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M. Moran- Proteomics

% B. Stanford- Gene Trapping

T. Pawson- Signalling
sk M. Henkleman- Imaging
%k A. Nagy- Transgenics
D. James- EGFR
*k P. Shannon- Neuropathology
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1- Brief Review: Epidemiology- Clinical Presentation- Pathology
2- Current Knowledge of Molecular Pathogenesis of Gliomas

3- Major Obstacles in the Management of Gliomas:

A: Current Management

B: Invasion

C: Angiogenesis

D: Resistance: Chemotherapy, Radiation

E: Tumor <=—p Molecular Heterogeneity

4- Novel Therapies:

A: Small Molecule Targeted Rx.

B: Immune Based: Immunotoxin Rx.
C: Photodynamic Rx.

D: Viral Rx.

E: Gene Rx.

5- Research Frontiers:
A: Imaging <= Biological/Molecular Correlates
B: “omics”’: genomics/transcriptomics/proteomics
C: ??Cancer Stem Cells??
D: Genetically Engineered Murine (GEM) Glioma Models
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56%
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* Headache
* (zlobal Neuro Deficit
* Hocal Neuro Deficit

% Selzures
% Stroke
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Potential Benefits of Understanding the Molecular Genetics
EPIGENETIC

(micro-; macro-environment)

GENETIC

Tumor Cell (mono-; multi-) Stromal Cells

e Understanding the molecular pathogenesis of gliomas: Pre-disposition & Sporadic

* Screening for ““at risk™ individuals
e Understanding “epigenetic”’ (tumor microenvironment) influences on glioma growth
» Development, characterization & utilization of GEMSs

» Understanding ontogeny: CSC vs. Differentiated, Influence of genetic alterations

» Molecular classification to augment histopathological diagnosis

 Discovery, testing & monitoring response to conventional and biological Rx’s



Familial Nervous System Tumor Pre-disposing Syndromes <5 %

GEMs
Gene Tumor Types
Nf1 PNT,ONG, Pilocytic
Nf2 Schwannoma, Meningioma

Astro, Ependymoma

TSC1
SEGA
TSC2
TP53 Astro, PNET
PTEN Lhermitte-Duclos
Dysplastic Ganglio
APC Medulloblastoma
hMLH1 Glioblastoma
hPSM?2

PTCH Medulloblastoma



? Molecular Biology of Pre-disposition Syndromes ?

Pathogenesis of Sporadic tumors ~ Pre-disposition tumors
Screen ‘‘at risk’ pre-disposed individuals

Develop GEMs based on identified genetic alteration to study:

1. role of implicated gene in development

2. role of implicated gene in tumor development, ontogeny & progression

3. interaction of implicated gene with other genetic alterations in tumor
development

Risks of secondary carcinogenesis due to Rx (Rad, Chemo)



Similarities Differences
Increased Ras Sporadic: Increased RTKs
Increased PI3K NFK1: Decreased Ras-GAP (Nf1-GAP)

(Lau, Gutmann, Guha- JNEN, 2000)



Critical genetic pathways in sporadic gliomas

Cell cycle genes Aberrant Signaling
. Rb pathway- Rb, p16, CDK4 « GF & RTKs: EGFR, PDGFR, VEGFR etc.
p53 pathway- p53, MDM2, p19 « Signaling: G-proteins (Ras, Rac), PI3K, Jak-Stat

P53 mutation (>65%)

PDGF-A, PDGFR-o
i overexpression (~60%)

Low grade astrocytoma

LCH 19qg (~50%)
RB alteration {~25%)
v

Anaplastic astrocytoma

LOH 10q

PTEN mutation (5%)

DCC loss of expression (~50%)
PDGFR-o amplification (<10%)

Bipotential glial (precursor) cells?

EGFR
amplification (~40%) LOH 1p TP53 mutation
overexpression (~60%) LOH 1 9q LOH 1 7p

MDV2
amplification (<10%)
overexpression (~50%)

p16 deletion (30-40%)

LOH 10p and 10q
PTEN mutation (~30%)  CDKN2A deletion

RB alteration LOH 9p and 10q

Occasional oncogene
amplification (EGFR)

?? 1p and 19q loss ??

i

Klieheus: 2000



Inhibition of PDGF Autocrine/Paracrine Stimulation in Gliomas
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Guha et al: MCB




EGFR: The most common gain of fn aberration in GBMs
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e Increased Angiogenesis * Negative Prognosticator
(VEGF-Gubha et al) <50 yrs

e Increased Invasion
(MMP-J. Uhm)



Glioblastoma multiforme
Breast

Ovary

Cervix

Gastric adenocarcinoma
Sarcomas

Bladder carcinoma

Lung adenocarcinoma
Colon adenocarcinoma
Thyroild follicular adenocarcinoma

Acute myelold leukemias
Pancreas adenocarcinoma

Leukemias
AML
ALL
CML
Lymphomas

Ras«GTP%
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X- Brief Review: Epidemiology- Clinical Presentation- Pathology

X- Current Knowledge of Molecular Pathogenesis of Gliomas

3- Major Obstacles in the Management of Gliomas:

A: Current Management

B: Invasion

C: Angiogenesis

D: Resistance: Chemotherapy, Radiation

E: Tumor <=—p Molecular Heterogeneity

4- Novel Therapies:

A: Small Molecule Targeted Rx.

B: Immune Based: Immunotoxin Rx.
C: Photodynamic Rx.

D: Viral Rx.

E: Gene Rx.

5- Research Frontiers:
A: Imaging «——p Biological/Molecular Correlates
B: “omics’’: genomics/transcriptomics/proteomics
C: ??Cancer Stem Cells??
D: Genetically Engineered Murine (GEM) Glioma Models



GRADE 1 (N=2)

GRADE 2 (N=46)
GRADE 3 (N=51)
GRADE 4 (N=188)

YEARS AFTER SURGERY

Why Surgery

eDiagnosis +

*Debulk to relieve increased pressure +
*Neurological improvement +/-
*Prognosis +/-

*Total vs sub-total +/-

eImprove effect of additional Rx +/-

Concomittant Radiation + Chemotherapy
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Figure 2. Kaplan—Meier Estimates of Overall Survival, According to MGMT
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*Infiltrative, Multifocality * Heterogeneity: Path/Molecular

* Angiogenic, Edemogenic * Resistance, BBB

* Neural toxicity, Eloquence



Pathology of GBM Vasculature

GBM- highly vascularized cancer; 40X increased angiogenesis
GBM EC- 12.5% proliferation; t1/2 (days):1-10 c/w 80(lung); 8000 (brain)
Abundant and abnormal vessels:

Highly heterogeneous vascular morphology
Tortuous sinusoidal vessels of varying diameter

Low functional perfusion of tumor vessels: Only 50-70% of the capillaries are
perfused compared to >95% of the normal cerebral capillaries, increased resistance
in the microvasculature

Endothelial Hyperplasia, SMC, PC
Abnormal BBB- Edema
Dysautoregulation;Intratumoral Hemorrhage




Overview of Anti-Angiogenic Strategies

Tumar Cell
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Theoretical Advantages

1: Minimal Side Effects- Mainly
downregulated in the healthy adult

2: Decreased Resistance- Tumor
angiogenesis 1s a physiological host
mechanism...Long term Rx

3: Potentiation of Anti-tumorgenic

Effect- Each tumor capillary supplies
hundreds of tumor cells

4. Easy Access of EC to Therapies-
Direct contact of the vasculature to the
circulation ??? No concern of BBB???

5: Can Synergize with Radiation/

Chemo- By modulating tumor hypoxia,
drug delivery etc.

6: GBMs are highly angiogeneic

but

no conclusive proof of benefit
in majority of clinical trials



EC Specific <  Mtozenic 5 EC Non-specific
Angiogenic Link

A B G

PIGF VEGF-A VEGF-B VEGF-C VEGF-D Angl Ang2 Ang3 Ang4  ephrin-B1 ephrin-B2  ephrin-Al

00000 llll ‘

AT S
1
1

VEGFR-1 ~ VEGFR-2  VEGFR-3
(Fit-1)  (KDR/ Flk-1)  (Fit-4)

EGFR FGFRS, TGF B, HBGF etc

KEY: @ lglieloop @ E6Flke [ PN3like @D OysteinRich [ Kinase




Anti-VEGF Strategies

Targeting VEGF Targeting Regulators of VEGF
Neut Ab-VEGF Regulators of HRE: HIF1a

SolubleVEGFR Regulators of Signaling Pathways: p21-Ras, PI3K
Ribozymes

Anti-sense

Targeting VEGFR and its Signaling

Neut Ab- Prevent dimerization
Tyrosine Kinase Inhibitors
p21-Ras, PI3K

SU11248

Split Kinase Inhibitor -

VEGFRs, PDGFRs, FGFRs




Expressmn Of Ang s/Tie2 in Human Astrocytomas

o B R 5 53
Angl e, ’1% Nt e
MHC) & = ot :, " Ang1 expressed by Tumor Cells
AR LY ' GBM>LGA>NB
l b
e
?;gcz ey : Ang2 expressed by EC
(HC) : 4 GBM>LGA>NB
d Al ".{':"._ ’ B
Normal brain Low grade

A. Immunohistochemistry

Tie2 expressed by EC
GBM>LGA>NB

Normal human brain Low grade astrocytoma

B. Western Blot

NB GBMs

Zadeh, Ding’00 . Robust Tie2 phosphorylation




Effect of ExTek on GBM Xenograft Growth/Angiogenesis

ExTek Tie2/Tek

Zadeh, Guha: AJP’04
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TUMOR HETEROGENEITY

The Laser Capture Microdissection Process

o

1.Place cap on tissue.

*g

2.Pulse laser on target cells.

‘@

3.Remove cap with adhered target cells,

4.Extract molecules from target cells.

(WHO grade II)

(WHO grade IlII) (WHO grade IV)

p16, p14ARF loss
PDGFR amplification

EGFR amplification
chromosome 10 losses (PTEN)

Angiogenic events
Microvascular hyperplasia

The RiboAmp™ OA RNA Amplification Process

Total Cellular RMA

A

mRNA-specific * 15t Strand Synthesis
15t Primer

cDNA
tzzzaaaal
;:?;:;ﬁ * 2nd Strand Synthesis
ds cDNA
I
MiraCol™ cDNA Purification

I Witre Transcription
MiraCol™ aRNA Purification

Amplified aRNA
T T

R NV e MY
S P e W

15t and 2nd
Srrand Synthesis
ds cDNA

fratsii g risiisid
rannini@vEransg
Fritaian
MiraCol™cDNA Purification

Commercial Transcript
l Labeling Kit

MiraCol™ aRNA Purification

Labeled Amplified aRMA
AET T e T e ST Ty ey e
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WA Ay T TR A Ty,



Periphery  Central

EC TC EC TC
i

e

Factor-VIII

GAPDH

TC TC EC EC

Periphery Central

TC EC TC EC

— |

TC TC EC EC

PECAM-1




Quantification of mRNA expression of VEGF and its receptors

Primer Fold Increase Cell type

VEGF-R2/ Flk-1 : Endothelial

VEGF-R1/FIt-1 | S
GAPDH

VEGF : Tumor cells
GAPDH

EC : VEGFRI1/Flt-1 is regulated by hypoxia
VEGRR?2/FIk-1 is regulated by hypoxia

TC : VEGEF is regulated by hypoxia

GAPDH: Control with no change by hypoxioa

Average C; from three independent

experiments.

Infiltrating Zone

28.05 £ 0.09

33.09 £0.10
32.11 £0.02

29.51 £0.13
34.56 £ 0.07

Peri-necrotic
Zone

17.31 £0.15

21.52 £0.12
31.72 £0.07

16.35 £ 0.06
33.89 +0.03







Growth Factor and Signaling Pathways
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Proliferation, Differentiation, Migration, Invasion, Apoptosis, Angiogenesis



Variety of Targets Against Signaling Complexes

PDGF EGF

33
— PIBK—> o5 «—PI3K+— | F—¢7p1339

—\ it
N Ras/ g%@ N\ Ras/ /\

Prados et al
Perry et al
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P13’ Kinase Signaling in Astrocytomas

Human Tumors Astrocytomas _Germline

HN hed and neck squamous cell carcinoma
K= kidney

Lu= lung

Ly Iy phoma

:=~ PTEN MUTATIONS °

Survival Proliferation Shape/Motility Invasion Angiogenesis

Horizon + Future: SMI against Akt, mTOR and its effectors




Drug

Bay 12-9566
AG3340

CGS 27023A

BMS-275291
Penicillamine

TNP-470 (fumagillin derivative)
Combretastatin
Endostatin

Angiostatin
Penicillamine

(-L-778,123 -SCH66336 -R115777)
Anti-VEGF Antibody

SU5416

SU6668

Interferon-alpha

Vitaxin

Tetrathiomolybdate
(7.}

Interleukin-12

IM862

PNU-145156E

Angiogenesis inhibitors in clinical trials

Mechanism

Synthetic MMP Inhibitor
Synthetic MMPI
Synthetic MMPI

Synthetic MMPI
Naturally occurring MMPI
Synthetic MMPI
Urokinase inhibitor

Inhibits EC growth
Inhibits Na-H exchanger, NIHE3
EC apoptosis

Inhibits EC proliferation
Blocks VEGF & EC proliferation
Blocks EC migration/proliferation

Blocks EC migration/proliferation
Monoclonal antibody

Blocks activity of bFGF, VEGF
Blocks VEGF receptor, (Flk-1)

Trial

Phase Il for cancer of breast, lung(NSCL), lung,
Phase Ill for carcinoma of lung, ovary, pancreas
Phase Il for lung (NSCLC), prostate

Phase I/l

Phase Il for colon and NSCLC potentially:
Phase |

Phase Il for

Phase I/ll ymphomas, acute leukemias, phase Il for advanced, adult solid tumors

Phase Il for lung (NSCLC); phase Il for prostate cancer,
Phase [; phase Il

Phase | solid tumors
Phase I/1I/1ll solid tumors
Phase Il for

Phase Il
Phase II/lll for lung, breast, renal prostate, colorectal

Phase Il for Kaposi's sarcoma, _prostate, lung, breast
Phase I/ll for Kaposi's sarcoma; phase I/ll for metastatic, colorectal

Blocks VEGF, bFGF PDGF receptor Phase Il for advanced cancer

Blocks VEGF receptor signaling
Inhibition of bFGF & VEGF
Blocks PDGF receptor binding
Antibody to 1,83 integrin on EC
Small molecule inhibitor of
integrin present on EC

Sulfhydryl group binds copper;
clears copper through urine
Thiol groups tightly bind copper
Inhibitor of calcium influx
Endothelin receptor antagonist

Induction of interferon-gamma
Down-regulation of IL-10

Induction of IP-10
Blocks VEGF & bFGF

Phase | for
Phase Il/IlI
Phase Il for
Phase Il for leiomyosarcoma
Phase I/ll for Kaposi's sarcoma,

and Kaposi's sarcoma, phase I/l for vHL

Phase Il for

Phase I/l trial for advanced metastatic cancer, multiple tumor types
Phase II/lll for ovarian, non-small cell lung, renal cell

Phase I, refractory prostate and other malignancies; phasell
prostate

Phase | trials for ovarian, renal cell, melanoma, gastrointestinal
Phase I/ll for Kaposi's sarcoma

Inhibits production of MMPs

Phase Il for Kaposi's sarcoma

Blocks angiogenesis induced byTat protein Phase I/ll trial for solid tumors




Table 1 Targeted agents and their current status in clinical testing

Cirug Target Dizeaze Clinical tnal status
Iratinib Abl Sl Approved
Glesvec) kit GIST

FDORGR HES

ML
DFSP

Gefitinik EGFR Lung cancer Approved
(Iressa)
Bevaczamakb VEGF ligand Colon cancer Approved
Awasting
COI-779 mTOR Various cancers Fhasz=a |, I, 1l
RAL-0CH
BMS-354825  Abl - CML " Phasz | )

KT GIST
FkC-44 2 FLT.3 AML Fhasea |/l
MLM-518
CEP-7O
BAY 43-200& VEGFR Kidney cancer Fhasa |/

HAF Melanoma
SlU-011248 VEGFR Kidney cancer Fhasa |/

AML, acute myeloid leukasmia; HES, hyperecsinophilic syndrome; ChMWL, chronic

myelomonooytic leukasmia; DFSE dermatofibrosarcoma protuberans.

Sawyer:Nature’04
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MS to Study Interacting & Differential Expressed Proteins (ICAT)

KDa Henografts SBM Specimens Call Line

T3 Eh sl 66 Pl P2 Pz PR4 U3T3- [HciracBRRE cirpc]

dll dll
180-- MARCKS: - (. iz N
EE .
100-- Bactn - e==c —————
70-- MARCKS vs. EGFR in xenografts
55--
45--
35--
0 0.5 1 1.5 2
25.--
EGFR/actin

15-- MARCKS: Proteomics derived differentially expressed protein in

GBMs with EGFR amplification +/- EGFRVIII

?? Target for GBMs with EGFR aberrations??




Non-SMI Strategies

Anti-ligand
MAbs . et

@ Ligand-toxin
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Immune
effector
cell

Bispecific
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Ligand binding
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Development of IL13-PE38QQR

binding '
site {\

human Interleukin—l\ @

IL13-PE38QQR fusion toxin

PE38QQR

Pseudomonas Exotoxin A






Convection
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Stealth Stereotaxy

Catheter Placement







Horizon & Future

» Better understand the influence of
epigenetic tumor microenvironment
influences on the changing genetic
e . profile of the tumor and stroma

riegt i ik

e How it correlates to non-invasive
biological imaging

* How it changes with treatment

Fig 2: MRI sequences of GBM  BCILN ) (R (RS LA 106 180 1) ol ) (0) (O T2
A- ADC: Cellularity targ(.eted RX based on non-invasive
B- Contrast-Enhanced dynamic JEEUGENVEDAR I ETERNIEIVTRD

MRI: Blead volume evolving tumor
C- MRS voxel: Metabolites
D- MRS: Decreased NAA:Ch
E- Stereotactic sample of GBM

frem central region, similar

te location of MRS voxel




Canadian National Virtual Tissue Bank
Linked with NCIC and CBTC Clinical Trials
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issue Microarrays
Small blocks
*Repetitive usage
*DNA-RNA-Protein
eInternal control
eLink to clinical-trials



Data Processing and Analysis
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Gene Expression-based Classification of Malignant Gliomas Correlates
Better with Survival than Histological Classification (Nutt et al: Can Res’03)
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Differential Expression Levels
Transcription/Translation

Interactions

/

Degradation/Turnover Sub-Cellular

— Proteins "~ Localization

Isoforms
Phosphorylation

Post-translational Processing




Molecular Tumor Heterogeneity'

LCM Coupled:

1. Micro-genomics-DNA
2. Micro-array-RNA
3. Micro-proteomics-Protein
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Molecular Prognosticators in Neuro-oncology

Oligodendroglioma
« LOH @ 1p, 199

Gliomas
« EGFR ampl/mutations

« PTEN mutations/loss of expression
« MGMT Methylation

Medulloblastoma
« i(179); LOH @ 10qg & 9p; MYCC ampl.

Neuroblastoma
« -1p36; MYCN ampli.; LOH @ 11q & 14q; +179

Ependymoma
» Aberration chr. 22, LOH @ 11q




Glioma Cancer Stem Cells
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? Need for Spontaneous Glioma Models ?

Invasive; heterogenous; vascularized; Non-invasive; homogenous; poorly vascularized,
immunological response immunocompromised host

*Study progression

+*Study in vive interactions of implicated genetic aberrations
*Study the effects of genetic aberrations €=——=p ontogeny
*Study the effects of tumor cell «=» stromal cells (i,e. ECs)

* Gene-Discovery

* Pre-clinical testing platform for Rxs and their inter/tox etc.



GFAP:V!?Ha-Ras
ES cell-mediated transgenesis Southern Blot

Specifio promoter [* _pofoe iy leoZ RasD7  RasBS

Not expressed in ES cells

ez 5% Of

In vitro differentiation

clones

Ras BS

100 4 «
6000 A
D7 cells 735 Hemizyeotes
5000 - T 8 » e
=
1 > ) Homozygotes
2 o 4000 5 60
z 2 o
S & 3000 £ 404
O B8 cells =
B = S
v o]
1000 4 Mouse
aStrocyteS 1 1 L [ I 3 I ot a1 o 0 & 1 o I o0 & 1 o
01 2 3 4 5 6 7 8 91011 121314 1516
0 Weeks

Can Res-2001



GFAP:Ras-GTP instability

Glial Precursors Glial Hyperplasia ~ LGA
GFAP-/Nest + GFAP+/Nest- - GEAP+/Nest+

£ %

mutations

AJP’05




Tumor free survival (%)
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EGFRUVIII in high not low grade transformed astrocytes and oligodendrocytes

A: Ad: EGFRVIII X RasB8 B: Ad:EGFRvIll X RasB8 C: Ad:GFP XWT
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Gene Discovery: Gene Trapping
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GATAG expression is lost in the human glioma specimens

Glioma cell lines Human GBM Xenografts
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GATAG expression is lost in LGA (33%) and HGA (>80%)

HGA
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? Simultaneous XRT + Chemo ??? +/- Biologicals

? Cocktails: Anti-prolif +/- Anti-angiogenic
+/- Anti-invasion +/- Pro-apoptotic
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