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Study of Vasculogenic Mimicry in Glioma
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Abstract

spite aggressive surgical resection followed by adjuvant therapies such as radiotherapy and chemotherapy, the prog-

Glioma is the most common adult primary malignant tumor of the central nervous system. De-

nosis remains poor, with the five-year survival rate for highly malignant glioblastoma being less than 10%. Novel
therapeutic approaches, such as anti-angiogenic therapies, have been gradually explored as part of glioma treatment
strategies. However, clinical studies have shown that anti-angiogenic therapies primarily extend PFS (progression-
free survival) in glioma patients without significantly improving OS (overall survival). While anti-angiogenic
treatments have shown promising clinical results in other solid tumors, their efficacy in gliomas remains limited.
To address this clinical challenge, they have initiated a series of investigations since 2004. First, they identified
a phenomenon of VM (vasculogenic mimicry) in gliomas, where in tumor cells-derived vascular-like channels.
The presence of VM could be found throughout the various stages of tumorigenesis and provides essential nutri-
ents for tumor growth apart from the endothelial-independent vascular structure. They further analyzed the glioma
microcirculation and identified four distinct microvascular structures: (1) endothelial cell-dependent vessels; (2)
tumor cell-dependent channels (VM); (3) ECM (extracellular matrix)-dependent channels; and (4) mosaic vessels
(a combination of endothelial cells and tumor cells). Further studies revealed that glioma stem cells can form VM
and differentiate into endothelial cells by the stimulation of VEGF, suggesting that VM can evolve into classical
tumor vasculature. Additionally, they found that the extracellular matrix protein Tenascin-C promotes the formation
of VM in gliomas. Tenascin-C facilitates this process by binding to the membranes EGFR via EGF-like domains,
thereby activating the downstream Akt/Raf/MMP2/MMP9 signaling axis to promote VM formation. Their research
theoretically refines and expands upon classical tumor angiogenesis models, and clinically, it explains for the lim-
ited efficacy of current anti-angiogenic therapies in gliomas. These findings offer a theoretical foundation for future
strategies targeting glioma stem cells to inhibit VM, potentially improving anti-angiogenic treatment outcomes in

glioma therapy.
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CD34[J11E/PASFI I HIVM 5 CD34 R L 3 B2 AR M J6 (R 47 A2 T U7 IS AL RS AR v, FF HLVMIAE ML P e I /B A 52 16 Ji R
0 X IR 2 IL(CD34-PASXUAY) . A: RN AIIEANE SR B: IR ANBEEEAD 5 10K, C: B AR5 15K, D: MR iR He i jm 25K .

Both VMs(CD34 negative/PAS positive) and endothelial-independent vascular structure(CD34 positive) in U87 orthotopic xenograft model, VMs are
more common in the center of the tumor (CD34-PAS double staining). A: five days after tumor cell injection; B: ten days after tumor cell injection; C:

fifteen days after tumor cell injection; D: twenty-five days after tumor cell injection.
Bl US7RALFBAE I TP Y I E A AU S O ML P B Ak 1 I &

Fig.1 VMs and endothelial-independent vascular structure in U87 orthotopic xenograft model
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Ac B AR B, 02D 6 R B S TR B R AT RO IR R, 0 B S B Sk TR Cr BRI T, TR R AT Sk T
7~y D AT AE, I % (B F Sk TR . A-1.B-1.C-1.D-1 8 4%5% 414k 4 (4 (CD34-PAS XUAY) (1 i i BE AN AR A AR, o BRI A5 72 4T A-2.

B-2. C-2. D-2N%RBEVO6I O N SRR AS, S0 o A 4T -

A: endothelial cell-dependent vessels, as the red and white arrows show; B: tumor cell-dependent channels (VM), as the black and white arrows show;

C: ECM (extracellular matrix)-dependent channels, as the black arrows show; D: mosaic vessels (a combination of endothelial cells and tumor cells),
as the black and white arrows show. A-1,B-1,C-1,D-1 showed the vessels in the GBM specimen by CD34-PAS histological staining. A-2,B-2,C-2,D-2

showed the vessels in the GBM specimen by immunofluorescence.

E2 REBANMETEREE

Fig.2 Four distinct microvascular structures were identified
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=5 (ELT| [

L AR AE ZGERER P (0 by, SARANIERAEQ2 h)IFIR A R S VMIEIE (6 h), AEFE IR VMETES .. TR st ion
GSC-141a 15 ] AL #e 73k . CD34KH N K B B (5300, F 6 i Sk H s CD34RH AT .
CD34 expression in 3D cultures of RFP-GSC-1 with VEGF during a 6 h culture period. Very little CD34 (green) expression was observed at 0 h and its
expression was higher at 2 h in tube like structures. White arrows showed the VM channels in the upper figures, White arrows showed CD34 positive
cells in the lower figures.
B3 RRETHEEGSC-1ZHVMEER K
Fig.3 VM channel formation by glioma stem cell GSC-1

A-1: IR RARAS )% 1AL Y (4, (CD34/PASKU I 5 F . B (A FRICCD34RH 1, 41 bR iCPASPH M . M G Son B EE. A-2: IRKEH IR
AP R . OO GFAPHIYE; SRt ahric CD34RHTE; 3 B 5 ARiC GFAPRHPEMICD34RH ML E . BB S 38 e
o A-3~A-5: T80 i I (K AR TEUE U 4 AU PRSI 2 (0] AT e . LA mT LATFD A W04 BICD34RH HE iR 41 (A-3) JLE LR IACD34-
GFAPI R4 (A-4) FIGFAPFH A [ iR 4 R (A-5) o

A-1: MVs in clinical specimens are lined by CD34 positive and PAS positive cells. Brown color shown for CD34 positive, and red color shown for PAS
positive. Mosaic vessels were shown by the arrows. A-2: MVs in xenograft specimens detected using IF staining. A3-AS5: green signal for CD34 posi-
tive (A-3), and yellow signal for GFAP and CD34 colocation (A-4). Red signal for GFAP positive (A-5). The arrows showed mosaic vessels.

E4 BRERBETHEHEREER

Fig.4 Mosaic vessels in glioma
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