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Abstract

Backgrounds / objectives:

Genome-wide association study (GWAS), which is an exploratory approach without a priori
hypothesis, has succeeded in the identification of a number of loci responsible for
phenotypic/disease traits. In most cases, however, the associated loci indicate chromosomal
positions and may not necessarily provide direct evidence for relating to genes. To elucidate
pathohysiological mechanisms, we need to pinpoint the causal genes by linking positional
information to functional information. We therefore performed a combination of approaches, i.e.,

“fine mapping” via positional and functional approach in the present study.

Methods / design:

1) Identification of loci responsible for diabetes and metabolic syndrome in humans

In reference to GWAS meta-analysis data for Europeans and east Asians, we performed in-depth
examination of novel and/or reported association signals in our Japanese GWAS data. For the
promising association signals thus picked up, we attempted to validate disease association in a
large-scale replication panel consisting of >5,000 subjects each for cases and controls of Japanese

ancestry.

2) Trans-ethnic fine-mapping
By utilizing the overlapping of linkage disequilibrium information among different ethnic groups
(Europeans, east and south Asians, and Africans), we attempted to reduce the size of chromosomal

regions showing significant association.

3) Functional fine-mapping using microarray and other in vivo experiments

In the animal model of metabolic syndrome (SHR: spontaneously hypertensive rat), we performed
dietary intervention and subsequent DNA microarray analysis to investigate genes with mRNA
expression changes. Moreover, we developed know-out and/or transgenic mice for CDKAL1 (a
candidate for type 2 diabetes) and CETP (a candidate for lipid metabolism and coronary artery
disease) to clarify the biological relevance of target genes identified in GWAS.

Results / conclusions:
1) Identification of loci responsible for diabetes and metabolic syndrome in humans
A total of >96 loci have been identified to be associated with metabolic diseases/ traits in the

present GWASs and/or GWAS meta-analyses as shown below.

Nearby genes at the loci identified and validated by GWAS

Diseases/ traits No. of loci ) ] ]
(genes in bold letter overlapped between >1 diseases/ traits)
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GLIS3, PEPD, FITM2-R3HDML-HNF4A, KCNK16, MAEA,

Type 2 diabetes 15 GCC1-PAX4, PSMDe6, ZFAND3, GRB14, ST6GAL1, VPS26A,
HMG20A, AP3S2, MC4R, FTO
CDKAL1, KLF9, SEC16B, BDNF, FTO, MC4R, GIPR,
. ADCY3-DNAJC27, MAP2K5, PCSK1, GP2, GNPDA2, TFAP2B,
Obesity * BMI 18
TMEM18, MTCH2, BCDIN3D-FAIMZ2, SH2B1-ATP2A1,
KCTD15
. ATP2B1, NT5C2, CYP17A1, FGF5, MAP4, NPR3, CYP11B2,
Hypertension *
14 ACE, AGT, ST7L-CAPZA1, FIGN-GRB14, ENPEP, TBX3,
blood pressure
ALDH2
ANGPTL3, SORT1, APOB, AFF1, HMGCR, BAZ1B_MLXIPL,
Lipid 18 KLF14, ABCA1, ABO, CETP, LDLR, APOE, LPL, LIPC, GCKR,
BUD13-APOA1-A5, LCAT, LIPG
Coronary artery
. 4 BRAP, ALDH2, HLA-DQB1, CDKN2A/B
disease
) MTX1-GBA, PAX8, MECOM, UNCX, MPPED2-DCDC5,
Renal function 12 ]
C120rf51, WDR72, BCAS3, GNAS, MHC region, ALDH2, MAF
Uric acid 6 GCKR, SLC2A9, ABCG2, LRRC16A, SLC17A1-A3, SLC22A12
. . WDR11-FGFR2, CDH13, ADIPOQ, PEPD, CMIP, ZNF664,
Adiponectin 7
GPR109A
Drinking
] 2 ALDH2, ADH1B
behavior

Through GWASs and/or GWAS meta-analyses, we identified disease/ trait associations not only in

east Asians (including Japanese) but also in other ethnic groups (including south Asians), with

some loci being overlapped across different ethnic groups.

2) Trans-ethnic fine-mapping

For trans-ethnic fine mapping, we developed the “partition & filter” method and made

collaborative efforts with British and Singapore groups, in particular, on fine-mapping of

susceptibility loci for type 2 diabetes.

Our systematic approach for integrating the results from multiple ethnic groups consists of two

parts—“partitioning” and “filtering”. First, in each population (or ethnic group), we extract a list of

SNPs that individually represent an independent association signal after the process of

partitioning. We then filter SNPs that have survived the step of partitioning, using trans-ethnic

diversity (or similarity) in association signals among multiple populations (e.g., Japanese, Sri

Lankans and Europeans). We applied this “partition & filter” method for positional fine-mapping

of type 2 diabetes and BMI associations at the FTO locus and succeeded in reducing the number of

potential causal variants to 25, which is the smallest in number among the studies reported to

date.

3) Functional fine-mapping using microarray and other in vivo experiments

We found usefulness of transferring findings in rats to humans for functional fine-mapping of lipid

loci identified via human GWAS. For this, we performed high-fat-diet intervention on the
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spontaneously hypertensive rat (SHR), an animal model of metabolic syndrome, and subjected
mRNA extracted from the liver and adipose tissues of SHR to microarray analysis involving 44K
gene probes. A total of 33 genes (derived from 28 unique loci) were thus detected to be
differentially expressed after the dietary intervention, which are likely to constitute causal genes
at the lipid-associated loci identified by GWAS. Among such genes differentially expressed in the
liver of SHR, there was a novel (and previously-unnoticed) promising candidate gene, Stac3. We
are currently examining its biological relevance to lipid metabolism.

In the knockout (KO) mice for CDKALI1, we observed reduced insulin secretion and increased
insulin sensitivity, both of which appeared to be contradictory from the viewpoint of blood glucose
homeostasis. The CDKAL1 KO-mice turned out to develop prominent diabetes after a 5-month of
high fat intervention, confirming that CDKAL]1 is among the causal genes at the loci identified by
GWAS for type 2 diabetes. Also, in the transgenic rats developed for CETP, we observed a series of
metabolic changes including increased triglycerides and decreased cholesterol in the blood, as well
as progression of fatty liver and hypertension. These phenotypic changes are in good agreement

with pleiotropy regarding metabolic syndrome in humans.
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