Genetic heterogeneity in Alzheimer's disease derived from five brain regions
suggest new counteractions
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Introduction

Alzheimer’s disease (AD) is a leading neurodegenerative disorder and one of the most

Table 1. Microarray datasets used in the present study AD datasets are from five brain
regions, entorhinal cortex (EC), hippocampus (HC), medial temporal gyrus (MTQG),
posterior cingulate (PC), and superior frontal gyrus (SFG), and T2D datasets from four
tissues, pancreatic islets, blood, liver, and skeletal muscle. PCA refers to principal

challenging health problems of the 21st century. It is characterized by the progressive impairment of ~ components analysis.

cognition and other mental functions. The implementation of personalized medicine in the prevention N Original dataset Dataset used in study Re
of AD depends on understanding subtypes of AD. Recent reports suggest that the diagnosis of the ame T DEAYSCor size PCA score clerence
clinical onset of AD may be brain-region specific. Here, in order to clarify possible regional AD-EC 10 vs. 13 0.71 9vs. 11 091
differences in functional abnormalities in AD affected brain, we studied public gene expression AD-HC 10vs. 13 0.88 8 vs. 10 1.00
microarray data from five brain regions — entorhinal cortex (EC), hippocampus (HC), medial AD-MTG 16 vs. 12 0.97 14 vs. 11 1.00 [2]
temporal gyrus (MTG), posterior cingulate (PC), and superior frontal gyrus (SFG) — of AD patients AD-PC 9vs. 13 0-91' 9 vs. 10 0.95
and controls (Table 1). Methods of differential expression genes (DEG), gene set enrichment analysis T/;g-S'FlG 236 V5'712 0'000(2“5‘1"‘1) lj V5'48 113(()) 3
. . . g - 1slets VS. s Vs. .
(GSEA) [1], miRNA analysis, and gene-gene interaction networks (GGNs), constructed from T2D- liver 10vs. 7 0.00 (failed) 5 vs 5 070 [4}
interacting differentially co-expressed (IDCE) gene pairs, were used in this study. T2D- blood 8 vs.8 075 5vsS 1.00 [5]
T2D-muscle 10 vs.15 0.00 (failed) 6vs. 11 0.77 [6]
Results T2D-Glomeruli 9 vs. 13 091 - - [7]
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Figure 1. Association between region-specific AD and tissue-specific T2D genomic data Left panel, AD vs. e L L. TY{OSf 18 fyf HHXD
T2D overlap matrix of DEG sets, selected using LIMMA with q <0.05 for T2D and q<0.001 for AD. Right hsa05220-Chronic myeloid leukemia tenp I IS @I LINE
panel, matrix of GSEA enrichment scores (correlation 7). Both results indicate high islets/T2D-AD, especially R ot signaling pattway [
HC, association. Abbreviations: EC, entorhinal cortex; HC: hippocampus; MTG, medial temporal gyrus; PC, hsa046625 cel receptor signaing peiiway
posterior cingulate; SFG, superior frontal gyrus; M, muscle; IS, islets; B, blood; L, liver; G, Glomeruli P 08130 Patogene Bathatra Ro oo
(kidney); U, upregulated DEG; D, downregulated DEG. o 5 o o -
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Figure 3. Heterogeneity in regional AD sub-GGNs related the KEGG Escherichia coli infection pathway (hsa05130) The sub-GGNss are for the (a) entorhinal cortex (HC), (b) hippocampus (HC), and (c)
medial temporal gyrus (MTG) regions. In each sub-network, rectangle boxes are hits in the E. coli infection pathway. Hits given in blue letters are also DEGs, all of which were down-regulated (¢-score < 0).
Links indicate interactions between proteins encoded by linked genes; red/green indicate gain/loss of co-expression pairing. Thickness of link is proportional to the linear regression of the linked pair.

+1 Summary

g 21 H xx xx H - ﬂ sets1 Among the DEGs of five region-specific AD and four tissue-specific microarray gene

g oA |_|I_I ] ,_\ ,_‘I_Il_\ [ JHesmo expression datasets, the up-regulated islet/T2D and down-regulated HC/AD DEGs had significant

= —1] |_| |_| * I_I |_| I_’ |_| [Clistetsr2o overlap, and this was corroborated in GSEA analysis. Classes of enriched pathways differed intra-

= 29 regionally in AD. For instance, cancer pathways were seen to be highly enriched in PC and SFG,
but were absent in HC, EC and MTG. Some pathways, including proteasome and E. coli infection,

P\?Oe e QP\(‘}Q\ g\xo@ o 1 \\“g?" vxpﬂ'b?%ev\\ ?,5@\\'7‘ were enriched in at least four regions. Details of enrichment tended to be region 'speciﬁc. Thf:re
Gene hits were also common features, e.g., TUBB, YWHAZ and TUBA4A were hub genes in the E. coli

infection sub-GGNs for HC, EC and MTG. The five known AD target genes, APP, MAPT, PSEN1,
PSEN2 and BACE1, were significant in HC/AD, but not in islets/T2D, as was, surprisingly, the
known T2D target /RS2. Our results highlighted the heterogeneity of AD in the five brain regions,

and indicated a possible AD-T2D connection. These may be useful in devising strategies for the
early detection of AD as well as T2D.

Figure 4. Difference in HC/AD versus islets/T2D expressions of biomarkers A(-log;o(FDR)) refers
to the difference between the -logio(FDR) value of the DEG and the threshold value (-logio(FDRo) =2),
where FDR is the false discovery rate. Symbols: *, FDR <0.05; **, FDR<0.01; *** FDR<0.001. APP,
MAPT, PSENI, PSEN2 and BACEI, are known AD targets, and the other three, hsa-mir-29a (CFH), hsa-
mir-195 (/RS2), and hsa-mir-29a (NAV3), known miRNA-targets.
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