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I5I_NGF Induces the G, Arrest in Glioma U251 Cell Line

FENG Yun, CHEN Xi, LIANG Wei, YANG Yong, ELAHI Gulshan
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Abstract The DNA-damage process of the U251 cells after being treated with I-NGF is observed to show the antitumor mechanism of
SI-NGF. The cell cycle arrest and the Western Blotting analysis were adopted to display the inherent mechanism. The micronucleus test
and the single cell gel electrophoresis methods were used to observe DNA-damage changes of the U251 cells. The mechanisms involve
the activation of ATM and ATR pathways by '"I-NGF, which perhaps explains some of its anticancer activities related with nuclear
transportations. In a dose—dependent manner, I-NGF reduces the Cyclin B1 expression protein level rather than mRNA level in human
cell lines of glioma. In U251 cells, phosphorylated Chk1, Chk2 and Cdc25¢ protein levels are elevated, whereas p53 and p21 levels
remain unchanged. In summary, this study demonstrates that "“I-NGF plays a role in glioma cancer growth via DNA-damage, ATM and
ATR activation mechanisms and multiple proteins involved in the process.
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o ST PR A R T8 R B Na™ 1 i B i IR F
#1147 %8 ,B-NGF T43£ A Sigma A7 . 'PI-NGF 5k 7 & a0
HISEF &, 1mCi Na™1 1 50pg NGF I . 7~ % ("1-NGF/
Na1x100%) KT 75% . OS2 40 3L 95% . Heilh 5 o
16mCi/mg

TR AR B (VCR) W A Bu M R 2E 251 4R T, Cyelin B,
Cdc2,Cde25¢,p53,p21 PLR I A Santa Cruz Biotechnology N
#l , Chkl,p-Chkl,Chk2,p-Chk2 #i & g [ Cell Singnaling
Technology 7% ®] , Cycletest plus DNA reagent kit (Becton
Dickinson 2~ ), HEE XN & (M THERLEYW A F),
SuperScript One-Step RT-PCR kit (Invitrogen 23 ] ),
1.2 KWHE
1.2.1 4R FNMAELE I

U251 400 & 0 A A A2 e LT 20 i o0 (ATCC 20 i
#5:99522) . U251 4 i85 57 ¥ : RPMI 1640(Gibeo) fill 10%#4
TG IR A S (Sigma 23 7))\ 100U/mL 7 75 % f1 100pg/mL
HERE R ,37°C . 5%CO, fH iR BEAE h 8 7%
1.2.2 #HZWiK

HOG B0 K 320 T 5 BRI 109 FL 1Y 48 )3 B A B 4 A 3
%A1 24 LB IR, 37°C 5%CO, 1A K 37 4h I
B _NGF (5uCi/mL) NGF (1pg/mL) 3 & =1 (5p.Ci/mL) &b 3
24h,4%% T W [ 52 1h,Hoechst—=33342 4t {4 3min J57¢ )6 ik
T T WA R
1.2.3 40 B B MRk

OXT H5 AE A A0 B e B 11 094L 19 %5 B Rl 6 fL B SR
M. 8% T 1nCi/mLI-NGF, 1ng/mL NGF } 15u.Ci/mL I
W, 37°C 5%CO, 1 AN JE 4K 22 15 5% 36h,, 22 IR R 101l
7R G AR A U A Sl e AT L B Ll /RS — R I
WA S B R IR (NMA ), O FE B T 25 Y o A AR i 3
JEAE (LMA) W, JF '8 T 37°COR IR o 18 TS 4i i 0T K 40 g

B 38

Fii B AL 5x10%/mL (1 20 M 2, B 20pL 40 Ml vk 5 75ul
LMA R G 4) B 25— 2 NMA BEE b 4°CTF fif FLSE 4%
Bl o) A 0 B B T R ) 9 2 T 4°C kO 4 R
R, % R B 20min, 25V 1H R HL UK 25min, BUZE K EELE 2
i | EEOG YL 10min J5 T 20 WAL T WAL IR A |,
1.2.4 =4 A AR 4G 4 B B #A 45 #n

TBUT B0 A 300 4 B e B 1 10%/FL 19 25 B 42 6 L8 5%
M, 23 A BRI | 20 M VK 1Y) 709% 2 B 18] 5 I H PBS 15 Uk
ELO WA, B2 B W R O B oK 4R E R
T, A B E Hom A 250l i) £ i A i (Cycletest plus
DNA reagent kit), FI SRR R, SR
10min, N A 200pL 350 & B9 B W, T i RS = |
FE 10min, 1A 200l F# 9050 & Py C W, 46 R
BR ST, UKAR P9 40 10min, B 40 i = K 4L A% Spm (19 )8 Tk
D 3= 0 88 e =2 0 ARG D00 - 400 e ] A 44 e L 4]

MPM-2/PT B Z: ¥ 2040 i %4 2 3% . 1nCi/mL ""I-NGF J¢
15uCi/mL 1 4 PR i 24h 55# 48h; 5% 250nmol/L. VCR 4t
FRANHY 24h, WAL, PBS(& 0.05%Tween—20 F1 1%FBS) ¥k
2 il ,70% & BE [ 5 37 s PBS (75 0.05%Tween—20 1 1% FBS)
Pk 23, A MPM=2 FU & (8 5N 1pg/mL) ,4°CTRE 1h;
PBS ¥ 2 i A FITC #5ic i) =9t (KR E N 5—10pg/mL) ,
G E 1h; PBS Yk 2 3, & A Spg/mL PL AT 50uwg/ml
RNase A (19 4% 8 37°C 380G 44 8 30min; ¥t =X 41 S 40
FITC 9565 i
1.2.5 Western Blotting 43 #7
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R @4 77 1) Western B 41 i %4 fif i, Fid & i BCA &
P 0 5 SR 6 . Bradford 0 5 2R PR S 45 B 119 4 T
(40pg) 4T SDS-PAGE HLIK , %% 5% (Millipore 23 7 ), Wi A8 4
Wht P AR RE T 20, SRR 4°C3 %, B i 0 W g A
1C/ — T (Santa Cruz Biotechnology 2~ 7)) , H 44 5% 1) {25 O
FUETR RV -SRI
1.2.6 RT-PCR

S RNA i #2 ff F SuperSeript One -Step RT-PCR kit
(Invitrogen 237 ), 514 :Cyclin B1 P1,5’~AAGA GCTTTAAA-
CTTTGGTCIGGG-3 ;Cyclin B1 P2,5’ -CTTTGTAAGTCCTIG-
ATTT ACCATG-3’;B-actin P1,5’ ~CCCAGGCACCAGGGCG -
TGATGGT-3" ;B-actin P2,5’~GGACTCCATGCCCAGG AAGG-
AA-3", RS 55°C 15min, 2P HE 95°C 305,25 MEH .
BEURAE S 95°C 155,18 K 55°C 30s, AT 72°C 40s, PCR ¥4
J5i 5 2% 35 I W 35 I FEL Uk 43 BT
1.3 SitZEHH

FH Student’s ¢ #55%F B4l 47 5397 . Cyelin B1 8 HIK
SRR N BB bR ME 25 VR YT AL IR A 2 R 1 L AR AT ¢ K
B, DL P<0.05 hEFHAGIHHE X,
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2 &% 21 G PR UKk S0 R B, BPI-NGF Zh B AY U251 40 H B0 55 2
2.1 -NGF 3t U251 4 iz 9 DNA-1R {51 A (F 1(b)), XEHE LYW BI-NCF AN FHET
TR W S B 25 SR W SI-NGF 4 HL () U251 40 it 1 PR DNA Wi EH .
AZI G 1 NGF Ui 2 2T PR B LR (K 1(a)), H
pogict NGF i NGF

H-NGF B-NGF

(a) MZELW (b) HZAAEFR ik S50
(a) Micronucleus test (b) Single cell gel electrophoresis
B 1 U251 B '5I-NGF & DNA #5{51EH
Fig. 1 DNA-damaging effect of ®I-NGF in U251 cells illustrated by micronucleus test and single cell gel
electrophoresis
i (a) iz B, U251 gRa A 5uCiimL 21 & 5uCi/mL "#I-NGF 4t 32 24h,"®I-NGF 2R H 4% ¥ B € B (FrR 5um), (b) 540 B B ik
RGP RARERNLETZE,®I-NGF 2 R HE BHM (48R 10um), #1E 275 THIE , ik 52 400x,
Notes: (a) In micronucleus test, U251 cells were exposed to various agents (5pCi/mL '®I and 5uCi/mL *|-NGF) for 24h. It was ™1-
NGF that showed the micronucleus forming activities rather than free 4 (scale bars: 5um). (b) During single cell gel
electrophoresis, by using the same treatment protocol, photos show the comet effect of I-NGF (scale bars: 10um). Photos
were taken under inverted microscope with the 400x magnification, and within the same group the magnification of each
photo is the same.
PSLNGF (uCi/mL)
22 'M-NGF %5 U251 40HE G, PA# % BR NGF 125 ] 3
U251 R p53 S48 B Z2 25Tt 25 40 Ml ¥R T p53 Ay 24t L J1 40
F 55 T LA TR T T-NGF 40 i 03 ) ﬂ J\ J\A _J\/\ /{J\
W, 45 R4, Tug/ml NGF 4k BRI IR 8 % T 410 G, W1t T
B TE T SI-NGE LA i v 1 77 2037 51 R U251 - LY s B <D
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BLLEY

A1 GyM BB (K 2) . 24 SpCi/mL I-NGF 4 ¥ 24h J5 , G:53%  GpI5%  GiT1%  Gp49%%  Gi3s%  G28%
N 8:35% S:11% S:10% S:21% S:16% S:10%

Go/M 119 L) AN 11.4% 381 1 61.5% ., 1t M 51 20 A 1% G/M:12%  G/M:14% G,/M:19% G,/M:30% (_‘.,..-'r:-I-_J(,ﬂ.-'n G/M:62%
R3] 0.05% , X HdE 2 W PI-NGF i 5 T p53 R4 U251 06, osmGM
M G, WIRH A (K 3)
2.3 "II-NGF #SHmBEHATEAXNE B2 "I-NGF xth: B U251 AREHE S H 2 m

T HE— PR SE PI-NGF 55 U251 4 G, JWIBH i , £ Fig. 2 Activities of ™I-NGF on cell cycle distribution in
WY Gy/M WA SCE H AR K . p53 Al p21 RIKPRFFA L, UL glioma U251 cells
W ISI_NGF % 19 G, W9 BLHE 1 ps3 K p21 iR 6% (1 4 % :U251 4R A A ERE B “I-NGF &3 24h f5 82 8 49 4R A E A 43 7n
(a)). ™I-NGF Ab¥EfY U251 41} Cyclin BI f) % ik 7k - 5 1 B, R &M E S RIER T

Notes: U251 cells were treated with various concentrations of ™% —

AR FEREAS, 1 Cyclin B1 & Gy/M 3156 e i 16 4 30 45 2
(B4 (b)), #—%H RT-PCR 7 %58 T Cyclin Bl 1)
mRNA K-, 85 R K B Cyclin B1 mRNA 7K 1% 45 2022 (F 4

NGF for 24h. The typical cell cycle distribution diagrams are
in first line. The cell population in each cell cycle phase is the
mean percentage of the total events counted.
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I VCR

1%

125

“1-NGF 24h '"PINGF 48h

0.05%

2N 4N

3 MPM-2/PI g FRAHEANE U251 AEEE RS %
Fig. 3 Cell cycle distribution of U251 cells determined by
flow cytometry after MPM-2/PI staining
i :1uCi/mL =I-NGF 4t 2 405 24h =& 48h, =& VCR A3 24h (FH 1%

3 ER), 4N DNA 22K M B A FIERR,

Notes: Cells were treated with 1uCi/mL ™1 -NGF for 24h or 48h or
250nmol/L VCR for 24h, as a positive control. Mitotic cells,
with 4N DNA content and elevated MPM -2 signal, are
indicated by a box in the dot plots. Data are representative of
three independent experiments.

125].NGF
A 5 15 pCi/mL
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B
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Cyclin B1
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- 4+ o+ - LLnl
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Cyclin B1
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(c)). M s2E R 5 PI-NGF P&k Cyclin B1 92 /K
SRR B R HET Cyclin B1 A9 E& FUKARAEH B8 G H 15T-
NGF 1 LLnl, (£5% (1 #1265 B 1B M E 5 ), Cyclin B1
R REAR S (K 4(d)) o X UESE T Sy i 4 7 - 21—
NGF % 5 U251 il Cyclin B1 & R f# . [N, Chk1 AT Chk2
) Western blotting %5 5 3K W B W2 1L (1) Chk1 F1 Chk2 2 ik 3
Jn, i Chk1 F1 Chk2 85 FKSF-OREEAR S, BEIR {1 p—Cde25C
(Ser216) 2 FHhn (8 4(h)) . FrAx L4551 K ] PI-NGF 1%
167 ATM F1 ATR i@ %, 5% Chkl f1 Chk2 @R fk, R)5
Cde25C B Rk , # 2 Cde2/Cyclin B1 AN GRS | 410t J&] 101 BH.
T G M,

3 Hig

FE A ST P & B PI-NGF X p53 €45 8 U251 41
ZRE A RBARTEMN . PI-NGF i 5 19 U251 41 i
DNA $ii 45 5 20— L6 40 Jfg J& 399 2 K i 3 8w, A4 p-
Chk1.,p—Chk2 .p—Cde25C; i Cyclin B1 & F17K F- 0] & 1 A [
ik, Cyclin B mRNA [ #8028 F1 8 11 7K - (10 2028 6 A 6 1 i
JEH T PI-NGF 5 5 19 Cyclin B1 2 /K A AT B2 fe i
FORE R S B0 o BRI R S I — 2D IR ST T AN SR

'ZINGF

1 5 15  pCi/mL
p-Chk2 (Thr68)

PR

Chk2

100 261 422 456
100 110 98 101

p-Chk1(Ser345)

100 219 287 292

100 107 103 109

100 161 167 175

100 77 43 24

100 212 243 315

p-Cde2 (Tyrl5)

100 163 190 225

D i

100 100 98 102

(b)

B4 GG HARARATEOKFEEL
Fig. 4 Protein levels of G, and G cell cycle regulators
it :Western Blotting AT EHKFEL, BN ETTHHFRIEAN THRBEFHE S S-actin WEBKFHMASE, U251 HATRE
WREE ) 5I-NGF 432 24h((a)# (b)), RT-PCR 4> #F Cyclin B1 mRNA 7k F (c), U251 4 15uCi/mL 2I-NGF 53 100umol/L LLnL

HAHE 24h(d) , AEIER = RN LW PRR RIESIE,

Notes: Proteins were analyzed by Western blotting. The number under each band is expressed as a percentage of control, normalized

by the corresponding g-actin level. U251 cells were treated with various concentration of *|-NGF for 24h ((a) and (b)). RT-
PCR is for analysis of Cyclin B1 mRNA levels (c). U251 cells were untreated or treated with 15uCi/mL *-NGF or co-treated
with ®1-NGF and 100umol/L LLnL for 24 h (d). Data are representative of three independent experiments.
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Wr 4 DNA (1% [7] B} J6 36 3406 p53 M p21 i #% 530 G, B, G,
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