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Abstract: Objective The expression of vascular endothelial growth factor ( VEGF ) is associated with the
pathogenesis and prognosis of solid tumors, however its relationship to childhood acute leukemia has not yet been
identified. This study determined the expression of VEGF and its receptors in children with acute leukemia in order to study
their relationships to the activity of childhood acute leukemia. Methods The mRNA of VEGF, and its receptors Flt-1 and
KDR were detected in bone marrow mononuclear cells by the reverse transcription-polymerase chain reaction and the plasma
VEGF levels were measured using immunoasssay in 21 children with initial or recurrent untreated acute leukemia and 20
leukemia children in complete remission. The bone marrow samples from 5 healthy volunteer children and plasma samples
from 20 healthy children were used as the controls. Results VEGF and its receptors were not expressed in the samples
from healthy children. KDR mRNA expression was not detected in either healthy or leukemia children. The VEGF mRNA
was expressed in 90% of patients with initial/recurrent acute leukemia, which was higher than in patients in complete
remission (30% ; P <0.001) and healthy children (P <0.001). The patients with acute leukemia also had a significantly
higher Flt-1 mRNA expression level (86% ) than patients in complete remission (15% ; P <0.001) and healthy children
(P <0.001). There was no difference in the expression levels of VEGF and Flt-1 between patients in complete remission
and healthy children. The plasma VEGF concentration of initial/recurrent patients (405 =270 pg/mL) was much higher
than that of patients in complete remission (136 +98 pg/mL; P <0.05) and normal controls (91 +41 pg/mL; P <
0.01). There was no difference in the plasma VEGF concentrations between the patients in complete remission and healthy

children. Conclusions The expression of VEGF and the receptor (Flt-1) may play an important role in the development
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Jrat FIgED, tUfE N 1.8 ~2.0, /8 ¢cDNA, 5|4
P WA 1, 450 wl PCR BRI
4 WL dANTP (42.5 mM),0.25 wL Taq( KiE5 44
TREAMRAF,S U/uL),2 pL ¢DNA,20 pM 5#14%
1 wL, 94°C AP 2 min,94°C A8 30 s,iH k45 s,
VHRE 43 W % VEGF 64°C , Fli-1 62°C , KDR 54°C,
B-actin 56°C ,72°C #Eff 60 s, 3 35 NEFR, 10 pL
PCR ¥ 347 W1 7E 1% Brfg WEEE L 5 PAGE |- FLVK ,
YE MR
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GETT oA R SAS Geit it , R0t i x°
Ko 5 e VOAS FAG TR ST 3K VEGF ¥R
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Table 1 PCR primers
519 /AN
VEGF 3% :5'-TCG GGC CTC CGA AAC CAT GA-3' 408 bp, 541 bp
FUF:5'-CCT GGT GAG AGA TCT GGT TC-3'
Fli-1 F#:5'- CAA GTG GCC AGA GGC ATG GAG TT-3’ 1089 bp
Fi#:5'-GAT GTA GTC TTT ACC ATC CTG TTG-3’
KDR [3i#:5'-CAA CAA AGT CGG GAG AGG AG-3' 877 bp
TUF:5-ATG ACG ATG GAC AAG TAG CC-3'
B-actin [3i#:5'-TGA TCA CCA TTG GGA ATG AG-3’ 154 bp

N#:5'-CAG TGT GTT GGC GTA GAG GT-3’

« 32 .



557 B 1 P E S RILEEE Vol.7 No. 1

2005 4E2 A Chin J Contemp Pediatr Feb. 2005
ARKR] VEGF K HAZ AR (1 3k, bl A 955k 22 il

2 H#R VEGF Fe HAZ (R Fli-1 () 323k W 2 B, BLW] VEGE

2.1 HABWEANZMEM VEGF REZERIEE
o

fatRRE L2 4 R A 2] VEGF 2 HL 37 4K Fli-1,
KDR [3Rik, 90% (19/21) ) K/ K A i £ L
B E B A% 4 K Gk VEGF, 86% (118/21) 3K ik
Flt-1,30% (6/20 ) & fi# J5 1 1L 9% £ JL 32 35 VEGF,
15% (3/20) ik Fl-1, A ZF A BEME (X =
15.77, P <0.001;%* =20.48, P <0.001), ¥1k/
R4 VEGF 1 Fli-1 fHMER S IEWAH LR ERA
WEME (¥ P <0.001) , 11 22 fif 20 5 1 % 41 L3R 2%
ST EYE. WIZH A e A8 LR A 3 KDR ik,
2.2 FKAAMIE VEGF KFE

Wl k/E KA MK VEGE ¥k &y 405 + 270
pg/mL, B T4 (136 £98 pg/mL, P <0.01) Al
EHZH(91 +41 pg/mL, P <0.01), Zf#H 51E%
2 A2 S TC W

3 iFig

LA P9 B AR A R e e M A, 1 FH e 11
R A SRR o AR & B, IR PR A K TR
S ARTEVE Z2 S8 A5 ZLARIE  EL F P 556
SEFRA IR AN B TR X R, ek
i 55 bR 5, SR B R 9T ROR R TR ) AR
Koo BRET I K PR B ST SR B g R I g R R
VEGF JE[R 35 L 0 ko i B 4R 1M A%
L AEATE S BTG J PR AR X TE BR AR K B 7 B, S
FIARX B4R, VEGF 35 b Th. 7R & A= i v
VEGF {12 57 A 1045 A= 0 e 384 0 145 38 355 1k , Ay e
S AT R A58 e

AR, EAMIFST 18 VEGF K H 32 (K75 1 1
LA s HOK O 5 B I 4 9 IE A
N kB VEGF KB & T & B,
VEGF 7K V- 5 42 & FUAE TG B 1a) i sz 16, i 5
R SRR 21 VEGE Il KDR #3A /K F4EiT
ER S UL 0L 40 i T RE A 2 VEGF, i it
H AR LAz A4, £ 2 Briied 20 it A K e %

ASLIGFSE TG R 20bE AL 8L VEGF ¢ 3
Z A& Fli-1 , KDR iR E O, ¥ K/ Bk M58 %M
I LS S A% 41 i 3 63k VEGF A1 Fli-1,
ik KDR., H4) %/ & %4 VEGF J Flt-1 (B
FRRE TR . IEH S H 8R4 gy

5 Fli-1 5 L3 (M0 15 1T RE X R & V), AL
B ARG E] KDR 3k , 3 576 A2 PE B k41 i
P s BRI 9T & BT AT fE KDR 5 L3
SUE I B RN Wl R/E R BILINK
VEGF ¥ B & T8t B LA IE % L . i b
F LR O 22, 12 VEGE /K SFh B 2% F Rk, E N
S AT WA MR AT SRR,
VEGF J Haz & Fli-1 5 200k L (A ik & 4= % D)
HHE , ShAS W i 3% VEGF 1] GE4G Bl T 57 19 155
F) e LS

VEGF J HAZ A ) Fp AT B 28 7 SR o e A
R IE S A I I (2 28 R e, 3Rl 2
ZHT—WIE RIS . £FXF VEGF, Flt-1 (%0 136
SR TR L 2 R R S o dE—2E
5% VEGF K HAZ AR TR VE ML - Rl 2[5 5 1%
SO, B T BETFRE L BT R T iR AR . HETE
2247 T VEGF X 40 B 4% 5 40 B o8 v Btttk 7
77 T ST, 45 59 s VEGF il i Hsz ikl L) |
FHRE TR P TR FaR T 2 MR KR
BB VEGF YEFBLE , B 2% SERA T e, 48 =i i
IRIT AL LR TR, o F — 25 0F 5% I e 0 o5 2 1t
Y%

(2 % X #]

[1] Hayashibara T, Yamada Y, Miyanishi T, Mori H, Joh T, Maeda
T, et al. Vascular Endothelial Growth Factor and Cellular Chemo-
taxis; a possible autocrine pathway in adult T-cell leukemia cell
invasion [ J]. Clin Cancer Res, 2001, 7(9) : 2719-2726.
Hanahan D, Weinberg RA. The hallmarks of cancer [ J]. Cell,
2000,100(1) : 57-70.

Shibuya M. Structure and function of VEGF/VEGF-receptor sys-
tem involved in angiogenesis[ J]. Cell Struct Funct, 2001, 26
(1).2535.

Gupta M, Mungai PT, Goldwasser E. A new transacting factor that

(2]

[3]

[4]
modulates hypoxia-induced expression of the erythropoietin gene
[J]. Blood, 2000, 15, 96(2) : 491497.

Wellmann S, Guschmann M, Griethe W, Eckert C, von Stackel-
berg A, Lottaz C, et al. Activation of the HIF pathway in child-
hood ALL, prognostic implications of VEGF [ J].
2004, 18(5) : 926-933.

Niitsu N, Okamato M, Nakamine H, Yoshino T, Tamaru J, Na-

kamura S, et al. Simultaneous elevation of the serum concentra-

[5]

Leukemia,
(6]

tions of vascular endothelial growth factor and interleukin-6 as in-
dependent predictors of prognosis in aggression non-Hodgkin's lym-
phoma [J]. Eur J Haematol, 2002, 68(2) : 91-100.

Bellamy WT, Richter L, Frutiger Y, Grogan TM. Expression of
vascular endothelial growth factor and its receptor in hematopoietic

malignancies [ J]. Cancer Research, 1999, 59(3) . 728-733.
(T#%38 1)

[7]

- 33 .



557 B4 1 ) P E S ARILA & Vol.7 No. 1
2005 422 H Chin J Contemp Pediatr Feb. 2005

(1]

(2]

[3]

[4]

(8]

(& % X #]

HAR R A W22 0y 2x . BRBEARAHIE R 28 12 Wi RN I 7 48
(FZR) [J]. PAELSRAMIITINILE, 1999, 22(4) : 201-202.
AR O BOREE, XV, SR8, X058 . /N JLBE 3R A
PRl 2 It 2 Bl R0 A (0] of [ 25 LR A4, 2003, 5
(6) : 545-547,549.

National Committee for Clinical Laboratory Standards. Performance
standards for antimicrobial susceptibility testing; ninth information-
al supplement [ S]. NCCLS documents M100-S9. Pennsylvania:
NCCLS,1999,17-99.

Jarlier V, Nicolas MH, Foumier G, Philippon A. Extended broad-
spectrum-lactamases conferring transferable resistance to newer B-
lactamases agents in Enterobacteriaceae: hospital prevalence and
susceptibility patterns [ J]. Rew Infect Dis, 1988,10 (4 ) : 867-
878.

DN, SR 52, o, X8 . 3 RO ek ) 1 B- TN A
BERYIGRIEA [T]. o B BERRAE24),2003, 31(3): 235-
236.

Jacoby GA. Epidemiology of extended-spectrum beta-lactamases
[J]. Clin Infect Dis, 1998, 27(1) . 81-83.

Lucet JC, Decre D, Fichelle A, Joly-Guillou ML, Pernet M, De-
blangy C, et al. Control of a prolonged outbreak of extended-spec-
trum beta-lactamase-producing enterobacteriaceae in a university
hospital [ J]. Clin Infect Dis, 1999, 29(6) : 1411-1418.

Pena C,Pujol M, Ardanuy C,Ricart A, Pallares R, Linares J, et al.
Epidemiology and successful control of a large outbreak due to

Klebsiella pneumoniae producing extended-spectrum beta-lactama-

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

ses [J]. Antimicrob Agents Chemother, 1998, 42(1) . 53-58.
GO, RICE B by . A HET ™ ESBLs fili 4 5 76 7 B A K
s B R AT IR B0 B i 25 oY [0]. b B A R A4 A,
2001, 26(5) : 358-361.
PRIE B, AT =4, S AR K, T KRE, ShaRbk . #ivLas i) 1
(B PAI T e DR 5 o T R it 48 R 10 TR VA A T 195 D B T 24 1
[J]. hAefe ez ,2000,18(4) :236-238.
RIS B £, A 30 . R M X A A R
WA - RS OO S 25 I [J]. rh AR g AT
M %4 :,2000,23(7) :241-242.
Medeiros AA. Evolution and dissemination of beta-lactamases ac-
celerated by generations of beta-lactam antibiotics [ J]. Clin In-
fect Dis, 1997, 24 (Suppl 1) . S19-845.
K BhALSL B B, W WOE AL )T B-
P i A TR R e i FE B LR T [0 b B AL 2
#,2003, 5(2): 130-132.
Jacoby GA , Han P . Detection of extended-spectrum beta-
lactamases in clinical isolates of Klebsiella pneumoniae and
Escherichia coli [ J]. Clin Microbiol, 1996, 34(4) : 908 911.
Lautenbach E, Patel JB, Bilker WB, Edelstein PH, Fishman
NO. Extended-spectrum beta-lactamase-producing Escherichia
coli and Klebsiellapneumoniae ; risk factors for infection and im-
pact of resistance on outcomes [ J]. Clin Infect Dis, 2001, 15;
32(8): 1162-1171.
Meyer KS, Urban C, Eagan JA, Berger BJ, Rahal JJ. Nosocomi-
al outbreak of Klebsiella infection resistant to late-generation
cephalosporins [J]. Ann Intern Med, 1993,119(5) ; 353-358.
(A S - S5 HE )

(E#%33 1)

[8]

[9]

[10]

(1]

Padro T, Bieker R, Ruiz S, Steins M, Retzlaff S, Burger H, et
al. Overexpression of vascular endothelial growth factor ( VEGF)
and its celluar receptor KDR ( VEGFR-2) in the bone marrow of
patients with acute myeloid leukemia [ J]. Leukemia, 2002, 16
(7): 1302-1310.

Koomagi R, Zintl F, Sauerbrey A, Volm M. Vascular endothelial
growth factor in newly diagnosed and recurrent childhood acute
lymphoblastic leukemia as measured by real-time quantitative poly-
merase chain reaction [ J]. Clin Cancer Res, 2001, 7 (11):
3381-3384.

Bairey O, Boycov O, Kaganovsky E, Zimra Y, Shaklai M, Rabi-
zadeh E. All three receptors for vascular endothelial growth factor
(VEGF) are expressed on B-chronic lymphocytic leukemia ( CLL)
cells [J]. Leuk Res, 2004, 28(3) : 243-248.

T, KRR, DAL . 2 MU L N AR TR
HEREE X [T]. dE LR RE, 2003, 5(4): 351-

[12]

[13]

[14]

« 38 -

352.
Dias S, Shmelkov SV, Lam G, Rafii S. VEGF (165) promotes
survival of leukemic cell by Hsp90-mediated induction of Bel-2 ex-
pression and apoptosis inhibition [ J]. Blood, 2002, 99 (7):
2532-2540.
Katoh O, Takahashi T, Oguri T, Kuramoto K, Mihara K, Koba-
yashi M, et al. Vascular endothelial growth factor inhibits apoptot-
ic death in hematopoietic cell after exposure to chemotherapeutic
drugs by inducing MCL-I acting as an antiapoptotic factor [ J].
Cancer Res, 1998, 58(23) : 5565-5569.
Koistinen P, Siitonen T, Mantymaa P, Saily M, Kinnula V,
Savolainen ER, et al. Regulation of the acute myeloid leukemia
cell line OCI/AML-2 by endothelial nitric Oxide synthase under
the control of a vascular endothelial growth factor signaling system
[J]. Leukemia, 2001, 15(9): 1433-1441.

(AR - AR )





