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Abstract

Idiopathic IgA Nephropathy (IgAN) is the most common biopsy-proven glomerulo-
ncphnitis worldwide. All races with the exception of Blacks and Indians are involved.
Familics with two or more relatives affected by [gAN may be observed in 15-20% of pedi-
grees of IgAN patients. Genome wide linkage study has been considered the most promising
approach to identify [gAN susceptibility genes. Therefore, some European investigators con-
stituted the European IgAN Consortium which was initially funded by the European Union.
Data from linkage analysis stuadies, family association studies and case-control association
studies are reported. To date, the Consortium has identified two loci (located on chromo-
somes 4026-31 and 17q12-22), in addition 10 the previous study which described the first
IgAN locus on chromosome 6G22-23. The functional mapping of genes involved in the dis-
case proceeds from the identification of susceptibility loci identified by linkage analysis
(step 1) to the isolation of candidate genes within gene discase-susceptibility loci, alter
obtaining information by microarray analysis carried out on peripheral leukocytes and renal
tissue samples (step 2), Then, the process will proceed from the design of RNA interference-
agents against selected genes (step 3) to the application of systematically tested effect of
RNA agents on functional cellular assay (step 4). The above combined high-throughput tech-
nologies will give information on the pathogenic mechanisms of IgAN. In addition, these
data may indicate potential targets for sereening, prevention and carly diagnosis of the dis-

case and more appropriate and effective treatment.
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Idiopathic IgA nephropathy (IgAN) is the most common biopsy-proven
glomerulonephritis, which is defined by the predominant deposition of the
sub-class IgA1 in the mesangial area of the glomeruli occurring in individuals
with recurrent episodes of macroscopic hematuria in concomitance of upper
respiratory tract infections or other mucosal infections. However, the discase
may be diagnosed in the presence of persistent microscopic hematuria with or
without proteinuria. Clinical and laboratory findings should exclude other renal
diseases characterized by glomerular IgA deposits such as Schonlein-Henoch
purpura, lupus nephritis and chronic hepatitis.

Renal biopsy reports from different parts of the world and from renal reg-
istries show that IgAN is the most common primary glomerulonephritis among
all races from Europe, Asia and Australia, with the exception of the Blacks and
Indians [1-9]. A recent paper from North America demonstrated that IgAN is a
common primary glomerulonephritis in USA with particular reference to the
midwestern and southern states [10]. Therefore, IgAN may be considered the
most common cause of end-stage kidney disease in young adult American
Caucasians.

Families with two or more relatives affected by IgAN, first described in
1973 by de Werra et al. [11], were then reported by other investigators in later
years [12-15]. Thus, today it is possible to distinguish familial IgAN from the
sporadic form which is more frequent. Nevertheless, familial IgAN may be
diagnosed when physicians accurately analyze the history of all relatives of at
least 3 generations who receive the routine urinalysis to identify persistent uri-
nary abnormalities [15]. Previous reports demonstrated that outcomes such as
rapid progression of renal damage and end-stage kidney disease are more fre-
quent in patients with familial IgAN [16]). A more recent paper, which analyzed
a higher number of familial and sporadic forms of IgAN, demonstrated that
there is no difference in outcome severity of the disease [17]. The contradiction
between the papers could be attributed to the low number of families analyzed
in the first paper, even though it documented a higher relative risk of disease in
first degree relatives.

European IgAN Consortium Biobank

Genome-wide linkage study involving IgAN families with large pedigrees
was considered the most promising approach to identify IgAN susceptibility
genes. The first genome-wide scan study was performed in Japanese IgAN fami-
lies and demonstrated the existence of some chromosomal locus candidates con-
taining genes responsible for the disease. However, those data remained only in
an abstract presented at the 1996 ASN Congress [18]. Then, a well organized
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genome-wide scan study, performed in 30 large extended IgAN muluplex fam-
ilies {24 from Italy and ¢ from the USA), identified the locus called IGANI
located on chromosome 6g22-23 in linkage with IgAN [19]. It vielded a signi-
ficant peak LOD score of 5.6, with 60% of families linked, assuming an auto-
somal dominant mode of inheritance with incomplete penetrance. This mode of
inheritance of familial IgAN is more consistent with the involvement of a single
gene with a large effect located in IGANI. Nevertheless, multifactorial determin-
ation, with the interplay of many genes. each conferring a small effect, cannot be
excluded. The knowledge gained from the studies of Mendelian diseases has
shown that genctic dissection of a complex trait is more powerful when com-
bined linkage-based, association-based and sequence-based approaches are per-
formed. Moreover, considering that no single study design consistently produces
more significant results, multivanate analysis carried out by Artmiiller et al. [20]
showed that the only factors independently associated with increased study suc-
cess are (a) an increase in the number of individuals studied and (b) study of a
sample drawn from only one cthnic group. Gene discovery in complex human
discase 1s complicated by substantial etiological heterogeneity; in addition, the
possibility of genes of small eftfect and the concomitant requirement for large
samples make a DNA Bank absolutely necessary.

In consideration of the above statements we believed it opportune to organ-
ize a lgAN-oriented Biobank [21]. Therefore. some Luropean investigators,
involved in the study of IgAN, constituted the European IgAN Consortium
which was iniually funded by the European Union. The collaborative study
group includes expert nephrologists from Italy, Germany and Greece, and
geneticists from Italy and Germany. Additional funds were obtained from other
institutions. The organization of a multi-center biobank tor the collection of
biological samples and clinical data from [gAN patients and relatives lollowing
a common protocol was considered the start-up for the identification of the dis-
case susceptibility genes, DNA samples of 1gAN patients and relatives belong-
ing to 74 multiple extended pedigrees were collected. Morcover, 166 trios
{(affected sons or daughters and their healthy parents). 1,085 patients with
biopsy-proven [gAN and 1,125 healthy subjects were included in the Biobank.
An electronic database was created to include data on the enrolled individuals,
laboratory findings and other information from the collected biological fluids
{blood. urine and saliva). A website (www.igan.net) was constructed to allow
scientific information to be shared between partners and to divulge obtained
data [22]. The European IgAN Consortium competency increased in time
involving genetic epidemiologists, statisticians and bioinformaticians. We hope
that all involved specialists, working together, can avoid problems in study
design, data management, analvsis and interpretation that make gene discovery
and replication of findings so difficult.
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Linkage Analysis Studies

Genome-wide linkage strategy identifies regions of the human genome that
are likely to contain gene(s) conferring susceptibility to the disease. It is based on
extended pedigrees and is effective in localizing gene(s) that are highly penetrant
and affect mainly Mendelian diseases. This method alone is often inefficient in dis-
covering genes responsible for complex diseases, such as IgAN, diabetes and
hypertension. In combination with linkage analysis, we are also applying family-
based candidate gene association studies. The European IgAN Consortium has
performed the first genome-wide scan involving 22 Italian multiplex IgAN fami-
lies [23]. A total of 186 individuals (59 affected and 127 unaffected) were geno-
typed and included in a two-stage linkage analysis. The regions 4q26-31 and
17q12-22 exhibited the strongest evidence of linkage by non-parametric analysis
(best p values of 0.0025 and 0.0045, respectively). These localizations were also
supported by multipoint parametric analysis where a peak LOD score of 1.83
(ae = 0.50) and of 2.56 (a = 0.65), respectively, were obtained using the affected-
only dominant model, and by allowing for the presence of genetic heterogeneity.
These regions are becoming the second (IGAN2) and third (IGAN3) genetic locus
candidates to contain causative and/or susceptibility genes for familial IgAN.
Other regions did not reach the threshold of a suggestive or significant LOD score;
however, the enrolment of additional IgAN families means that these chromosomal
regions may be explored in the near future. Our results provide further evidence for
genetic heterogeneity among IgAN families. Evidence of linkage to multiple
chromosomal regions is consistent with both an oligo/polygenic and a multiple
susceptibility gene model for familial IgAN with small/moderate effects in deter-
mining the pathological phenotype. The analysis of the known genes located in
these two novel loci (positional information procedure), carried out consulting the
National Center for Biotechnology Information, identified some potential candi-
date genes such as the transient receptor potential channel 3 (TRPC3) gene, the
interleukin-2 (IL-2) gene, and the 1L-21 gene located in 42631, which could be
largely involved in the unbalanced Th1/Th2 immune response reported in IgAN
patients, In addition, we will also consider the histone deacetylase 5 (HDS5) gene
and the granulin (GRN) gene located on the 17q12-22 region, which could be
involved in the immune-response deregulation, Family-based association studies,
cevaluating the distribution of these candidate gene polymorphisms, are in progress.

Microarray Studies

Different high-throughput gene analysis techniques can be used for obtain-
ing transcriptome profiling of renal diseases. Microarray analysis represents the
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best and the latest approach to gain information on global gene expression.
IgAN is a complex disease which results from the joint influence of genetic and
environmental factors. Important categories of environmental exposures such
as mucosal infections have been identified, but the genetic architecture of the
disease remains obscure. Genome-wide linkage analyses have identified at least
three locus candidates containing IgAN susceptibility genes, although no spe-
cific gene(s) have been identified. Microarrays are now in use to fingerprint the
pathological process.

A recently published study postulated that changes in gene expression pat-
terns in circulating leukocytes of IgAN patients may correlate with renal dis-
case activity [24]. The investigators identified 14 upregulated genes. The
BTG2, NCUBEI, FLJI2948, SRPKI, LYZ, GIG2 and IL-8 genes correlated
mathematically with serum creatinine levels and the PMAIPL, SRPKI, SSI-3,
LYZ and PTGS2 genes correlated with higher values of creatinine ¢learance,
thus implying that the latter group of genes may provide a protective effect,
while the overexpression of other genes such as B3GNTS, AXUDI and GIG-2
indicates a worse prognosis. This gene signature reflected kidney function and
did not correlate with hematuria or proteinuria. The authors concluded that
studies carried out on large populations of IgAN patients will be necessary to
confirm that the leukocyte gene expression profile can be used as a marker for
diagnosis and for predicting outcome. The European IgAN Consortium has
recently organized a protocol for studying gene expression in peripheral blood
mononuclear cells (PBMC) and their subclasses from IgAN patients with dif-
ferent clinical and histological patterns, Some genes overexpressed in PBMC
are located in the chromosomal regions linked with IgAN. Extensive studies are
in progress in a large population of IgAN included in the database of the IgAN
Consortium.

Expression profiling using serial analysis of gene expression (SAGE) and
microarray techniques allows global description of expressed genes present in
renal tissue, This is a high throughput genomics technology which enables the
simultancous determination of a large number of genes from tissue samples.
Waga et al. identified 13 upregulated genes in IgAN renal biopsy samples. The
cluster analysis identified 3 clusters with 7, 12 and 1 involved gene, respec-
tively [25]. The expression levels of these genes were then examined on
expanded RNA samples from other renal biopsies, leukocyte samples and cul-
tured primary cells. Data demonstrated the involvement of the genes GABP and
STAT3 in cluster I, and gp330 (megalin), MBP45K, MEF2, Octl and GABX in
cluster 1l. We recently used laser-capture microdissection applied to renal
biopsy samples in combination with extraction of intact RNA and differential
gene expression analysis. First, we defined the clinical groups based on differ-
ences in the manifestation of characteristic phenotypes: then, we proceeded

Schena’Cerullo/Torre s Zaza/Cox/ Biscegha/Scolan Frasca/Ghiggen/Amoroso =4



with gene expression analysis by gene chips. The analysis of the data is in
progress.

Association Studies

The 1gAN Consortium takes care of the collection of biclogical samples
from large homogencous cohorts of IgAN patients, their parents and their first
degree relatives, and family-based association studies are preferred to analyze
the role of some candidate genes. A family-based association study, including
53 patients, 45 complete trios, 4 incomplete trios and 36 discordant siblings,
cvaluated the impact of some ThI/Th2/Th3/TR-type lymphocyte and mono-
cylermacrophage cytokines on IgAN susceptibility [26]. Cytokine gene poly-
morphisms with a potential regulatory role on their production were investigated
using the family-based association test (FBAT): [FNvy intron-1 CA-repeat at
position 1349-1373; IL-13 —1055C/T; TGFB 915G/C: IL-10 5'-proximal and
distal microsatellites; TNFa ~-308G/A, ~238G/A.

The FBAT multi-allelic analysis showed an association between [FNvy
polymorphism and susceptibility to [gAN (p = (.03). The bi-allelic analysis
showed that the 13-CA repeat allele was preferentially transmitted to the
affected mdividuals (p = 0.006; Bonferroni p value = 0.04). The direct
sequencing of IFN+y amplicons showed a strict association between the 13-CA
repeat allele and the A variant of the +874T/A single nucleotide polymorphism
(SNP rs24303561) dircctly adjacent to the 5" end of the microsatellite. The in
vitro production of TFNvy evaluated in PBMC from 10 genotyped patients
demonstrated a correlation between the +874A allele and a lower production of
IFNy {p = 0.028). This SNP affects IFNy production lying within a binding
site for the transcription factor NIF-kB.

The occurrence of the +&74A variant is responsible for the low production
of IFNy and predisposes to a preferential Th2-mediated immune response. The
predominance of this variant in individuals with IgAN may be responsible for
the onsct of the discase. This unbalanced Th2 cytokine production in response
to upper respiratory tract infections, which may be a significant pathogenic fac-
tor in human IgAN, has recently been confirmed by another paper on Th2 pre-
dominance produced by our group. This case-control association study shows a
significantly higher frequency of the [L-10-1082G/G genotype in IgAN
patients [27). The high producer IL-10 genotype (- 1082 GG) was significantly
more prevalent in [gAN patients than controls (OR 2.41: CI 1.45-4.00;
p = 0.0008).

Since this genotype is characterized by high production of IL-10, which is
a Th2 cytokine, our data support once again the hypothesis that individuals
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genetically determined to an overproduction of Th2 cytokines may be predis-
posed 10 IgAN.

The prevalence of Th2 cytokines may also explain the abnormality in IgA |
glycosylation occurring in IgAN patients and the concomitant formation of
circulating IgAl-lgG immune complexes. Hyperfunction of Th2 cells and
cytokine polarity are linked to a more nephritogenic pattern of IgA | glycosyla-
tion in the animal model, and the decreased glvcosylation of IgAl elicited by
Th2 cytokines is blunted in vitro by the addition of [FNvy [28].

The core 1 Bl,3-galactosyltransferase (CIGALT1) is suspected to be
involved in the abnormal glycosylation process of IgA 1 in [gAN. The CIGALT
gene complete sequence analysis was performed in 284 [gAN patients and 234
healthy controls. We found a statistically significant association of the genotype
1365G/G with susceptibility to IgAN (x* = 17.58, p < 0.0001, odds ratio 2.57
[95% CI: 1.64-4.04]). No association was found with the progression of the
discasc.

Our case-control association study demonstrates that the low expression of
CIGALT] seems to confer susceptibility to IgAN [29).

Conclusions

The application of genome-wide expression analysis requires some infra-
structure such as: (1) the collaboration between scientists and clinicians with
different skills to develop an effective methodological strategy; (2) the accumu-
lation of sufficient technical expertise to generate high-quality, large-scale, bio-
chemical, genctic and physiological data; (3) the development of effective
mechanisms and tools to properly store. disseminate and analyze the data that
will be gencrated from large-scale scientific projects. These appropriate infra-
structures have been set up over the last five years by the European IgAN
Consortium and the actual high-throughput innovative program is articled in
the following projects: (1) management of the European IgAN Biobank collect-
ing large samples of biological specimens from well-characterized IgAN
patients, their relatives, and healthy subjects. This material is an invaluable
source for genetic and genomic studies in IgAN; (2) the fine mapping of the
chromosomal regions in linkage with familial IgAN and further linkage analy-
ses of new multiplex IgAN families to receive additional information: (3) the
global gene expression analysis performed in PBMC and renal tissue to define
a set of genes, up- or downregulated in IgAN patients, of which some could be
located in the linked chromosomal regions and could be responsible for the
onset and/or progression of the discase; (4) the association studies organized
and partially followed by the applied functional genomics of individualized
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Fig. 1. The high-throughput innovative program of the European IgAN Consortium.

genes using all the available and most innovative techniques will give a finger-
print of genes involved in the disease.

Therefore, the functional mapping of genes involved in IgAN proceeds
from the identification of susceptibility loci by linkage analysis (step 1) 1o the
selection of candidate genes within the discase-susceptibility loci after obtain-
ing accurate information by microarray analysis carried out on PBMC and renal
tissue samples (step 2). Then, the process will proceed to the design of RNA
interference-agents against selected genes (step 3) and finally to the application
of systematically tested effect of RNA agents on functional cellular assay (step 4)
(fig. 1).

The above combined high-throughput technologies aim o produce know-
ledge on the mechanisms linking causal determinants of disease and disease
progression. In addition, they may indicate potential targets for screening, pre-
vention and carly diagnosis of the disease and more appropriate and effective
treatment,

At the end of this article it is a great pleasure to invite scientists to the
international scientific harmonization between IgAN Biobanks, because the
pooling of data offers several benefits, of which one is the generation of a mini-
mum of 5,000 cases, and ideally 10,000, This number is required to provide
80% power to detect sized interaction effect [30]. In addition, it will be possible
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to carry out powerful analyses based on homogeneous sub-groups within the
disease, ¢.g. based on age, gender or ethnic origin. Large genetic cohort studies
have an important role in furthering our understanding of the complex disease
which is IgAN.
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