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GLIOBLASTOMA MULTIFORME



VARIOUS WAYS IN WHICH BRAIN 

TUMOUR CELLS INVADE THE BRAIN

CD15



This demonstrates the ñgo or growò 

hypothesis whereby brain tumour cells 

either migrate (invade into the 

adjacent normal brain) OR divide. Cell 

division is noted in the main tumour 

mass but not in the invasion zone. 

Hence these invading tumour cells are 

refractory to radiotherapy (which only 

kills dividing cells). 

In addition, although the tumour cell-

killing cytotoxic drugs generally used 

get into the main tumour mass to 

some extent (because the blood-brain 

barrier is disrupted within the tumour ) 

the invading cells are protected from 

these drugs but virtue of the fact that 

they are protected by an intact blood-

brain barrier within the normal 

adjacent brain & therefore these 

tumour cells are not affected by such 

drug treatment approaches.



INFILTRATIVE INVASION OF GLIOMA CELLS

TUMOUR

ñNORMALò BRAIN

NEURONES



proteases ïMMPs, Cathepsins

GENERAL FACTORS WHICH UNDERLIE 

INVASION & MAY PROVIDE ñTARGETSò

ECM ïespecially Tenascin C, Hyaluronic acid & Laminin

Cell adhesion molecules  - eg CD44 & CD155

+ gangliosides ïeg GD3

+ integrins ïeg beta1subunit

Growth factors/cytokines

Tenascin C at 

infiltrative edge of 

glioma

GD3 (red) on non-

cycling, migratory 

tumour cells

eg TGFbeta

Liotta 2000



METHODS TO STUDY INVASION

a) Animals

b) Scratch

c) TranswellTM

d) 3D spheroids

e) B-BB model

f) Live cell imaging (video)/confocal intracellular live cell imaging

g) Cell communication (video)tunneling nanotubules (optical tweezers)

h) Laser capture microdissection

i) Microarray\gene expression data/karyotypes

j) TEM/SEM/AFM

k) TIRF



VM Spontaneous murine anaplastic astrocytoma



Primary GBM biopsy 

xenografted into rat brain

BDIX RAT A15 A5 (ENU -
induced) transplanted glioma

Prof Rolf Bjerkvig, Bergen, Norway & 

Norlux, Luxembourg



TRANSWELL CHAMBER 
INVASION INHIBITION



SAMANTHA MURRAY

Epilepsy

Tumour



10ng/ml PDGF chemoattractant in DMEM + human serum

Endothelial cell growth medium + human serum

UPESC astrocytes
TGF-ȁ induced ECM 

from astrocytes (blue)

8ȋm polycarbonate 
membrane filter (white)

hCMEC/D3 endothelial cells
Metastatic cancer cells

TranswellTM Modified Boyden Chamber Assay System

Kathryn Fry

Imogen 

Dennis

Spread of secondaries INTO the brain



CC-2565 human astrocytes (Cambrex) grown in DMEM + 20% human serum.

Left:40% conflency, Right: 70% confluency. Phase contrast microscopy.

Left:UPES1/C human astrocytes (ñin houseò) at 

40% confluency under DMEM + 20% human 

serum. The replacement of fetal calf serum with 

human serum results in slower growth of the 

human astrocytes and improved substrate 

adherence ïfeatures which better reflect the in 

vivo situation.

Right: hCMEC human brain endothelial cells in 

EGM-2 + 2% human serum on a human fibronectin 

substrate. Both human serum and fibronectin (as 

opposed to collagen which is very restricted in 

expression in the brain) both enhance growth of 

these cells.



Growth curve for CC-2565 human 

astrocytes shows reduction in the rate of 

growth when cultured in human serum 

rather than fetal calf serum. 

Growth curves for hCMEC/D3 human brain 

endothelial cells shown enhanced growth on 

both human serum and human fibronectin 

(as opposed to fetal calf serum and collagen)

USE OF HUMAN SERUM



Vi Cell Trypan Blue Dye 

Exclusion Test Analysis

Viability, Growth Curves & Population Doubling 

Times



Fluorescein Phalloidin staining of 

hCMEC/D3 P32 to identify f-actin 20X Mag vWF staining of hCMEC/D3 P33 20X Mag.

PECAM-1 and Fluorescein Phalloidin

staining of hCMEC/D3 P32 20X Mag

hCMEC/D3 P33 grown on the upper 

surface of the TranswellTM 4X Mag

UPKSC P5 grown on the under surface

of the TranswellTM 4X Mag.



Two endothelial cell markers, CD31 (left) and 

factor VIII related (Von Willebrand factor) 

antigen (right) demonstrated by flow cytometry 

on hCMEC/D3 human brain endothelium in 

human serum-supplemented conditions.

Tubulogenesis assay: hCMEC/D3 human brain endothelial cells in human 

serum-supplemented growth medium after 24 hours (left) and 48 hours (right). 

Long, straight tubules are formed from foci of cells.



NP750/p12 (200ÕM ï923)

IMPROVISION: Openlab & Velocity

Zeiss Axiovert



Professor Vivaldo Maura-Neto, University of Rio de Janeiro, Brazil.



ATOMIC FORCE MICROSCOPY



TIRF: Total Internal Reflection Fluorescence Microscopy

Medium n=1,33-1,38

Coverglass (0,17mm)

n=1,515

Immersol F

n=1,518

Evanescent field

Totally reflected beam

a

Excitation beam

< 200 nm

I

Detectable fluorescence

Cell membrane

CD155(PVR)/CD44(HA-receptor)/CYTOSKELETON INTERACTION

Laser-based technology



LASER CAPTURE MICRODISSECTION MICROSCOPY



WHY DO GLIOMA CELLS INVADE 

THE BRAIN?

ÅRe-colonization - Survival (angiogenesis 

requirement less OR protection from cytotoxic 

agents by investment within an intact B-BB)

ÅChemo-repellent (hypoxia)

ÅChemoattractant 

(reactive astrocytes/microglia)

(R Del Maestro, 

MNI,Canada)



INVASION

a) STOP IT (SHUTTING STABLE DOOR AFTER HORSE HAS BOLTED)

b) TARGET INVADING CELLS

(Overcome B-BB and kill non-dividing cells) 

 

[Abbott et al 2006]

ñGO OR GROWò



NG2

Å Neuron-glial-2 (NG2) is a 

chondroitin sulphate 

proteoglycan

Å Expressed by a novel type of 

glial cells ïsynantocytes or 

polydendrocytes

Å NG2 is capable of modulating 

both cell-extracellular matrix and 

cell-cell adhesion



NG2 chondroitin sulphate proteoglycan:
ñPolydendrocytesò, ñSynantocytesò or Glial Progenitors?

Samantha Higgins BSc MSc

Giampaolo Leoni



The NG2 chondroitin sulphate proteoglycan: Role in malignant progression of human brain tumours. 

M. Chekenya, H. K. Rooprai, D. Davies, J.M. Levine, A. M. Butt and G. J. Pilkington.

International Journal of Developmental Neuroscience 17: 421-435 (1999).

NG2 proteoglycan promotes angiogenesis-dependent tumor growth in the central nervous system by 

sequestering angiostatin. M Chekenya, M Hjelstuen, P O Enger, F Thorsen, A L Jacob, B Probst, O 

Haraldseth, G Pilkington, A Butt, J M Levine and R Bjerkvig. The FASEB Journal 16: 586-588 (2002)

The glial progenitor proteoglycan, NG2, is expressed on angiogenic neovasculature by vascular pericytes in 

human malignant brain tumours. M Chekenya, P O Enger, F Thorsen, T-A Read, T Furmanek, R Mahesparan, 

B B Tysnes, J M Levine, S Al-Sarraj, A M Butt, G J Pilkington & R Bjerkvig. Neuropathology and Applied 

Neurobiology 28: 367-380 (2002) 

NG2 precursor cells in neoplasia: functional, histogenesis and therapeutic implications for malignant brain 

tumours M. Chekenya and G.J.Pilkington Journal of Neurocytology ( 2002)

NG2 & adult brain tumours ïprevious findings

a) Present on range of glial neoplasms

b) Neoplastic cells & vessels (pericytes/vascular 

endothelium)

c) Link to proliferation (& inversely with invasion)

d) Linked to angiogenesis

e) Increased expression with grade of malignancy



NG2 In Paediatric Brain Tumours

A. NG2 labelled pilocytic astrocytoma
B. NG2 labelling in sPNET in vitro
C. NG2 labelled sPNET (note absence of staining in 

hyperplastic endothelium )

A CB

Flow cytometric plot of early passage medulloblastoma culture ïleft: NG2
negative control, right: NG2 stained cells. Absence of NG2 is therefore
demonstrated on medulloblastoma (cf. immunohistochemistry of sPNET in fig 

above). 



NG2 Staining in UPAB early passage 

culture from an Adult GBM

NG2 (red), Nestin (green) and 

HB nuclear counterstain
NG2 (green) and PI nuclear 

counterstain



Differential Binding Affinity of Various NG2 

Antibodies on the cell line UPAB (p17-20) 

Determined by Flow Cytometry

Upstate Upstate

Monoclonal NG2 (Upstate)             Polyclonal NG2 (Upstate)      R&D NG2/PE conjugate


