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GENOME-WIDE ASSOCIATION STUDIES IN NEPHROLOGY:
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ABSTRACT

Genome-wide association studies (GWAS) have emerged
as a novel and powerful genotyping technique to identify risk vari-
ants for complex traits.

The objective of this article is to provide an overview of
GWAS and summarize the recent discoveries identified by GWAS
for various kidney diseases.

The human genome project is a coordinated internation-
al work that led to the consensus sequence of the genome. In
2001. The draft sequence of the human genome was published
in Science and Nature. According to Francis Collins "As striking
as these images were, they could be seen as more art than sci-
ence, because genome-wide sequencing had yet to be applied
to individuals for medical purposes" (Collins 2011 )'. A year later,
the International HapMap Project, which aims to catalog common
genetic variations in humans was initiated. In 2005, millions of
single nucleotide polymorph isms (SNPs) were deposited in SNP
database (dbSNP) through the National Center for Biotechnology
Information. Also in 2005, high-throughput genotyping technolo-
gies were developed. These advances in genomics set the stage
of the year of GWAS in 2007. Furthermore, whole genome re-
sequencing of 1,000 individuals was initiated in 2008. In 2011, the
Pan-Asian Population Genomes was initiated.

We must therefore find out the answers to the following
questions: What is GWAS? What's in it for me? Has the revolution
arrived or are we there yet? What are the challenges ahead, and
what have we learned?
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GWAS is defined by the National Institutes of Health
as a study of common genetic variation across the entire
human genome designed to identify genetic associations
with observable traits or the presence or absence of a
disease or condition.' To date, 1,355 publications are
listed in the National Human Genome Research Institute
catalog reporting the association of more than 7,000 SNPs
with 710 complex traits (Hindorff et al. 2009V

Wang and colleagues" defined GWAS as an approach
used in genetics research to look for association between
large numbers of specific genetic variations (most
commonly SNPs) and particular disease. GWAS explores
between 100,000 to 1 million SNPs simultaneously for
disease association. SNPs are the most common form of
genetic variations and it occurs in about I in every 1,000
bases (O'Seaghdha et al. 2012).5 Nearly 12 million human
SNPs have been assigned a reference SNP (rs) number
in the dbSNP database, and characterized as to specific
alleles (Chakravarti 2001; Pearson et al. 2010).6.7

Approaches to gene association studies to complex
diseases include candidate gene and GWAS. Candidate
gene approach focuses on a few specified genes of interest;
variant is chosen based on known or suspected biology,
it is hypothesis driven, and is relatively inexpensive.
On the other hand, GWAS scan the entire genome for
common genetic variation and is non-hypothesis driven.
The cost is approximately USD $500 per individual for
500,000 genotypes.

Steps to conduct GWAS can be divided into four
parts: First, selection of participants with the disease or
trait of interest and a control group. Here, some form
of matching is required such as age, sex, and ethnicity
matched. Second, isolation of genomic DNA from
peripheral blood, SNP genotyping and data review. Pre-
designed chips are currently used for SNP genotyping
and the two main players are Affymetrix and Illumina.
The design of these chips relied on the HapMap Project
involving four populations: Caucasians, Yoruba, Han
Chinese, and Japanese individuals. Next, are statistical
tests for associations between the SNPs passing quality
thresholds (e.g. p:S5x10.8) and the observable trait. Next
is repl ication of identified associations in an independent
population sample.

Replication studies lead to any combination of three
results: the identified loci show clear and unequivocal
association with disease; the identified loci may show no
association; the identified loci can show an association
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with disease but is not significant to pass a statistical
threshold (Hardy et al. 2009).8
. There are a few caveats to remember: SNPs identified

in.association studies are not causing disease themselves,
but are merely markers of correlated causal variants;
strong association (high odds ratio and low p-values) does
not guarantee effective discrimination between cases and
controls; independent replication cohorts are needed to
determine true association (Hardy et al. 2009).8

What's in it for me?
GWAS can extend our current understanding about

physiologic and pathophysiologic processes. GWAS carry
the potential to identify mechanisms of disease. It can
identify potential drug targets. It offers the potential for
gene discovery; and it identifies novel disease-associated
loci (Kottgen 2010; Li et al. 20 13).9,10 Overall, the
identification of susceptibility variants can point towards
novel biological insights and important pathways, which
can lead to clinical advances and new approaches to
prevent, diagnose, and treat diseases (McCarthy et al.
2008).11

Table 1 shows published GWAS in nephrology such
as kidney stones, IgA nephropathy, renal cell carcinoma
(RCC), diabetic nephropathy, albuminuria, chronic
kidney diseas~ (CKD), end-stage renal disease (ESRD),
decreased estimated glomerular filtration rate (eGFR),
hypertension, as well as renal function-related traits.

A. Kidney stones

For instance, genomic region identified in GWAS of
kidney stones is claudin 14 (CLDNI4) with rs219778.
Individuals carrying the risk allele have 1.25 times higher
risk of having kidney stones compared to non-carriers.
CLDN 14 is expressed in the kidney where it contributes
to the regulation of paracellular permeability at epithelial
tight junctions. Risk variants were also found to associate
with decreased bone mineral density at the hip and spine."

B. IgA nephropathy

One of the earliest GWAS papers in nephrology was
published in 2005 by Ohtsubo and colleagues." Results
showed that individuals carrying the risk allele have 1.85
times higher propensity of developing IgA nephropathy
compared to non-carriers, However, the variants in
immunoglobulin 11 binding protein 2 (IGHMBP2)
rs22759996 and IgA nephropathy were not replicated
in a study among individuals of Chinese and European
ancestry (Lou et al. 20 I0). 14
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C. Renal cell carcinoma

Genomic regions identified in GWAS on RCC are
endothelial PAS domain protein I (EPASl) rs11894252,
and scavenger receptor class B (SCARBl) rs4765623
with odds ratio of l.l4 and l.l5, respectively. Together
with patient demographics and established risk factors,
the overall p-values are 1.7 x 10.8 and 2.6 x 1O-8Y

D, Diabetic nephropathy

Several loci associated with diabetic nephropathy
identified from GWAS are cysteinyl-transfer-RNA
synthetase (CARS) rs451041, and FERM domain
containing protein 3 (FRMD3) rs1888747 located in
chromosome 11 and 9, respectively.tv'? Note that these
studies have been replicated in other ethnic populations,
To investigate whether these genes are involved in the
development of diabetic nephropathy, Pezzolesi and
colleagues examined the gene expression profile in four
cell lines that have been implicated in the pathogenesis of
kidney complications such as endothelial cells from the
iliac artery, adult dermal fibroblasts, mesangial cells, and
epithelial cells from proximal tubules." Data showed that
both CARS and FRMD3 were expressed in all cell lines
using quantitative real time PCR.

Other loci associated with DM nephropathy
identified from GWAS are acetyl-coenzyme A
carboxylase (ACACB) rs2268388, engulfment and cell
motility (ELMOl) rs741301, and plasmacytoma variant
translocation (PVTl) rs2648875.16.21 These studies have
also been replicated in other ethnic populations. To
investigate the functional role of ACACB SNP, Maeda
and colleagues examined the effects of a short DNA
fragment containing the associated SNP on transcriptional
activity in human renal proximal tubular epithelial cells
(hRPTECs).17 The authors hypothesized that increased
expression of the encoded ACACB contributes to the
development of DM nephropathy. Results showed that
ACACB susceptibility (T) allele had significant enhancer
activity in cultured hRPTECs compared to the promoter
alone or the major C allele by luciferase assay.

E. Albuminuria

Independent replication of loci associated with
albuminuria is cubulin (CUBN) rs1801239 located in
chromosome 10. Individuals carrying the risk allele have
2.4 times higher propensity of developing albuminuria
compared with non-carriers (Bog' et al. 2011).22
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F. Chronic kidney disease

Several loci associated with CKD identified from
GWAS are methenyltetrahydrofolate synthetase (MTHFS)
rs6495446, and protein kinase AMP activated gamma 2
(PRKAG2) rs7805747.23-26The odds ratio is 1.24 and 1.9,
respectively. Another locus associated with CKD identified
from GWAS is uromodulin (UMOD) rsI2917707. It has
been reported that UMOD (CIT) rs4293393 and elevated
urinary uromodulin concentrations increased the ten-year
risk ofCKD by over 70%.25-27

G. End-stage renal disease

Using mapping by admixture linkage disequilibrium
and GWAS, both approaches were able to identify
myosin heavy chain gene 9 (MYH9) rs4821481
to be associated with ESRD and increasing risk of
hypertensive nephrosclerosis (HTN) and focal segmental
glomerulosclerosis. In addition, variants in the adjacent
apolipoprotein Ll (APOLl) gene were found to have
an even stronger statistical association with ESRD than
those of MYH9 geneY-29

H. Decreased estimated glomelular filtration rate

Independent replication of loci associated with
decreased eGFR is potassium voltage gated channel
(KCNQ 1) rs7111394. 30Individuals carrying the risk allele
for potassium voltage gated channel have 1.07 times
greater propensity of decreased eGFR. To investigate the
functional role of KCNQ 1, the gene was knocked down in
zebrafish embryos by synthetic antisense oligonucleotides.
KCNQl knockdown caused abnormalities in glomerular
gene expression in the injected embryos as shown by the
global kidney marker pax2. Assessment of the podocyte
markers and nephrin revealed similar glomerular specific
effects. Tubular markers showed no significant changes.
This means that when the KCNQ 1 gene is knocked down,
portions of the glomerulus are not expressed and hence a
decrease in GFR.

I. Blood pressure and hypertension susceptibility genes

Blood pressure and hypertension susceptibility genes
identified by GWAS have been reported among various
ethnic populations. Some of these studies have been
replicated, while others still await replication. Among
Han Chinese, hypertension susceptibility genes confirmed
by gene expression analysis include IGFl, SLC4A4, and
WWOX. These genes were previously implicated as
hypertension candidate genes and are associated with

obesity, glucose metabolism, and ion homeostasis as well
(Yang et al. 2012).31

1. Kidney function-related traits in East Asians

A meta-analysis identifies multiple loci associated
with kidney function related traits in East Asians." The
ones with the strongest signals are GNAS, MHC region,
and MAF. Some questions come to mind.

Has the revolution arrived?
GWAS opened new frontiers in the understanding of

the genetic basis of disease susceptibility by facilitating
the discovery of risk variants. GWAS unlocked the
door to significant improvements in complex diseases.
However, the ability to make meaningful predictions is
still quite limited. GWAS requires fine mapping as well
as functional studies for definitive identification of the
causal variants. Indeed, much work remains to be done
in order to complete the inventory of the susceptibility
variants at each locus that contribute to disease risk
and to define mechanisms through which these variants
operate.8,11,33,34,35

What are the challenges ahead?
For basic research, further fine mapping of the

genomic regions, sequencing of candidate genes,
proteomics to determine function of gene products, study
of biologic pathways, animal studies including knockout
models should be done. For clinical research, there is a
need for further evaluation of the genetic marker as a
predictor of disease. Moreover, extremely large samples
for both cases and controls are required. It is also
important to validate and confirm the initial findings from
GWAS through follow-up studies and meta-analysis. Rare
variants are poorly captured by GWAS arrays, however,
this can be addressed by whole genome or exome
sequencing using next generation sequencing platforms.
Data storage is overwhelmingly large that standard
computational tools are not able to cope. Typically in
order of gigabytes: 1 high definition movie would require
4 gigabytes, for one human genome sequence, it will
require at least one terabyte. The expected storage for
health research by 2014 is estimated to be 5 petabytes.
There are ethical, legal, and social issues as well. And then
personalized medicine based on genetic profile (Drawz et
al. 2010; Chen et al. 2013; Chen et al. 2012).36,37,38

In summary, GWAS represent the first step in
understanding of biological mechanisms and carry the
potential to open up new avenues to diagnose and treat
kidney diseases. GWAS of kidney diseases have provided
novel' insights into genomic loci for kidney stones, IgA
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nephropathy, RCC, diabetic nephropathy, albuminuria,
CKD, ESRD, F iN, and kidney function-related traits
as well. GWAS are unbiased screens of the genome for
disease associations and have revolutionized the study
of complex traits. Multidisciplinary research teams and
collaborative consortia are required to follow up GWAS
signals to identify underlying causal variants. Finally,
GWAS require fine mapping and functional studies for
definitive identification of the causal variants.
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