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mRNA Expression 

 Isolate RNA from control and AAA tissue 

 Microarray (printed, Affymetrix, Illumina) 

– Hybridization 

– Signal intensity ~ proportional to copy number 

 

 Sequence (RNA-Seq) 

– Count of reads ~ proportional to copy number 

 



Lenk et al. BMC Genomics 2007 

Differential Expression 

Patterns 
 

•Global gene expression profiles for 

AAA and control abdominal aorta 

samples 

 

•Two different microarray platforms 

• Illumina 

• Affymetrix 

 

•3,274 genes with significantly 

different expression levels  

 



Making sense of 

complexity 
 

How does one comprehend 3,274 genes 

 

Pick and choose my favorite genes? 



Approaches for Follow-up 

 In silico functional analysis 

– Functional classification: Gene Ontology (GO) 

– Pathway analysis: Kyoto Encyclopedia of Genes 

and Genomes (KEGG) 

 In silico transcriptional genomics 

– Search for Transcription Factor Binding Sites 

(TFBS) in promoter sequences 





NK Cytotoxicity Pathway 

 Apoptosis of the SMCs in AAA is well known 

 Perforin (as well as other proteins) have been 

shown in AAA using histology previously 

 Increased cytotoxicity in AAA 





Leukocyte TransEndothelial 

Migration (LTEM) 
 Immune infiltrates are present in AAA 

 Increased expression of “leukocyte” genes 

fits well with previous data 

 Increase in expression of NADPH oxidase 

– Work by others indicates involvement of ROS in 

AAA 



KEGG pathway Probed* Observed Expected FDR 

Regulation of actin cytoskeleton (RAC) 204 76 36.99 4.71e-09 

Cell adhesion molecules (CAMs) 127 51 23.03 1.63e-07 

Focal adhesion (FA) 208 72 37.71 1.98e-07 

Natural killer cell mediated cytotoxicity (NK) 127 47 23.03 5.94e-06 

Leukocyte transendothelial migration (LTEM) 115 43 20.85 1.06e-05 

Type I diabetes mellitus (T1DM) 42 20 7.62 1.29e-04 

ECM-receptor interaction (ECM) 86 31 15.59 5.69e-04 

T cell receptor signaling pathway (T cell) 99 34 17.95 6.93e-04 

Hematopoietic cell lineage (HCL) 84 30 15.23 7.03e-04 

B cell receptor signaling pathway (B cell) 70 26 12.69 8.65e-04 

Adherens junction (AJ) 76 27 13.78 1.38e-03 

Gap junction (GJ) 96 32 17.41 1.38e-03 

Calcium signaling pathway (Ca2+) 175 50 31.73 2.12e-03 

Antigen processing and presentation (AP&P) 79 27 14.32 2.12e-03 

Cytokine-cytokine receptor interaction (CCRI) 247 66 44.78 2.12e-03 

Tight junction (TJ) 116 36 21.03 2.12e-03 

Alzheimer's disease (AD) 22 11 3.99 2.60e-03 

MAPK signaling pathway (MAPK) 270 69 48.95 5.10e-03 

Long-term potentiation (LTP) 68 21 12.33 2.58e-02 

Wnt signaling pathway (WNT) 144 38 26.11 2.87e-02 

Axon guidance (AG) 129 34 23.39 4.02e-02 

 



Regional Variation of 

mRNA Expression In 

the Aorta 
•Baboon euthanized at Southwest National 

Primate Research Center by collaborator 

Laura A. Cox  

•from the heart to the femoral arteries 



Approaches for Follow-up 

 In silico functional analysis 

– Functional classification: Gene Ontology (GO) 

– Pathway analysis: Kyoto Encyclopedia of Genes 

and Genomes (KEGG) 

 In silico transcriptional genomics 

– Search for Transcription Factor Binding Sites 

(TFBS) in promoter sequences 



Transcription 

GGAT 

TF 

Transcription of Target Gene 

TSS 





Cis-Response Element Site Mapping 

Matrices provided by TRANSFAC® Professional 





TFBSs Enriched in 

Upregulated Genes 

Transcription 

Factor Binding 

Site

Number of hits in 

the submitted 

regions

Total number 

of hits on the 

genome

-log10(p-value)

PEA3 1456 21187 17.8

ELF1 809 11549 14.8

ETS2 831 11968 14.3

ETS1 1406 22501 9.8

NFKB 1472 23956 8.5

NFKB 65 180 2232 7.6

NFKB 50 183 2308 7.2

C-ETS1 68 799 12878 5.5

GABP 284 4098 5.4

TEL2 39 385 4

ISRE 45 485 3.7

RUNX1 182 2740 2.9

NERF 36 433 2.3



Transcription 

Factor Binding 

Site

-log10(p-value) Binding Factor TRANSFAC Family

PEA3 17.8 PEA3 ETS-type

ELF1 14.8 ELF-1 ETS-type

ETS2 14.3 ETS2 ETS-type

ETS1 9.8 c-Ets-1 ETS-type

NFKB 8.5 NF-kappaB/RelA-p65/p50 Rel-related factor

NFKB 65 7.6 RelA-p65 Rel-related factor

NFKB 50 7.2 p50 Rel-related factor

C-ETS1 68 5.5 c-Ets-1 68 ETS-type

GABP 5.4 GABP-alpha:GABP-beta ETS-type

TEL2 4.0 TEL-2 ETS-type

ISRE 3.7 ISGF-3 Interferon-regulating

RUNX1 2.9 RUNX1 Runt-homology Domain

NERF 2.3 NERF-1a ETS-type

TFBSs Enriched in Upregulated Genes 



TFBSs Enriched in 

Upregulated Genes 

 Of 1,311 genes, 981 (74.8%) contain one or more binding 
sites of at least one of the 13 enriched TFBSs 

 

 Range: 1 TFBS (158 genes) to 12 TFBSs 

 

 Average: 4.2 TFBSs/gene 

(MMP9) 



MMP and TIMP Expression 

In AAA vs. Control Aorta 

MMP9 



Chromatin Immunoprecipitation 

 Isolate nuclei from control and AAA tissue 

 Crosslink proteins to DNA 

 Immunoprecipitate with Ab to DNA-binding 

protein 

 

 Hybridize to microarray (ChIP-chip) 

– Signal intensity ~ proportional to occupancy 

 Sequence (ChIP-Seq) 

– Count of reads ~ proportional to occupancy 



Network (ETS2, ELF1, RUNX1, STAT5) 



microRNA Expression 

 Isolate RNA from control and AAA tissue 

 Microarray (printed, Affymetrix, Illumina) 

– Hybridization 

– Signal intensity ~ proportional to copy number 

 

 Sequence (RNA-Seq) 

– Count of reads ~ proportional to copy number 

 











GO 

functional 

annotation 
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