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Genetic polymorphisms in the promoter and 5� UTR region of the Fc α
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Abstract The molecular mechanisms of immunoglobulin
A glomerulonephritis (IgAN), the most prevalent form of
primary glomerulonephritis, remain poorly understood.
Recently, the essential role of soluble Fc α receptor (FcαR)
in the formation of the pathogenic immune complex has
been revealed. We screened genomic DNA samples from
patients with IgAN and those with other glomerular dis-
eases for polymorphisms in the promoter and the 5�-
untranslated region region of the FcαR gene by direct
nucleotide sequencing. We found three common polymor-
phisms in this region, T-114C, T-27C, and T�56C from the
putative transcription initiation site. Each genotype was
determined in 151 patients with IgAN and 163 patients with
other glomerular diseases shown to have no mesangial IgA
deposition by renal biopsy. The haplotype analysis revealed
tight linkage disequilibrium among them. An association
study for the genotype, allele, and haplotype frequencies of
the polymorphisms between the patients with histologically
proven IgAN and those with other glomerular diseases
showed no significant difference in the genotype, allele, and
haplotype distributions between the two groups. The
present study indicates that the analyzed polymorphisms of
the FcαR gene do not appear to be primarily involved in the
susceptibility to IgAN.
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Introduction

Immunoglobulin A glomerulonephritis (IgAN) is the most
common form of primary glomerulonephritis throughout
the world. The disease has a variable clinical course, and
one third of patients with IgAN progress to end-stage renal
failure within 10–20 years of onset. IgAN is characterized
by deposition of mainly polymeric IgA1 in the mesangial
area, often associated with higher serum IgA1 levels. Ab-
normalities in the production and/or catabolism of IgA are
thought to play an important role in the etiology and patho-
genesis of IgAN. However, the molecular mechanisms of
the disease remain poorly understood. Accumulating evi-
dence suggests that genetic factors determine the suscepti-
bility of developing IgAN (Scolari et al. 1999; Hsu et al.
2000).

Much evidence suggests that primary IgAN is an im-
mune complex-mediated disease. An essential role for
soluble Fc α receptor (FcαR) in the pathogenesis of IgAN
has been reported (Launay et al. 2000). It was deduced
that the interaction between polymeric IgA and CD89
(FcαR) results in the release of pathogenic soluble CD89-
IgA complexes. Recently, it has been reported that single-
nucleotide polymorphisms (SNPs) exist in the promoter
region of the FcαR gene and that these SNPs are associated
with the transcriptional or promoter activity of the gene
(Shimokawa et al. 2000). Moreover, gene expression of the
FcαR and the FcRγ chain (a signaling subunit of FcR),
has been shown to be present in human mesangial cells
(Gomez-Guerrero et al. 1996). On the other hand, the ex-
pression of FcαR in blood cells is down-regulated in IgAN
patients (Grossetete et al. 1998). Although the mechanism
of IgA deposition in renal mesangium is poorly understood,
it seems reasonable to hypothesize that an abnormality in
the regulation of FcαR expression may be involved in the
pathogenesis of IgAN.

We screened the nucleotide sequence of the 5�
untranslated region (UTR) in the FcαR gene and identified
three common polymorphisms. We also examined the
possible association between the genetic polymorphisms in
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this region and the susceptibility to IgAN in Japanese
patients.

Subjects and methods

Subjects

The protocol for the study was approved by the ethics com-
mittee of the institution involved, and informed consent
for the genetic studies was obtained from all participants.
Genomic DNA of peripheral blood cells was isolated by
an automatic DNA isolation system (NA-1000, Kurabo,
Osaka, Japan) from 314 individuals, including 151 histologi-
cally confirmed IgAN patients. Patients with Henoch-
Schönlein purpura and secondary IgAN, such as hepatic
glomerulosclerosis, were excluded from the analysis. The
other 163 patients with renal disease were histologically
confirmed to have no mesangial IgA deposition, including
45 patients with mesangial proliferative glomerulonephritis
without mesangial IgA deposition, 32 with membranous
nephropathy, 19 with minor glomerular abnormality, 9 with
mesangioproliferative glomerulonephritis, 8 with thin base-
ment membrane disease, 6 with nephrosclerosis, 4 with
focal segmental glomerulonephritis, and 40 with other renal
diseases (diabetic nephropathy, donor for kidney transplan-
tation, primary amyloidosis, and Alport syndrome).

Diagnosis of IgAN was based on a kidney biopsy that
revealed the presence of dominant or codominant glomeru-
lar mesangial deposition of IgA as assessed by immunofluo-
rescence examination.

Sequencing of DNA

A 934-bp fragment containing the 5�-flanking region and
the protein-coding sequence for exon 1 of FcαR was
amplified by polymerase chain reaction (PCR) based on the
published sequence (GenBank accession number X87767).
Primers were 5�-CAAACCCCCATGACACAAGT-3�,
and 5�-CTCCTG TGTCTTGGTGAGTT-3� (Fig. 1, P1 and
P2, respectively). PCR reactions were performed in a 50-µl
reaction mixture containing 100ng genomic DNA, 10pM
of each primer, 0.2mM deoxynucleotide triphosphates

(ddNTPs), 1.5mM MgCl2, and 1u Taq DNA polymerase
(Takara, Kyoto, Japan) in PCR buffer. The PCR
amplification reaction consisted of a cycle at 94°C for 5min,
followed by 35 cycles of denaturation at 93°C for 30s, an-
nealing at 63°C for 30s, and extension at 72°C for 2min.

To screen for the existence of common polymorphic sites
in the promoter and 5� UTR region of the FcαR gene, we
performed direct sequencing of the PCR products from 24
individuals (12 with IgAN and 12 with mesangial prolifera-
tive glomerulonephritis without IgA deposits) using the
Taq DNA polymerase cycle sequence method. A BigDye
Terminator Cycle Sequencing FS Kit was used according
to the manufacturer’s instruction (Perkin-Elmer, Foster
City, CA, USA). The same pair of oligonucleotide primers
as that for the PCR reaction was used for bidirectional
sequencing. An automated DNA sequencer (model ABI
PRISM 310, Perkin-Elmer) was used for the analysis.

Determination of the genotypes

Each genotype was determined by allele-specific oligo-
nucleotide hybridization after PCR amplification. The for-
ward primer and biotin-labeled reverse primer for PCR
were 5�-TCATTCGTTTCTCATCTGAAACA-3� and 5�-
CGCAGAAGTATG AGGACAGAGC-3�, respectively
(Fig. 1, P3 and P4). The PCR reaction mixture (25µl) con-
tained 50ng of DNA, 5pM of each oligonucleotide primer,
0.2mM ddNTPs, 2.5mM MgSO4, and 1 unit of DNA poly-
merase (KOD plus, Toyobo, Osaka, Japan) in KOD buffer.
The amplification protocols consisted of a cycle at 94°C
for 5min, followed by 40 cycles of denaturation at 93°C for
30s, annealing at 60°C for 30s, and extension at 72°C for
2min.

The amplified DNA fragment of 263bp was denatured
with NaOH, and then hybridized with allele-specific capture
probes fixed to the bottom of a microtiter plate by agitation
for 30min at the appropriate temperature, as listed in Table
1. Specific probes for each SNP are also listed in Table 1
(Nihon Bio Service, Asaka, Japan). The wells were washed
thoroughly, and then alkaline phosphatase-conjugated
streptoavidin added to each, before the plate was incubated
at 37°C for 15min with agitation. After washing each well
thoroughly, 4-methoxy-4 (3-phosphatephenyl) spiro (1,2-
dioxetan 3,2�-adamantane), a substrate for alkaline

Fig. 1. Partial genomic structure and location of single-nucleotide
polymorphisms (SNPs) in the FcαR gene. Exon 1 is represented by
an open rectangle, and the promoter and introns are represented by
horizontal lines. The numbers indicate the relative position from the

putative transcription initiation site. The primers P1 and P2 were used
for polymerase chain reaction (PCR) direct sequencing, whereas
P3 and P4 were used for PCR before allele-specific oligonucleotide
hybridization
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phosphatase, was added and the luminescence measured by
an automated chemiluminescent assay system (Toyobo).

Statistical analysis

Haplotype frequencies for sets of alleles were estimated
using the Estimating Haplotype-frequencies (EH) software
program (ftp://linkage.rockefeller.edu/software/eh). All
haplotypes below a frequency of 1/4N, where N is the
sample size, were eliminated. Pairwise linkage disequilib-
rium coefficients were estimated by the maximum-
likelihood method and the extent of disequilibrium
was expressed as D� � D/Dmax or D/Dmin, according to
Thompson et al. (1988).

Statview 5.0 statistical software (SPSS, Inc. Cary, NC,
USA) was used for statistical analyses on a Macintosh G4
computer. Chi-square analysis was used when comparing
allele and haplotype frequencies between the groups.
Hardy-Weinberg equilibrium was tested by a chi-square
test with 1 df. Values of P � 0.05 were considered to indi-
cate statistical significance.

Results

We identified three common SNPs in the promoter and 5�-
UTR region of the FcαR gene by PCR direct sequencing
of 48 alleles from 24 individuals. In addition to two SNPs
(C-114T and C�56T), which had already been reported by
Shimokawa et al. (2000), we found a T-to-C transition at the
�27 nucleotide position from the putative transcription ini-
tiation site, which corresponded to the first T of the TATA
box (Fig 1). The genetic polymorphisms we identified
contained no restriction sites. Therefore, we used an allele-
specific oligonucleotide hybridization method for the
genotyping of these SNPs as described in Subjects and
Methods. Genotypes in each biallelic sites were clearly
defined in all subjects using this method and the results
were completely consistent with those of the PCR direct
sequencing method.

Genotype and allele frequencies for each polymorphic
site in 151 patients with IgAN and in 163 patients with other
renal diseases distinct from IgAN are shown in Table 2. The
expected frequency of the genotypes, under the assumption
of Hardy-Weinberg equilibrium, did not differ from the

observed genotype frequencies in both groups of patients
(data not shown). The pairwise linkage disequilibrium be-
tween the three SNPs in the promoter and 5� UTR region of
the FcαR gene was estimated. Each SNP was in tight link-
age disequilibrium with the other (Table 3, P � 0.001). The
estimated frequencies of each major haplotype in the pa-
tients with IgAN and those with other renal diseases are
shown in Table 4. The genotype, allele, and haplotype dis-
tributions were compared among patients with IgAN and
those with other renal diseases and no significant differ-
ences were detected. In addition, there was no difference in
the serum IgA level among each of the genotypes or
haplotypes in both the patients with IgAN and those with
other glomerulonephritis (data not shown).

Table 1. Nucleotide sequences of the hybridization probes and hybridization temperatures used for
allele-specific oligonucleotide hybridization after PCR hybridization

Hybridization
temperature

SNP Hybridization probe (°C)

T-114C 5�-TTTTTGAAATA(T/C)AGGTCTTAGGCAGGAG-3� 57.5
T-27C 5�-TTTTTCCCATCTCTATTTAAAAAAA(T/C)ATACATA-3� 60.0
T�56C 5�-TTTTTTTCCACTTTG(T/C)TGTGAGGCA-3� 57.5

PCR, Polymerase chain reaction; SNP, single-nucleotide polymorphism

Table 2. Genotype and allele frequencies in patients with IgAN and
those with other diseases distinct from IgAN

Position Genotype IgA nephropathy Others P value

�114 CC 11 14
CT 69 60
TT 71 89 0.278

�27 CC 2 3
CT 36 29
TT 113 131 0.401

�56 CC 24 26
CT 80 72
TT 47 65 0.229
Total 151 163
Allele

�114 C 0.301 0.270
T 0.699 0.730 0.434

�27 C 0.132 0.107
T 0.868 0.893 0.398

�56 C 0.424 0.380
T 0.576 0.620 0.304

Table 3. Pairwise linkage disequilibrium coefficients (D�) between
SNPs

D�a

Polymorphism C-114T C-27T C�56T

C-27T 0.999 — —
C�56T 0.968 0.953 —

P � 0.001 in each pair
SNP, Single-nucleotide polymorphisms
a D� was estimated according to Thompson et al. (1988)
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Discussion

IgAN is characterized immunohistologically by the deposi-
tion of IgA in the renal mesangium. Fc receptors have been
considered to play an important role in the pathogenesis of
immunoglobulin-mediated inflammations such as allergic
diseases. Like other Fc receptors, FcαR can mediate various
inflammatory signals to the cells, indicating the possibility
that this receptor is involved in the development of IgAN.
In fact, there is accumulating evidence that FcαR acts as a
crucial molecule in the pathogenesis of IgAN. Moreover,
the important role of soluble FcαR in the formation of the
pathological immune complexes is evident in human IgAN
and in the mouse model of IgAN (Launay et al. 2000). Thus,
FcαR may be the functional candidate for a genetic study to
identify susceptibility to IgAN. Polymorphism in the regula-
tory region for FcαR gene expression is thought to be espe-
cially important, because earlier studies reported increased
expression of FcαR in patients with IgAN (Kashem et al.
1994; Monteiro et al. 1995; Kashem et al. 1997).

We identified three SNPs in the promoter and 5� UTR
region of the FcαR gene, one of which has not been noted
in previous reports (Shimokawa et al. 2000). Although the
reason for the discrepancy between the previous report and
this study is not clear, the presence of SNP C-27T was
confirmed by two distinct methods, direct nucleotide se-
quencing and allele-specific oligonucleotide hybridization,
each using different primers and protocols for the PCR
reactions.

Our study failed to show any difference of the genotype
or allele frequencies in this region between patients with
IgAN and those with other types of glomerulonephritis. It is
possible that our study population was not large enough to
produce statistically significant results. Nonetheless, the
numbers of patients with IgAN and with other types of
glomerulonephritis analyzed in this study were much larger
than a previous report that showed a significant difference
between the genotype and allele distributions of the two
groups (Tsuge et al. 2001). The number of subjects with
IgAN was 151 in the present study, but only 90 in the
previous study. The allele frequencies at position �114 and
�56 in the patients with other types of glomerulonephritis
were in good accordance with those of the previous report.
Therefore, there is a possibility that the finding of the previ-
ous report resulted from a potential overfitting caused by
the small sample size. The in vitro study of a monocyte cell
line demonstrated that the promoter of FcαR, containing

both the �114C and �56C alleles, had a significantly higher
promoter activity than that containing both T alleles at the
corresponding sites. However, the frequency of the haplo-
type �114C, �27T, �56C, the only major haplotype with
both �114C and �56C, was no different between the two
groups.

The results of this study indicate that the genetic poly-
morphism in this region does not possess any direct or
major effect on the susceptibility of developing IgAN. How-
ever, our study does not exclude the importance of a tran-
scriptional or functional abnormality of the FcαR gene in
the pathogenesis of IgAN. Genetic factors, which deter-
mine the susceptibility to dysregulation of the IgA immune
system and to the pathogenesis of IgAN, are thought to be
heterogeneous. Recently, a genome-wide linkage analysis
performed in 30 Caucasian kindred with IgAN revealed a
significant linkage of this disease to a 10-cM locus in 6q22–
23, although not all the kindred analyzed were linked to this
locus (Gharavi et al. 2000). This may indicate that these
genetic factors are heterogeneous. In fact, it has been re-
ported that a polymorphism in the I α1 promoter region, the
regulatory region in class switch recombination, possibly
causes enhanced IgA production in some, but not all, pa-
tients with IgAN (Yano et al. 1998). In addition, many other
genetic polymorphisms, for example, specific human leuko-
cyte antigen (HLA) encoded by the major histocompatibil-
ity complex (MHC) locus, genes within the Ig heavy chain
loci, and T-cell receptor constant α chain gene, have been
reported to be associated with IgAN (Fennessy et al. 1996;
Demaine et al. 1988; Deenitchina et al. 1999).

A large population-based and genome-wide study is
necessary to clarify the genetic factors contributing to the
development of IgAN, which would be helpful in under-
standing the pathogenic mechanism of IgAN.
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