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this will only be achieved if we are able to more precisely 
phenotype IgAN populations.  Facts from East and West:  
The reported prevalence of IgAN is higher in Asia than in Eu-
rope and North America. However, differences in use of bi-
opsy for the diagnosis of IgAN should be taken into account 
in analysing data from both East and West. In Europe, IgAN 
affects men more frequently than women; this is not the case 
in Asia. Familial IgAN has been more frequently reported in 
Europe than in Asia. Within Europe, familial IgAN is more ev-
ident in southern than in northern populations. Changes in 
the pattern of serum IgA1  O -glycosylation is a common find-
ing in IgAN patients in the East and West. SNPs within the 
gene coding for the enzyme  C1GALT1  have been reported in 
Chinese and European patients. However, there is no evi-
dence for a role of gene polymorphism of the C1GALT1 
chaperone cosmc in Europeans. Genetic variants in the HLA 
gene family have been observed in populations from the 
East and West. Associations between IgAN and variants of 
the TAP1/PSMB and DEFA genes were observed in Asian but 
not in Western patients. Association with the angiotensin-
converting enzyme gene was seen only in Asian patients. 

 © 2015 S. Karger AG, Basel 
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 Abstract 

  Background:  IgA nephropathy (IgAN) is the commonest pri-
mary glomerulonephritis worldwide and a significant cause 
of chronic kidney disease and end-stage renal disease. It is 
widely accepted that genetic factors play a role in the patho-
genesis of IgAN. However, the identity of these genetic fac-
tors remains uncertain.  Summary:  Critical to all genetic stud-
ies is a precise phenotypic definition of the disease. It is well 
recognised that IgAN displays striking phenotypic variation, 
raising the possibility that it may not be a single disease and 
it may not be the same disease in different parts of the world. 
In this review, we discuss the challenges that this phenotyp-
ic variation poses to interpreting genetic data and the cur-
rent evidence for specific gene involvement in IgAN, focus-
ing particularly on data from European IgAN cohorts.  Key 

Messages:  With advances in genetic techniques, in particu-
lar next-generation sequencing, and an increased under-
standing of the importance of copy number variations, epi-
genetics and transcriptomics, it is likely that we will gain a 
greater understanding of the genetic basis for IgAN. How-
ever, due to the lack of consistency in epidemiological clini-
copathological studies both within and between continents, 
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 Introduction 

 Soon after the first description of IgA nephropathy 
(IgAN) in 1968, interest developed in the possibility that 
genetic factors played a role in the pathogenesis of this 
common glomerular disease, and data addressing this is-
sue have been published since the 1970s.

  In this review, we will discuss the rather slow progress 
made in the analysis of the genetics of IgAN over the last 
40 years, with particular focus on data derived from pop-
ulations of European origin. We will consider some of the 
reasons why that progress has been slower than initially 
hoped, we will review critically the strengths and limita-
tions of the currently available data, and make recom-
mendations for the future directions of these studies.

  Progress in Genetic Techniques 

 A succession of genetic techniques has been available 
for the study of the genetic associations with disease over 
the last 40 years. The strengths and limitations of each 
successive new technique have not always been well un-
derstood by nephrologists who are not trained in this 
field. As a consequence, there has typically been a cycle of 
overoptimism in the strength of each technique, followed 
by overinterpretation of available data and false conclu-
sions, followed by disappointment and negativity. Real-
ism about strengths and limitations of the methods and 
the consequent data is required.

  Challenges in the Genetic Analysis of IgAN 

 Genetic techniques which have been applied in the 
study of IgAN use either a family-based approach or a 
population-based approach. Family-based approaches 
have mainly used family aggregation studies or whole-
genome linkage. Population-based approaches have 
mainly used candidate gene association studies and, more 
recently, genome-wide case control association studies 
(GWAS). It is also important to appreciate that that there 
are features of IgAN that make it harder for genetic anal-
ysis to be informative.

  Is IgAN a Single Disease? 
 The definition of IgAN is apparently straightforward: 

the single finding of diffuse mesangial IgA deposition. 
But the phenotype variations are striking. These include 
variations in clinical presentation and progression, varia-

tions in renal histopathology (although defined by me-
sangial IgA, a wide range of glomerular and interstitial 
injury can ensue), variations in transplant recurrence, 
and variations in apparent geographical incidence  [1] . 
While there are unifying explanations which can draw 
these together, it must still be accepted that there is no 
proof that the entity we currently call IgAN is a single 
‘disease’ (using the term ‘disease’ in its conventional sense 
of a single entity sharing aetiological factors and patho-
genic processes). There is also no proof that IgAN is the 
same ‘disease’ in all parts of the world. This uncertainty 
has implications for our understanding of the genetic ba-
sis for the disease.

  The Problem of Phenotyping 
 Any genetic analysis investigating associations be-

tween inherited factors and disease risk is built on the pre-
sumption that the disease, in this case IgAN, can be iden-
tified with certainty in all study subjects, and equally im-
portantly, that the absence of IgAN can be identified with 
confidence in subjects included in a control study popula-
tion. Since the definition of IgAN requires the identifica-
tion of mesangial IgA deposits, all subjects with IgAN will 
have undergone renal biopsy, and disease identification 
would appear to be straightforward. Inevitably all such pa-
tients will have had clinically identifiable kidney disease at 
the time of renal biopsy, although in many it may have 
been asymptomatic, identified for example by routine 
urine testing. However it is also necessary to be confident 
that cohorts designated as controls are indeed disease free. 
It is known that a significant proportion of the general 
population have mesangial IgA deposition (identified in 
autopsies  [2]  and also in living kidney donors  [3] ) yet have 
never had clinically detected kidney disease. We know 
that clinically mild IgAN may become clinically undetect-
able during follow-up  [4] ; it is therefore impossible in the 
absence of a biopsy to know whether individuals identi-
fied as healthy controls for these studies are indeed free of 
IgA deposition. Whether mesangial IgA in the absence of 
clinically evident kidney disease can be considered as 
IgAN is an unresolved semantic discussion, but it has to 
be recognised that such individuals have probably been 
included in control cohorts in all genetic studies in IgAN.

  The proper identification of those with IgAN in fam-
ily studies presents additional important challenges. 
When IgAN has been identified by renal biopsy in one 
family member it is common that the presence or absence 
of IgAN in other family members is deduced without a 
biopsy from the presence or absence of any urine abnor-
mality (haematuria with or without proteinuria) or other 
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features of kidney disease. This is an unsatisfactory ap-
proach to ascertainment since there are other glomerular 
causes of haematuria. In particular, thin membrane ne-
phropathy (TMN), which also typically presents with 
non-visible haematuria and can co-segregate with IgAN 
in some families  [5] . It is perfectly possible that among 
those families identified as having IgAN on the basis of 
urinalysis alone there will be individuals with TMN but 
without IgAN. Furthermore, not all family studies have 
included electron microscopy (EM) in the analysis of 
those who have been biopsied, meaning it is not possible 
to define with confidence the contribution of co-existing 
TMN (which can only be identified by EM). Since TMN 
is known to be associated with modifications in basement 
membrane collagen genes, an accurate understanding of 
the distribution of TMN within any IgAN cohort is re-
quired for informed analysis of genetic associations.

  The assembly of cohorts of IgAN for genetic analysis 
is typically achieved by case ascertainment through renal 
biopsy or clinical databases searched for IgAN. To assem-
ble sufficient cases, some of those included will often have 
been biopsied several years before study recruitment. Co-
horts will include those with ESRD at one extreme, and at 
the other extreme those whose only clinical manifestation 
is minor urine abnormality (how minor will depend on 
each nephrologist’s attitude to renal biopsy in such pa-
tients). Patients included in published genetic analyses of 
IgAN therefore include those with IgAN who have pro-
gressed to ESRD, and have done so at very different rates, 
those who have no evidence of disease progression at re-
cruitment, and never will progress, as well as those who 
have not progressed yet but will do so in the future. If, as 
seems probable, genetic factors are an important influ-
ence on the risk and rate of progressive renal failure in 
IgAN, the mixing of variable progression risk in any co-
hort may be a significant confounder for genetic analysis. 
No published genetic study in European patients or any 
other population in IgAN has yet included sufficient phe-
notypic analysis to identify progressors and non-progres-
sors, and this is a challenge given the slow rate of progres-
sion which is characteristic of IgAN. 

  Are ‘Genetic Factors’ Important in IgAN? 

 Given these ascertainment and recruitment issues, 
what is the current evidence that IgAN has a genetic ba-
sis? There are several strands of evidence which build the 
case that genetic factors are indeed an important influ-
ence on pathogenesis of IgAN.

  Varying Prevalence of IgAN in Different Ethnic 
Groups 
 The original descriptions of IgAN were all in patients 

of European origin, initially in France  [6]  then in Austra-
lia, United States, and soon followed by studies from UK, 
Germany, Italy and Spain. IgAN became accepted as one 
of the commonest patterns of glomerular disease especial-
ly in younger males. By the 1980s, evidence emerged that 
IgAN may be even more common in North and East 
Asians than in European populations and is epidemiolog-
ically distinct, most notably in its equal distribution be-
tween genders in Asians  [7] , contrasted with the marked 
male dominance in Europeans. Caution may therefore be 
required when considering the relevance of genetic obser-
vations in Asians compared to European populations. 
And attention must be paid to the relevance of differences 
in ethnicity within the large cohorts used in GWAS.

  More recently, the geographical variations in IgAN 
have been more carefully defined and show a west-to-east 
gradient from Africa, both in disease incidence and in 
distribution of currently understood risk alleles  [8] . How-
ever, it has also been known for some time that even with-
in Europe there are important variations, between north 
and south. IgAN appears to be more common in Mediter-
ranean Europe  [9] . It has always been debated whether 
these and other apparent differences in prevalence repre-
sent true differences in incidence or may be influenced by 
variations in the use of renal biopsy. Data from Scotland 
favour the latter, showing that in two centres only 100 km 
apart, there was a 70% difference in the incidence of IgAN 
which was associated with a marked increase in the num-
ber of renal biopsies per year  [10] , implying that increas-
ing the range of people subjected to renal biopsy, presum-
ably typically with minor urine abnormalities, will in-
crease the identification of IgAN. Data from other 
registries across Europe also show an increase in the re-
ported incidence of IgAN as the biopsy rate increases.

  Increased Risk of IgAN in Relatives of Patients 
 A second reason for considering genetic factors to be 

of importance in IgAN is the evidence that there is an in-
creased risk of IgAN in the relatives of probands, particu-
larly in reports from Southern Europe. The prevalence of 
familial IgAN and of urine abnormalities among family 
members of probands was first described in Italy: non-
visible haematuria was identified by systematic screening 
in 24% of relatives of IgAN patients  [11] . The same group 
went on to quantify a 16-fold increased risk of IgAN in 
first-degree relatives  [12] . This has not been confirmed in 
studies from northern Europe.
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  Mendelian Transmission in (Rare) Kindreds 
 Four kindreds have been described in which IgAN is 

extensively represented in patterns suggesting Mendelian 
inheritance. In each case, the pattern is suggestive of auto-
somal dominant inheritance with incomplete penetrance.

  These pedigrees have been extensively studied with the 
presumption that their genetics may be highly informa-
tive about the genetics of ‘typical’ sporadic IgAN. Three 
of these four kindreds are people of European origin – in 
the USA  [13] , in Italy  [14] , and in Canada  [15] . The fourth 
is reported from Lebanon  [16] . The linkages identified in 
these pedigrees are shown in  table 1 .

  The single most striking finding is that genetic linkage 
differs in each of the four kindreds, arguing strongly 
against any generalisability of these findings to sporadic 
IgAN. Furthermore, studying the three novel loci (desig-
nated IGAN1, IGAN2, IGAN3) has identified no likely 
candidate genes. Only the 2q36 locus identified in the Ca-
nadian pedigree genes is potentially informative since it 
contains  COL4A3  and  COL4A4  genes coding for base-
ment membrane collagen, mutations of which are associ-
ated with TMN  [17] .

  All of these pedigrees are beset by the ascertainment 
uncertainties discussed above, since abnormal urinalysis 
has in a considerable number of cases been regarded as 
sufficient evidence of IgAN, and if there has been a renal 
biopsy, EM is infrequently available so that the prevalence 
of coincidental TMN (defined by EM appearances) can-
not be determined.

  Evidence from Population-Based Approaches 
 Candidate Gene Association Studies 
 The yield of data providing robust insights from these 

studies has been disappointingly small. The candidate 
gene approach relies on the identification of candidate 
genes with biological plausibility for relevance to patho-
genesis and the availability of identifiable markers of ge-
netic variations with the candidate gene. A variety of 

techniques have been used, most commonly RFLP (re-
striction fragment length polymorphism) analysis. The 
first candidate gene association studies from the late 
1970s were carried out in European patients, and the first 
Asian study was published in 1984. Since then, more than 
150 such studies of candidate genes in IgAN have now 
been published, almost all in cohorts of fewer than 150 
patients  [18] . It is notable that more than 70% of the pub-
lished reports identify a positive association between a 
candidate gene and IgAN, yet the reproducibility of many 
positive findings in subsequent studies is low. These ob-
servations are suggestive of publication bias, and also may 
in part be explained by the risk of false-positive findings 
in small study populations when data are exposed to mul-
tiple statistical testing. It is now thought that the incon-
sistency of these findings is explained in part by the hap-
lotype block structure of the human genome  [19] .

  Genome-Wide Association Studies 
 Evidence for genetic factors in IgAN comes also from 

genome-wide association case control studies (GWAS). 
GWAS have dominated the approach to genetic disease 
susceptibility across a broad swathe of medicine over the 
last decade  [20] . The principle is to genotype with a large 
number of markers, typically at least 600,000 SNPs (sin-
gle nucleotide polymorphisms), across the genome in cas-
es and controls. GWAS will identify common alleles in a 
population that are present at a different frequency in peo-
ple with disease, based on an assumption that the study 
population is a good representation of the clinical popula-
tion affected by the disease being studied. The strength of 
GWAS is its lack of bias; there are no a priori genomic as-
sumptions. The weakness of GWAS is that areas of the 
genome are identified by SNPs which are associated with 
disease, but this does not precisely define the genes in-
volved. This is an important principle since the discussion 
of disease-associated loci identified by GWAS is too often 
taken to imply that the genes themselves have been proven 

 Table 1.  Reported kindreds with familial IgAN

Country First author [ref.], 
year

Locus associated
with IgAN

Designation Comments

USA Gharavi [13], 2000 6q22-23 IGAN1
Italy Bisceglia [14], 2006 4q26-31

17q12-22
IGAN2
IGAN3

Canada Paterson [15], 2007 2q36 Includes COL4A3, 4A4
Lebanon Karnib [16], 2007 – No linkage to 6q22-23, 2q36, 4q26-31
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to be disease modifiers. GWAS also have potential for false 
signal: well-matched controls are needed, and great preci-
sion is required in the techniques used for DNA isolation 
and genotyping. GWAS are also sensitive to population 
stratification. Care is needed to confirm the uniformity of 
ancestry in any populations studied. For example, the first 
reported GWAS in IgAN was a UK study of 914 patients, 
relatives and controls, all of whom self-identified as being 
of White European ethnicity. Yet, principal component 
analysis identified 10% of the study cohort who had to be 
excluded because of clear evidence of mixed ethnicity in-
volving African or Asian population genetic markers  [21] .

  Three independent GWAS in different populations 
with IgAN have been reported  [21–23] , and recently a 
fourth meta-analysis incorporating the populations from 
all three previous GWAS and including additional popu-
lations from both Europe and Asia  [24] .

  The populations studied and main findings in the four 
published GWAS are summarised in  table 2 . The increas-
ing size of the populations studied has not unexpectedly 
made successive GWAS more informative, providing en-
couraging reproducibility of significant associations, and 
revealing increasing numbers of risk alleles with lesser 
degrees of statistical significance as the study populations 
have increased.

  While European populations have been included in 
three of the four published GWAS, the populations stud-
ied have been dominated by Chinese cohorts. Only 43% 
of patients in the GWAS discovery cohorts are European, 
and only 38% of the replication cohorts. Furthermore 
they have originated from different parts of Europe. In 
the first GWAS, all subjects were resident in the UK, in 
subsequent studies cohorts from northern and southern 
Europe have been included, but in only two of the GWAS 
was there a cohort from the USA. None have yet studied 
people of European origin living elsewhere in the world, 
for example in Australasia or Latin America. While pop-
ulations from different parts of Europe may have relative 
genetic homogeneity, environmental variability may 
confer important variations not identified by genomic 
study. For example, diet and other environmental differ-
ences may modify phenotype independently of genetic 
processes; or such differences may have epigenetic effects 
(see below) modifying gene expression.

  While successive GWAS of increasing size have contin-
ued to identify new risk alleles which are hypothesis-gen-
erating, it is perhaps disappointing that a smaller number 
of higher risk alleles has not emerged. This may in part be 
explained by the issues of phenotypic definition discussed 
earlier. There is a contrast with the analytical power avail-

able when there is a disease definition based on a very 
tightly defined clinicopathological phenotype such as 
membranous nephropathy, in which a remarkably small 
cohort of patients, all of White European origin, yielded in 
GWAS a very strong associative signal with SNPs in only 
two areas of the genome: one in the HLA region on chro-
mosome 6, and the other on chromosome 1 in the region 
where the commonest autoantigen in membranous ne-
phropathy, phospholipase A2 receptor, is coded. It re-
mains to be seen if the power of GWAS will increase sub-
stantially in IgAN when we become better skilled at refin-
ing and restricting its diagnostic and phenotypic categories.

  The strongest associations in the GWAS are with areas 
of the genome associated with a number of immune-me-
diated disorders, notably regions coding for HLA and com-
plement. In all four published IgAN GWAS, the most 
strongly associated risk alleles are multiple alleles within 
the HLA region at chromosome 6p21 ( table 2 ). Another 
risk allele at chromosome 1q32 points to a role for comple-
ment-regulatory proteins. Despite the finding of C3 in 
many biopsies in IgAN, there were few early studies of the 
role of complement in IgAN, in part because IgA was re-
garded as a poor activator of complement. However, inter-
est was refreshed by evidence that engagement of the man-
nose-binding lectin pathway of complement activation 
was implicated in glomerular injury in IgAN  [25] . Now, 
analysis from GWAS has identified associations between 
IgAN SNPs in regions coding complement regulatory pro-
teins, most notably CFRH1/3. Whether genetic variations 
in factor H are indeed implicated in variations in patho-
genic processes in IgAN requires further study.

  The identification of an increased number of other risk 
alleles ( table  2 ) gives the opportunity for clustering of 
these alleles to be sought using the National Human Ge-
nomes Research Institute GWAS catalogue, and by com-
parison with the KEGG (Kyoto Encyclopaedia of Genes 
and Genomes) pathways. This has shown that there is en-
richment of the IgAN GWAS for SNPs implicated in au-
toimmune or inflammatory traits, and furthermore the 
majority of loci associated with IgAN encode proteins 
 implicated in the maintenance of the intestinal barrier 
and regulation of mucosal immune response to patho-
gens  [24] . These interesting observations are hypothesis-
generating but should not yet be taken as proof that ge-
netic variations in these pathways are involved the patho-
genesis of IgAN.

  Finally, there is an increasing interest in copy number 
variations (CNV, loosely defined as a deletion, duplica-
tion or inversion of a DNA sequence longer than 1 kb) as 
a source of genetic variation because CNV could in prin-



 Feehally/Barratt

 

 Kidney Dis 2015;1:33–41 
DOI: 10.1159/000381738

38

ciple account for a significant variation in disease risk 
 [26] . Through innovations in the design and analysis of 
SNP arrays and by progress in determining the genomic 
locations and population-genetic properties of the CNVs 
that segregate in the human population, it is increasingly 
possible to study CNV as an extension of GWAS. Such 
studies are beginning to result in discoveries of both de 
novo and inherited CNV that are associated with risk of 
common disease  [27] . A recent report in Italian patients 
with familial IgAN identified a copy number variable re-
gion at 3p21.1 that influenced toll-like receptor-9 (TLR9) 
expression levels  [28] . Low copy number was associated 
with deterioration of renal function in IgAN. However, 
this study was limited to a small cohort of patients with 
familial IgAN, and it is uncertain at present whether this 
finding has a broader applicability in sporadic IgAN.

  Genetic Influences on Candidate Biomarkers for IgAN 

 In IgAN, there continues to be interest in biomarkers, 
other than conventional measures of renal excretory func-
tion and proteinuria, which may have clinical application. 
The best studied example is the alteration in the  O -glyco-
sylation of serum and mesangial IgA, well described in 
IgAN, and usually regarded as having a significant role in 

the pathogenesis. Altered  O -glycosylation of IgA1 was 
first described in Europeans  [29]  but has since been iden-
tified in all ethnicities studied and has been reported to be 
heritable, with up to 25% of healthy blood relatives of sub-
jects with IgAN having abnormal serum IgA1 glycosyl-
ation  [30] . Abnormal serum IgA1  O -glycosylation is typi-
cally found in 90% of patients with IgAN. It is widely con-
sidered that the explanation for altered IgA1 glycosylation 
lies in abnormal function of the specific glycosyltransfer-
ases which mediate post-translational glycosylation of 
IgA1, and given that abnormal serum IgA1 glycosylation 
is heritable, that the basis for altered function is genetic 
variation in the genes encoding those enzymes. However, 
until the publication of GWAS in IgAN, both functional 
studies of these enzymes and also candidate gene case con-
trol studies were notably inconsistent in providing evi-
dence for enzyme dysfunction. For example, there are 
conflicting data for C1GALT1, the gene encoding the key 
enzyme β1,3 Gal transferase (on chromosome 7p14-p13) 
and C1GALT1C1 (on chromosome Xq24) encoding its 
chaperone protein, Cosmc (C1GALT specific molecular 
chaperone). Whereas in a Chinese population with IgAN 
three SNPs of C1GALT1 have been reported in signifi-
cantly different frequency in IgAN and healthy controls 
without differences in C1GALT1C1  [31] , this has not been 
confirmed in Europeans  [32] .

 Table 2. GWAS in IgAN: populations studied and significant associations

Feehally [21], 2010 Gharavi [22], 2011 Yu [23], 2012 Kiryluk [24], 2014

Discovery
cohort

431 European 1,194 Chinesea 1,434 Chinese 1,194 Chinesea

1,553 European (Italy, USA, France)

Replication
cohort

– 712 Chinese 2,703 Chinese 2,046 Chinese
1,238 European (Italy, USA) 445 Japanese

2,420 European (UK, France,
Germany, Italy, Czech Republic, 
Hungary, Turkey, Poland)

Significant
associations

6p21 HLA (multiple) 6p21 HLA (multiple) 6p21 HLA (multiple) 6p21 HLA (multiple)
6p21 TAP1/PSMB8 – 6p21 TAP1/PSMB8 (Asian only)

– 1q32 CFHR1/3 – 1q32 CFHR1/3
– 22q12 HORMAD2 – 22q12 HORMAD2
– – 17p13 TNFSF13 17p13 TNFSF13
– – 8p23 DEFA 8p23 DEFA (Asian only)

6p11 ITGAM-ITGAX
1p13 VAV3
9q34 CARD9

 The studies are listed as first author [ref.], year.
a The Chinese discovery cohort was the same in these studies.
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  In GWAS, there has been no association between IgAN 
and SNPs in regions encoding enzymes and other proteins 
relevant to IgA1 glycosylation pathways, which is surpris-
ing given that hypotheses that were developed before 
GWAS data became available emphasized a likely central 
role for genetically determined changes in glycosylation 
enzymes. The lack thus far of evidence for a genetic defect 
in post-translational glycosylation machinery means that 
alternative explanations for altered IgA1 glycosylation in 
IgAN must be more strongly considered such as a defect 
in mucosal immunity altering IgA1 response to mucosal 
antigen, or the possibility that a mucosal type of IgA1 
(which has a different glycosylation pattern to serum IgA1) 
is reaching the circulation because of altered homing of T 
and B cells with functions relevant to IgA production.

  The Contribution of GWAS to Current Understanding 

of the Pathogenesis of IgAN 

 Recent discussions of GWAS findings in IgAN have 
emphasised that there are risk alleles identified in regions 
of the genome close to genes with biological plausibility, 
notably regions coding for HLA and complement. How-
ever, language should be used with care; in no case so far 
have hypotheses emerging from these GWAS findings 
undergone confirmatory functional testing in vitro   or   in 
vivo. In no case yet has there been direct sequencing of 
genes of interest to confirm that the risk alleles identified 
by SNP in GWAS are indeed identifying alterations in 
functional regions of the genes of interest.

  Interest in novel hypotheses should also not divert at-
tention from the most striking finding that in all the pub-
lished GWAS, the risk alleles with the statistically stron-
gest associations are within HLA. The complexity of HLA 
makes it a challenging region of the genome to study, but 
work to establish the functional and genetic significance 
of HLA associations with IgAN should be a priority.

  While emphasizing the important new insights which 
have emerged from GWAS, it should not be forgotten 
that even the latest and largest GWAS meta-analysis only 
attributes 7.6% of disease risk to genetic factors in Chi-
nese, and 6.2% in Europeans  [24] .

  The Importance of Epigenetics 

 The focus of this review is the role played by genetic 
factors (i.e. changes in DNA sequence) in the pathogen-
esis and progression of IgAN. However, it is important to 

remember the likelihood that epigenetic factors, as yet 
largely uninvestigated, may be equally important. Epi-
genetic mechanisms are those  not  involving changes in 
DNA sequence, but which can alter gene regulation by 
modulating chromatin access to transcription. The inter-
actions of genetics, epigenetics, and environment provide 
a much more complex basis for understanding pathogen-
esis and the emergence of phenotypic variability  [33] .

  Evidence for epigenetic factors in the pathogenesis of 
IgAN has only begun to emerge in the last few years. Ge-
neric processes common to most progressive kidney dis-
eases have been studied – notably epigenetic factors influ-
encing fibrosis, and also, with advanced kidney disease, 
the epigenetic impact of uraemia itself. But disease-spe-
cific evidence is emerging in the role of microRNAs, short 
non-coding RNAs that regulate gene expression. Prelim-
inary evidence suggests that they may play a role in al-
tered IgA1 glycosylation in IgAN  [34, 35] .

  Next Steps 

 Should There Be a Further GWAS? 
 Available data from GWAS now include cohorts total-

ing  ∼ 5,000 patients with IgAN collected across three con-
tinents. Proponents of increasing cohort size will argue 
that this will allow the identification of a potentially large 
number of modifier genes with small genetic effect which 
will all influence the final IgAN phenotypes.

  In our view, however, enlarging similar cohorts to 
identify additional low-risk alleles at this stage will add 
complexity without clarity. It will be more valuable to 
work through the hypotheses generated by the now 
known risk alleles, using direct sequencing and function-
al studies, to see which hold up under scrutiny.

  It may however be valuable to extend GWAS to a wid-
er range of populations within the broad ethnic groups so 
far analysed: for example, ensuring a wider range of pop-
ulations with subjects from all parts of Europe as well as 
populations of European origin who have migrated to 
North America and Australia. Or widening observations 
in Asian patients where in the largest GWAS there are 
only 445 Japanese patients and no Korean patients com-
pared to several thousand Chinese patients.

  Improved Phenotyping 
 The one justification for additional GWAS would be if 

‘deep’ phenotyping could be achieved in existing or new 
cohorts. Data on the rate and severity of progressive loss 
of renal function, data on histopathological variation (us-
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ing the widely accepted Oxford Classification), data on 
transplant recurrence risk, reliable data on IgAN in fam-
ily members of probands: all of these would provide a 
substrate for valuable new analyses, notably to distin-
guish risk alleles for susceptibility to IgAN from alleles 
associated with risk of progression. However, such phe-
notyping can be challenging. In many health economies, 
patients are referred from wide areas to major centres for 
specialist assessment including diagnostic renal biopsy. 
Such centres can therefore in turn recruit significant 
numbers of patients into GWAS, if inclusion only re-
quires that a diagnosis of IgAN has been made. However, 
many such patients then return for further clinical follow-
up to a physician who may be far away and less commit-
ted to the research, making sequential clinical data collec-
tion inconsistent.

  Whole-Genome and Exome Sequencing 
 At present, it is not clear what impact next-generation 

sequencing techniques will have on our understanding of 
the pathogenesis of IgAN. It is almost certain, however, 
that in the coming years there will be whole-genome and 
exome sequencing of IgAN cohorts, and these are likely 
to reveal novel disease-associated alleles. However, as 
with all genetic techniques, the data generated by next-
generation sequencing will only be as good as the quality 
and depth of the phenotyping of the population studied.
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