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Background 

Angiogenesis 

The normal process of forming new blood vessels, 

such as during development 

Tumor Angiogenesis 

The process of establishing blood supply to a tumor 

Angiogenesis inhibitors 

VEGF (Avastin) – Metastatic colon, breast ca., 

NSCLC, relapsed glioblastoma 

VEGFRs (Sutent) – Metastatic RCC, GIST 

Does clinical benefit vary by angiogenic activity? 



Angiogenesis pathway 

Tumor secretes 

pro-angiogenic 

factors 

Receptors on 

endothelium 
signal 

Stimulates blood 

vessel growth and 

recruitment to 

tumor 
Image from Genentech 

BioOncology.com 



Hypothesis 

Tumors with increased angiogenic signaling are 

more susceptible to angiogenesis inhibitors  

A gene expression readout for angiogenic 

signaling can identify such tumors 

An angiogenesis signature should identify known 

indications and predict new indications 

Genes / pathways in the signature may represent 

new targets 

An angiogensis signature could provide a tool to 

identify individual patients likely to benefit 



Oncomine 

Global collection of 

published microarray 

data 

33,000+ experiments 

Tumors & cell lines 

mRNA & DNA 

Standardized metadata 

Clinical, pathology, 

molecular & experimental 

Pre-computed analysis 

Differential expression, 

co-expression, outlier 

analysis, pathway analysis, 

molecular concepts 
6 



Angiogenesis signatures 

Gene expression readout 

VEGF expression ( & correlates) 

Angiogenesis pathway 

Hypoxic response 

Correlated expression in tumors 

Co-regulation suggests representation of biological 

pathway in tumors 



VEGFA expression in Oncomine 



VEGFA Expression in Higgins Renal 
Renal Cell Carcinoma Type: Clear Cell Renal Cell Carcinoma 

(normalized expression units) 

Over-expression Gene Rank: 34 (in top 1%) P-value: 1.52E-9 

Reporter: IMAGE:34778 t-Test: 10.478 

Legend 

1. Chromophobe Renal Cell Carcinoma (3)  2. Clear Cell Renal Cell 

Carcinoma (25)  3. Granular Renal Cell Carcinoma (4)  4. Papillary Renal 

Cell Carcinoma (4)   

•Copyright© Oncomine, 2008  Images from Oncomine™ may be used in publications with proper citation. The citation for Oncomine is as follows: Oncomine™ (Compendia Bioscience, Ann 

Arbor, MI) was used for analysis and visualization. For further information, refer to the terms described in the license agreement. 

•Oncomine Source:  https://qa6.oncomine.com:443/resource/main.html#a:717;cv:detail;d:82;dso:geneOverex;dt:predefinedClass;ec:[2];epv:150001,150829;et:over;f:432451;g:7422;p:
200000550;pg:1;pvf:39129,150014,150817;scr:datasets;ss:analysis;th:g10.0,p1.00E-4;v:5 

Higgins Renal 

Am J Pathol 2003/03/01 44 samples 

mRNA 5,794 measured genes 

Platform not pre-defined in Oncomine 



•Comparison of PGF, VEGFA and VEGFC in Gumz Renal 
•Over-expression in Clear Cell Renal Cell Carcinoma vs. Normal 

•Legend 

•1. Kidney (10)  2. Clear Cell Renal Cell Carcinoma (10)   

•Note: Colors are z-score normalized to depict relative expression levels within rows. They 
cannot be used to compare gene expression values between rows. 

•Copyright© Oncomine, 2008  Images from Oncomine™ may be used in publications with proper citation. The citation for Oncomine is as follows: Oncomine™ (Compendia Bioscience, Ann 

Arbor, MI) was used for analysis and visualization. For further information, refer to the terms described in the license agreement. 

•Oncomine Source:  https://qa6.oncomine.com:443/resource/main.html#a:1846;cv:detail;d:67367807;dso:geneOverex;dt:predefinedClass;ec:[2];epv:150001,150829;et:over;f:546247;g:
7422;p:200001292;pg:1;pvf:31379,39129,39131,150004,150817;scr:datasets;ss:analysis;th:g10.0,p1.00E-4;v:5 

•Gumz Renal 

Clin Cancer Res 2007/08/15 20 samples 

mRNA 12,427 measured genes 

Human Genome U133A Array 



•VEGFA Expression in Bittner Renal 
•Renal Cell Carcinoma Type: Clear Cell Renal Cell Carcinoma 

•(normalized expression units) 

Over-expression Gene Rank: 134 (in top 1%) P-value: 2.01E-11 

Reporter: 210512_s_at t-Test: 8.544 

•Legend 

•1. Chromophobe Renal Cell Carcinoma (16)  2. Clear Cell Renal Cell 

Carcinoma (184)  3. Granular Renal Cell Carcinoma (5)  4. Papillary 

Renal Cell Carcinoma (21)  5. Sarcomatoid Renal Cell Carcinoma (1)   

•Copyright© Oncomine, 2008  Images from Oncomine™ may be used in publications with proper citation. The citation for Oncomine is as follows: Oncomine™ (Compendia Bioscience, Ann 

Arbor, MI) was used for analysis and visualization. For further information, refer to the terms described in the license agreement. 

•Oncomine Source:  https://qa6.oncomine.com:443/resource/main.html#a:224;cv:detail;d:97370307;dso:geneOverex;dt:predefinedClass;ec:[2];epv:150001,150829;et:over;f:1905655;g:
7422;gt:boxplot;p:200000163;pg:1;pvf:39129,150014,150817;scr:datasets;ss:analysis;th:g10.0,p1.00E-4;v:5 

•Bittner Renal 

Not Published 2005/01/15 256 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 





Is VEGF expression high in normal 
brain tissues? 

VEGFA expression is low in normal brain tissue, 

but high in glioblastoma 



VEGFA Cluster from Sun_Brain 



Genes Co-expressed with VEGFA 



Concepts Associated with VEGFA 



ECM Concept Associated with VEGFA 



Angiogenesis Associated with VEGFA 



Angiogenesis Pathway 

Growth factors, 

receptors 



Angiogenesis pathway associations 



Angiogenesis genes 

Over-expression in Cancer Type: Kidney Cancer 

Legend 

1. Bladder Cancer (32)  2. Brain and CNS Cancer (4)  3. Breast Cancer 

(328)  4. Cervical Cancer (35)  5. Gastrointestinal Cancer (350)  6. Head 

and Neck Cancer (41)  7. Kidney Cancer (246)  8. Liver Cancer (11)  9. 
Lung Cancer (107)  10. Lymphoma (19)  11. Ovarian Cancer (164)  12. 

Pancreatic Cancer (19)  13. Prostate Cancer (59)  14. Sarcoma (42)   

Bittner Multi-cancer 

Not Published 2006/01/01 1,911 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

angiogenesis (n = 35) 

Kidney Cancer - Top 5% over-expressed (n = 953) 

Overlap:11 genes      P-value:2.18E-6     Odds Ratio:7.7 



Angiogenesis genes 

Over-expression in Renal Cell Carcinoma Type: Clear Cell Renal Cell Carcinoma 

Legend 

1. Chromophobe Renal Cell Carcinoma (16)  2. Clear Cell Renal Cell 

Carcinoma (184)  3. Granular Renal Cell Carcinoma (5)  4. Papillary 

Renal Cell Carcinoma (21)  5. Sarcomatoid Renal Cell Carcinoma (1)   

•Oncomine Source:  https://www.oncomine4.com:443/resource/main.html#a:224;cv:association;d:97370307;dso:datasetName;dt:predefinedClass;ec:[2];epv:150001,3508;et:over;gs:

17873;p:200001376;pg:1;pvf:41626;scr:datasets;ss:analysis;v:5 

Bittner Renal 

Not Published 2005/01/15 256 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

angiogenesis (n = 35) 

Clear Cell Renal Cell Carcinoma - Top 1% over-expressed (n = 190) 

Overlap: 9 genes     P-value:1.97E-10     Odds Ratio:30.6 



Comparison of Selected Genes in Higgins Normal 

Grouped by Kidney Structure 

Legend 

1. Glomeruli (4)  2. Inner Cortex (5)  3. Inner Medulla (5)  4. Outer 

Cortex (5)  5. Outer Medulla (5)  6. Papillary Tips (5)  7. Pelvis (5)   

Higgins Normal 

Mol Biol Cell 2004/02/01 34 samples 

mRNA 13,016 measured genes 

Platform not pre-defined in Oncomine 



Angiogenesis genes 

Over-expression in Glioblastoma vs. Normal 

Legend 

1. Neural Stem Cell (3)  2. Glioblastoma (22)   

Lee Brain 

Cancer Cell 2006/05/15 101 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

angiogenesis (n = 35) 

Glioblastoma vs. Normal - Top 10% over-expressed (n = 1907) 

Overlap: 17 genes     P-value:7.47E-8      Odds Ratio:7.2  



Angiogenesis Genes 

Over-expression in Ductal Breast Carcinoma Type: Invasive 

Ductal Breast Carcinoma 

Legend 

1. Ductal Breast Carcinoma in Situ (7)  2. Invasive Ductal Breast 

Carcinoma (7)   

Schuetz Breast 2 

Cancer Res 2006/05/18 14 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

angiogenesis (n = 35) 

Ductal BCa vs. In situ - Top 5% over-expressed (n = 953) 

Overlap: 9 genes     P-value: 1.7E-4     Odds Ratio: 5.7  



Angiogenesis genes 

Over-expression in HRAS Transfection - Human Mammary Epithelial Cells 

Legend 

1. GFP Transfection Control (10)  2. CTNNB1 Transfection (9)  3. E2F3 

Transfection (9)  4. HRAS Transfection (10)  5. MYC Transfection (10)  6. 

SRC Transfection (7)   

Bild CellLine 

Nature 2005/11/07 55 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

angiogenesis (n = 35) 

HRAS Transfection – Top 1% over-expressed (n = 190) 

Overlap:6 genes      P-value:3.1E-6     Odds Ratio:17.8 



Correlation of angiogensis pathway 

Does angiogenesis pathway genes show 

correlation in particular cancer types? 

Identify individual tumors 

Approach 

Oncomine clusters 

Sets of correlated genes (>0.50) 





Angiogenesis signature in RCC 



Angiogenesis signature in glioblastoma 



•P-value: <1E-3  Odds Ratio: >4 



Angiogenesis genes across 8 tumor clusters 

Legend 

P. angiogenesis 

GO Biological Process 

1. Bittner Renal - cluster ID n1341 

Oncomine Clusters 

2. Gumz Renal - cluster ID n8852 

Oncomine Clusters 

3. Bachtiary Cervix - cluster ID n9456 

Oncomine Clusters 

4. TCGA Brain - cluster ID n7201 

Oncomine Clusters 

5. Boersma Breast - cluster ID n7839 

Oncomine Clusters 

6. Lenburg Renal - cluster ID n9819 

Oncomine Clusters 

7. Sun Brain - cluster ID n3808 

Oncomine Clusters 

8. Hoek Melanoma - cluster ID n5920 

Oncomine Clusters 





Hypoxic response signature 

Transcriptional regulation in response to 

hypoxia and HIF-1 (Manalo et al, Blood, 2005) 

Areterial endothelial cells cultured under hypoxic 

conditions 

Transfected with HIF-1 alpha 

191 genes up-regulated by both conditions 

Hypoxic response signature characteristics 

Cell adhesion, ECM, HIF-1 binding sites 

VEGFA, VEGFC, PLCG2 





Hypoxic response signature associations 



Upregulated genes in response to hypoxia and in response 

to HIF-1 expression 

Over-expression in Brain and CNS Cancer Type: Glioblastoma 

Legend 

1. Astrocytoma (26)  2. Glioblastoma (81)  3. Oligodendroglial Tumor 

(50)   

Sun Brain 

Cancer Cell 2006/04/17 180 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

Hypoxic response (n = 191) 

Glioblastoma - Top 1% over-expressed (n = 190) 

Overlap: 19 genes     P-value: 5.44E-14     Odds Ratio: 12.2 



Upregulated genes in response to hypoxia and 

in response to HIF-1 expression 

Over-expression in Colorectal Cancer Type: Colorectal Carcinoma 

Legend 

1. Colorectal Adenoma (17)  2. Colorectal Carcinoma (313)   

Bittner Colon 

Not Published 2005/01/15 373 samples 

mRNA 19,079 measured genes 

Human Genome U133 Plus 2.0 Array 

Hypoxic response (n = 191) 

Colorectal Carcinoma - Top 5% over-expressed (n = 953) 

Overlap: 45 genes     P-value: 9.67E-19     Odds Ratio: 6.1 



Correlation of signature in tumors 













Hypoxia response co-expressed in solid tumors 



Summary 

Gene expression readout for angiogenesis pathway 

VEGFA & correlates 

Angiogenesis pathway 

Hypoxic response signature 

Tumor populations over-expressing angiogenesis signatures 

Clear cell RCC (not papillary) 

Glioblastoma 

Fraction of other tumor populations (H&N, Colon…) 

Activated by HRAS / MAPK 

Do signatures predict response to therapy? 


