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N ephrin is a major component of the
glomerular filtration barrier, and its
expression was at first thought to be

specific to kidney glomerular podocytes
(1). However, it was later found in non-
renal tissues, such as the pancreas (2–4),
as well. Several studies (2,3,5) have
shown the expression of nephrin in hu-
man pancreatic islet cells. Therefore,
nephrin may play some roles in the pan-
creatic islet and, thus, may be involved in
the pathophysiology leading to diabetes.
We here examined the association of the
nephrin gene polymorphisms with type 2
diabetes.

RESEARCH DESIGN AND
METHODS — The associations of
three single nucleotide polymorphisms
(SNPs) (C294T, �61C/G, and C2289T)
of the nephrin gene with diabetes were
examined using two (first and second)
sample sets (diabetes, n � 72 and 31, re-
spectively; impaired glucose tolerance
[IGT], n � 75 and 77, respectively; and
normal glucose tolerance [NGT], n � 227
and 244, respectively) from the cohort
population of the Funagata Study, a Jap-
anese community-based study (6). The

study conditions were the same as those
in our previous report (7).

Three SNPs in the nephrin gene (C to
T at nucleotide position 294 in exon 3
from the translation intitiation codon
ATG (C294T) (JSNP database ID: IMS-
JST 035656), C to G in intron 5 at nucle-
otide position 61 upstream from the
intron 5/exon 6 splicing site (�61C/G)
(IMS-JST021061), and C to T at nucleo-
tide position 2,289 in exon 17 (C2289T)
(IMS-JST000541) were analyzed. SNPs
C294T and C2289T are silent. The geno-
typing was conducted with a fluorogenic
PCR as described previously (8). The Taq-
Man primer sets used for the amplification
were 5�-CCCCTGCAGGTGAATTCCA-3�
and 5�-GCACTCATACTCCGCGTCATC-3�
for SNP C294T, 5�-CCTGGATCCCAGAG
GAGATCA-3� and 5�-CAGGGTTATA
GAGTCAGAGTCATCATCT-3� for SNP
�61C/G, and 5�-GACCCCACTGAGGT
GAACGT-3� and 5�-GAACATGCCCGG
GAGGAT-3� for SNP C2289T. TaqMan
probes labeled with either FAM or VIC re-
porter molecules were: 5�-TGCACATTGAG
GCCT-3� and 5�-CACATCGAGGCCTG-3�
for SNP C294T, 5�-TCAGGCAGAA
GAGG-3� and 5�-TCAGGGAGAA

GAGGT-3� for SNP �61C/G, and 5�-
TGGCATCAACAGTGC-3� and 5�-
ATTGGCATCGACAGTG-3� for SNP
C2289T. Linkage disequilibrium block con-
structions and haplotype analyses were per-
formed as previously reported (9).

The association tests were conducted
with standard allele positivity tables
(Fisher’s exact probability test) between
SNP genotype frequency and case-control
status in dominant and recessive genetic
models. To assess the allelic association
between each haplotype or each diplo-
type and the disease phenotype, we per-
formed a Fisher’s exact probability test
with Bonferroni correction by collapsing
a multicolumn table to a 2 � 2 table. P �
0.05 was accepted as significant.

RESULTS — The associations of the
genotype of these SNPs with diabetes
were analyzed using the first sample set.
As shown in Table 1, all SNPs examined
showed a significant association with
diabetes. Furthermore, �2 tests for
trend showed significant linear trends,
namely, the frequency of subjects with
the at-risk genotypes increased from the
NGT to the IGT and to the diabetic
groups . The assoc ia t ion of SNP
C2289T, which showed the most signif-
icant association among the SNPs exam-
ined, was further confirmed by analysis
using the second sample set as well (P �
0.0463). We then conducted multiple
logistic regression analysis to examine
the independent association of SNP
C2289T using the two sample sets com-
bined (n � 103, 152, and 471, respec-
tively for diabetes, IGT, and NGT).
After adjustment for serum levels of tri-
glyceride, BMI, and systolic blood pres-
sure, which were significantly different
among the study groups, the SNP still
showed a significant association with
IGT (odds ratio [OR] 0.60, P � 0.0148)
and diabetes (OR 0.38, P � 0.0001).

Haplotype analysis using these
SNPs revealed a linkage disequilibrium
block with the six haplotypes. Haplo-
type 1, which is composed of the non–
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at-risk (or protective) alleles of each
SNP examined, showed a significant as-
sociation with diabetes (OR 0.42, P �
0.0008) (P � 0.0047, after the Bonfer-
roni correction). Furthermore, diplo-
type 1/1 (combination of two haplotype
1s) was shown as significantly associ-
ated with diabetes as well (OR 0.35, P �
0.0005) (P � 0.0040, after the Bonfer-
roni correction).

We then examined whether some
clinical traits are different between the at-
risk and the non–at-risk genotype groups
with regard to SNP C2289T, since such
clinical traits may represent intermediate
phenotypes that link the nephrin gene to
diabetes. The NGT group (of the two sam-
ple sets combined) alone was used for this
analysis, since clinical traits in the diabe-
tes and IGT groups seem to be, at least in
part, influenced by their diabetic condi-
tions and may thus not represent their sta-
tus predisposed by the genetic factors
relevant to diabetes. The fasting serum in-
sulin levels in the non–at-risk genotype
group were significantly higher than
those in the at-risk genotype group (4.6 �
3.0 vs. 3.9 � 2.4 �U/ml, P � 0.035). No
other traits examined were significantly
different between them.

CONCLUSIONS — Several studies
have shown the expression of nephrin in
human pancreatic 	-cells (2,3). However,
very recently its expression was reported
in human islet microvascular endotherial
cells (MECs) rather than in human pan-
creatic 	-cells (5). Islet MECs are known
to have important roles in fine-tuning
blood glucose sensing and regulation as
well as in the facilitation of rapid insulin
release (10–13). Although it is controver-
sial which cells in the pancreatic islet ex-
press nephrin, the expression of nephrin
in the pancreatic islet seems to be defini-
tive (2–5). In either case, the impaired

function of nephrin may have some influ-
ence on the function of pancreatic 	-cells
directly and/or through islet MECs. The
fasting serum insulin levels were signifi-
cantly different between the at-risk and
the non–at-risk genotype groups of the
nephrin gene, which may support the
idea mentioned above.

The nephrin gene has two alterna-
tively used exons at its 5� region (exons
1A and 1B); from these, exon 1B and its
immediate surrounding sequence were
shown by analyses of the expression of
promoter-reporter gene constructs in
transgenic mice to be necessary for the
expression of the gene in the pancreas and
the spinal cord but not in the kidney and
the brain (4). Therefore, the expression
of the nephrin gene seems to be tissue-
specifically regulated; thus, variations
of the nephrin gene such as those exam-
ined here may have some functional in-
fluence in the pancreas but not in the
kidney.

In conclusion, the SNPs of the neph-
rin gene were associated with diabetes,
suggesting that nephrin may play an im-
portant role in the pathophysiology of
diabetes.
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