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SUMMARY: Nephrin, the molecule responsible for congenital nephrotic syndrome of Finnish type, is crucial in maintaining the
glomerular filtration barrier. Recently, its complete gene structure and common gene polymorphisms in its exons have been
reported, although the functional and clinical significance of these polymorphisms has not yet been elucidated. We investigated
a possible association of the NPHS1 polymorphisms with the development of Ig A nephropathy (IgAN), as well as the clinical and
histologic manifestations in IgAN. A total of 464 Japanese subjects, including 267 patients with histologically proven IgAN and
197 healthy controls with normal urinalysis, were genotyped for the NPHS1 G349A, G2289A, and T3315C polymorphisms. The
frequencies of the genotypes, alleles, and estimated haplotypes of NPHS1 polymorphisms were no different between patients
with IgAN and the controls. Within the IgAN group, patients carrying at least one G allele of G349A tended to present with more
proteinuria, lower renal function, and more severe histopathologic injury than those with the AA genotype, although the time from
the first urinary abnormality to the renal biopsy was no different between both groups. The logistic regression analysis indicated
that even after adjusting for the effect of proteinuria and hypertension the GG genotype of NPHS1 G349A was an independent
risk factor for the deteriorated renal function at the time of diagnosis. This study suggests that the NPHS1 G349A polymorphism
may be associated with heavy proteinuria and a decline in renal function in patients with IgAN. (Lab Invest 2003, 83:1193–1200).

I g A nephropathy (IgAN) is one of the major causes
of end-stage renal disease (ESRD) and the most

common form of primary glomerulonephritis among
patients undergoing renal biopsy throughout the world
(Maisonneuve et al, 2000). It is characterized by mes-
angial proliferative glomerulonephritis with predomi-
nant deposits of IgA in the mesangial area. The
actuarial renal survival in Japanese patients with IgAN
at 10 years and 20 years is assumed to be 85% and
61%, respectively, from the time when the first renal
abnormalities are detected (Koyama et al, 1997). Fa-
milial clustering of IgAN and interindividual differences
in the clinical course suggests that genetic factors
may contribute to both the development and progres-
sion of this disease (Galla, 2001; Hsu et al, 2000). It
has been well documented that impairment of renal
function, severe proteinuria, and arterial hypertension

at the time of diagnosis are the strongest and most
reliable clinical predictors of progression to ESRD
(D’Amico, 2000; Koyama et al, 1997).

The nephrin gene, NPHS1 (AF035835), has recently
been identified as the gene responsible for congenital
nephrotic syndrome of the Finnish type (NPH1) (Kes-
tila et al, 1998), an autosomal recessive disorder
characterized by the onset of nephrotic syndrome,
which usually occurs before 3 months of age (Hallman
et al, 1956). NPH1 previously resulted in death before
age 2 years, but it can now be treated by kidney
transplantation, without the development of extrarenal
symptoms (Holmberg et al, 1995). The NPHS1 gene
consists of 29 exons spanning 26 kb in the chromo-
somal region 19q13.1 (Mannikko et al, 1995). In the
kidney nephrin expression is observed only in visceral
epithelial cells of the glomeruli, indicating its impor-
tance in the development or maintenance of the
glomerular filtration barrier (Holthofer et al, 1999). In
fact an mAb (mAb 5–1-6), which reacts with the slit
diaphragm, induces a massive proteinuria (Orikasa et
al, 1988), and the antigenic molecule recognized by
mAb 5–1-6 has been identified as nephrin (Kawachi et
al, 2000). The complete genomic structure for NPHS1
was reported, and a total of 50 mutations in the coding
region of NPHS1 or the immediate 5'-flanking region
have been identified in patients with NPH1 (Lenkkeri et
al, 1999). In addition to these mutations, several
sequence variants were published in Caucasian
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(Beltcheva et al, 2001), as well as in Japanese control
individuals (Hirakawa et al, 2002) (an online database
of Japanese single nucleotide polymorphisms [SNPs]
can be found at http://snp.ims.u-tokyo.ac.jp). Al-
though the functional significance of these gene poly-
morphisms remains unclear, it might be important to
explore the phenotypic consequences imposed by the
NPHS1 polymorphisms, not only in congenital ne-
phrotic syndrome, but also in common glomerular
diseases.

In this study to investigate the possible role of the
NPHS1 polymorphism on the development of IgAN, as
well as on the clinical manifestations of the disease,
we performed a case control study for the NPHS1
G349A, G2289A, and T3315C polymorphisms in pa-
tients with IgAN and healthy controls in the Japanese
population.

Results

In total we genotyped 464 subjects, which consisted
of 267 patients with histologically proven IgAN and
197 healthy controls who were genotyped for NPHS1
G349A, G2289A, and T3315C. Table 1 lists the geno-
type distributions and the allele frequencies of these
gene polymorphisms in both groups. The expected
frequencies of the genotypes in both groups, under
the assumption of Hardy-Weinberg equilibrium, did

not differ from the observed genotype frequencies. No
difference was recognized in the genotype and allele
frequency between the patients with IgAN and the
healthy controls without any history of renal disease or
hypertension. Table 1 also shows estimated frequen-
cies of four major haplotypes for the three SNPs loci in
NPHS1. The frequencies of these haplotypes were no
different between IgAN patients and controls. A com-
plete linkage disequilibrium was observed between
the loci 349 and 2289 (D' � 1.0000, p � 0.0001), but
not between 3315 and the other two loci (349 and
3315, D' � 0.6513, p � 0.0732; 2289 and 3315, D' �
0.7480, p � 0.1030).

Clinical characteristics of patients with IgAN at the
time of renal biopsy are listed in Table 2. The compar-
isons shown in this table were made between patients
with the homozygote of NPHS1 349A (n � 102) and
those with either the heterozygote or homozygotes of
349G (n � 165). There was no difference in the gender,
age, body mass index, time from the first urine abnor-
mality to renal biopsy, and blood pressure at the time
of renal biopsy between the two groups. Urinary
protein excretion at the time of renal biopsy in patients
with the AA genotype tended to be less in comparison
to patients with the other genotypes, but the differ-
ence was not statistically significant. The incidence of
nephrotic range proteinuria (NS; urinary protein of

Table 1. Genotype Distributions and Allele Frequencies of Gene Polymorphisms in Patients with Histologically Proven
IgAN and Healthy Controls

Genotype

IgAN Control

�2 p ValueN � 267 N � 197

G349A GG 37 34
GA 128 87
AA 102 76 1.210 0.5460

G2289A GG 178 143
GA 82 51
AA 7 3 2.130 0.3447

T3315C TT 171 124
TC 82 67
CC 14 6 1.676 0.4326

Allele N � 534 N � 394

G349A G 0.378 0.393
A 0.622 0.607 0.219 0.638

G2289A G 0.821 0.860
A 0.179 0.140 2.687 0.101

T3315C T 0.793 0.802
C 0.207 0.198 0.711 0.137

Haplotype estimated
G349A G2289A T3315C N � 534 N � 394

A G C 0.136 0.156
A G T 0.483 0.442
G A T 0.145 0.146
G G T 0.166 0.188
Others 0.070 0.068 1.841 0.765

IgAN, Ig A nephropathy.

Narita et al

1194 Laboratory Investigation • August 2003 • Volume 83 • Number 8



more than 3.5 g/day) was significantly higher in pa-
tients with at least one G allele of the NPHS1 G349A
polymorphism.

The level of serum creatinine at the time of renal
biopsy was lower and the 24-hour creatinine clear-
ance (Ccr) was higher in patients with the AA genotype
than those with the GA or GG genotype. Moreover, the
incidence of advanced glomerulonephritis (GN) was
significantly higher in patients with the GA or GG
genotypes of the G349A polymorphism than those
with the AA genotype. Table 3 lists the frequencies of
alleles for the NPHS1 polymorphisms in IgAN patients
with or without NS, and those with or without ad-
vanced GN. Again, the G349A polymorphism was
significantly associated with both NS and advanced
GN. In contrast, T3315C was not associated with NS
or advanced GN. In the haplotype analysis, in which
haplotype frequencies for the G349A and G2289A loci

were estimated in IgAN patients, the haplotype A-G
was observed more frequently in the patients without
NS and in those without advanced GN (Table 3). The
T3315C polymorphism was not included in the haplo-
type estimation because this locus was not in linkage
disequilibrium with the other two loci and was not
associated with NS nor advanced GN.

The G349A in the NPHS1 were likely to be associ-
ated with both urinary protein excretion and renal
function at the time of renal biopsy. However, these
two clinical phenotypes were actually correlated to
each other (data not shown). Therefore, to investigate
whether the NPHS1 polymorphism affected the renal
function at the time of renal biopsy independently of
urinary protein excretion, the multivariate logistic re-
gression analysis was used (Table 4). Because not all
of the patients could be unequivocally assigned to
have a particular haplotype and because the G349A

Table 2. Clinical Characteristics of Patients with Ig A Nephropathy

All patients
N � 267

Genotype of NPHS1 G349A

p Value �2AA N � 102 GA/GG N � 165

Gender (male %) 48.5 46.1 50.0 NS
Age (year) 37.1 � 13.4 36.9 � 12.6 37.2 � 13.8 NS
Body mass index 22.56 � 3.20 22.89 � 3.52 22.34 � 3.69 NS
Time from the first urine abnormality to renal

biopsy (month)
57.6 � 67.7 56.3 � 55.7 58.4 � 74.5 NS

Urinary protein excretion (g/day) 1.3 � 1.3 1.1 � 0.9 1.5 � 1.5 NS
Incidence of nephrotic range proteinuria (%) 7.9 2.0 11.5 0.0088 6.858
Serum creatinine (mg/dl) 1.0 � 0.9 1.0 � 1.3 1.1 � 0.6 0.0333
Creatinine clearance (ml/min) 87.5 � 32.3 91.7 � 31.2 84.9 � 32.8 0.0223
Incidence of advanced GN (%) 29.2 17.6 36.4 0.0012 10.477
Blood pressure (mmHg)

Systolic 128.0 � 18.6 129.1 � 19.5 127.4 � 18.1 NS
Diastolic 77.1 � 13.9 78.4 � 14.1 76.4 � 13.8 NS

Incidence of hypertension (%) 37.8 36.3 38.8 NS
ACE-I or ARB administration (%) 8.6 9.8 7.9 NS

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; GN, glomerulonephritis.

Table 3. Frequencies of Alleles for the NPHS1 Polymorphisms in Ig A Nephropathy Patients with or without Nephrotic
Syndrome and Those with or without Advanced GN

SNP Allele

Nephrotic syndrome

�2 p Value

Advanced GN

�2 p Value
Yes

N � 42
No

N � 492
Yes

N � 156
No

N � 378

G349A G 0.524 0.366 0.474 0.339
A 0.476 0.634 4.105 0.0428 0.526 0.661 8.651 0.0033

G2289A G 0.714 0.829 0.795 0.831
A 0.286 0.171 3.470 0.0625 0.205 0.169 0.961 0.3270

T3315C T 0.738 0.799 0.769 0.804
C 0.262 0.201 0.871 0.3506 0.231 0.196 0.827 0.3631

Haplotype of G349A and G2289A

A–G 0.476 0.634 4.105 0.0428 0.526 0.662 8.651 0.0033
G–A 0.286 0.171 3.470 0.0625 0.208 0.169 0.961 0.3270
G–G 0.238 0.195 0.449 0.5027 0.266 0.169 6.929 0.0085

GN, glomerulonephritis; SNP, single nucleotide polymorphism.
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polymorphism was most significantly associated with
a deteriorated renal function, the G349A genotype
was included in the multivariate analysis. In this anal-
ysis, the NPHS1 G349A genotype was found to be an
independent risk factor for advanced GN at the time of
renal biopsy after adjusting for the effect of urinary
protein excretion and hypertension. The odds ratios
for the deteriorated renal function in patients with the
AG or GG genotype versus those with AA as the
reference were 1.982 (95% confidence interval, 1.032

to 4.033, �2 � 3.560, p � 0.0452) and 3.299 (95%
confidence interval, 1.303 to 8.354, �2 � 6.341, p �
0.0118), respectively.

Next, any possible associations between the NPHS
genotype and histopathologic findings were investi-
gated. Figure 1 shows the mean values of each
histopathologic grading score in patients with the AA
and AG/GG genotypes of NPHS1 G349A. Patients
carrying at least one G allele of the NPHS1 G349A
polymorphism had more severe histopathologic dam-

Table 4. Multiple Logistic Regression Analysis for a Deteriorated Renal Function at the Time Renal Biopsy

�2 p Value Odds ratio 95% CI

Urinary protein excretion
�1.0 g/day Referent
1.0 to 3.5 g/day 4.205 0.0403 1.969 1.030–3.763
�3.5 g/day 10.443 0.0012 7.315 2.188–24.456

Hypertension
No Referent
Yes 13.677 0.0002 3.194 1.726–5.911

Genotype of NPHS1 G349A
AA Referent
AG 3.560 0.0452 1.982 1.032–4.033
GG 6.341 0.0118 3.299 1.303–8.354

Figure 1.
Mean values of each histopathologic grading score in Ig A nephropathy patients with the AA (□) and AG/GG (�) genotypes of the NPHS1 G349A polymorphism.
Glomerular changes were scored for each glomerulus, and the average score of each was calculated. The scores for mesangial cell proliferation (C) and mesangial
matrix increase (M) were graded into five grades ranging from 0 to 4. Other glomerular changes including endocapillary proliferation (Endo), duplication of glomerular
basement membrane (Dup), crescent formation (Cres), and adhesion of tufts to Bowman’s capsule (Ad), as well as tubulointerstitial lesions (Int), were graded 0 to
4 according to their incidence. Data are given as mean � SE, *p � 0.05 by Mann-Whitney U test.
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age, in particular, with respect to duplication of the
glomerular basement membrane (AG/GG versus AA;
0.51 � 0.70 versus 0.31 � 0.58, p � 0.0307, by
Mann-Whitney U test). No significant deference was
observed between patients with the AA and AG/GG
genotype in mean values of other histologic scores
including mesangial cell proliferation, matrix increase,
interstitial fibrosis, adhesion of glomerular tufts to
Bowman’s capsule, crescent formation, and endocap-
illary proliferation. However, patients with AG/GG ge-
notype had a tendency to present with numerically
higher grades in all respects to the histologic scores
evaluated.

Discussion

The results of the present study indicate a role of the
genetic polymorphism of NPHS1, not in the develop-
ment, but in the clinical manifestations of IgAN. The
IgAN patients with the AG/GG genotypes of NPHS1
G349A presented with more proteinuria, as well as an
increased deterioration in renal function compared
with those with AA genotypes. The results of the
histopathologic assessments of the patients were in
accordance with the clinical data. T3315C, which is
20-kb distant from G349A and 13kb from G2289A,
was neither in linkage disequilibrium with the other two
loci, nor associated with these clinical phenotypes.
Although G349A and G2289A were in tight linkage
disequilibrium, the significance of the association with
heavy proteinuria and a deteriorated renal function
was higher in G349A than in G2289A. This is thought
to be due to the difference in allele frequency of these
two SNPs, because it has been reported that in
association studies SNPs with high allele frequencies
are more statistically informative than those with low
allele frequencies (Martin et al, 2000). In the haplotype
analysis, the A-G haplotype was found to be a protec-
tive haplotype both for NS and for advanced GN.
These clinical phenotypes are well known as signifi-
cant risk factors for the progression to ESRD. How-
ever, to establish the prognostic significance of this
gene polymorphism, a prospective randomized con-
trolled study with a long-term observation is needed.

The filtration barrier of the glomerulus consists of a
fenestrated endothelium, a layered glomerular base-
ment membrane, and visceral epithelial cells, podo-
cytes. Accumulating evidence indicates that the podo-
cytes, with their primary and secondary foot
processes, as well as the interpodocyte slit mem-
branes, are the final glomerular barrier, which prevents
the leakage of circulating macromolecules. Nephrin is
a major molecule in the podocyte filtration slits. The
remarkable regulation of nephrin-specific mRNA levels
in experimental models has been reported (Luimula et
al, 2000). More recently, a typical down-regulation of
nephrin expression has been reported in the glomeruli
of samples from patients with IgAN, membranous
nephropathy, and membranoproliferative glomerulo-
nephritis (Aaltonen et al, 2001; Kim et al, 2002; Wang
et al, 2002). The predicted protein product of the
NPHS1 is a transmembrane protein with eight Ig-like

extracellular repeats and a uniquely structured intra-
cellular domain (Kestila et al, 1998). The SNP G349A
exists in exon three of the nephrin genes and is
accompanied by the substitution of amino acid Lys for
Glu117, whereas the other two SNPs do not cause
amino acid substitution (Lenkkeri et al, 1999). Consid-
ering the pivotal role of the molecule in maintaining
glomerular permselectivity, it is not surprising that the
polymorphism has an association with urinary protein
excretion and the incidence of heavy proteinuria
caused by glomerular injury. Although, to date, there is
no evidence available on the functional significance of
the NPHS1 polymorphism, an alteration in the function
of the nephrin molecule, even to a minor extent, would
lead to an alteration in both the physiologic and
pathologic states of the glomerular podocyte. This in
turn may affect the response of intrinsic renal cells to
immunological injury such as IgAN, resulting in the
clinical phenotype, whereas it would have no effect on
the clinical phenotype in normal physiological condi-
tions. There is also the possibility that other gene
polymorphism, which is in linkage disequilibrium with
the G349A in NPHS1, has a direct impact on expres-
sion or function of the gene and is responsible for the
association observed in this study. We cannot provide
the molecular mechanism by which the NPHS1 poly-
morphism affects the renal function, as well as the
urinary protein excretion. It might be argued that the
association between the NPHS1 polymorphism and
the deteriorated renal function observed at the time of
renal biopsy was a indirect consequence of the
heavier proteinuria in patients with a 349G allele of the
NPHS1 polymorphism, because proteinuria is well
known as a factor for renal damage. However, the
result of the logistic regression analysis indicated the
effect of the SNP on renal function was independent to
proteinuria. This may suggest that nephrin plays an
important role not only in maintaining the glomerular
filtration barrier, but also in regulating podocyte func-
tion and its cell behavior in the disease state. It is
crucial to clarify the functional significance of this
genetic polymorphism especially on the podocyte
function both in the normal physiological condition
and in the inflammatory response.

Our recent investigation has demonstrated that
podocyte injury accompanied by down-regulation of
nephrin is one of the important factors in bringing on
irreversible glomerular alterations (Morioka et al,
2001). It is possible that an alteration in the expression
of nephrin in the pathologic state, which might be
associated with the NPHS1 polymorphism, is followed
by more severe glomerular injury. The limitation of the
present study is that we could not clarify the mecha-
nism by which the NPHS1 was associated with severe
histologic injury and that we could not provide direct
evidence for an association between the NPHS1 poly-
morphism and the expression of nephrin protein in
patients with IgAN. However, the histologic investiga-
tion in this study may support the possibility that the
NPHS1 polymorphism has a direct or specific effect
on podocyte in the disease state.

Nephrin Gene Polymorphism in IgAN
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We selected IgAN patients as the subjects of this
investigation because they are the largest population
of patients with an identical histologic disease entity.
Moreover, the patients with IgAN in this study were
diagnosed at a single center, and the records of their
clinical data at the time of renal biopsy were available.
The effect of the genetic polymorphisms in NPHS1 on
the clinical manifestations of glomerular disease ob-
served in this study may not be specific to IgAN. It is
rather likely that the gene polymorphism investigated
in this study affects the clinical phenotypes in other
types of glomerular diseases. Although, if no associ-
ation is found with other disease groups, that may
provide an important negative control. However, it is
thought that small sample size groups with heteroge-
neous disease entities are inadequate for proving any
negative or positive association between genotype
and phenotype.

There is a possibility that the NPHS1 polymorphism
merely provides a fortunate marker of other differ-
ences in the genetic background that serves as ge-
netic modifiers. A further large population-based and
genome-wide study is necessary to clarify the genetic
factors contributing to the development of IgAN, and
this would be helpful in understanding the pathoge-
netic mechanism of IgAN as well as developing a new
strategy for treatment of the disease.

Although further study is necessary to elucidate the
functional significance of the NPHS1 polymorphism
on nephrin expression or podocyte function, the find-
ings of this study support the important role of podo-
cyte damage for developing and progression of glo-
merular injury in IgAN.

Materials and Methods

Patients

The protocol for the genetic study was approved by
the ethics committee of the institution involved, and
informed written consent for the genetic studies was
obtained from all participants.

Genomic DNA of peripheral blood cells from 464
Japanese individuals including 267 patients with his-
tologically confirmed IgAN was isolated using an au-
tomatic DNA isolation system (NA-1000, Kurabo,
Osaka, Japan). Schönlein-Henoch purpura and sec-
ondary IgAN such as hepatic glomerulosclerosis were
excluded from the analysis. Diagnosis of IgAN in all
cases was based on a kidney biopsy that revealed the
presence of dominant or co-dominant glomerular
mesangial deposits of IgA as assessed by an immu-
nofluorescence examination. The mean age at diag-
nosis was 37.1 � 13.4 (range from 9 to 74) years.

Clinical characteristics of the patients with IgAN,
including gender, age, body mass index, duration of
observation (in months), level of urinary protein excre-
tion (g/day), serum creatinine (mg/dL), and Ccr (ml/
min), were investigated before the start of any treat-
ment. The time from the first urine abnormality to renal
biopsy (month) was also recorded for 213 of the 267
patients, where the first episode of urine abnormality

(proteinuria or hematuria) could be clearly defined.
Advanced GN was defined by a 24-hour CCr of � 70
ml/min/1.73 m2 body surface area. Hypertension was
defined by the use of one or more antihypertensive
medications and/or a blood pressure greater than or
equal to 140 mmHg systolic or 90 mmHg diastolic.
Only 23 of the 267 (8.6%) patients were administrated
angiotensin-converting enzyme inhibitors and/or an-
giotensin receptor antagonists before the diagnosis.

To provide a control for the local genotype fre-
quency being examined, 197 Japanese volunteers (98
female and 99 male) with no history of renal disease or
hypertension and with normal urinalysis were also
recruited. The mean age of healthy controls was 39.2
� 10.6 years, and this was no different from that of the
patients (p � 0.0817).

Determination of the Genotypes

After investigating the clinical characteristics from
past medical records, genotypes for the NPHS1
G349A, G2289A, and T3315C polymorphisms, which
are located in exon 3, 17, and 25 of the gene,
respectively, were independently determined in a
double-blind fashion by allele specific oligonucleotide
hybridization after PCR (PCR) using allele specific
primers as shown in Table 5. These SNPs were
selected for analysis because the frequencies of their
minor alleles were more than 0.1 in a preliminary
analysis, in which 100 healthy controls were geno-
typed. A DNA fragment containing the SNP region of
the NPHS1 was amplified by PCR, with two allele-
specific sense primers and biotin-labeled antisense
primers or vice versa, which were designed based on
the published sequence (GenBank accession number
AF035835). The second base from the 3'-end of the
allele specific primer had each allele specific se-
quence, and the third base had an artificial mismatch
sequence. The artificial mismatch was a mixture of
nucleotides G or C to obtain the highest specificity in
the following hybridization reaction. The reaction mix-
ture in KOD plus buffer (25 �l) contained 0.02 �g of
DNA, 5 pmol of each oligonucleotide primer, 0.2 mM

each deoxynucleoside triphosphate, 0.9 mM MgSO4,
and 1 unit of DNA polymerase (KOD plus, Toyobo,
Osaka, Japan). The amplification protocol comprised
of an initial denaturation at 94° C for 5 minutes; 35
cycles of denaturation at 95° C for 15 seconds, an-
nealing at 65° C for 30 seconds, and an extension at
68° C for 30 seconds, with a final extension at 68° C
for 2 minutes. Amplified DNA was denatured with
NaOH, and then hybridized at 37° C for 30 minutes in
hybridization buffer containing 30% formamide with
allele-specific capture probes fixed to the bottom of
the wells of a 96-well plate (Table 5). The wells were
then washed thoroughly, and alkaline phosphatase-
conjugated streptoavidin added to each, before the
plate was incubated at 37° C for 15 minutes. After
washing each well thoroughly, 0.8 mM WST-1 (2-(4-
iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
2H-tetrazolium, monosodium salt) and 0.4 mM BCIP
(5-bromo-4-chloro-3-indolyl phosphate p-toluidine
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salt), a substrate for alkaline phosphatase, were
added and the colorimetry was measured.

To confirm the accuracy of the genotyping method,
we also performed direct sequencing of the PCR
products from 48 individuals (24 IgAN patients and 24
healthy controls randomly selected) using the TaqDNA
polymerase cycle sequencing method. A BigDye Ter-
minator Cycle Sequencing FS Kit was used according
to the manufacturer’s instruction (Perkin-Elmer, Foster
City, California). The pairs of oligonucleotide primers
as described previously were used for the bidirectional
sequencing (Lenkkeri et al, 1999). An automated DNA
sequencer (model ABI PRISM 310, Perkin-Elmer) was
used for the analysis. The results of the direct se-
quencing were completely consistent with those of the
allele-specific PCR method described above.

Histopathological Analysis

Histopathologic findings of kidney biopsy specimens
of IgAN patients were classified according to the
classification described previously (Suzuki et al, 1992).
A single pathologist evaluated all specimens by light
microscopy in a double-blind fashion. Glomerular
changes were scored for each glomerulus, and the
average score of each was calculated. The scores of
cellular proliferation and the matrix increase in the
mesangium were graded into five grades ranging from
0 (minimal change) to 4 (diffuse global marked). Other
glomerular changes including endocapillary prolifera-
tion, duplication of glomerular basement membrane,
crescent formation, and adhesion of tufts to Bow-
man’s capsule as well as tubulointerstitial lesions were
graded 0 to 4 according to their incidence. Grades 0 to
4 represent an incidence of the lesion in 0% to 4%,
5% to 24%, 25% to 49%, 50% to 74%, and 75% to
100% of cases, respectively.

Statistical Analysis

Haplotype frequencies for sets of alleles were esti-
mated using ARLEQUIN software version 2.0, which

was based on a maximum-likelihood method. (Genet-
ics and Biometry Laboratory, Department of Anthro-
pology, University of Geneva, Geneva, Switzerland;
http://lgb.unige.ch/arlequin/). Pair-wise linkage dis-
equilibrium coefficients (D') were also calculated using
ARLEQUIN version 2.0 and expressed as the D' � D/D
max, according to Slatkin (Slatkin, 1994).

Statview 5.0 statistical software (Abacus Concepts,
Inc., Berkeley, California) was used for statistical anal-
yses on a Macintosh G4 computer. Chi-square anal-
ysis was used when comparing allele frequencies and
categorical variables between the groups. Hardy-
Weinberg equilibrium was tested by a Chi-square test
with 1 df. The adjusted odds ratios and 95% confi-
dence interval for advanced GN at the time of renal
biopsy with multivariate factors were calculated using
logistic regression analysis. Variables that achieved
statistical significance (p � 0.05) in the univariate
analysis were subsequently included in a multivariate
analysis using a stepwise forward logistic regression
procedure and the effects of these covariates were
expressed by an odds ratio. A p value of � 0.05 was
considered statistically significant.
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