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ABSTRACT

Diabetic nephropathy (DN) is one of the major complications of type 2 diabetes and is associated with
coronary disease. Nephrin, a protein mainly expressed in glomeruli, is decreased in DN and other kidney
diseases. Since insulin levels are misregulated in type 2 diabetes, a possible connection between DN and its
decreased nephrin expression could be the presence of regulatory elements responsive to insulin in the
nephrin gene (NPHS1) promoter region. In this work, using bioinformatic tools, we identified a purine-rich
GAGA element in the nephrin gene promoter and conducted a genomic study in search of the presence of
polymorphisms in this element and its possible association with DN in type 2 diabetic patients. We amplified
and sequenced a 514 bp promoter region of 100 individuals and found no genetic variants in the purine-rich
GAGA-box of the nephrin gene promoter between groups of patients with diabetes type 2 with and without
renal and coronary complications, control patients without diabetes and healthy controls.
Key terms: GAGA box, gene promoter, nephrin, polymorphism.

INTRODUCTION

Diabetic nephropathy (DN) is one of the
major complications of chronic diabetes,
greatly affecting the quality of life and
survival of diabetic patients. As global
prevalence of type 2 diabetes is steadily
increasing, the social and economic impact of
patients with renal complications is an ever
growing burden on health systems. DN is now
the leading cause of end stage renal disease
(ESRD), a disease that is reaching epidemic
proportions and whose growing incidence is
associated to diabetes (ADA, 2004, Wolf et
al., 2005 and Jones et al., 2005).
DN is explained in part by a poor
metabolic control and high arterial blood
pressure. Yet, there is also evidence for a

genetic involvement in the pathogenesis of
diabetic nephropathy. Risk factors include
constitutional factors such as low
birthweight; haemodynamic factors,
including activation of the renin-angiotensin
system (RAS) and hypertension, metabolic
factors such as hyperglycaemia, genetic and
additional factors such as urinary albumin
excretion rate (AER) and smoking (Rossing,
2006). Among the genetic factors, the
involvement of several candidate genes in
the development of DN has been studied,
namely diabetes susceptibility genes,
nephrin gene, growth factor genes, glucose
metabolism genes and genes of the RAS,
such as angiotensin converting enzyme
(ACE); nevertheless no clear picture has yet
emerged from these studies (Rossing, 2006).
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NPHS1 codes for nephrin, a protein that
is expressed mainly in the kidney
(Routsalainen et al., 1996; Holthofer et al.
1999; Holzman et al., 1999), but also in
pancreas (Zanone et al, 2005) and in the
central nervous system (Beltcheva et al.,
2003). In the kidney, nephrin is expressed
in glomeruli and is located at the slit
diaphragm, where it plays a crucial role in
the renal filtration barrier at the foot
processes of podocytes (Routsalainen et al.,
1996, Kestilä et al., 1998). The human
nephrin gene NPHS1 was mapped on
chromosome 19q13.1 (Kestilä et al., 1994)
and found to cause the Finnish type
congenital nephrotic syndrome (CNF)
(Lenkkeri et al., 1999). At least 60 diseasecausing mutations in the nephrin gene have
been identified and result in a lack of
functional protein, some of them leading to
massive proteinuria already in utero
(Lenkkeri et al., 1999; Beltcheva et al.,
2001; Liu et al., 2001).
Exonic polymorphisms in the nephrin
gene have been associated with diverse
acquired proteinuric kidney diseases and
failure at the glomerular slit diaphragm
(Kim et al., 2002, Koop et al., 2003), as
well as ectopic glomerular nephrin
expression in different pathogenic
conditions (Doublier et al., 2001). The
FinnDiane study of the three nonsynonymous polymorphisms (E117K,
R408Q and N1077S searched for an
association of polymorphisms of the
nephrin gene with DN; it however found no
involvement of these particular coding
regions in this disease in a large Finnish
population of type 1 diabetic patients
(Petterson-Fernholm et al., 2003).
Another study showed that two silent
and one intronic polymorphism on the
nephrin gene are associated with type 2
diabetes in a Japanese population,
suggesting that these variations may have a
functional influence on nephrin expression
in the pancreas (Daimon et al., 2006).
DN is clinically characterized by
proteinuria and progressive renal
insufficiency and diagnosed through the
measurement of albuminuria (Durruty,
2003). The presence of albuminuria >30
mg/24 hrs indicates renal damage and is

also associated with functional changes in
the filtration barrier (Wolf et al., 2005). In
general, nephrin protein production is
decreased in most proteinuric kidney
diseases (Koop et al., 2003), and also an
impairment of nephrin assembly with other
podocyte proteins, such as podocin and
C2AP, has been reported (Benigni et al.,
2004). In diabetic patients, nephrin mRNA
is significantly reduced in the kidney
compared to control subjects (Toyoda et al.,
2004). The decreased expression of the
nephrin gene in DN suggests that its
regulation at a transcriptional level could be
impaired. A purine-rich element has been
described as an important transcriptional
control region in the insulin gene promoter
(Kennedy and Rutter, 1992). Since insulin
levels are misregulated in type 2 diabetes, a
possible connection between DN and its
decreased nephrin expression could be the
presence of regulatory elements responsive
to insulin in the NPHS1 promoter region.
In this work we identified a purine-rich
GAGA element in the nephrin gene
promoter and conducted a genomic study
on 100 individuals in search of the presence
of polymorphisms in this element and its
possible association with DN in type 2
diabetic patients.

MATERIALS AND METHODS

Patients
Blood samples were taken from 100 type 2
diabetic patients from the Diabetes
Reference Centre at the San Juan de Dios
Hospital, Santiago de Chile. From these
patients, we selected 20 normoalbuminuric
patients who presented no coronary disease
and 20 macroalbuminuric patients with
coronary disease. As controls, blood samples
were taken from 20 non-diabetic patients
with proteinuric nephropathies, and 20 nondiabetic patients with coronary disease, from
the Nephrology Unit and the Cardiovascular
Centre of the Clinical Hospital of the
University of Chile, Santiago. A third group
of 20 healthy individuals was also included.
Subjects with body mass index (BMI) over
35 kg/m2, over 80 years old, minors and
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pregnant women were excluded from this
study. Relevant clinical and biochemical
parameters were measured in all subjects
participating in the study, as indicated in
table I. We screened a total of DNA samples
from 100 individuals from the Chilean
population (with mixed Hispanic/Caucasian
descent, as 90% of the subjects in this study
have two Spanish family names), in general
agreement with the structure of the
population in Santiago (Valenzuela et al.,
1987).
Informed consent was obtained from all
participants specifically explaining the use
of blood samples for DNA extraction and
analysis of the nephrin gene. The study
protocol followed the principles of the
Declaration of Helsinki and approval of the
study was given by the Ethics Committee of
the clinical hospital of the University of
Chile and from the San Juan de Dios
Hospital (Servicio de Salud Metropolitano
Occidente).
Classification of type 2 diabetes
Diabetic patients were classified as normo-,
or macro-albuminuric according to their
AER. The inclusion criteria for the group of
diabetic patients with macroalbuminuria
were: persistent albuminuria defined by an
AER over 300 mg/g in at least two out of
three morning urine samples taken during a
period of less than 6 months and a diabetes
duration of more than 5 years. Normoalbuminuric patients were defined by
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albuminuria of less than 30 mg/g under the
same conditions. Measurements were
performed in the absence of urinary tract
infections, fever or menstrual period using a
Bayer-DCA 2000 system based on
monoclonal antibodies with a sensitivity and
specificity of over 90% and an intra-assay
variation of less than 6.6%. Albuminuria (A)
is expressed in relation to excreted
creatininuria (C), where A/C = albuminuria
mg/creatininuria g. Patients receiving ACE
inhibitors did not suspend their treatment
during this study. Absence of coronary
disease in healthy control subjects and
normoalbuminuric diabetic patients was
assessed by physical examination, a standard
ECG, and a normal MIBI-dipiridamol test.
Bioinformatics analysis
The 5’ flanking sequence of the NPHS1
gene was obtained from the Orthodisease
Database resource (Karolinska Institute,
Sweden) corresponding to the genomic
coordinates 40982732-41034579 bp on
chromosome 19 (Ensembl Gene ID:
ENSG00000161270). Analysis of the
NPHS1 promoter sequence was carried out
using the web tools Transcription Element
Search Software (TESS) (see Reference)
and TRANSFAC v4.0 (Biobase Gmbh) in
order to predict putative binding sites for
transcription factors. We also performed
transcription factor binding site predictions
using the software tool MatInspector
(Genomatix Software GmbH).

TABLE I

Clinical characteristics of patient groups
group

N

age (mean±SD)

% male

BMI (mean±SD)

% use ACEI

1.
2.
3.
4.
5.

20
20
20
20
20

46.4±14.8
63.4±9.0
65.4±8.5
43.6±13.6
60.2±8.5

40
15
31
36
75

24.6±1.6
29.9±3.3
29.7±3.1
28.5±4.0
28.5±3.5

0
59
88
85
78

Control
DM2 nor
DM2 macr, cor
Non diab, nephrop
Non diab, coronary

Group 1 refers to healthy controls. Group 2 corresponds to patients with type 2 diabetes with
normoalbuminuria and no coronary disease. Group 3 corresponds to patients with type 2 diabetes with
macroalbuminuria and coronary disease. Group 4 refers to non diabetic patients with proteinuric kidney
diseases and group 5 corresponds to non diabetic patients with coronary disease.
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Genotyping
Genomic DNA was purified from human
leucocytes obtained from whole blood
using the QIAmp DNA blood minikit
(QIAGEN) according to manufacturer’s
instructions. Two ml of peripheral blood
was collected from each subject and DNA
was extracted from 200 μL of blood
leukocyte samples, regularly yielding 60 μg
of pure DNA (DO260 nm/280 nm 1.6-1.9).
A 1026 bp amplicon of the nephrin gene
promoter was obtained to screen all DNA
samples using primers FW1 5’AGCCTGAGCAACAGAGCAAGAC and
REV1 5’-AGAGAAGCCCTGAGCGTCGT
-3’, as shown in Figure 1 (lower panel). For
sequencing reactions the primer FW2 5’TGTGAGAATGAGCTCAAGCTGGGT-3’
and the same REV1 primer were used,
yielding a 694 bp sequence when
assembled, including 514 bp of the
proximal promoter. All samples were
sequenced at Macrogen (Seoul, Korea).

RESULTS

Identification of purine-rich GAGA boxes in
the nephrin gene promoter
Analysis of a 1000 bp region upstream from
the nephrin start codon revealed the
existence of numerous basal regulatory
elements such as SP1, octamer sites and
sequences recognized as specific
transcription elements such as GATA-, sterol
and homeobox, among many other putative
binding sites for transcriptional regulators.
Interestingly, purine-rich stretches referred
to as GAGA boxes were identified, which
are also present in the promoter of the rat
insulin gene and which have been described
as important transcriptional regulation
elements of insulin expression (Kennedy and
Rutter, 1992). A canonical TATA box was
not found in the region upstream of the start
codon (Figure 1, upper panel).
Polymorphisms in the GAGA region of the
NPHS1 promoter
To test the hypothesis that alterations in the

GAGA elements in the proximal regulatory
region of the nephrin gene are genotypic
risk factors, we examined 400 bp upstream
from the translational start codon. Two
distinct 300 bp amplicons from the
promoter region studied were assayed with
the Single Strand Conformational
Polymorphism (SSCP)-PCR technique, but
no clear differences were identified
between samples.
We then examined a 514 bp region of
the proximal promoter (Figure 1, lower
panel). Sequence analysis of this region of
the nephrin promoter in 100 individuals
(including all healthy subjects, diabetic
patients and non-diabetic patients with
proteinuric nephropathies or coronary
disease) presented no difference at any
positions within the GAGA element. Only
one individual revealed a heterozygous
substitution of a G to C in the dinucleotide
GA-rich tract of the GAGA region at
position 550 (see Figure 1, shaded
nucleotide
within
GAGA
box).
Interestingly, this sample corresponded to a
diabetic patient with macroalbuminuria and
coronary disease. This same patient also
presents a second G to C substitution, or
polymorphism, at position 556 (in a GAGA
context), not included in the GAGA
element according to the TESS analysis.
The polymorphisms were confirmed by
sequencing of both strands. None of the
other 39 diabetic patients, nor any other
healthy controls or patients presented these
genetic variations.
For comparative purposes, the frequency
of the nearest known polymorphism to the
GAGA element was scored, specifically SNP
rs 4805144, at position 661 (see Figure 1).
The allelic frequencies for this polymorphism
were estimated at 65% for the G variant and
35% for the C variant. In conclusion,
sequence analysis of 20 healthy individuals,
20 patients with non-diabetic nephropathies,
20 non-diabetic subjects with coronary
disease, 20 normoalbuminuric diabetic type 2
patients without coronary disease and 19
macroalbuminuric diabetic type 2 patients
with coronary disease, indicated that the
GAGA elements did not present
polymorphisms, suggesting a lower level of
heterogeneity than surrounding regions.
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DISCUSSION

Insulin levels in diabetic patients are
misregulated, therefore altering the
expression of genes targeted by this
hormone. Cis-acting GAGA elements
responsive to insulin were identified
through a systematic mutational screening
of the insulin gene. Mutations of this
element resulted in a significant loss of
transcriptional activity, thus suggesting that
GAGA boxes are important regulatory
control regions (Kennedy and Rutter,
1992). Participation of this regulatory
element in insulin dependent transcriptional
regulation was also assessed by EMSA
assays, which demonstrated that specific
protein complexes are formed at these sites
(Kennedy and Rutter, 1992).
GAGA boxes have been described also
in genes targeted by insulin, such as in the
promoter of the gene coding for the human
type 1 angiotensin II receptor (AGTR1), a
fundamental regulator of kidney function.
In the AGTR1 promoter these elements are
necessary for basal and growth factor
mediated gene expression (Wyse, 2000).
A search of GAGA elements in the
NPHS1 gene promoter might provide a link
between insulin levels and DN. A tentative
approach to investigate genetic risk factors
involved in the development of DN could be
to search for putative polymorphisms in this
GAGA region, which would therefore confer
a differential susceptibility to insulin levels.
It has been noted that persistent
proteinuria in diabetic patients is a risk
factor for coronary disease. Moreover, the
presence of DN increases the risk of
coronary disease 8-15 fold, and mortality
rates related to cardiovascular events are 37
times greater in DN patients than in the
general population (Donahue and Orchard,
1992). Therefore, albuminuria is not only a
biochemical parameter to diagnose DN, but
an independent risk factor for coronary
disease as well (Kopyt, 2005). Although
these facts have been known to exist for
years, the relation between these
pathologies is unknown.
A new strategy to identify genes linked to
specific diseases is to asses the co-regulation
of their expression through the in silico
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analysis of their promoters (Döhr et al.,
2005). The underlying hypothesis is that
similarities in the organization of regulatory
elements result in the coordinated regulation
of complex structures and processes. An
interesting example of this prediction is the
study of functionally related gene products
that are part of the glomerular slit
diaphragm, a complex and unique functional
structure (Cohen et al., 2006). In this case
the authors identify a conserved promoter
framework in the following co-regulated
genes: nephrin, ZO-1, and cadherin-5, all of
which are expressed in the same functional
unit of the podocyte (Cohen et al., 2006).
This approach allows the identification of
genes that share a regulatory network, even
though their coupling or association may not
be apparent.
The presence of GAGA elements in the
nephrin promoter as well as in the
promoters of the insulin and AGTR1 genes
reported in the literature is interesting in
this context and the functional role of this
as well as other regulatory elements should
be explored in relation to diabetes and DN.
The databases report the presence of
three SNPs within the proximal promoter of
the NPHS1 gene (see Figure 1, lower
panel), none located within the GAGA
region. The results of this study indicate
that the analyzed individuals did not present
polymorphisms within this region.
However, the fact that one diabetic patient
with macroalbuminuria and coronary
disease showed a genetic variation, might
suggest an association. The number of cases
analyzed does not allow us to draw
conclusions of statistical significance.
Nonetheless, a future study of the
relatives of this individual or within a
larger population of diabetic patients with
macroalbuminuria and coronary disease
could be conducted to assess if the reported
polymorphism may contribute to the
genetic background of DN.
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Figure 1: Proximal promoter region of the human NPHS1 gene.
Upper panel: In silico search of regulatory elements using the TESS web tool
Lower panel: Arrows indicate primers, boxed areas show the GAGA box, the shaded G nucleotide within GAGA box indicates heterozygous
position in one diabetic patient (see text). +1 indicates the transcription start point. Lightly shaded nucleotides indicate known SNPs and their
corresponding reference numbers. The dark shaded area corresponds to the first 20 codons of the nephrin protein.
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