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Abstract

Vasculogenic mimicry (VM), a term that describes
a novel form of angiogenesis-independent
microcirculation pattern recently found in few
highly aggressive tumors, is formed by tumor
cells, rather than endothelial cells. VM is closely
correlated with the invasiveness, metastasis and
prognosis of related tumors. The presence of VM
is associated with an embryonic like phenotype
acquired by tumor cells and the biological
effects of many proteins. Furthermore, tumor
microenvironment also plays an important role in
the development of VM. Here, we will review the
advances in research on the characteristic, formative
mechanisms and clinical significance of VM.
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BRI BH AL N-5y 285 1) 22408, T E0y2' My2x 1 B
IRV BRAI, B8 SE22 MR 3R VMR TE B, Hendrix
et al" NI, 151228 1 A 2R 41 i LN-
5y255E XMMPs7EV MBI 4548 B4 (X 5 Rk,
I HLN-5y2%E & LCEZ R MMP-28iMT1-
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Zhang et al"*' 3 ik 249 S 56 R VD FEE Jee A i
MMP-2 XMMP-943%, BEiNHIVME K. fik
—JRURIE TR IR, A 9 e AR CHIL /N A 4R 400 770
HSIB AR (cyclic AMP)R AN 22, HE i@ it
2 E A S BB ANHI VM T . 1% ek B A
JH IR VMR [0 Y 7 iy SR8 () A B2 (R, MR
AR JEAEEAFAEZ T 2RI RS, &
ARG YR BT TR R 22 e DA 0l i 1 2 2
WPV MG YT 5 HAb 215 [m) ¥y T AR 45 & LA
JHE G 25 AT 2 A A TS B i
M7 2B, A R IR IR T AT T 2

4 &g

VMR LSS T AT il 8 i A28 1 £ G
VMG PR RIF 5 A 386 a1 PR VA 97 4T F
TEEVR LA, A A BH L R SR 5K
FUEMAT A B A W AR A7 2 S AR s i
A3 T EEALE. VMILG AR T B 4G
I7 IR RO SR DR, 4 TR R B S IR VM
PPN 3L T BB AR I RV ML )

W7 AL, BOREFEw IRIGA  BiR T 4H B
T MR R L. H AT, % T VMIFIREST M AL
THIB B, AR LTI IS i i 2k —
DR, WAV MI IR 40 A 5 A5 ] L AR
2 VMIFR S IERC 2 A A2 BT 4n A
LRV MR TR 40 AT (TR 2R 2 15 AT IR IR 3
W R AR MR A AEVM? AR BEA I T A
WA, AT VMRS B2 IR 2 ¢, JF
SELF (R VMR ST I 8 i AV 7 .

5 ZEE

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

2 Sood AK, Seftor EA, Fletcher MS, Gardner LM,
Heidger PM, Buller RE, Seftor RE, Hendrix M]J.
Molecular determinants of ovarian cancer plasticity.
Am ] Pathol 2001; 158: 1279-1288

3 Kobayashi H, Shirakawa K, Kawamoto S, Saga T,
Sato N, Hiraga A, Watanabe I, Heike Y, Togashi
K, Konishi J, Brechbiel MW, Wakasugi H. Rapid
accumulation and internalization of radiolabeled
herceptin in an inflammatory breast cancer
xenograft with vasculogenic mimicry predicted
by the contrast-enhanced dynamic MRI with the
macromolecular contrast agent G6-(1B4M-Gd)(256).
Cancer Res 2002; 62: 860-866

4 Sharma N, Seftor RE, Seftor EA, Gruman LM,
Heidger PM Jr, Cohen MB, Lubaroff DM, Hendrix
M]. Prostatic tumor cell plasticity involves
cooperative interactions of distinct phenotypic
subpopulations: role in vasculogenic mimicry.
Prostate 2002; 50: 189-201

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

6 Zhao XL, Du J, Zhang SW, Liu YX, Wang X, Sun BC.
[A study on vasculogenic mimicry in hepatocellular
carcinoma] Zhonghua Ganzangbing Zazhi 2006; 14:
41-44

7 VURRHL, 9B, SRS, B RO A b
J ML A= B M IR T 8. HpAEE 287 2007;
87:145-149

8 Zhao H, Gu XM. Study on vasculogenic mimicry
in malignant esophageal stromal tumors. World |
Gastroenterol 2008; 14: 2430-2433

9 WX, £Hh EEE, BB IEHL i Ak
WAAHIF-To i IR M IR LR R AR
2008; 24: 269-272

10  Mirshahi P, Rafii A, Vincent L, Berthaut A, Varin
R, Kalantar G, Marzac C, Calandini OA, Marie JP,
Soria C, Soria J, Mirshahi M. Vasculogenic mimicry
of acute leukemic bone marrow stromal cells.
Leukemia 2009; 23: 1039-1048

11  Shirakawa K, Kobayashi H, Heike Y, Kawamoto
S, Brechbiel MW, Kasumi F, Iwanaga T, Konishi
F, Terada M, Wakasugi H. Hemodynamics
in vasculogenic mimicry and angiogenesis of

www.wjgnet.com



s
s

Sg, 5. MEEBHISSIPRERIEA

2019

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

inflammatory breast cancer xenograft. Cancer Res
2002; 62: 560-566

Folberg R, Hendrix MJ, Maniotis AJ. Vasculogenic
mimicry and tumor angiogenesis. Am | Pathol 2000;
156: 361-381

Frenkel S, Barzel I, Levy ], Lin AY, Bartsch DU,
Majumdar D, Folberg R, Pe'er . Demonstrating
circulation in vasculogenic mimicry patterns of
uveal melanoma by confocal indocyanine green
angiography. Eye 2008; 22: 948-952

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
Seftor EA, Meltzer PS, Kirschmann DA, Pe'er J,
Maniotis AJ, Trent JM, Folberg R, Hendrix M]J.
Molecular determinants of human uveal melanoma
invasion and metastasis. Clin Exp Metastasis 2002;
19: 233-246

Hendrix MJ, Seftor EA, Hess AR, Seftor RE.
Molecular plasticity of human melanoma cells.
Oncogene 2003; 22: 3070-3075

Fujimoto A, Onodera H, Mori A, Nagayama S,
Yonenaga Y, Tachibana T. Tumour plasticity and
extravascular circulation in ECV304 human bladder
carcinoma cells. Anticancer Res 2006; 26: 59-69
INGEA, FH . PIBK-AKt(S SumEs S, A
JHfka¢i 2006; 14: 306-311

Hess AR, Seftor EA, Seftor RE, Hendrix M]J.
Phosphoinositide 3-kinase regulates membrane
Type 1-matrix metalloproteinase (MMP) and
MMP-2 activity during melanoma cell vasculogenic
mimicry. Cancer Res 2003; 63: 4757-4762

Hess AR, Hendrix M]J. Focal adhesion kinase
signaling and the aggressive melanoma phenotype.
Cell Cycle 2006; 5: 478-480

Hess AR, Seftor EA, Gruman LM, Kinch MS, Seftor
RE, Hendrix MJ. VE-cadherin regulates EphA2
in aggressive melanoma cells through a novel
signaling pathway: implications for vasculogenic
mimicry. Cancer Biol Ther 2006; 5: 228-233
Margaryan NV, Strizzi L, Abbott DE, Seftor EA, Rao
MS, Hendrix M], Hess AR. EphA2 as a promoter
of melanoma tumorigenicity. Cancer Biol Ther 2009
[Epub ahead of print]

Hess AR, Seftor EA, Gardner LM, Carles-Kinch K,
Schneider GB, Seftor RE, Kinch MS, Hendrix MJ.
Molecular regulation of tumor cell vasculogenic
mimicry by tyrosine phosphorylation: role of
epithelial cell kinase (Eck/EphA?2). Cancer Res 2001;
61: 3250-3255

Becker MR, Siegelin MD, Rompel R, Enk AH, Gaiser
T. COX-2 expression in malignant melanoma: a
novel prognostic marker? Melanoma Res 2009; 19:
8-16

Basu GD, Liang WS, Stephan DA, Wegener LT,
Conley CR, Pockaj BA, Mukherjee P. A novel role
for cyclooxygenase-2 in regulating vascular channel
formation by human breast cancer cells. Breast Cancer
Res 2006; 8: R69

Ruf W, Seftor EA, Petrovan R], Weiss RM, Gruman
LM, Margaryan NV, Seftor RE, Miyagi Y, Hendrix
M]. Differential role of tissue factor pathway
inhibitors 1 and 2 in melanoma vasculogenic
mimicry. Cancer Res 2003; 63: 5381-5389

Hendrix M]J, Seftor RE, Seftor EA, Gruman LM, Lee
LM, Nickoloff BJ, Miele L, Sheriff DD, Schatteman
GC. Transendothelial function of human metastatic

www. wjgnet.com

28

29

30

31

32

33

34

35

36

37

38

39

40

melanoma cells: role of the microenvironment in
cell-fate determination. Cancer Res 2002; 62: 665-668
Yao LQ, Feng Y], Ding JX, Xu CJ, Jin HY, Yin LH.
[Primary study of vasculogenic mimicry induced by
hypoxia in epithelial ovarian carcinoma] Zhonghua
Fuchanke Zazhi 2005; 40: 662-665

Sun B, Zhang D, Zhang S, Zhang W, Guo H, Zhao X.
Hypoxia influences vasculogenic mimicry channel
formation and tumor invasion-related protein
expression in melanoma. Cancer Lett 2007; 249:
188-197

Seftor EA, Meltzer PS, Kirschmann DA, Margaryan
NV, Seftor RE, Hendrix MJ. The epigenetic
reprogramming of poorly aggressive melanoma
cells by a metastatic microenvironment. | Cell Mol
Med 2006; 10: 174-196

Folberg R, Arbieva Z, Moses ], Hayee A, Sandal
T, Kadkol S, Lin AY, Valyi-Nagy K, Setty S,
Leach L, Chévez-Barrios P, Larsen P, Majumdar
D, Pe'er ], Maniotis AJ. Tumor cell plasticity in
uveal melanoma: microenvironment directed
dampening of the invasive and metastatic genotype
and phenotype accompanies the generation of
vasculogenic mimicry patterns. Am | Pathol 2006;
169: 1376-1389

Robertson GP. Mig-7 linked to vasculogenic
mimicry. Am | Pathol 2007; 170: 1454-1456

Petty AP, Garman KL, Winn VD, Spidel CM,
Lindsey JS. Overexpression of carcinoma and
embryonic cytotrophoblast cell-specific Mig-7
induces invasion and vessel-like structure
formation. Am | Pathol 2007; 170: 1763-1780

Tseng PL, Tai MH, Huang CC, Wang CC, Lin JW,
Hung CH, Chen CH, Wang JH, Lu SN, Lee CM,
Changchien CS, Hu TH. Overexpression of VEGF
is associated with positive p53 immunostaining
in hepatocellular carcinoma (HCC) and adverse
outcome of HCC patients. | Surg Oncol 2008; 98:
349-357

Mei J, Gao Y, Zhang L, Cai X, Qian Z, Huang
H, Huang W. VEGF-siRNA silencing induces
apoptosis, inhibits proliferation and suppresses
vasculogenic 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
carcinoma: role in vasculogenic mimicry. Cancer
Biol Ther 2008; 7: 758-766

Mourad-Zeidan AA, Melnikova VO, Wang H, Raz
A, Bar-Eli M. Expression profiling of Galectin-3-
depleted melanoma cells reveals its major role in
melanoma cell plasticity and vasculogenic mimicry.
Am ] Pathol 2008; 173: 1839-1852

SuF, Li B, Wang ], Xu X, Ren R, Li L, Gao F, Liu X.
Molecular regulation of vasculogenic mimicry in
human uveal melanoma cells: role of helix-loop-
helix Id2 (inhibitor of DNA binding 2). Graefes Arch
Clin Exp Ophthalmol 2009; 247: 411-419

Le Mercier M, Fortin S, Mathieu V, Roland I,
Spiegl-Kreinecker S, Haibe-Kains B, Bontempi
G, Decaestecker C, Berger W, Lefranc F, Kiss R.
Galectin 1 proangiogenic and promigratory effects
in the Hs683 oligodendroglioma model are partly
mediated through the control of BEX2 expression.
Neoplasia 2009; 11: 485-496

Folberg R, Maniotis AJ. Vasculogenic mimicry.

mi:A2E

Ao A R B2 A
KI5 AL AAT A
A% G T I
& R B TT 0 R &,
T kAR A Vs R 8
55 & BT
W A0 4T e
Aefe e, A
A RIS IFEN
B AL Hs T AF R
JE M 98 6 R IF
PRI FAEA.



2020 ISSN 1009-3079 CN 14-1260/R HRENHBIIYE 2009785188 51748 5208
m @ 53 APMIS 2004; 112: 508-525 2004; 96: 1473-1477
AX#kdE AEMR 41 Shirakawa K, Wakasugi H, Heike Y, Watanabe 46 =0, Z2JKH. JL AL MR- TALIAATT . (HA4E

MAENHE. A
& BUH Bs R
SUE AR R R B
T H®, B
ML E, F#
hEERMES
W 95 B 4B BR AR %
BRIEFAEKS
WiE, ALAR
&, T, A—
G T i

Nk A% 2008; 16: 3666-3672

Vartanian AA, Burova OS, Stepanova EV,
Baryshnikov AY, Lichinitser MR. Melanoma
vasculogenic mimicry is strongly related to reactive
oxygen species level. Melanoma Res 2007; 17: 370-379
Zhang S, LiM, Gu Y, Liu Z, Xu S, Cui Y, Sun B.
Thalidomide influences growth and vasculogenic
mimicry channel formation in melanoma. | Exp Clin
Cancer Res 2008; 27: 60

Lissitzky JC, Parriaux D, Ristorcelli E, Vérine A,
Lombardo D, Verrando P. Cyclic AMP signaling as
a mediator of vasculogenic mimicry in aggressive
human melanoma cells in vitro. Cancer Res 2009; 69:
802-809

Ellis LM, Hicklin DJ. Pathways mediating resistance
to vascular endothelial growth factor-targeted
therapy. Clin Cancer Res 2008; 14: 6371-6375

Llovet JM, Di Bisceglie AM, Bruix J, Kramer
BS, Lencioni R, Zhu AX, Sherman M, Schwartz
M, Lotze M, Talwalkar J, Gores GJ. Design and
endpoints of clinical trials in hepatocellular
carcinoma. | Natl Cancer Inst 2008; 100: 698-711

I, Yamada S, Saito K, Konishi F. Vasculogenic
mimicry and pseudo-comedo formation in breast 47
cancer. Int | Cancer 2002; 99: 821-828

42  Guzman G, Cotler SJ, Lin AY, Maniotis AJ,
Folberg R. A pilot study of vasculogenic mimicry
immunohistochemical expression in hepatocellular 48
carcinoma. Arch Pathol Lab Med 2007; 131: 1776-1781

43  Sun B, Zhang S, Zhang D, Du J, Guo H, Zhao
X, Zhang W, Hao X. Vasculogenic mimicry is
associated with high tumor grade, invasion and 49
metastasis, and short survival in patients with
hepatocellular carcinoma. Oncol Rep 2006; 16:
693-698

44 Sun B, Qie S, Zhang S, Sun T, Zhao X, Gao S, Ni C,
Wang X, Liu Y, Zhang L. Role and mechanism of 50
vasculogenic mimicry in gastrointestinal stromal
tumors. Hum Pathol 2008; 39: 444-451

45  van der Schaft DW, Seftor RE, Seftor EA, Hess 51
AR, Gruman LM, Kirschmann DA, Yokoyama Y,
Griffioen AW, Hendrix MJ. Effects of angiogenesis
inhibitors on vascular network formation by human
endothelial and melanoma cells. | Natl Cancer Inst

mE FEZ W AT

ISSN 1009-3079 CN 14-1260/R 20094 RRAN VA 1 Fi 4 N yH b A4 &

(RFARWEZE) LX 2

AFRR AFIESCHREZE X 0515 1 MR, 11 REL 1.2 Jrik; 2 898 3 48, 4 % 30k, )55t
TS, J5 25 IR S, 24 b 5 25 RS B2 1030, LR ABRIR: ()51 5 MRS B R 775 HAl
BTG R, QMR id NIRRT, (H R Lk LAl A 2250 (BT e 6 T 51 S50 R8I (0 5 N
SR, LART R 2RI 5 | 22 SCHRRD AT, A5 56 SR rb a7 35 T o 1 2 1) eSOaE AN A ok i it 2 Ak B ey
Q)G R LI 4 RN AR A ERMSCTFERR, (RPN THE. (4)iie TR, Mo BT 25 R
HH AR T A 2 TE AR, AN R K i SOk 1) [T, P13 (W B0 RS . SR AT R PP AN, I AT 2% AT A W
PRI B, A AT IESCRI IR IZ R N 2. RN — RN ARk, RPAEASE A4S RA R E D
YL, s — Al = 2B R N B2, #8 IESCH iz M ULy Byt B AT B BRI e, DM 28 5
WS A, A RN R IE SO i B O i . A A AR AR, Ak, G458, &—H—
ANFERR S BIRGER. i B g R RGN L. Ar ooy Breee; Coveey D oeey B voey Frooees G ool IHER K
i@, O. B, O. A, APAHERFTS. Goit2: B3 M : 'P<0.05, "P<0.01(P>0.05/R ). il —%&
H A —2EPAH, WP<0.05, ‘P<0.01; H537F5H°P<0.05, 'P<0.01. PIE JEVE BT RS 56 A H HAR BT, 10P<0.01, ¢ =
4.56 vs WTIRALSE, FARIA T 7. RACRARRADECE, LRI RS NEARIAT L, AL
B ADMURL £ N ETRXFE SR R TBMIERm, -7 R R, AeH AL F RS
KR 5 IE XN AEE. RE MR E R = He/min, ¢/(mol/L), p/kPa, VimL, ¢/°'CZiA. 2 A K2 AR A, 3
PG, R B R BE R A T, WA ER T AT B I . BB ) K/NT.S em X 4.5 em,
WA L SUTHT IS 46 B WEAE IR SCA, AN REAE R BIZRIG. (OB J5INE 5, HAETHE G & 52 SClkan, A5,
(5 45 R J G- 9K T 2009-07-18)

www. wjgnet.com



