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Effect of vascular endothelial growth factor on apoptosis and expression of Bcl-2 and
Mcl-1 in acute leukemia cells
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versity , Shanghai 200065 , China ( Email; liaoxuelian@ sohu. com)

Abstract: Objective To investigate the effect of vascular endothelial growth factor ( VEGF) on the apoptosis of
human acute leukemia HL-60 cell line and to analyze the role of the related apoptosis genes, such as Bel-2 and Mcl-1, in
the process of apoptosis of human acute leukemia cells. Methods HL-60 cells were treated with different concentrations of
VEGF (2 pg/L, 20 pg/L or 100 pg/L ) or 20 mg/L of etoposide ( VP16, an apoptosis inducter) alone or VEGF plus
VP16. After 18 hrs of treatment, the apoptosis rate of HL-60 cells was detected by single-cell gel electrophoresis and flow
cytometry. The expressions of Bel-2 and Mcl-1 of HL-60 cells were detected by RT-PCR. The Control group did not receive
any treatment. Immunocytochemistry was used to detect the VEGF and Mcl-1 protein in bone marrow cells from 8 patients
with newly diagnosed or relapsed leukemia, 14 leukemia patients in complete remission, and from 5 normal children.
Results Different concentrations of VEGE markedly inhibited the apoptosis of HL-60 cells and decreased the apoptosis
induced by VP16 exposure. The Bel-2 and Mcl-1 mRNA and protein in HL-60 cells treated with VEGF were significantly
higher than those in the Control group. The expressions of VEGF and Mecl-1 protein in bone marrow cells of the newly
diagnosed and relapsed patients were significantly higher than in patients in complete remission. Conclusions VEGF can
inhibit the apoptosis of HL-60 cells possibly through increasing the expressions of Bcl-2 and Mcl-1 mRNA and protein,
which may represent one of the mechanisms responsible for human acute leukemia. The expressions of VEGF, Bel-2 and
Mecl-1 might be used as the markers for the prognostic evaluation of leukemia.
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PCR 1 ELASA J7y5 X} 6 i 2k 1 il s 40 i ik i1 7
VEGF J HAZ AR FETEAGI , 45 H /R« A1 45 HL-60 4
FRIBRTE N 6 Ffr (4 100375 20 B AR 25 (100% ) ik 145
Nz A K, 3 e VEGE Al B8 5 1 L% 19 & 4=
3 R A O AR R i B S B% Y <
W Ak I A & R Bel-2 FH BT MCL-
| BRI GREFWRE KA K FRATHCGHE T S5k
M43 285 VEGF 4bHfLisd Y 2Pk (il HL-60 £ A
PR WS 5] VEGF 5 HANMMT-MCHR, &
FATAESCHE A Bel-2 Fil Mcl-1 (3878 4k, il A 12
PBEFRIS AR

1 ##ETTE

1.1 #f

1.1.1 itk N 2P R 4R 1 i 40 At Bk
HL-60 W [ Hr Rk S - 1 40 i For 44 L /e

1.1.2 %A VEGF165 4 Hfu[X+ ( CYTOLAB 4
Woswl) s VPI6 (SR H U R A R 250w ) 40
MOJR T35 7005 R % s RT-PCR 5] £ ( Invitrogen
A8l ) s VEGF  Bel-2 F1 Mel-1 AT BT 1A LA B
SP H gz 28 AR & (RN I A= A ) )

113 314 N Primer 5.0 %1154 0f
H LA T4 51 9751 Bel-2 (455 bp) L5149
5’ CTGGGAGAACAGGGTACGATAA3', F i Bl ¥ 5’
CCCACCGAACTCAAAGAAGG3'; Mcl-1 (427 bp) I
514 5' GCCGCTTGAGGAGATGGA3' , FiEa| 4 5/
ACATTCCTGATGCCACCTTCTA3'; § % #& G3PDH
(450 bp) b %514 5 TGATCACCATTGGGAAT-
GAG3', FiE5 |9 5'CAGTGTGTTGGCGTAGAGGT3 ',
1.2 XWHE

1.2.1 mpgszsi HL-60 21 i bk B 7 35 5% T
B 1640 ¥5529H,37°C ,5% CO, RARAIREE R CO,
BEFRAA R I v R FH AN M T ) b ) 98% L I
(X 5 A K 2 R AT S

1.2.1 Z#om ARISHHRED Y s
H I VEGF ¥ BV 34(EHE 500 ng/L 2247, #EM
I3 955 N B i 5 kb R &6 VEGF 2 1 i) 3k pg/L
% WA R 56 4 T hn VEGF & 1k R el |
2pg/L I 20pg/L 1T 100wg/L, [F] 0357 RN 25 Y
XTRRZ . ARIIA e T 1215 250 VP16 /E Rk
SREH  ARE SR 0% Ve S HL-60 40 i U8 T Y fe Ak
0, B 20 mg/L AR 18 h A s i 2 40 55411, 1K
ST VP16 5541, LI K VP16 Jin VEGF & iR E K
WAV 2ug/L.V 20pg/L VI 100pg/L ()3 41, AT

fift VEGF 5 112 75 n] LLXF BT VP16 75 5 ik 41 i 9
T, R B K ) HL-60 20 B (3 B 5 x 10°/
mL) T 6 fLEE IR A, B AL 5 mL, 5 bR o3 Ak B
RN VEGF B VP16, 4k S0 & 18 h Ji, 43 i3k
AT, 1A 3 IR,
1.2.3 mieAcHEs HISAERR R,
IR R, SRR Yo, Bk, BB, Fh A i
B VK =3
1.2.4 $Fmpaili & ikix W3 T A O I
SR 25 L A0 B R AT T N B A IE
AR R R b, PN 3 R A I A
NEWE 2T 55, 24 /% 2 h; 5P L Pk 30 min (25 V,
300 mA) R TEH RN 15 UG EB Yefh, 2t BB T
WA THE AR BT . i TV DNA (98545
FRJE , AR S256{i A Lucia Comet Assay Version 3.51 iR
A3 RRAE” (tail moment, TM HEAS 4 2 #8 DNA
A8 DNA B9 E 20t 53k R H oG Rl R Y SR R ) ok
PEH 45 B3 M 20 M3 03 15
1.2.5 AX@mpps K AR 5 2L A M 5 R U B
BT 14 256 ;43 3N Annexin-V |
WAL DI E L, AL gk 2 5 38 N 5 57 9
X, ANIRLIRAS 0 40 M 43 590 3 A T 4 DA BR,
JHT- 447 T 2B
1.2.6 #4535 PCR 7 ikt 48 % AL B 69 k&
44 RNA 25 18 Trizol (GIBCOBRL /2] ) it 5115 B
5 AR N RE 5 RNA, 7 SuperSeript TM11
BESRE, LA Bel2 \Mcl-1 F1 G3PDH #4354 b B A 3t
17 cDNA &, 2 B3CHkUEFT PCR § 3, AR %
AP IRk IE A, 3 30 AMEIR, PCR 3 7=
VK 383 H Ao Marker SR 5856 4T IR, 4940, LUK
B FE 278 FRL VKA B S EE , L G3PDH S N B MR, 45—
LYk 5 G3PDH K i EU A R by JiE PR 2 36 119 4 X6
Srht I HBEE T BN A
1.2.7  Sdgfmfoib s 7 ik tem 4 & & & & ik
3 LS 2H A 2 R R, VR 1, e A M
AP AR R AL S A0 M Al 24 A (SP %)
Sy B I —HUR Zht, B N AR A5 R, S
R 3 IR B IEE, Bel2 Mel-1 PR 35 DA
F1 0037 4 O s P e 4l e € 0K, LA JHL 3K
HOR T AR A XU 5L 200 S0, R
FH 5 5 B 7 11530 200 A4 240 e m BH 4 248 5
Tt S IR BE B X R

W7 B 2004 4F 3 ] 3 2005 4F 3 1 1E] 8 4]
W % R 2 A e UL (14 81 58 4= 2 A 1Y) F IS £
LR 5 BIE R LM BRI i o S dni b s r vk
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A b, SCE MR, JHBE NS, VEGE Fl Mcl-1
AR [ 12 LA o s 200 5 i e 0% JliAt i
AU T 21 40 BRI S AN 35 (60 BH M 20 R A 7 e 40
M, B BT R
1.3 Sit=ZEaHh

YRR TR B « £5 2R, R SAS B4k
1575 225307, RIRER T 47K snk SEAEX BRI £
LA Dunnett ¢ f556 . AEZH M Bel-2 Mel-1 LK
FEk AN 45 5, B Bel-2/G3PDH  Mecl-1/G3PDH
x x5 F7N, R SAS AT ¢ K50, FFLLANMY Bel-
2 Mcl-1 R HMFEGALE R E S FITH G5 R x £
(% ) 3o , R SAS BRAFHEAT ¢ K. Geit 4B
Yiiffl VEGF , Mcl-1 (23R 45 5 R BHPE R BI55, SR 5 45
HBAPEBIE ) 5358, 85 R LA [ n (% ) 1 2R, BREA
R SR R UIMER T (n <40) .

2 #R
2.1 A ENE

VEGF Zb3HZH T, 11, 11 3 ZH 40 IR 25 52 4, 41
MURZHAN AT 5 VP16 55 S H AT 25 AN R, 55 £
SEIMT/ME FREIAIIV, V, VI 3 44
AT VP16 i34, T B T/ M D
2.2 BAYRRREERTER KRN S 4 B A A T R

AN RO g L Yk AT DT R 2 A0 B A R AR P
BES, 1, 11, I 3 4140 A% A /0 4 46 B B 42
VP16 55 2 40 A% 90 B A B ) B AT R T RRAE
FE RIS, IV, V, VI 3 4040 k4 2 i
IS F VP16 5541, N AR 7 % B2 4 fg o 1
#2(5.73 £0.361)% , B B =T VEGF b3 3 2040
ML T=H (2 P <0.01) ; VP16 55 25 21 i i 1= %
(31.95 +2.213)% B & FIV, V., VI 3 41411
TR (¥ P<0.01), % 1,2,

%1 FEKE VEGF 3t HL-60 ARUET- BRI (v +s5)
415 FA R HL IR () I T3 (% )
Xf R ZH 10.58 +0. 854 5.73 +0.361
VEGF 4hFR4] | 5.67+0.103" 3.73 £0.057"
I 6.89 +0.083 4.07 £0. 120
I 7.15 +0.105 3.66 £0.078"

a GXF M LEE, P <0.01; b 5 VEGF b3 T, TN 4 LL %%,
P <0.01
2.3 RT-PCR &M R

VEGF I 4 HL-60 #iifd Bcl-2 £ Mel-1 ) mRNA
A6 3k 5 Y B S 8 T X BR4H , 1 P < 0. 01 ; VEGF
IV 2H HL-60 40 fitd i 5 1~ 5& 5 Bel-2 F1 Mel-1 Y mR-

NA M X} ik ¥ 8 & F VPle i S 41, 1y
P<0.01, %3,

%2 A[ERE VEGF 3f VP16 555
HL-60 21 R T-Fy =20

(x*s)

A5 AR Ik (R R TR (% )
VP16 R4 49.99 £2.185 31.95+2.213
VEGF 23V 40.34 +1.703" 13.69 +0.742"

A 30.79 +2.440" 7.90 +0. 665"
VI 33.21 +1.696" 8.92+0.177"

a 5 VP16 iF S R, ¥ P <0.01

%3 ARERE VEGF 7 (=) VP16 Xt HL-60
ATHXEERER M (RE )

215 Bel-2/G3PDH Mecl-1/G3PDH
Xif A 1.0063 +0. 00086 1.0269 +0.00264
VEGF kb34d [ 1.8183 +0.01850" 1.1074 £0.00448*
VP16 iS4 0.2401 +0.00269 0.6257 +0.01032

0.4945 +0.00396" 0.7821 +0.00672"

a 5XTHRZHAA LG, P <0.01; b 5 VP16 iFES414H 1L, P <0.01

2.4 GEHMMLFRNER

VEGF [ 41 HL-60 Ziif{f¥) Bel-2 il Mel-1 #RH %
PRI s T R4, 44 P <0.01; VEGFIV 41 HL-
60 i) Bel-2 Fil Mcl-1 & (1 3R35 5K 01 bl =5 F VP16
WS, P <0.01, W3R 4, w4 K H I
L 37.5% (3/8 1)) B #fidi ik VEGF & A, 1M
S B L EREAR R I 2] VEGF 1381k (0% ,0/
14 f5]) , P <0. 05 ; ¥ A FNA K s 8L 50% (4/
8 ) H RGN AL Mcl-1 B, Mg fipe bk LB
127.1% (1/14 i) F3k Mcl-1 ZE 1, P <0.05;5 {4 iF
HILE AR E] VEGF F1 Mcl-1 8 135 2%
ff AL ANE B X B4 L3 9 VEGF il Mcl-1 &35 BH
FRFIWENEE P>0.05) , WLES,

VEGF 4b ¥4 IV

%4 FFERE VEGF (=) VP16 3¢ HL-60

BTHXEARIENZME (x£5,%)
2H 51 Bel-2 2 Mcl-1 ZEH
X HREH 32.67 +2.081 33.67 £2.563
VEGF 4b¥Eed 1 47.33 £1.528° 42.33 +£1.527*
VP16 i 540 21.58 +1.082 23.02+1.927
VEGF 4R IV 42.04 £2.025" 35.13 £1.736"

a 5XTIRZHAA LG, P <0.01;b 5 VP16 iS414H 1L, P <0.01

&S5 VEGF,Md-1 BNMEATHEXEARE  #il(%)

21 51 5] VEGF IRk Mcl-1 &R
LEHATIEA 5 0 (0) 0 (0)
WIEME LM 8 3 (37.5)° 4 (50.0)°
SERLEMA 14 0 (0) 1(7.1)

a 55U AL P <0.05
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n 2 AR HE P ( ERK) 18 % B RR LIE 3 -3
3 i (PI3K) /22 S R/ IR R W Akt S8 L Janus W18/

TR 3T (VRT3 i U L Vs 400 AN A ]
DLy VEGF 17 ELiR v] DL BE £ 1 19 2 35 T RE 1 1)
VEGFR JE i —1~ B 5 14 P9 53 W6 B, AI 30 0 0
LIRS 40 L B4 77 375 | 389 58 A0 L 454 Bella-
my "' FI Veikkola'"" K 755 4 i 30 00 52 6 45
FRATH5 R 1 005 A0 T R R B
VEGF, R Jei it 5 H sz k25 4, i 42 2k (4 i35 20
i B £ 3% f& VEGFR (¥ #% i fk, il i PLc-PKC-
MAPK & 12 . PI-3K-AKt/PKB i % . STAT #%; S {5 %=
G AR, A OF L AENG B L B R iR e, B 4
VEGF Xt 4 I 40 A8 T8 & /5 B  m Wg 7

AR S0 SR FH BRL 20 6L O M PRI L T A PR A AR
TR0 T R R 118 1 T B0 /K ST 0 2 A0 B /K S 43
gt VEGF F1(E) VP16 b3k i) 21 14 il s 41
% HL-60 4L T Ak, 25 7R .2 pe/L
WL VEGF 7 18 h n] LA i 41 i 2o 1 i 410
itk HL-60 By T, 3F B o] AXF 4T VP16 3755 ) 41
MLPAT . AT FRATHERT VEGF 10 % 11 15 248 A
BE HL-60 {998 7=, 0] 682 11 ML 19 & A Ll 2 —
g B AR A A A 93 56 HIE S A 15 HL-60 41 i & 75
PN 6 Foft 11 35 240 LR 34 (1009 ) 3k 148 N B2 AE
KK, H HL-60 2l 3 A7 7E fli-1 38, HFRAT
M VEGF ] gl i 5 2z 4k -1 254 J5 i =4
ME AR T B, Hifber 2 il ST VEGF
T LA ARAE 11 156 20 ke B J8 3 v s 2R3k, WA
R RS AIL I A A0 T 240 B R T, AR A ARG A, A ST
WEE R 5 Z A, AT B oR = AN A Rk B
VEGF XJ 40 M8 T4 il 0 /5 FH 5 25 o0 B Tl 25
St B U BE Z TRl 25 S 01 1 2, AT IR AT fig
55 HL-60 24t a2 If1 32 14 ¥ 5 ARG B e A G

Bel-2 GEIRAE 1 I A s AL il v i) 4 FH AR DG B
F A FUE S Bel2 B A BRI
B BH 5 A0 R T, [F] B i RE P 2 R Ak ST 259
b7 O = (175 ok e = U e v N e ot e A = 1R
(ALL) ZPEREZ0 B I ( AML) A1 47 40 fifg
PEFA M (CML) Hr, Bel 2 8 FHNME A, i H il B
Fik, Mel-1 ZFHE KB Bel-2 JEPH Z% L, H
FH 5 Bel-2 45— R PEME, HLH7E 408 9 19 5 A
BORZ o N Mel-1 JER A S AE 15 Y iR K
b VE 2238 T A8 AR e 15 e R K
TC AT EE A RN/ s HE, PRI Mcl-1 5P 0T R
SRR —E R FR . Mcl-1 35 TH 5 E 1d

F O G SR T AL T AR (JAK/STAT) 55 24>

ok @i T MEANIIRE. A5k

Mel-1 & Bel-2 264 v ME — 5 45 1 58 40 i 4% Bt i
(PCNA) &5 & 85 1 2 1 4 F, v g Mel-1 @it 5
PCNA (2540425 7 X 40 A A9 38 55 . Byrd
e RS e B, TR 26 Rituximab 34 9718
P L 40 P P I R I R A A Uk LR S R AR
DAL 118 ek 200 s/, [ B R T R T Mel-1 ik b, 7
FHEIEHIE, Katoh 25 fERTFE VEGF Xt [ 1L 5% 41
ffakk CMK86 11 U937 [ T 5% M i, #E MCL-1 1]
AEFEH R T —E R IR M T A9 4E ] . Goebel
s BSR4 BN HL-60 1 U937 [ I35 241 M 22 B
5 BB X — ST iR 245 8 T SR
AHRPT, HEM HALE AT BE S Mel-1 28 1 %k K 73
A 6o
AR E R ] RT-PCR 35, X405 43 VEGE i
(3%) VP16 AbF it i1 Sk 1 i 40 i 52 HL-60 41 i
P17 Bel-2 il Mel-1 FEPR 3k K, 45 SR % 12 pe/L
W VEGF fy ] DL 201 11 i 55 20 i bk HL-60 1y
Bel-2 il Mcl-1 JEH 9 mRNA 2 3K 7K 7 B f 38,
SR FH g AN AL 2 0 2k 43 D e 52 e I R A B 1A
I N\ BSR4 M i2E 4T VEGF Al Mel-1 2 1 3F
TFR, % B0 VEGF F1 Mcl-1 7690 % & % {4 1195 40
Mk TR . WL ATHEE VEGE Fl Mcl-1
(143t i 2k AT R 20 I A 2 A e K iU 7
SN VEGE R] LU ik 4100 i 1 i s 40 B iy 4
MIZ5 T H IR0 & . 1 H, Bel-2 Fl Mcl-1 J&
VEGF #1J1 il 11 1fiL 75 20 g 98 T /%) 3 2238 #% . VEGF,
Bel-2 Fil Mcl-1 335 (9 34 i vl fig % S 71 i g 44 g
() 1 i B U = HE 5 ), 5 ] R AR R F I T
RIS 1R bR , R A5 WF 58 5T 0 1 L 96 97 A5
TR B ARE

(& % X #]
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