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Genome Wide Association Studies

• Genome-wide association studies are a way for scientists to identify genes 
involved in human disease. 

• This method searches the genome for small variations, called single nucleotide 
polymorphisms or SNPs (pronounced “snips”), that occur more frequently in 
people with a particular disease than in people without the disease. 

http://ghr.nlm.nih.gov/handbook/genomicresearch/gwastudies
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Protocol for cellular reprogramming
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iPS cell
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Derivation and characterisation of iPS cells derived from an AD

patient bearing  the TREM2 /  R47H variant
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Vascular endothelial growth factor signalling pathway is over-
represented in AD-TREM2 (R47H) neuronal cells 



18Geneva, 6. February 2015

VEGF signalling pathway is over-represented in AD-TREM2 (R47H) 
neuronal cells
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Meta-analysis of AD-associated gene expression datasets

Wruck W, Schröter F and Adjaye J

Meta-analysis of transcriptome data related to hippocampus biopsies and
iPSC-derived neuronal cells from Alzheimer disease patients reveals an 

association with FOXA1 and FOXA2 gene regulatory networks. 
In Press
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Experimental design

[Wruck W, Schröter F and Adjaye J. Meta-analysis of transcriptome data related to hippocampus biopsies and iPSC-derived neuronal cells from
Alzheimer disease patients reveals an association with FOXA1 and FOXA2 gene regulatory networks. Journal of Alzheimer’s Disease. in press.]

Pipeline for the meta-analysis 
of brain biopsies and iPSC-
derived Alzheimer‘s disease
models
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AD-associated gene signature

The AD gene signature was extracted
from genes with highest correlation
to the Alzheimer‘s disease phenotype in 
brain biopsies
[Miller et al. Genes  and pathways 
underlying  regional and cell type 
changes in Alzheimer’s  disease. 
Genome  Med. 5, 48.]

Red bar: Healthy controls

Blue bar: AD patients
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Transcription factor analysis with 
the oPOSSUM-3 tool was 
performed with genes from the AD 
gene signature. 

Red circles denote genes Green 
circles denote transcription 
factors with a size 
corresponding to their 
significance (z-score). 

Factors from the Forkhead family 
(FOXA1,FOXA2, FOXD1, FOXO3, 

FOXQ1, FOXI1) 
have the highest significance.

Transcription factor analysis of the gene signature reveals 
Forkhead-family members as regulators of AD
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Pathways and gene ontologies
The 20 most significant terms from gene 
ontology over-representation analysis of 
the AD gene signature point to a major 
role of regulation of glial cells and 
development of the nervous system

GOID Pvalue Term genes
0014015 0.00003 positive regulation of 

gliogenesis
CXCR4,GFAP,HES1

0008283 0.00008 cell proliferation BCL2,CXCR4,EMP1,GFAP,HES1,NUPR1,S100A6,SP
ARC,TGFBR3,WFDC1,YAP1

0035295 0.00016 tube development BCL2,CXCR4,HES1,SMAD9,SPARC,YAP1
0023056 0.00020 positive regulation of signaling ASXL2,BCL2,CXCR4,GFAP,HES1,MAP3K5,TGFBR3,

YAP1
0014013 0.00020 regulation of gliogenesis CXCR4,GFAP,HES1
0010647 0.00020 positive regulation of cell 

communication
ASXL2,BCL2,CXCR4,GFAP,HES1,MAP3K5,TGFBR3,
YAP1

0010720 0.00024 positive regulation of cell 
development

BCL2,CXCR4,GFAP,HES1

0021783 0.00026 preganglionic 
parasympathetic nervous 
system development

HES1,NAV2

0042127 0.00028 regulation of cell proliferation BCL2,GFAP,HES1,NUPR1,S100A6,SPARC,TGFBR3,
WFDC1,YAP1

0045597 0.00035 positive regulation of cell 
differentiation

ASXL2,BCL2,CXCR4,GFAP,HES1,SMAD9

0048486 0.00035 parasympathetic nervous 
system development

HES1,NAV2

0060251 0.00041 regulation of glial cell 
proliferation

GFAP,HES1

0002320 0.00046 lymphoid progenitor cell 
differentiation

BCL2,HES1

0016049 0.00064 cell growth BCL2,EMP1,NUPR1,TGFBR3,WFDC1
0030856 0.00065 regulation of epithelial cell 

differentiation
BCL2,HES1,YAP1

0014009 0.00070 glial cell proliferation GFAP,HES1
0035265 0.00072 organ growth BCL2,TGFBR3,YAP1
0045595 0.00075 regulation of cell 

differentiation
ASXL2,BCL2,CXCR4,GFAP,HES1,SMAD9,TGFBR3,Y
AP1

0009628 0.00084 response to abiotic stimulus BCL2,CXCR4,GMPR,SMAD9,SPARC,TGFBR3,YAP1

0048713 0.00085 regulation of oligodendrocyte
differentiation

CXCR4,HES1

keggid kegg_name p q genes

hsa04141 Protein processing in 
endoplasmic reticulum

0.0017 0.3285 FBXO2,MAP3K5
,
BCL2

hsa05014 Amyotrophic lateral 
sclerosis (ALS)

0.0029 0.3285 MAP3K5,BCL2

hsa04722 Neurotrophin signaling 
pathway

0.0151 1.0000 MAP3K5,BCL2

hsa04950 Maturity onset diabetes 
of the young

0.0377 1.0000 HES1

KEGG pathway analysis of the AD gene signature
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AD-associated metabolic pathways

Metabolic pathways are significantly over-represented in several datasets  
(red:p,q < 0.05)

dataset Literature dataset_description kegg_name p FDR

GSE36980 Hokama et al., 2012 hippocampus Glycolysis / Gluconeogenesis 0.09 0.27

GSE43326 Kondo et al., 2013 iPSC AD model fAD: APP Glycolysis / Gluconeogenesis 0.16 0.45

GSE42492 Hossini et al., 2015 iPSC AD model LOAD, sAD Glycolysis / Gluconeogenesis 1 1

GSE28146 Blalock et al., 2011 hippocampus Citrate cycle (TCA cycle) 0.18 0.65

GSE36980 Hokama et al., 2012 hippocampus Citrate cycle (TCA cycle) 1.20E-05 4.50E-04

GSE42492 Hossini et al., 2015 iPSC AD model LOAD, sAD Citrate cycle (TCA cycle) 1 1

GSE28146 Blalock et al., 2011 hippocampus Oxidative phosphorylation 0.03 0.2

GSE36980 Hokama et al., 2012 hippocampus Oxidative phosphorylation 1.20E-06 6.90E-05

GSE42492 Hossini et al., 2015 iPSC AD model LOAD, sAD Oxidative phosphorylation 0.65 1

GSE36980 Hokama et al., 2012 hippocampus Insulin signaling pathway 1.20E-05 4.50E-04

GSE43326 Kondo et al., 2013 iPSC AD model fAD: APP Insulin signaling pathway 2.20E-04 7.30E-03

GSE42492 Hossini et al., 2015 iPSC AD model LOAD, sAD Insulin signaling pathway 0.67 1



25Geneva, 6. February 2015

Metabolic Stability Theory of Aging

The capacity of a cell to maintain production rates of ROS within certain bounds 
(ROS homeostasis)

may play a critical role in preventing damage to the cell and hence 
promote healthy aging
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Summary

• Research on AD should expand beyond the focus on β-amyloid plaques and 
should embrace inflammatory and metabolic processes. 

• We should embrace aging research and central mechanisms that promote 
healthy lifespan.

• A paradigm shift towards human-based, rather than animal-based research is 
paramount in view of the increasing prevalence of AD.

• Human induced pluripotent stem cell derived in vitro models, coupled with high-
throughput (‘omics’) readouts, computational models, together with data obtained 
from meta-analysis of epidemiological and interventional studies, are among the 
ideal tools needed for elucidating etiopathological aspects of AD.

CAUTION!
• iPSC-based in vitro models are still “work in progress”

• How do we study LOAD based on a few months of “disease in a dish”
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