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Abstract

AIM: To investigate the role of sphingosine kinase
1 (Sphk1) in vasculogenic mimicry (VM) formation
in human colon cancer cell line HT-29 in vitro.

METHODS: HT-29 cells were divided into three
groups and treated with 100 nm/L of phorbol
12-myristate 13-acetate (PMA, Sphk1 activa-
tion group), 50 uymol/L of N,N-dimethyl-D-
erythro-sphingosine (DMS, suppression group),
and equal volume of culture medium (control
group), respectively. After treatment, cell pro-
liferation was determined by MTT assay, and
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cell invasiveness and migration were assessed
by Transwell chamber assays. Cell apoptosis
was observed by transmission electron micros-
copy (TEM). VM formation was observed in a
three-dimensional culture system. The mRNA
and protein expression of vascular endothelial
growth factor (VEGF) was evaluated by QT-PCR
and Western blot, respectively. The secretion of
VEGF was detected by ELISA.

RESULTS: Treatment with DMS significantly
suppressed cell proliferation, invasion and mi-
gration, promoted apoptosis, down-regulated
VEGF mRNA and protein expression and se-
cretion, and did not induce VM formation. In
contrast, treatment with PMA significantly pro-
moted cell proliferation, invasion (112.00 + 6.25
vs 57.00 + 8.00, 142.00 + 5.57, both P < 0.05) and
migration (69.33 + 4.04 vs 42.00 + 4.16, 111.00 +
8.03, both P < 0.05), suppressed apoptosis, up-
regulated VEGF mRNA (1.000 vs 0.740 + 0.122,
1.220 £ 0.075, both P < 0.05) and protein (0.39 £
0.05 vs 0.23 + 0.02, 0.65 + 0.06, both P < 0.05) ex-
pression and secretion (103.00 + 8.96 vs 63.89 +
8.44, 201.01 + 17.93, both P < 0.05), and induced
the formation of tubular VM.

CONCLUSION: Sphkl promotes cell prolifera-
tion, invasion and migration, suppresses cell
apoptosis, and induces VM formation possibly
by up-regulating VEGF expression and secretion
in human HT-29 colon cancer cell line.
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Fik: HALMmBHT-294% 1% A Sphk147
H4h. Sphkl# &4, T4, SphklpH)
20 m AN,N-=F J 35 2 52 (N,N-dimethyl-D-
erythro-sphingosine, DMS)50 pmol/L; Sphk1
BT AN K B85 -12- 2 R BR BE-13- LR BR
(phorbol 12-myristate-13-acetate, PMA)100
nmol/L; * B 2eAmANFFa93E k. RAMTT
SR gm L K G A AT L LA e AT
A5 T AL; Matrigel = 253 3 s WLV M &%,
#E 77 ; Transwell/)s & A2 LI 2 f Az 42 i A% 48
A8 E A, QT-PCR. Western blot A ELISAHL
AAm) fnE A A K B F(vascular endothelial
growth factor, VEGF)#9 % ik .

LR DMSE X iphlminey3gsh, 124, it
A% AT Bk n BB T B S R B T L A e
THAE, 4R P REHRERVM,; W2
M IEVEGF mRNAZE & £ ik. PMAN 2 %
PRHHT-29%m 63474 . 424 . T4 5F 4
a0y B T B4 AL VT VLA B 4m 03 A 4%
AE; AR Z ISP R IRVMAG TS i A 3%
% VEGF mRNAR & & & ik, sf 40, DMS
A A PMAZLGAZ & s g 112.00£6.25 vs
57.00+8.00, 142.0045.57; 4 2w dk: 69.33
+4.04 vs 42.00+4.16, 111.00£8.03; VEGF
mRNA %% 2: 1.000 vs 0.740+0.122, 1.220
+0.075; VEGF%& & &i4: 0.39+0.05 vs 0.23
+0.02, 0.651+0.06; VEGF& & 4-i4: 103.00+
8.96 vs 63.89+8.44,201.01 +17.93, 3P<0.05.
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A I e e e B T, VMBS R, A
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IV EGFZIE bV MIE M, w58 R 0
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XVEGFRIA P52, LUIER S Sphk 1% VMIT]TE
JS IR AE B 43~ WL
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1.1 A4 N4 WHT-2940 e B B R R
SR, P - 12- H5E IR IR-13- LR I (phorbol
12-myristate 13-acetate, PMA)&McCOY's 5A
R 7R W H Sigma-AldrichA ), flPt AVEGF
HLriBEPUARIB-actinP T4 H Santa Cruz/A #l;
N,N- = L85 %( i (N,N-dimethyl-D-erythro-
sphingosine, DMS)4J HMerck-Calbiochem”A
Al PR MEMTT)I B ALt R K F RO IR
Oyl W SRR A M BE SN (RT-PCR)R I B
Fermentas/A #; TRIzolJ¥ [ Invirogen/A #); i
M3 H Gibco s 7, A T3 FMatrigellld HBD
Biosciences 2 i) ; FastStart universal SYBR Green
master(Rox)J HRoche /s 7; VEGF ELISARF)
&I A LR EIEZEED S A R A 51 H
A T AR TR EOR RS A BR 22 7 A R

1.2 7k

1.2.1 gmfa3ddn: NEEHT-200 bk E T &
10%Ji 2 M3 . 100 U/mL7 3 2 F1100 pg/mLEE
FHH#MMcCOY's SAKG IR, 37 C. 50 mL/L
CO,. YRR AMF FEFE. AR 24K,
W 15 TR Z180%-90% I ALAR. AL AR AW 25
FIRIL 5 0.25% R BN AL w0 AL, 12T
T REH R
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1.2.2 MTT & ik 2 i3 78 3% e BOW 3k
KA, BFhT-964LE 70K, 12 hJ5 40 Hu sk,
Y341 43 A 100 nmol/LIFPMA(PMA4L)
F150 umol/L DMS(DMSH), L& B R 756402
/papa N R S (WS o U AR S
5, BAHRIANEAL, HiFR0. 64 120 24 higiiAT
MTTH. F G G 2K A AE490 nmP A T
D5 LB BE (A A

1.2.3 & 4% o B0 A s 45 My LA IO ER 2k K 4
i, s ALRIRT, 1024 ) BREE 1h 25 0o AE 4
JI, 2.5% 8% — % SCERIR [ i, oA ARG K, B
fE618 L. LKB-VBH Y FHLY) -, &5 e
TSR,

1.2.4 i igMatrigel = 4337 ¥ 1 em X 1 emif
P TN 24 FL B SRR AE J5 R AL IS0 puL
Matrigel R, 37 CHIFFM NI EL h, AL
X 1AM 58 2457751 mL, FF40 i A
Ja AT, T37 CTHiFR0. 6. 12, 24, 48 h
i, F5) B A AT WS

1.2.5 mfa s A5 X 5 A M2 Sphk i 1 715 77
10124 hJe, JHEER B AN, A A0 M R
HH5 X 10°/mL, Transwell 2% 1200 pL41 i
B, FEIMA600 uL4lfuss IR, 37 CiE24
h, MRS BE Bl ART 40, # X Tran-
swell, {55 X T, 0.1%45 #5837 ‘CH4 30 minf5
I, PBSTEVE, AHZE BIMBEW IR, S
S BENLE AN PLET $0 IO SO A% 40 e, T 57
P, DA R ), i . an f 22
TR, F TG 7 41 a5 97 M e COY's 5A
FitMatrigel/lK 228 mg/mL, HL100 pLARE RN
A Transwell/NE 5, 4 25 W b BE R JL A8 4E 3
TR

1.2.6 QT-PCR#&M: Sphk 13 i 15 71 b B Ji5 41
fiirh VEGF mRNAKIE: 415> 44524 h
Ji R TRIZo1FE I 4N f ARN A, FHM-MLV i
W4 e DNA. VEGF Ll 514)5'-CCAG-
CAGAAAGAGGAAAGAGGTAG-3', Fiif5l
Y5-CCCCAAAAGCAGGTCACTCAC-3', ¥
14 FBCK 133 bp; B-actin B 514)5-TGAC-
GTGGACATCCGCAAAG-3', Niii5|#)5'-CTG-
GAAGGTGGACAGCGAGG-3', 31 Fr Br K &
203 bp. 20 uL PCR [ 44 %: 2 X FastStart univer-
sal SYBR Green master (Rox) 10 uL, Rnase Free
ddH,0 8 pL, F. FiF514%0.5 pL, cDNA 1
uL. PCRIMY 55 2 4RAE1E95 *C 10 min, 95 C
30 s, 60 C 1 min, TR40MEH; PAB-actinff H
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TR EER, B REAJE DR ) BN 3N
P SR M Delta Cti, 23k 2727, Bk
17 E =T
1.2.7 Western blot:x#-m|Sphk 17 M8 7 7| 4L 22
J& P VEGF & @ o9 & ik K241 d59724 h
JE BRICRER 1, AT T o R Y SR T T A st
KUK (SDS-PAGE) H- 4% = PVDFJ |, 5%Mifig
AL b, INAFIVEGFHUAR(L & 200), 4 ‘Cit
B, TBSTHEER3 K. TS GARIC I — A48 h,
TBSTYLH3IK, OdysseyZ A EH1Hk G R4t
BEATHHE 208, BAH 45 5 N 24040 0 K BE
(B EUAELE R H AR 1 ARG ik K
1.2.8 ELISA# | 25 4 & 22 )& 4w fL 3% I i
VEGF& @ w4 % & 1 X 1040 i/ fLEmh 2
96FLAR, A7 4 i I B 5 7 JIG IV 5 77 A N
I AT AR B, 124 S AR 40 I 3R L
. A OB ARARUE S, BL100 bRy S A b
FL. BRI B3 100 uLIn AFRIAL, 37 CHFE
90 min; FERAK, FEFLINA350 nLyEER, B30 s
Jasrk, EEVRERSIK, FLIAN Y E Pk
TAEM100 pL, 37 CHFH 60 min; FEy 1A, Piik[H
T, BEFLINEESS 54 TAFM100 pl, 37 C#be
0% 7530 min; FRICA, YEAR T, RN R
Y100 uL, 37 ‘CHEEEHFE 15 min, BEALIIAZE 11
100 pL, V515 THEARAX 1450 nmig K Ab I
AMH, 570 nmi KA IE, FRHEFRIE SR SO A
{HL IR HE IR, T SRR FLAT I Fh R B
St FE AR A G SPSS13.0, B
B I E A 3IR, Hidl imean+ SDZERIR. 4
T3 1 K A 50 R L IR 35 77 22 23 . LAP<0.05
HESHF RN

2 BR

2.1 DMSH2PMAXTHT-29 %8 fL3% 75 7% 77 649 % @
DMS 2 I TR AR 1 b A I HT-29 11 14 58, PMA
S AR 1 5 S HT-29 (R M9 B (K 1).

2.2 F 5B DMSF2PMA T T HT-2949 7%
AR O AL A R I, R I MOk E,
M E, MRS, A%, Jeta iy
A ¥4%). DMSALR] WA R TR AE: 40 AR,
RIS T, M, ks, i
. PMAZI AR AT 986, MM K, #Z1-
W 52AY), 4 s Fw (K2).

2.3 DMS#2PMA *FHT-2948 Ji 13 % it # 4% 71 69 %
v SXTIALAR (R L, KI3), DM SHIHiISphk 13
PEJG 4 Huf2 22 51T R 66 J) W Bod g9, Hoat kb

Wi £ E
Heo% B 70X HLS-
1P i# L Gai/o
PLC. A 458
%I HVEGF#) 4%
FAKF, FZMA-
PK. ERK. PI-
3K. Akt% 4 F
BAz 5 & %A
¥, Wang¥ X 3L
VEGF VM
RAL AR P AT X4t
R, E4EA&
#AVEGF-a—
EphA2—MMPs—
VM; A7 T 40
B 5% AE A Sphk 1
T 7% ALERK 1/2i8
%, EEMMP-2.
MMP-9#=uPA #)
FAR Fa ik,
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WAl 8 5 LO [ ® 1 AEHIHREERESHT-29 IR ERRIER
i@ i1 4= Sphk 149 0.9 NS
&M, YA Sphkl 0.8
45 B 9% fm Be R 0.7 b
HT-29BAVME 3 o | 4548 BRI FERSBIRE
B BAVEGEA o .
mery, ool o 05| DMSAA 112.00 + 6.25 69.33 + 4.04
M SphklsvMey = 04 PMAZE 57.00 = 8.00° 42.00+4.16°
A 8 AF A A 0.3 WIBAE 142.00 +5.57° 111.00 + 8.03°
o-FHu. 0.2 -

0.1
0.0 DMS: N, N-_EPEfHEES; PMA: #58A5-12-Z2RAS-13-
0 6 o 12 24 ZB4lE; *P<0.05 vsTEELE; 2P<0.01 vsITHELA.

1 DMSHIPMAXYERBEEHT-29 EHIBTHAVRIIA. DMS:
N, N-ZFHREENEEE; PMA: fhjls-12- OEMls-13-4
B

(P = 0.020, 0.002); PMAFIGSphk 1351 5 41 i
2B 5T e )W B30, 2R 2P = 0.013,
0.010).

2.4 DMSAPMAXTHT-29 %8 % K VM 2%, 89
#oe N IR AE = 4EE 9748 WG nI WP T R
g5, (AIEATERTE W WK TE VM (E14A).
DM SH R 25 s 40 L 3 e . TR A
fEJ), 4R FR48 G ANRETE A RVM(EI4B).
PMAEH T4l 41 fi6 h524 h, W/ TE
JIRIRARAN WY 26 TR S5 440, T £E4S W U T Ji 9] 5 11
EARVM(E4C-F).

2.5 DMS#/PMAXHT-294 B % ta S VEGF
mRNAZ & & kL #)% s DMSH{EVEGF
mRNAFIFRIAIKF I ZIPHIVEGF 3Rk,
MPMA _LiHVEGF mRNA )35 /K [a] i B &
WERVEGFER ARIL(FR2, K5). Hxt A,
DMSZFPMAZ [()VEGF mRNA# JLE 7351 4
1.000 vs 0.740+0.122, 1.220+0.075(P = 0.019,
0.006); 55X AL, DMSZHFIPMAZ VEGF
VR FIRIABRIE /3 R 0.2340.02 vs 0.23+
0.02, 0.65+0.06(2 = 0.035, 0.012).

2.6 DMSH*PMA*} 20 it 5 i VEGF 493 0 PMA
WEEFVEGFR/r i, MiDMSEZHIHIVEGF
(706 (1E16). WAL, PMAZAIDM SZH 41 o 35
7% L3 VEGF 43 2 (ng/L) 43 5l 4y 103.00+
8.96 vs 63.89+8.44, 201.01 % 17.93(4P = 0.000).

3 11E

Sphk 1/STPA A 15 4 Mo A= dw i 51, [RI I 2
Eiiiig ek e R RE. SphkI/E B &
EEE NGRS . AR BTG AN KOG R
)T ANARIS phk 12 1 0 AE A 98 41 i
(o1 G 4 B S AN X 223 F AT

xR 2 AETMHHESENBYNEARERKES

MRNAZRIABYSZIA (mean + SD)

s . PE
iR :

DMSZH 0.740+0.122 0.019
PMAZH 1.220+0.075 0.006

DMS: N, N-_BBEREES; PMA: (BRis—12-S@MkiE-13-2,
@@57 ANACT = (CTVEGF - CTﬁ—act\n)UUﬁfﬁ - (CT\/EGF - CT[}—aCtm)jﬁﬁgﬂ'

BUE ", S1IPS 2k & )5, WIEMAPK., PI-
3K AKtSES; 7B 5 B R AL U N R 41 e
B IR R B R, MR Sphk 1R G, /)y
B VI 0 T P R A A 7 AN A TG A
i A A ORI LA AT AR R e B IR
5, AR F R LA P R A A DR P R
ML AR SRR T O AN BRARL. I3 KRB FUAH 4
T 22 o iy JEE A2 28 P I g b SO 9 40 A I Y
FAMZET, Wil A58 &S A E R
FHEL AR FH T R I FH A g it pie 4 FH i 1 46
FERIZ%, I8 AR N VM, VMEA & AR =k
FERR AR, 3N A AL TR 4N
A MMM 518 E RITRE R R SR BE
PR AT AN CUE SV MAE LR SRR
LI g8 B R IR Fh O X I 978 55V M- A R i o
B 2 A EE RS, VMAE S B0 A 10— 4y
HBLAE JE S AR Y, 0 1 vs U O R
it S8 400 P FIT T ok FF) P € 5 G e s ™, i
410 PP 988 20 B D) T £ ok ot ARG B B LA A
KA. WA IR IV MAH BT & AR
MR, SEBR. W5 ZE, B4R,
R F FE DI, AR A2 5 ok
TSphk TG T, KIS Sphk 1 m] 4 5m 4 i 1%
TR 2RI R RE T, R I FE = 415 5% o ml ] i
JEFEVM, THNEISphk 15 4 42 28T i )1 4%
55, 48 hAABETE S IEFEVM. % Sphk1/S1P
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,:g an

3 N, N-—EPE S EAIIREE-12- T s EE 13- 2 BSBE HT-29 IR RN THBAE DAL IAHE, x 400). A: X fBZH(Z
4l B: DMSAHIR R4, C: PMAIZZR4HNE; D: AHBRLLTAHIE; B: DMSZTFSZHE; F: PMAZHITFSZHD. DMS: N, N—
T HIREE SR, PMA: BBIEE— 12— DA - 13- CRRHE.

4 N, N-_EPE S E6RET-12-T EREE-13- CEREE X HT- 29T AR M B = R BASEVRZID( x 200). A: XIHZH48 h; B:
DMSZH48 h; C: PMAZH6 h; D: PMAZH12 h; E: PMAZH24 h; F: PMAZH48 h. ADMS: N, N— " F EU5f PMA: ffEE—12—
O RERREE— 13— ERHE.
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W @ 5 250 ¢
XA — W VEGF
# &, FFRANN T i
e, AVMARE M 200 |
HOAERAT 5o
N ROE &2 150
. XIEZH DMSZH PMAZL

B 5 HT-29BhMEAREKEFZEOREER.
VEGF: MENEARKET; DMS: N, N— iR
PMA: {IjE5— 12— 5 7EEREE— 13- CERES.

15 5 T8 AN O3 n e 6 40 a3 L 1R 2RI R
AEJ), [ AT REV M R, 7 I8 40 i 2F K
B mEAEH . Z A AT AR HPMAAR
AT DA 3 7L M 40 B T IR S5 0, RIS
VEGFR-2 ¢ VEGFR-3 {21k, i 1E 45 e 4n
i, Sphk1Z: 5K VML T 5 VEGFAH
R AN B A

VEGF2& Hurf 7t 2, 51 Bk R
YOI ML A BN, FERIG R E . Sk
S R TR UL A R B8 R A DA A .
VEGFZR & 1 15 198V M B — A OG5 R 35
O W 5E LLsiRNAYTERVEGF 3 A 5 IESE VEGF
FE B AR 40 T RV M RS S e A
VEGF-AR] {E AR A ik O 5595 41 g S PLC
I HARANE VM T4 VEGFHUAA AT
(avastin) T J5 n] B B0V MR LS 40 i DU A
BEFFTE L VMPY. VEGFAEJE R ik K e Stk
2 BN SRR e, B AR
T WE. MEREEAEKE P PRSP
Alifd Gai/ow PLC. PN 4538 #6542 = VEGFIH
sk /KF, I MAPK. Erk. PI-3K. AktZ54)
T Refs e i E", MiSphk1 &S 1P b
Aty 33T Sphk 106 P HE M 52 S1PAE A, A
WU RIMVEGEF mRNARIA L & (1% 1A Bl Sphk 1
SRR Bl T i I A S ] o (A P o
Sphk1 #ETEAME 5 VEGFR s /K F 1y H 5 5
FIRIA A OC. TR A S = 43 57 Sphk1
WG E VM, H E WP VEGFER FIRIE W]
B KW VEGFZ 5 Sphk 1A VML HL.

W9 UESEVEGF-a—~EphA2—~MMPs—
VM & VMR 3 g A2, 56 4 )8 & 1
fiff-9(matrix-metalloproteinase- 9, MMP-9)ii%
VEGFR-2/VEGFR-3K A2 13 FL I 40 fo 00k 45
FIRITE Y, AR WIAEAR 28 1 At 2R 4
o P B R %6 BT U (focal adhesion kinase, FAK)
{557 FHERK1285 R 1k, T BUR AL M R H0S
) (urokinase-type plasminogen activator, UPA)F!

W (ng/mL)
fil
o
S

w1
o

XHIEZE DMSZH PMAZH

B ¢ MRIEFADMEAREKABFIBRE. DMS: N,
N-"HEEEEEE; PMA: (iR —12— G 7200 13- IR
VEGE: &N AERKRT.

MMP-2/MT2-MMP Fiffl, M6V M.
BATHTHM BT CUE S Sphk 1 S5 FAKAS 5 i %
UM G, WG Sphk1 Al VEALERK /230 i, 1k
MMP-2. MMP-9FIUPA ()35 Fil 3 B,
I, Sphk1Affgil il ERK /238 % i % VEGF.

MMP2 EMM P95k, 1 i ik 45 s HT-29 41
AR AN A VML Sphik I Ay v g 8 4 S

4  SEXE

1 Ogretmen B, Hannun YA. Biologically active sphin-
golipids in cancer pathogenesis and treatment. Nat
Rev Cancer 2004; 4: 604-616

2 Liu H, Chakravarty D, Maceyka M, Milstien S, Spie-
gel S. Sphingosine kinases: a novel family of lipid
kinases. Prog Nucleic Acid Res Mol Biol 2002; 71:
493-511

3 Xia P, Gamble JR, Wang L, Pitson SM, Moretti PA,
Wattenberg BW, D'Andrea R], Vadas MA. An onco-
genic role of sphingosine kinase. Curr Biol 2000; 10:
1527-1530

4 Maniotis AJ, Folberg R, Hess A, Seftor EA, Gardner
LM, Pe'er J, Trent JM, Meltzer PS, Hendrix MJ. Vas-
cular channel formation by human melanoma cells
in vivo and in vitro: vasculogenic mimicry. Am |
Pathol 1999; 155: 739-752

5 Cai XS, Jia YW, Mei ], Tang RY. Tumor blood ves-
sels formation in osteosarcoma: vasculogenesis
mimicry. Chin Med | (Engl) 2004; 117: 94-98

6 Shirakawa K, Kobayashi H, Heike Y, Kawamoto
S, Brechbiel MW, Kasumi F, Iwanaga T, Konishi F,
Terada M, Wakasugi H. Hemodynamics in vascu-
logenic mimicry and angiogenesis of inflammatory
breast cancer xenograft. Cancer Res 2002; 62: 560-566

7 Sood AK, Fletcher MS, Zahn CM, Gruman LM, Cof-
fin JE, Seftor EA, Hendrix MJ. The clinical signifi-
cance of tumor cell-lined vasculature in ovarian car-
cinoma: implications for anti-vasculogenic therapy.
Cancer Biol Ther 2002; 1: 661-664

8 Sun B, Zhang S, Zhao X, Zhang W, Hao X. Vascu-
logenic mimicry is associated with poor survival
in patients with mesothelial sarcomas and alveolar

www.wjgnet.com



2%, 5. Hal iR WS haMnmE i

FANENI=A
=N

ImpSasrRh

10

11

12

13

14

15

16

17

18

rhabdomyosarcomas. Int | Oncol 2004; 25: 1609-1614
Folberg R, Hendrix M]J, Maniotis A]J. Vasculogenic
mimicry and tumor angiogenesis. Am | Pathol 2000;
156: 361-381

Sun B, Zhang D, Zhang S, Zhang W, Guo H, Zhao X.
Hypoxia influences vasculogenic mimicry channel
formation and tumor invasion-related protein ex-
pression in melanoma. Cancer Lett 2007; 249: 188-197
AL, IMRE, SIS, B WA LR
ARV TG, iRt 2002; 82:
1298-1302

Heo K, Park KA, Kim YH, Kim SH, Oh YS, Kim IH,
Ryu SH, Suh PG. Sphingosine 1-phosphate induces
vascular endothelial growth factor expression in
endothelial cells. BMB Rep 2009; 42: 685-690

Zhuge YH, Tao HQ, Wang YY. [Relationship be-
tween sphingosine kinase 1 expression and tumor
invasion, metastasis and prognosis in gastric can-
cer]. Zhonghua Yixue Zazhi 2011; 91: 2765-2768

Xia J, Wu Z, Yu C, He W, Zheng H, He Y, Jian W,
Chen L, Zhang L, Li W. miR-124 inhibits cell prolif-
eration in gastric cancer through down-regulation
of SPHKT1. ] Pathol 2012; 227: 470-480

Yang YL, Ji C, Cheng L, He L, Lu CC, Wang R, Bi
ZG. Sphingosine kinase-1 inhibition sensitizes cur-
cumin-induced growth inhibition and apoptosis in
ovarian cancer cells. Cancer Sci 2012; 103: 1538-1545
Mizugishi K, Yamashita T, Olivera A, Miller GF,
Spiegel S, Proia RL. Essential role for sphingosine
kinases in neural and vascular development. Mol
Cell Biol 2005; 25: 11113-11121

Folberg R, Maniotis AJ. Vasculogenic mimicry. AP-
MIS 2004; 112: 508-525

Frenkel S, Barzel I, Levy J, Lin AY, Bartsch DU,
Majumdar D, Folberg R, Pe'er J. Demonstrating cir-
culation in vasculogenic mimicry patterns of uveal
melanoma by confocal indocyanine green angiogra-
phy. Eye (Lond) 2008; 22: 948-952

19

20

21

22

23

24

25

26

27

Zhang S, Guo H, Zhang D, Zhang W, Zhao X, Ren Z,
Sun B. Microcirculation patterns in different stages
of melanoma growth. Oncol Rep 2006; 15: 15-20

van der Schaft DW, Hillen F, Pauwels P, Kirschmann
DA, Castermans K, Egbrink MG, Tran MG, Sciot R,
Hauben E, Hogendoorn PC, Delattre O, Maxwell
PH, Hendrix M]J, Griffioen AW. Tumor cell plastic-
ity in Ewing sarcoma, an alternative circulatory
system stimulated by hypoxia. Cancer Res 2005; 65:
11520-11528

Karroum A, Mirshahi P, Faussat AM, Therwath A,
Mirshahi M, Hatmi M. Tubular network formation
by adriamycin-resistant MCF-7 breast cancer cells
is closely linked to MMP-9 and VEGFR-2/VEGFR-3
over-expressions. Eur | Pharmacol 2012; 685: 1-7

Mei ], Gao Y, Zhang L, Cai X, Qian Z, Huang H,
Huang W. VEGF-siRNA silencing induces apopto-
sis, inhibits proliferation and suppresses vasculo-
genic mimicry in osteosarcoma in vitro. Exp Oncol
2008; 30: 29-34

Wang JY, Sun T, Zhao XL, Zhang SW, Zhang DF,
Gu Q, Wang XH, Zhao N, Qie S, Sun BC. Functional
significance of VEGF-a in human ovarian carcino-
ma: role in vasculogenic mimicry. Cancer Biol Ther
2008; 7: 758-766

FE, IMREE, IV, XA, T2, ¥ 5). VEGF-A
A N RN A ME BRI A AU aE IR, 1L
ZR1224 2011; 51: 1-3

Hess AR, Postovit LM, Margaryan NV, Seftor EA,
Schneider GB, Seftor RE, Nickoloff BJ, Hendrix MJ.
Focal adhesion kinase promotes the aggressive mel-
anoma phenotype. Cancer Res 2005; 65: 9851-9860
XFFAY, EESE, #h AR, A, EEES, LT
SRS 1 ERKAINF -« Bil e/ H T-2941 )
REFANIR 2. thEL U A% 2011; 21: 1849-1853
U, AN, MR, AR, BESEE. Sphk1tfLs
[lov odUlafUHETE . JEASFIE LIS, A
THI Kk 2012; 20: 276-281

B Bk wHpm L

ISSN 1009-3079 (print) ISSN 2219-2859 (online) CN 14-1260/R 20124FRRAH -S4 N E A4 &

PRI T R = O RE A%« i B 58 S A ot K
M HAT, FE AW AIA TR PMCIGR. (VLRS54 B) (W SLIR ) (Journal of Zhejiang University

° ‘Yi!fE- o

WJG #29& 2% F & PMC & &

AFH, PubMed Central(PMC)J& HH 26 KB B EINLM) T8 E R A AL S A O NCBD A [ TR
TEHL(Open Access) 254 B2 27 RAE iy Fol e 4 SCBGHR 22 (G0 P28 ORGSR BRI o )4 7 5 1 JSE PSR 30010, 9

Science B) &3 H 55— A PMCPF T I 1-2006-03- 1 SHCR T, (IS8 130 2% 445D (LS00 World
Journal of Gastroenterology, WJG)5; — Al it PMCVFE | 3£ T-2009-03-26 % IS5, 4% 30 % 9% ] A A FF I, W.: http://
www.pubmedcentral.nih.gov/tocrender.fcgi?journal=8 18 &action=archive (W/G4w it 1:4T: FEEIHE 2009-03-26)

www. wjgnet.com



