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1. ABSTRACT

Vascularization is crucial for tumor growth and
metastasis. Angiogenesis and vasculogenesis are widely
accepted processes of tumor vascularization, particularly
for endothelium-dependent vessels. In both these processes,
the tumor vascular endothelial cells are derived from the
host cells, including cells in normal tissues around the
tumor or endothelial progenitor cells. In addition, the
mosaic vessels occur as a transitional pattern between
endothelium-dependent vessels and vasculogenic mimicry
(VM), wherein both host endothelium and tumor cells
participate in tumor vascularization. VM provides a special
passage not involving endothelial cells and is
conspicuously  different from  angiogenesis and
vasculogenesis. The biological features of the tumor cells
that form VM remain unknown. Tumor stem cells may
participate in VM. In this review, we discuss the patterns
involved in the origin of vascularization in tumors.
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2. INTRODUCTION

Vascularization is crucial for the growth and
metastasis of tumors. Cancer progression is largely
dependent on tumor vascularity, whereby new vessel
formation ensures an adequate supply of nutrients, oxygen,
and growth factors to the growing tumor and facilitates
tumor dissemination (1).

The blood supply to tumors is proposed to
involve 3 patterns, including vasculogenic mimicry (VM),
mosaic vessels, and endothelium-dependent vessels (2). All
3 patterns provide blood supply to the tumor. According to
the current model, VM is the main source of blood supply
in the early stage of tumor growth, whereas endothelium-
dependent vessels replace VM and mosaic vessels to
become the dominant blood supply pattern at the late stage
of tumor growth; thus, mosaic vessels appear as a
transitional pattern.
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However, the occurrence of  tumor
vascularization remains an area of intense debate and
tremendous interest. This paper focuses on the discoveries
in this field and intends to summarize the current view of
vascularization origins in cancer with respect to the blood
supply patterns.

3. ORIGIN OF ENDOTHELIUM-DEPENDENT
VESSELS

Presently, angiogenesis and vasculogenesis are
the widely accepted processes of vascularization in tumor
microcirculation. Angiogenesis is the formation of new
microvessels from an established vascular network, and
was first proposed in 1971 by Folkman as a therapeutic
target for cancer (3). More recently, vasculogenesis has
been suggested to be involved in the neovascularization of
tumors from bone marrow-derived endothelial progenitor
cells (4).

3.1. Current understanding of the angiogenic process in
tumors

Blood vessels are remodeled through growth,
migration, sprouting, and pruning to form a functional
circulatory system by a process called angiogenesis.
Angiogenesis is the process of vessel growth in which
vessels sprout from pre-existing ones.

The first observation that angiogenesis occurs
around tumors was reported approximately 100 years ago
(5-7). In 1968, Greenblatt, et al (8) and Ehrmann, et al (9)
proposed that tumors produce a diffusible “angiogenic”
substance. Folkman subsequently proposed that tumor
growth and metastasis are angiogenesis-dependent, and
thus, blocking angiogenesis could be a strategy to arrest
tumor growth (3). This prompted researchers to search for
pro- and anti-angiogenic molecules. In 1976, Gullino
observed that angiogenesis is essential for the
transformation of precancerous tissue to cancerous tissue
(10). Therefore, he suggested that angiogenesis could be a
target in strategies to prevent cancer (7), which was later
confirmed by genetic approaches (11). Vascular endothelial
growth factor (VEGF), which is one of the key factors in
angiogenesis, was then identified (12, 13). Due to these and
subsequent discoveries of molecular determinants of
vascular growth, angiogenesis research has assumed great
importance (14). The process of angiogenesis is governed
by a balance between multiple endogenous pro- and anti-
angiogenic factors. An imbalance in these factors can lead
to cancer progression.

It is now widely accepted that the imbalance of
pro- and anti-angiogenic factors switch on an “angiogenic
switch,” whereas these factors are balanced when the
switch is “off” (15, 16). Various signals that trigger this
switch have been identified, including metabolic stress,
mechanical stress, immune/inflammatory response, and
genetic mutations (17, 18). Moreover, the angiogenic
process involves multiple cell types, including endothelial
cells (EC), vascular smooth muscle cells, stromal cells, and
parenchymal cells. The interactions among these cells
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occur through secreting factors such as VEGF, fibroblast
growth factor (FGF), platelet-derived growth factor
(PDGF), and angiopoietins, as well as through cell-
extracellular matrix (ECM) interactions (19-21). If the
tumors are able to switch the mechanisms of vascular
growth and certain mechanisms relied less on VEGF, then
the tumors would possess the means to escape treatment
with VEGF receptor inhibitors. Thus, identifying the
molecular basis of these alternative modes of vessel growth
will be critical to improve the efficacy of anti-angiogenic
treatment.

Recent  studies provided insights into
angiogenesis that lead to vessel branching (22-25). At first,
the basement membrane of venules near tumor tissues
changes with loss of electron density and gel-sol transition,
which may be mediated by matrix metalloproteinases or
plasminogen activators from tumor cells. During this
process, angiogenesis factors such as FGF or VEGF, which
are secreted by the tumor cells or host cells, can be
liberated from the endothelial basement membrane. This
process may be involved in the initiation of endothelial cell
division and migration. Only the tips of the emigrating
endothelial cells are free of basement membrane. These tip
cells spearhead new sprouts and probe the environment for
guidance cues. The stalk cells then extend filopodia,
establish a lumen, and proliferate to support sprout
clongation. The tip cells anastomose with cells from
neighboring sprouts to build vessel loops. The new vessels
become stable when blood flow becomes smooth, the
basement membrane has been established, and mural cells
congregate in the vessels (Figure 1). The sprouting process
ceases when the pro-angiogenic signals abate, although it
will restart once the signals are present. Moreover, studies
have reported that the growth of the new capillary sprouts
is not oriented towards the tumor, but leads to a high
density anastomosing network of capillaries in the
surroundings of tumor cell islands, resulting in a higher
vessel density around the tumor than within.

In summary, an important concept in tumor
angiogenesis is that tumor blood vessels contain genetically
normal and stable ECs unlike tumors cells, which typically
display genetic instability.

3.2. Current understanding of the vasculogenic process
in tumors

Besides sprouting, tumors utilize other modes of
vessel growth. Research has suggested alternative means of
vessel formation by postnatal vasculogenesis or by
differentiation of primitive/progenitor EC into mature EC
(26). The initial assembly of progenitor cells (angioblasts)
into a primary network of small blood vessels and into
the dorsal aorta and cardinal veins of the very young
embryo is called vasculogenesis. It has been observed
that vasculogenesis can also occur in adults, particularly
during tumor vascularization (27, 28). Vasculogenesis
may occur when circulating endothelial precursor cells
or bone marrow-derived hematopoietic cells are
recruited in response to factors secreted from tumor
cells, resulting in the generation of new vessels in the
tumor.
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Figure 1. Angiogenesis process in tumor. (A) The basement membrane of venules near tumor tissues changes. The tips of the
emigrating endothelial cells are free of basement membrane and spearhead new sprouts and probe the environment for guidance
cues. (B) Stalk cells extend filopodia and establish a lumen and proliferate to support sprout elongation. (C) Tip cells anastomose
with cells from neighboring sprouts to build vessel loops. (D) The new vessel has formed. (E) The new lumen connets with other

vessel.

In the process of vasculogenesis, bone marrow-
derived cells play a central role, and consist of many
different cell types including endothelial progenitor cells,
myeloid cells, and mesenchymal cells. Endothelial
progenitor cells (EPCs) have the ability to differentiate into
mature endothelial cells when recruited to angiogenic sites.
In addition, EPCs can pro-angiogenically secrete many
angiogenic cytokines including VEGF (29, 30), stromal-
derived factor-1 (SDF-1) (29), angiopoietin-1 (31),
angiopoietin-2 (32), and erythropoietin (30). A clinical
study indicated the presence of EPC incorporated into the
tumor vasculature of cancer patients, who had received
gender-mismatched bone marrow transplantation (33).
Genetic mouse models have indicated that impaired EPC
mobilization inhibits growth of certain tumor models (34,
35). However, myeloid cells and mesenchymal cells can
support the vasculogenic process. Myeloid cells have been
reported to possess the capability to promote tumor
angiogenesis (36) and progression (37, 38). In myeloid
cells, many of the pro-angiogenic factors that promote
vasculogenesis have also been identified, including matrix
metalloprotease-9 (MMP-9) (39, 40), cathepsin cysteine
protease (41), Bv8, and prokineticin 2 (42). As for bone
marrow-derived mesenchymal cells, these factors can
promote tumor vasculogenesis by providing carcinoma-
associated fibroblasts (43, 44) or perivascular mural cells
(45), and by secreting angiogenic cytokines such as SDF-1
(44) and VEGF (46).

These bone marrow-derived progenitor cells are
highly  orchestrated under the specific  tumor
microenvironment, which varies depending on the tumor
type, thereby tightly regulating neovascularization in the
tumors. Although these factors can promote tumor
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vascularization during metastasis, their specific role in
tumor vasculogenesis is still debated and context-dependent
(47).

In summary, vasculogenesis is believed to arise
from the recruitment of circulating cells, largely derived
from the bone marrow, and de novo clonal formation of
blood vessels from these cells.

4. ORIGIN OF MOSAIC VESSELS

Though angiogenesis and vasculogenesis are widely
accepted patterns of tumor vascularization, these classical
patterns have been challenged by the observation that tumor
vasculature can also be formed by tumor cells or tumor stem
cells (48, 49). The mosaic vessel is a pattern between
endothelium-dependent vessel and VM, in which both host
endothelium and tumor cells participate in tumor
vascularization.

The mosaic vessel is a blood supply pattern for
malignant tumor growth with endothelial and tumor cells
randomly lining the vascular wall. However, the mechanism of
mosaic vessel formation is still unclear. In recent years, some
theories on this mechanism were proposed as follows: 1)
Endothelial cells could drop from the vessel wall, and tumor
cells are directly exposed to the blood tube (50); 2) some
endothelial cells that lose immunological marker activation in
tumor progression cannot be stained and become recessive
cells; and 3) endothelial cells form the blood vessel structures,
whereas tumor cells invade and are located in the blood vessel
wall (51). These theories suggest that the vascularization origin
of mosaic vessels is from both host epithelial cells and
tumor cells.



The origins of vacularization in tumors

tumor stem cell

lood vessel
A

Figure 2. Tumor stem cells participation in vascular mimicry. (A) Tumor stem cells differentiate into endothelial cells. (B) Those
endothelial cells line up to form lumen. (C) The new lumen connet with other vessels, and the new vessels become stable when

blood flow becomes smooth.
5. ORIGIN OF VASCULOGENIC MIMICRY

In both angiogenesis and vasculogenesis
patterns, the vascular endothelial cells in tumors are
derived from the host cells, including cells in normal
tissues around the tumor or endothelial progenitor cells.
However, recently there has been published evidence of a
novel occurrence of tumor vascularity, which suggests that
tumor cells themselves organize in channels because their
structures are lined by cells lacking the endothelial
phenotype and markers (52-54). This observed pattern of
tumor vascularization appears to be VM.

The VM pattern involves vessels lined
exclusively with tumor cells mimicking the presence and
function of endothelial cells (55, 56), in which the
vascularization origin is from tumor cells only. One study
has indicated that VM is clinically important because it
represents an important survival mechanism contributing to
the failure of current anti-angiogenic therapy that aims to
completely deprive tumors of their blood supply (57).
However, the cellular and molecular events underlying the
formation of VM are not well understood. The origin of
VM may provide a novel target for tumor therapy.

The discovery of tumor stem cells, with the
capability of self-renewal and multipotency of
differentiation, has stimulated great interest in redefining
tumor vascularization (58). Recent studies have observed
that tumor stem cells could be an origin of tumor
vascularization in VM (59, 60). The plasticity of tumor
stem cells could explain the expression of genes associated
with vascular cells in tumor cells (59, 61), and the
organization of tubular structures by tumor cells (62). A
human renal cell carcinoma study observed that a subset of
tumor-initiating cells, which express the mesenchymal stem
cell marker CD105 and display stem cell properties but
lack of differentiative epithelial markers, can generate
epithelial and endothelial cells in vitro (63). An in vivo
study also showed that tumor stem cells can differentiate
into both tumor epithelial and endothelial cells (64). More
recently, the ability to differentiate into endothelial cells
has been reported for cancer stem cells present in
neuroblastomas (49, 65). Further studies have shown that
tumor stem cells coexpressing CD133 and CD144 (65), or
Oct4 and tenascin C (66) had the potential to become tumor
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vasculature.  Selective targeting of tumor-derived
endothelium in mouse xenografts resulted in tumor
reduction and degeneration, indicating a relevant role of
tumor stem cell-derived vasculogenesis (49). Therefore, we
suggest that tumor stem cells differentiate into endothelial
cells, the endothelial cells then line up to form a lumen, the
new lumen connects with mosaic vessels or endothelium-
dependent vessels, and the new vessels become stable when
blood flow becomes smooth (Figure 2).

6. CONCLUSIONS

Through examination of the patterns of
angiogenesis, vasculogenesis, and VM involving tumor
stem cells in tumor vascularization, we conclude that tumor
vascularization is a complex scenario due to the
concomitant activity of different mechanisms, which may
in turn vary according to the tumor type, grade, and
therapeutic response, a[0]nd may be unique to each patient.

7. REFERENCES

1. Hanahan D and Folkman J: Patterns and emerging
mechanisms of the angiogenic switch during tumorigenesis.
Cell 86, 353-364 (1996)

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

3. Folkman J.Anti-angiogenesis: new concept for therapy
of solid tumors. Ann Surg 175(3), 409-416 (1972)

4. Nolan DJ, Ciarrocchi A, Mellick AS, Jaggi JS, Bambino
K, Gupta S, Heikamp E, McDevitt MR, Scheinberg
DA, Benezra R, Mittal V. Bone marrow-derived
endothelial progenitor cells are a major determinant of
nascent tumor neovascularization. Genes Dev 21(12), 1546~
1558 (2007)

5. Goldman, E. The growth of malignant disease in man
and the lower animals with special reference to the vascular
system. Lancet 2, 1236-1240 (1907)

6. Ide AG, Baker NH and Warren S L. Vascularization of
the Brown-Pearce rabbit epithelioma transplant as seen in



The origins of vacularization in tumors

the transparent ear chamber. Am J Radiol 42, 891-899
(1939)

7. Algire G H and Chalkley HW. Vascular reactions of
normal and malignant tissues in vivo. I. Vascular reactions
of mice to wounds and to normal and neoplastic
transplants. J Natl Cancer Inst USA 6, 73-85 (1945)

8. Greenblatt M and Shubik P. Tumor angiogenesis: transfilter
diffusion studies in the hamster by the transparant chamber
technique. J Natl Cancer Inst 41, 111-124 (1968)

9. Ehrmann R L and Knoth M. Choriocarcinoma: transfilter
stimulation of vasoproliferation in the hamster cheek pouch
studied by light and electron microscopy. J Natl Cancer Inst
41, 1329-1341 (1968)

10. Gullino PM. Angiogenesis and oncogenesis. J Nat!/ Cancer
Inst 61, 639-643 (1978)

11. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell
100, 57-70 (2000)

12. Senger DR, Galli SJ, Dvorak AM, Perruzzi CA, Harvey
VS, Dvorak HF. Tumor cells secrete a vascular permeability
factor that promotes accumulation of ascites fluid. Science 219
(4587), 983-985 (1983)

13. Leung DW, Cachianes G, Kuang WIJ, Goeddel DV,
Ferrara N. Vascular endothelial growth factor is a secreted
angiogenic mitogen. Science 246 (4935), 1306-9 (1989)

14. Carmeliet P. Angiogenesis in life, disease and medicine.
Nature 438 (7070), 932-6 (2005)

15. Hanahan D and Weinberg RA. The hallmarks of cancer.
Cell 100,57-70 (2000)

16. Bouck N, Stellmach V, Hsu SC. How tumors become
angiogenic. Adv Cancer Res 69, 135-174 (1996)

17. Kerbel RS. Tumor angiogenesis: past, present and the near
future. Carcinogenesis 21, 505-515 (2000)

18. Carmeliet, P. Controlling the cellular brakes. Nature 401,
657-658 (1999)

19. Carmeliet P. Angiogenesis in life, disease and medicine.
Nature 438 (7070), 932-936 (2005)

20. Carmeliet P, Jain RK. Angiogenesis in cancer and other
diseases. Nature 407 (6801), 249-257 (2000)

21. Folkman J. Angiogenesis. Annu Rev Med 57, 1-18 (2006)

22. Adams RH, Alitalo K. Molecular regulation of
angiogenesis and lymphangiogenesis. Nat Rev Mol Cell Biol 8,
464-478 (2007)

23. Carmeliet P, Jain RK. Molecular mechanisms and
clinical applications of angiogenesis. Nature 473, 298-307
(2011)

2563

24. Eilken HM, Adams RH. Dynamics of endothelial cell
behavior in sprouting angiogenesis. Curr Opin Cell Biol 22,
617-625 (2010)

25. Phng LK, Gerhardt H. Angiogenesis: a team effort
coordinated by notch. Dev Cell 16, 196-208 (2009)

26. Asahara T, Murohara T, Sullivan A, Silver M, van der
Zee R, Li T, Witzenbichler B, Schatterman G, Isner JM.
Isolation of putative progenitor endothelial cells for
angiogenesis. Science 275, 964-967 (1997)

27. Tepper OM, Capla JM, Galiano RD, Ceradini DJ,
Callaghan MJ, Kleinman ME, Gurtner GC. Adult
vasculogenesis occurs through in situ recruitment, prolif
eration and tubulization of circulating bone marrow-derived
cells. Blood 105:1068-1077 (2005)

28. Ahn GO, and Brown JM. Role of endothelial
progenitors and other bone marrow-derived cells in the

development of the tumor vasculature. Angiogenesis 12,
159-164 (2009)

29.  Yamazaki M, Nakamura K, Mizukami Y, Ii
M, Sasajima  J, Sugiyama Y, Nishikawa T, Nakano
Y, Yanagawa N, Sato K, Maemoto A, Tanno S, Okumura
T, Karasaki H, Kono T, Fujiya M, Ashida T, Chung
DC, Kohgo Y. Sonic hedgehog derived from human
pancreatic cancer cells augments angiogenic function of
endothelial progenitor cells. Cancer Sci 99, 1131-1138
(2008)

30. Fiirstenberger G, von Moos R, Lucas R, Thiirlimann
B, Senn HJ, Hamacher J, Boneberg EM. Circulating
endothelial cells and angiogenic serum factors during
neoadjuvant chemotherapy of primary beast cancer. Br J
Cancer 94, 524-531 (2006)

31. Asahara T, Masuda H, Takahashi T, Kalka C, Pastore
C, Silver M, Kearne M, Magner M, Isner JM. Bone marrow
origin of endothelial progenitor cells responsible for
postnatal vasculogenesis in physiological and pathological
neovascularization. Circ Res 85, 221-228 (1999)

32. Takahashi T, Kalka C, Masuda H, Chen D, Silver
M, Kearney M, Magner M, Isner JM, Asahara T. Ischemia-
and cytokine-induced mobilization of bone marrow-derived
endothelial progenitor cells for neovascularization. Nat
Med 5, 434-438 (1999)

33. Peters BA, Diaz LA, Polyak K, Meszler L, Romans
K, Guinan EC, Antin JH, Myerson D, Hamilton
SR, Vogelstein B, Kinzler KW, Lengauer C. Contribution
of bone marrow-derived endothelial cells to human tumor
vasculature. Nat Med 11, 261-262 (2005)

34. Lyden D, Hattori K, Dias S, Costa C, Blaikie P, Butros
L, Chadburn A, Heissig B, Marks W, Witte L, Wu
Y, Hicklin D, Zhu Z, Hackett NR, Crystal RG, Moore
MA,Hajjar KA, Manova K, Benezra R, Rafii S. Impaired
recruitment of bone-marrow-derived endothelial and



The origins of vacularization in tumors

hematopoietic precursor cells blocks tumor angiogenesis
and growth. Nat Med 7, 1194-1201 (2001)

35. Vidal A, Zacharoulis S, Guo W, Shaffer D, Giancotti
F,Bramley AH,de 1la Hoz C,Jensen KK, Kato
D, MacDonald DD, Knowles J, Yeh N, Frohman LA, Rafii
S,.Lyden D, Koff A. pl130%*? and p27P' cooperate to
control mobilization of angiogenic progenitors from the
bone marrow. Proc Natl Acad Sci USA 102, 6890-6895
(2005)

36. Yang L, DeBusk LM, Fukuda K, Fingleton B, Green-
Jarvis B, Shyr Y, Matrisian LM, Carbone DP, Lin PC.
Expansion of myeloid immune suppressor Gr+CD11b+
cells in tumor-bearing host directly promotes tumor
angiogenesis. Cancer Cell 6, 409-421 (2004)

37. Yang L, Huang J, Ren X, Gorska AE, Chytil A, Aakre
M, Carbone  DP, Matrisian LM, Richmond A, Lin
PC, Moses HL. Abrogation of TGF beta signaling in
mammary carcinomas recruits Gr-1+CD11b+ myeloid cells
that promote metastasis. Cancer Cell 13, 23-35 (2008)

38. Lin EY, Li JF, Gnatovskiy L, Deng Y, Zhu L, Grzesik
DA, Qian H, Xue XN, Pollard JW. Macrophages regulate
the angiogenic switch in a mouse model of breast cancer.
Cancer Res 66,11238-11246 (2006)

39. Bergers G, Brekken R, McMahon G, Vu TH, Itoh
T, Tamaki K, Tanzawa K, Thorpe P, Itohara S, Werb
Z,Hanahan D. Matrix metalloproteinase-9 triggers the
angiogenic switch during carcinogenesis. Nat Cell Biol 2,
737-744 (2000)

40. Du R, et al. HIFla induces the recruitment of bone
marrow-derived vascularmodulatory cells to regulate tumor
angiogenesis and invasion. Cancer Cell 13, 206-220 (2008)

41. Du R, Lu KV, Petritsch C, Liu P, Ganss R, Passegué
E, Song H, Vandenberg S, Johnson RS, Werb Z, Bergers G.
Cathepsin cysteine proteases are effectors of invasive
growth and angiogenesis during multistage tumorigenesis.
Cancer Cell 5,443-453 (2004)

42. Shojaei F, Wu X, Zhong C, Yu L, Liang XH, Yao
J, Blanchard D, Bais C, Peale FV,van Bruggen N, Ho
C, Ross J, Tan M, Carano RA, Meng YG, Ferrara N. BvS§
regulates myeloid-cell-dependent tumour angiogenesis.
Nature 450, 825-831 (2007)

43. Haniffa MA, Collin MP, Buckley CD, Dazzi F.
Mesenchymal stem cells: the fibroblasts’ new clothes?
Haematologica 94(2), 258-263 (2009)

44. Mishira PJ, et al. Carcinoma-associated fibroblast-like
differentiation of human mesenchymal stem cells. Cancer
Res 68, 4331-4339 (2008)

45. Au P, Tam J, Fukumura D, Jain RK. Bone marrow-
derived mesenchymal stem cells facilitate engineering of
long-lasting functional vasculature. Blood 111, 4551-4558
(2008)

2564

46. Beckermann BM, Kallifatidis G, Groth A, Frommhold
D, Apel A, Mattern J, Salnikov AV, Moldenhauer
G, Wagner W, Dichlmann A, Saffrich R, Schubert M, Ho
AD,Giese N, Biichler MW, Friess H, Biichler P, Herr I.
VEGF expression by mesenchymal stem cells contributes
to angiogenesis in pancreatic carcinoma. Br J Cancer 99,
622-631 (2008)

47. Fang S, Salven P. Stem cells in tumor angiogenesis. J
Mol Cell Cardiol 50, 290-295 (2011)

48. Maniotis AJ, Folberg R, Hess A, et al: Vascular channel
formation by human melanoma cells in vivo and in vitro:
vasculogenic mimicry. Am J Pathol 155, 739-752 (1999)

49. Ricci-Vitiani L, Pallini R, Biffoni M, Todaro
M, Invernici G, Cenci T, Maira G, Parati EA, Stassi
G, Larocca LM, De Maria R. Tumour vascularization via
endothelial differentiation of glioblastoma stem-like cells.
Nature 468 (7325), 824-8 (2010)

50. Dennie CJ, Veinot JP, McCormack DG, Rubens FD.
Intimal sarcoma of the pulmonary arteries seen as a mosaic
pattern of lung attenuation on high-resolution CT. Am J
Roentgenol 78, 1208-1210 (2002)

51. Folkman J. Can mosaic tumor vessel facilitate
molecular diagnosis of cancer? Proc Natl Acad Sci USA 98,
398-400 (2001)

52. Pezzolo A, Parodi F, Corrias MV, Cinti R, Gambini C,
Pistoia V. Tumor origin of endothelial cells in human
neuroblastoma. J Clin Oncol 25, 376-383 (2007)

53. Gunsilius E, Duba HC, Petzer AL. Evidence from a
leukaemia model for maintenance of vascular endothelium
by bone-marrow-derived endothelial cells. Lancet 355,
1688-1691 (2000)

54. Rigolin GM, Fraulini C, Ciccone M. Neoplastic
circulating endothelial cells in multiple myeloma with
13q14 deletion. Blood 107, 2531-2535 (2006)

55. Folberg R, Hendrix MJ, Maniotis AJ. Vasculogenic
mimicry and tumor angiogenesis. Am J Pathol 156, 361-
381 (2000)

56. 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 155:739-752
(1999)

57. Folkman J. Angiogenesis: an organizing principle for
drug discovery? Nat Rev Drug Discov 6, 273-286 (2007)

58. Gao JX. Cancer stem cells: the lessons from
precancerous stem cells. J Cell Mol Med 58, 267-284
(2007)

59. El Hallani S, Boisselier B, Peglion F, Rousseau A,
Colin C, Idbaih A, Marie Y, Mokhtari K, Thomas JL,



The origins of vacularization in tumors

Eichmann A, Delattre JY, Maniotis AJ, Sanson M. A new
alternative mechanism in glioblastoma vascularization:
tubular vasculogenic mimicry. Brain 133, 973-982 (2010)

60. Yao XH, Ping YF, Bian XW. Contribution of cancer
stem cells to tumor vasculogenic mimicry. Protein Cell 2,
266-272 (2011)

61. Seftor EA, Meltzer PS, Schatteman GC, Gruman LM,
Hess AR, Kirschmann DA, Seftor RE, Hendrix MJ.
Expression of multiple molecular phenotypes by aggressive
melanoma tumor cells: role in vasculogenic mimicry. Crit
Rev Oncol Hematol 44, 17-27 (2002)

62. 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 155,
739-752 (1999)

63. Bussolati B, Bruno S, Grange C, Ferrando U, Camussi
G. Identification of a tumor-initiating stem cell population
in human renal carcinomas. FASEB J 22, 3696-3705 (2008)

64. Bussolati B, Grange C, Sapino A, Camussi G.
Endothelial cell differentiation of human breast tumour
stem/progenitor cells. J Cell Mol Med 13, 309-319 (2009)

65. Wang R, Chadalavada K, Wilshire J, Kowalik U,
Hovinga KE, Geber A, Fligelman B, Leversha M, Brennan
C, Tabar V. Glioblastoma stem-like cells give rise to
tumour endothelium. Nature 468, 829-833 (2010)

66. Pezzolo A, Parodi F, Marimpietri D, Raffaghello L,
Cocco C, Pistorio A, Mosconi M, Gambini C, Cilli M,
Deaglio S, Malavasi F, Pistoia V. Oct-4(+)/Tenascin
C(+)neuroblastoma cells serve as progenitors of tumor-
derived endothelial cells. Cell Res 21(10), 1470-86 (2011)

Abbreviations: VM: vasculogenic mimicry; FGF: EC:
fibroblast growth factor; endothelial cells; PDGF: platelet-
derived growth factor; ECM: extracellular matrix; EPCs:
Endothelial progenitor cells; SDF-1: stromal-derived
factor-1; MMP-9: matrix metalloprotease-9

Key Words: Vascularization, Vasculogenic Mimicry,
Tumor, Cancer, Review

Send correspondence to: Yao-Zong Yuan, Department of
Gastroenterology, Ruijin Hospital, Shanghai Jiaotong
University School of Medicine, 197 Ruijin Second Road,
Shanghai 200025, China; Tel: 86-21-64370045; Fax: 86-
21-64150773; E-mail: yuanyz28@126.com

2565



