A6 ¢ ST BEL i A5k SR ST P Sl 200 4% o e et B 25
PRI R, ARPEVEE T 0 2 SR e P AN A7 G
R>80% 1 R AL A B THE Y

ARSI AL AL e 2 SR 0 . BT S
Sk G2/M A 20 i i Yo UK BH B 3 F GO/G1
i, HERANAEIHRE R PET A\ S0 3 R A sk
SR Y S0 3 R R R R A R L P A
Y NGAVYS R R AR IR il R 27 ]
RS PEL A5 JLR0% . Mannisto 45120 it MR 4R
B B S FEANAEAE G 3% A R 3 DR
R AE S .G2/M AN i 18 5 Wang S5 []
S BRI Y A N B ) 70 5 A0 (hMSCs ) 114 3
PR AR 5 S BAARMIRT b7 A 4t AR ARG, iX
PR 7 1) 22 5 n RE AN 20 & ARt i e 7 1
R 6, ©A SCERER B A i i 7 /E FIBES G1 .S,

G2 ST 28 ¥ 8 o, 30 73 24T iy SR R R AR
TR ARG X, [FPALT S .G2/M W4
R SR SR A FRE I B & T G0/G1 HA4H i
(P =0.000), HiI#& A5 & B 20~40 15,

TR M AN 2 d B 1 4 D T SR/ A
DNA (Anf5oks ) e AZREAZ N, — ok Ui 70 2L 0 40
MLLCAR 24 AL M 2 e gy, EE A R
W5 LRI R FTERARE ) ARSI A5 R RV [
T S WM A AL JLROR L G2/M %, X I
B2 PR ST G RARART 51010, S G YUy
WIERA ZA, B S IR E /ML (AL )
TR G, B TAXREI B MR R 25 G ik AR
Jf HLCHT A DNA ZRA T DNA #4001 & RNA 5
B EHE TR, A S A TG £ DNA BEIFE AR
A S RN 53, IR A A B i 2R3 5 T G2/
M T ) 248 L s SR A R i A o O vy, L AR S A
ARE MBS 5 G MN, AR —4iER A e
Bk ITRIE L T A S AR ST 4 Hela AHAREE UL f5
12 h B el g B ap o SO0 E FH ik, iR T
G2/M ANIFE 24 h J5A4 WH|FRIK ; HaRk 5 S W40
1Y) DNA &5 58 T4 ¢ 4t LS AN [8] i S0 s A T 4 £
MBS RE TR XY, A G2/M HIAH LR, S 4
OB fe L YL It SRk AN SR N XS R M BT
AR R N R, A% 2O e iy e
PEICET AT RE S = PPN T NI — R R T,
ARLERe i gn MuBE A T S WA E G2/M IR 254k
FRS IR AT RE FH T AR AT R R YT

H T [R5 A A0 M A 2 B RELA PR 3 5 25 o B
HREALL (accelerated  repopulation) I ELS | Fi LA
SR R AL AN L Y Je 48 h I e 1k R 41 i
g T 1-2 A JA], Wt Sk as A7 Sefig & B
SEAEHT TE W A0 53 2L RUIRAS T AR sk M3k
KRR AT S G2/M WA IIA 2 HUIE H
XF HEA (0% YL A2 i iy, [R) A Brunner 55 USRI Y 5.0
PEHEE K bR 4T 43 1, 8 1~ 41 e JR 0T Bt ARSI B 4
H% lipofectin | B - E R (PLL) .PEI BEATHE
Je, TEFE Y545 h K ZEOG R RIB A S |
G2/M MEE G R JE G IRY 30~500 £% , iX #E 7
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4 . JR 00T G O )5 R AR SR A, RETEAH 54K

FisF [R] P2 e g L3k %

ARSI Hela 4 28505 FUTEIVE A BE TS
HALT S W, (HARSTA LS8R 0 5 TR, i
PG G OR I 22 5 B Je AT e SR ST 4L S T2 A LL43i)
=T REAL (29.57 + 2.38)% vs (27.08 + 1.31)% | H
K, FYGA AT REPR AR 2 A 4R S DNA &1
o 2n e A A A= T S B, I EL B s AR R A 5 [ ke Yy
o PR IR 24 T TG A A B &, TN RE I 2R 1
A (FERFRIR) , 4 S AT 25 AT 2 ke ik
FIFVERT, BEA ] DNA & S A G, BLoh,
Jain S5 % B AR B e T LA S 2 4 3 Sl
HCA MG Py SO ) RE T3 T 0 2 PR A e s mT LA
AT 2T AR LL i 5 R A0 A 240 B T A ) T B s )
FEPRI R T ELIm R B AR R R R I 4
SRRV A SO R AR i
JEHATIL ST EEPNRY T IEE GRS I XA T
T IV AE Y AR T DA BRI R R MR I 5 A A
JERIALT S B, HATLAIEDNGYTY . MR8 —2L
G HTATy T B 2 1) SRR S T

ARSI AR PEL AR A R B HA > S G
PRV B33 2 2 SR SR AR P ), S e BB OR 1 25 S R L
2 FH A A [R) JR] 0T RE A R X A 5P S A ) i A/
PRI B Rk ) 22 R e 1Y), s B s 2
WL L R MR R | A ARRETE AL Y BT
#ERIEAL, M ERIEART S B K G2/M 1Y) 4 i AE
PEI 45 5 X e QL it 2 Ju 0% 2B B & T GO/G
WIRIAH AR R R ZR5 T AT B [
BITIRER T AlfetE .
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