R E R AR T 243 hitp://www. biother. org

. 428 - Chin J Cancer Biother, Oct. 2008, Vol. 15, No. 5
Yy ad
DOI: 10.3872/j. issn. 1007-385X - 2008 - 05 - 006 ° %ﬁtﬂ Eﬁ gt e

AR IE{E 3 Egr-1 BaF EAANESHRERMAE GM-CSF B3R X

A o VEERE WEE M R R B IFR(1. BMAELIER §—WEBER MWEA, LT 100037;
2. EEEFHFR FRMHFLH, LT 100037 )

[# Z] HI: RRFIEEE S-FU )X Egr-1 J3 23T 6 ACE B85 B 4025 LR T GM-CSF 235 B SV T, DL - #f2
PEALPT I BOE MG IR L (97 . 71 M B Egr-1 W51 55 210 CM-CSF 1l EGFP XUIF R - 56 PR (1) T 2 2O ik 4
#( pCIneo-Egr-1-EGFP-IRES-GM-CSF, Egr-EG ) , i i3t Big 5 1A Y- B 86 5L T 40 Ml 2 HECL, $k i1 G418 i i BH 4 3¢ e ( HFCL/
EG). X RT-PCR ;i 5-FU 43 fiy HFCL/EG Zi/fd GM-CSF mRNA ik, F] FACS A8 ¢ % i W2 5-FU i 5 HFCL/
EG 4l EGFP Rk PR, 750 A 5-FU () HFCL/EG 4035 57K &, ELISA J5¥AA GM-CSF 9% 3t 5 0 DAt 1L v
I3 B BN T 5- FU 40385 1Y HFCL/EG Y557 LIS ik rh, WA ELXS GM-CFU {34 58 1 T 5 SR F 176 A 441 i 551
N-Z e PR R 5- FU Sl HE M RIA S Fer-1 31T CAG JF AN JEEE FiEsE M 25k 4 Sk, S5 R st T Egr-1 9845
AR BRI T R 3Rk 2K Eer-EG, /A3 H AL YL 41 HFCL/EG. 7& 5- FU A BEAY HFCL/EG 408 i, RT-PCR {2 7%
GM-CSF mRNA k358 , JaCAIARIESSA EGFP ()2 3E %Kik, £ 5-FU 435 , HFCL/EG 4135 5% L1 W GM-CSF & i Al
GM-CFU JE S8 23 Tl SR AL A A R P B 34 &5 P < 0. 01 )5 7€ 5-FU AL B HFCL/EG 4 b, N- 2 kY- b 220 18 B b ik 2>
GM-CSF 4 P <0.01). £518:5-FU REfEHE Egr-1 3307 L CEBE 5 R AN GM-CSF 5 PR 128 1 , T XA S7 I 69365 i,
P A — B IR E AR
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S5-fluorouracil enhances Egr-1 promoter upregulate expression of granulocyte-
macrophage colony-stimulating factor in human bone marrow stromal cells

DU Nan'®, PEI Xue —tao’, SUN Jun-zhong', FU Yan',ZHAO Hui', WANG Xi-liang’( 1. Department of Oncology, The
First Affiliated Hospital of General Hospital of PLA, Beijing 100037, China; 2. Institute of Field Blood Transfusion,
Academy of Military Medical Sciences of PLA, Beijing 100037, China )

[ Abstract ] Objective: To explore 5-fluorouracil-induced regulating effect of Egr-1 promoter on expression of granulo-
cyte-macrophage colony-stimulating factor ( GM-CSF ) in human bone marrow stromal cells. Methods: The human GM-
CSF cDNA and enhanced green fluorescent protein ( EGFP ) ¢cDNA were linked together with IRES and then inserted into
the expression vector pClneo under control of the Egr-1 promoter( Egr-EG ). The vector was then transferred into human
bone marrow stromal cell line HFCL by lipofection. The transfected cell clones ( HFCL/EG ) were selected by the addition
of G418. The cells were exposed to the anticancer agent 5-fluorouracil ( 5-FU ). The activity of EGFP in HFCL/EG cells
were detected by FACS. The amounts of GM-CSF in HFCL/EG postchemotherapy were determined with ELISA. The
effects of GM-CSF in HFCL/EG cultural supernatants on expansion of CFU-GM derived from cord blood were also studied.
The effect of N-acetylcysteine ( a free radical scavenger ) on GM-CSF production was examined following exposure to
5-FU. Results: We successfully constructed vector Egr-EG with Egr-1 promoter, and its transfectant HFCL/EG was ob-
tained. The results indicated that the activity of EGFP and the amounts of secreted GM-CSF in HFCL/EG cells exposed to
5-FU were increased compared to non-5-FU group. The content of GM-CSF in HFCL/EG cultural supernatants was signifi-
cantly higher than that in the non-5-FU group ( P < 0. 01 ). N-acetylcysteine significantly decreased the content of
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GM-CSF produced by HFCL/EG treated with 5-FU ( P < 0. 01 ). Conclusion: 5-FU can enhance Egr-1 upregulate

GM-CSF expression in human bone marrow stromal cells, and thus contribute to the recovery of hematopoietic function

after chemotherapy.
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PritfE 2 DNA RS F A8 MR ZE T, AT 259
RUR: 0 21 N N SRR = W VK o o VA R E R E 1]
2501 SRS BE( S-fluorouracil , 5-FU )45, iX L6 2591 1Y
EEBR T R R TR . Bk, AR
WFFER ALY 25 Wi i 16 1 4 A i BV E T T Egr-1
P TTIE SR Ui e e A i AR PR R Rk
TS A 24549 T 5014 36 1 458495 , 10 AS 52 i He g
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1 #R5FE

1.1 &5

pEGFP-N1 \pIRES ., pCIneo 14 [ Clontech 2\ HJ,
e Egr-1 JEE IR pClneo HH 2555 =Bl 24 B¢ B
BB pMX/GM-CSF B Dr Donnell MD &

B REEE P40 R HFCL( JC /3 W GM-CSF )l B16
AP AFREBE 9 Fraft . AT e I i A
304 EREiAr=RBHERE . SCID /N Bl %55 B 2 Rl o
Besh ¥ oo $2 L 3 & 4% IE 5 2 SYXKAL( %)
2007-001 ], A GM-CSF # il i 51 & & GM-CSF $it
I A LA F . N-CBEF 2 RR( N-acetyl-L-cys-
teine, NAC )W | Sigma 2\ F], PCR 540 H i
TAYEARGR A

1.2 ZTABARGGHEAST HFCL 28 669 3% %

PN RE-E g 20 B4R V% i B ( GM-CSF )
cDNAFIHE SRR (55 ' 1 EGFP )eDNA 435l N
RN ST 5 IRES % 32, F 84 T4 Egr-1
PEFETCEAY pClneo A L, K4 HE R LA Al 48 1) 244
pCIneo-Egr-1-EGFP-IRES-GM-CSF( fij #% Egr-EG ) M
pCL/GM-CSF( fai Bk pCI-G )X BR 41 21K, 4R )5 4

early growth response-1( Egr-1 ); 5-fluorouracil ; granulocyte-macrophage colony-stimulating factor; bone
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BB BARA S Egr-EG .pCI-G Fll pClneo 54 N\ &
BERL AN 22 HFCL ®, i G418 e #5 R : 7o F , FK
4 HFCL/EG \HFCL/G il HFCL/pCI., A #4578 37
C 5% CO, M THFE,
1.3 RT-PCR #| #}E GM-CSF 2 F mRNA 4% ik

B2t 5-FU( 100 mmol/L )4 BEfE HFCL/EG 41 it
F15-FU( 100 mg/kg ) I8 i Ab 385 far 988 /)N LB 46 40
JiL, H RNA $2BUR50 & FR U RNA . % GM-CSF &
B-actin £ [K ¥ 4G5 719, GM-CSF Y PCR 519,
P1:5"-GCG GAT CCG CTG GAG GAT GTG GCTG-3';
P2:5-ATG AAA CAA GAG CTA GAA ACT CAGG-
3'; B-actin ¥ PCR 514),P1: 5'AAG GCC AAC
CGC GAG AAG AT3'; P2: 5'TCG GTG AGG ATC
TTC ATG GAG3'. RT-PCR ] ¢<DNA & ik #l &4
& cDNA , #1H]_EiR5 134T PCR,94 °C 60 5,68 °C
60 5,72 C 120 s 3L 36 AEH . PCR “PH 1.5%
B RE W BRE I HL UK o
1.4 AZKX@AK5H 5-FU #%-F HFCL/EG 4 &, %
REGRELRARIGHA ZTH R

HFCL/EG Zifi3% 2 x 10°/FLAY B BE 4R T 6 4L
BiFme, kSR MTERTTE 12 h, 45T 5-FU 433k 4
WP 0.1.2.50.100,200 300 .400 mmol/L, fLI7 )5 8
h RN, F 7% 10 % R PBS HHRI/E R f5 ,
B8 9O B T L GFP 3k B 40 M 7 /3 %K,
SR R =R AR 24T
1.5 ELISA %4 5-FU # % HFCL/EG %8} GM-
CSF & ik 8 B 8] 5 R

¥ HFCL/EG 4i Jfi #1 HFCL 40 g 4% 1 x 10°/4L
Hh T 6 FLEEFE M, FF 40 MU BE 5, B PBS PR 3
U AETCILHE IMDM 85 35 A 5-FU( 449 B 34 100
mmol/L X 7E A4 ZR LD, BUZERE | ), B RhE 5
523 AL, FALST J5 AN A [ e g 13, , R A ELISA
J7ERI GM-CSF & &, VR Ta] 2800 th £k 5]
1.6 %W m N 5-FU i# -5 HFCL/EG %t #.-
E 4 4m 6L 25 25T AR A 00 B o

RiFR R 0. 8% W ILLF 4 FK 20% N5+
24 h NS AT 254)( 5-FU )R HFCL/EG %545
ZHANMIE 3R 135 12, 5% FCS MR I3 25 1) 24
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A MNC)1 x 10° /4L, BT 6 fLA .7 d J5it
B GM-CFU 75 KT 50 MR R E W R 408 1
MV Do
1.7 ELISA ## NAC %t 5-FU # % GM-CSF & ik
4 %ﬁp@[{

¥ HFCL/EG 4 ifg #1 HFCL 40 Jfd % 1 x 10°/4L
AT 6 FLEE IR, T 40 MO W5 BE J5 , B PBS Y% 3
U, FHTE IS IMDM 1555 24 h, St 82 40 i 5 35
VEW AR 3 L. HFCL/EG 41 HF-
CL 4t i Jm A 5-FU, £ 19 & £L il A 7% 20 mmol/L
NAC 3573 0.1 ml,24 h S UEESE 3 FIEW, F
H ELISA J5 %450 GM-CSF % & .
1.8 it

Joi 1 SPSS11. 0 B it A 7481273 4, IS [E] 3
HHORHUBCR T ¢ K5 .

2 & R

2.1 HARMARELETHMAR M0

PRI I, 28 B il 14 PN D) il o3 B S e e
Egr-1 K 2 F¢ 51 3% 322 XU F EGFP ¢DNA A0l
GM-CSF ¢DNA F H.#%F B Ak pClneo I, Jf i &
Em A E 1), SRIE IR BT A G i
FESFRAM R HFCL, 28 G418 itk , Phik i — 4
FH: L RE No. 4, A 44 0 HFCL/EG

iM-CSF

E1 REENTIESTEE Egr-EG
UG5 F = i 2 A R M 2
Fig.1 Identification of the recombinant plasmid Egr-EG

1: Marker DL15000 +2000; 2: Egr-EG plasmid was
cleaved by BamH I and EcoR |

2.2 HFCL/EG @ jf GM-CSF mRNA #) & &
RT-PCR J7 ¥ K U 45 2R 7R, 48 5-FU b #E 1Y

HFCL/EG4HMIAY GM-CSF mRNA S35 B i Mo, 7] &

AR FRE AT AN [A] s R 48 5-FU Ab 3R HFCL/

EG 4 JCH i GM-CSF mRNA F5A( & 2).

2.3 HFCL/EG %mfask & 3 %% 6 Z A ) 7 T8 0

mE 3. 1| 4 fiR, HECL/EG 40 i 15 3R 1K &2 m
AFIAHN5-FU 20 5 HFCL X B0 A L, JC 5-FU 1)
HFCL/EG A E% A5G H R BB, M fn 5-FU 1Y
HFCL/EG M 0 % 100 mmol/L 4% (5,5 638 i 3% W 184
Jin,5-FU 100 mmol/L #7558 FE #TC 5-FU Ak P2
4 5L F,200 mmol/L LAUJ B B 55 . 45 5 2 W
Egr-1 Ja sh FHAES T H A ER (2Bt
O L5 2B R .

bp

—745(GM-CSF)
—350(p-actin)

B2 RT-PCR #ifll 5-FU 438 /57
HFCL/EG 41/l GM-CSF mRNA KJ&Ri%x
Fig.2 Expression of GM-CSF mRNA in HFCL/EG
cells after 5-FU treatment by RT-PCR
1: Marker DL2000; 2- 4: HFCL/EG cells after 5-FU
(1 mmol/L, 100 mmol/L, 200 mmol/L, respectively)
treatment; 5: HFCL/EG cells; 6: HFCL/EG cells
after 5-FU ( 2 mmol/L )treatment

(A)

3 BEIEWERMIETYES5-FU
%S HFCL/EG fE BRAEBHRIA( x400 )
Fig .3 Expression of EGFP in HFCL/EG cells induced
by 5-FU under fluorescence inverse microscopy( x400 )
A: HFCL/EG group; B: HFCL/EG +5-FU group

2.4 5-FU # F% HFCL/EG %8 # & A GM-CSF &)
B 8] R R

ELISA %4 HFCL/EG 15 3% [ 75 % GM-CSF
TR R HFCL AN A WEYE GM-CSF; HFCL
25t Egr-EG J N HFCL/EG, ¥ 4 5-FU 100
mmol/L i 5 7l DL 7= 4= GM-CSF. GM-CSF 7£ /il A
5-FUJ5 8 h JFA14 2 143,10 £27.05 ) pg/ml; 1
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24 h it fe B, FH 2 ( 655. 24 £68. 14 ) pg/ml( P
<0.01 ); LUS B FEAR, 75 48 h B[ R( 165. 40 +
21.31 )pg/ml,
2.5 5-FU %% HFCL/EG % e %} GM-CFU 4& % 7%
PR %R

K s s, B8R 5-FUC 100 mmol/L )i R )5
JUTA 240 L A 344 3 ot 4L 40 6 A VR R 3 BT s, R
HFCL/EG 435 3% s 9 10 40 40 i i 4 F AT 43 5]
5% T HFCL/G . HFCL/pCI  HFCL i j8( P <0.05 ),
VLI H T 5-FU 5% HFCL/EG 4l /=4 T H 2 1
GM-CSF, R T2 {#i GM-CFU 75X i3 H % .

10+ B HFCL/EG+5-FU
CIHFCL/EG

Intensity of GFP

0 1 2 50 100 200 300 400

5-FU (¢, /mmol. L")

B4 mXHEAARSH 5-FU S HFCL/EG
MApsk BRI REBRIRIE
Expression of EGFP in HFCL/EG cells transfected
with Egr-EG after exposure to 5-FU

Fig. 4

90
R0 . ] 5-|-|f_ .
O Non-3-FLI
70
L 60
& 50
= 40
30
20
10
” - ” . .
HLCL/EG HFCL/G  HFCL/pClneo HFCL

5 5-FU %5 HFCL/EG % GM-CFU 3% B &
Fig. 5 Effect of HFCL/EG cells induced by 5-FU on GM-CFU
" P <0.05 vs HFCL/G or HFCL/pClneo or HFCL

2.6 NAC *F 5-FU # % HFCL/EG %3 e & i5 GM-
CSF 2 F 9% &)

Kl 6 W, fE B IR R A 20 mmol/L
TSI NAC,5-FU i% 5/ HFCL/EG " GM-
CSF 43I B3 R NAC 4B B g /(P <0.01 ), ¢
H2Y4 5-FU ¥ EEAE 100 mmol/L Btz B & 5 i JC Egr-1
Ja s IR HRCL/G M & 32 NAC RYFEI( P >
0.05), Z5HR%M,5-FU 2 K 1EEFE S Eg-l

Ja BT T R R A Y
3 3t it

ST 175 O [ R 4 R R 2 A SR e T e
JeE ALY RN SE PR TG I 4R T B . AT 1
ZAIT 27 AE AR N B A B A AR 7 R i
I A A PR AR a3 IR 5 el T ol 4 BT 52 1k
7o NRL-E W20 M 7% R R - GM-CSF )& — )
TR AR A 3 A A PR, R AR PN SRR S 1 AH 4
JHLHEFE AN A4k, SR 35 1 R TR A A Y | W 4 i
R 5 IR A P 58 R A SR, AR AR T I 36
IHBEMPRAE S B REEL R 40 Mo BMSC ) A5 1 1M
TREREE G R, SR AT B 0 X I 2 BE K
BHENEENEZ —, WEIEM BMSC &3 K5
R AR AR AN

1801 v
—~ 160} S I
e 40} F25-FUINAC
2120}
< 100}
= g0}
Y 6ot
2 40l : i :
0 A .1 . i
3 3} © = S o
e 2 3 § 3§ 3
z T g 3 3
= & &

Bl 6 N-ZEFBEE NAC )X 5-FU &S
HFCL/EG #i}3RiA GM-CSF 501
Fig. 6 Effect of N-acetyl-L-cysteine on GM-CSF
expression in HFCL/EG cells induced by 5-FU
(1): Treatment with 2 mmol/L 5-FU; ( 2 ) Treatment with
100 mmol/L 5-FU; ( 3 ): Treatment with 200 mmol/L 5-FU
"P<0.05, """ P<0.01 vs 5-FU + NAC

Egr-1 3 4% 5608 th Z ROl M 5 fm it fbyr
N H B EESFIEMNT Eg-l B3lF1 CC
(A +T)6GG JFHI( CArG )JEFE NUFSER ik, Mezhir
5 O R AR AN B 412U Y Egr-1 B0
ST BV A R FEAE R D, R =4 2 25 1)
AN () P 3 3K, 33 ol Bsf ) I ) 35 P 36 3K 0 4 J2 48
Egr-1Ji 81 1T LABEE A [ Ak 24 25 V8 R E] ) 25 b
750 55 AN [R) A BE DR e 38 5 28 (B R4 S B L 248 7E
SRR A0S R N AN R A 25 W01 FEDRS 1 b 5
LRI = A o A SRR WU T EGFP/
GM-CSF cDNA i A#EAT Egr-1 3 3 T 1 B A5
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& pClneo 2 FaEBFVIN 5 E B Egr-EG A B #E
FEF AR 2 HFCL; 7£ HFCL/EG 20l rh ik iy 4 (0
BIE,H FACS KER T AMESER & 5%
IR I E HOW R R 254 ) US4 ELISA K6
D2 A PR 75 i, TIE FDORUI S 7 BEAR - i e TR P A 3L
B, 1 H B A5 24 B DRIV E R O R 3621
AR Uikt e TR AT ST VW TE ' NS = s R
PR R Egr-1 VAP IE SEN RREH, 5
Egr-TNFo JEPIF AL, BOAS 52 56 78 B P 3L Y Jm R
FHTC IR 3557 LAk Gk — P 200 400 10375 X - T
Wi Egr-1 WS GAG JCH ABF5E A UF 4
S -419 F +26 B )i MR R A, AR, GM-
CSF F %3814 CRE JofH( Egr-1 511 — 600 & —480
BB )T L R, R, SN TR % BE A H g,
s R SR T AT IR R Egr-1 Ja sl IR
GM-CSF SE PRI yR00 18 i 45 0Pk &2 B b ik . SR,
5-FU 75 S 1 PR 735 PR 7 2 19 24 0 e 4548 79 o R
Pl i i — DR

AL R, 5-FU 7] 5% HFCL/EG #Y 3 1 F
KR F3R35  H AP 5 R S0 ) N-2 e e 2
iR NAC)BH, LR Egr-1 53 30 F 8300 T i
FRFL, B DMK L &7 2541
AAMEES. HAMREN TR TF L c-
fos .c-FUn S5 1] DL S T Jif i %ﬁ&ﬁiﬂilﬁ( 2l
AT T 25 an 22 8 3R KB R0 Fh MR
st | 3 R LU S Bl BB
Ktk ,5-FU 155 Egr-1 Jo a4 M iFE R %Rk,
PR HAY T 250t v LUH FARIT A S Egr-1 W3R
FEITIE

MR Egr-1 3 PR ¥ 50 14 i RE M AL T7 5 S 2k
7 B o AT . 5, T RLA Y, Egr-1
Ja ST R R BT AR B B R T M VR
R HLA S il 2BV K 3R 5 Egr-1 P84 7045 30
F14) 5 PR 3R 7 D 2 ) AR 7 75 < ) BBURR M X
fRI7 s A EH Y . Egr-l SR8 75—
A S TR AR R G B A TR . — A
SFIE RS Kk AL ME R IR, Rk H W AR
SEV S Egr-1 B T2 2T SR, LR AT f
T Ui a0 PR S PR R R A, Rk 2 E R, B
(14) 35 PR e TR ) ()t 3 A, DTG Tk 1)k &2 s 1 T
MIVE A EAFE RN, MAAE S Eg-1 J3 3+
MR IRSE N TR RYTE S A, IR EOR
SR YT IR AV A 10T Egr-1 3 3 o IR
DRt L 953 3 R 4V FH B S R 2. Ak i
SIS 1) % 3 22 AR IR, O How] R S

PRI IR, i L DXL R 458 110 5 1l A 2 L P 3 66 PRI
(R RIS FH BE 28 T SEAil

B ARG AR SE,5-FU i Egr-1 5 81
VRN B RS 5 40 3 i P GM-CSF B3Rk, ]
XA i 38 i 43 77 A — 2 IR AR .
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