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Abstract

We have investigated the switch regions of Ig heavy chain
genes of patients with IgA glomerulonephritis (IgA-GN) using
restriction fragment length polymorphism (RFLP) analysis.
Genomic DNAfrom patients and controls was digested with
the restriction endonuclease Sst I and transferred to nylon
membranes using the Southern blot procedure and hybridized
with a probe homologous to the switch region of the Ig C,u gene

(SM) which detects RFLPs in both Sg and the switch region of
the Ig Cal gene (Sal). A significant decrease in the frequency
of the 2.6;2.1 kb heterozygous SM phenotype was found in
patients with IgA-GN (P = 0.003). With respect to the Sal
region, there was a significant increase in the frequency of the
7.4 kb Sal phenotype (P = 0.002). In addition, a significant
increase in the frequency of the 7.4 kb Sal allele was found (P
= 0.0002). These results suggest that gene(s) within the Ig
heavy chain loci may be important in the pathogenesis
of IgA-GN.

Introduction

In many countries IgA glomerulonephritis (IgA-GN)' is the
most common form of glomerulonephritis, accounting for
20-30% of biopsy-confirmed cases according to the country in
which the study was performed (1). Several clinical observa-
tions point to a genetic predisposition being important in its
pathogenesis. First, IgA-GN may be familial (2) and it also
occurs in siblings (3). Second, IgA-GN is associated with in-
herited complement defects and Ig kappa light chain allotypes
(4, 5). Finally, subtle immunological abnormalities have been
recognized in healthy relatives of patients with IgA-GN, in-
cluding the presence of cold-reacting anti-nuclear factor and
IgA bearing peripheral blood lymphocytes (6, 7).
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1. Abbreviations used in this paper: GN, glomerulonephritis; RFLP,
restriction fragment length polymorphism; Sal, Ig Cal switch region;
SM, Ig CMswitch region; SSC, standard saline citrate.

The circumstantial evidence for immunogenetic factors
prompted us to examine Ig heavy chain switch region poly-
morphism in patients with IgA-GN. The switch regions of Ig
heavy chain genes are highly repetitive sequences and mediate
the Ig isotype switch, for instance from IgM to IgG. They occur
on the 5' side of all functional Ig constant heavy chain genes
except Ce. The repetitive nature of the switch sequences means
that cross-hybridization occurs when a switch region probe is
used. Hence a DNAprobe homologous to the Ig Cu switch
region (S,), when used in conjunction with Sst I restriction
endonuclease, can detect restriction fragment length polymor-
phism (RFLP) in Stt and also the switch region flanking the Ig
CalI gene (Sal) (8); other switch regions are also detected but
the polymorphisms occur at a very low frequency (8). A total
of six independent loci can be identified, five of which are in
strong linkage disequilibrium. They give rise to 28 different
haplotypes that segregate in a Mendelian fashion. Therefore a
large portion of the Ig constant heavy chain gene loci can be
investigated using one probe. Using a similar S,u probe, this
DNA region has recently been shown to be associated with
other forms of immunologically mediated renal disease, in-
cluding membranous nephropathy (9, 10). The results pre-
sented here indicate that IgA-GN is also associated with the Ig
heavy chain loci.

Methods

Subjects
IgA-GN. 48 patients with biopsy-proven IgA-GN were studied. The
mqjority were young males (30) with recurrent macroscopic hematuria
and all had normal renal function. Ages ranged from 5 to 72 yr (mean
age 32.3±12.9 yr). No patient had experienced purpuric rash, joint
pain, or other symptoms of systemic vasculitis.

Controls. Westudied 141 normal caucasoid healthy controls with
no history of renal dysfunction.

DNAextraction and hybridization
Each subject had 25-35 ml of peripheral venous blood collected into
5% EDTA. High molecular weight DNAwas extracted from the pe-
ripheral blood leukocytes of patients and controls. 8-10 Mg of DNA
was digested with the restriction endonuclease Sst I (Bethesda Research
Laboratories, Glasgow, United Kingdom), size fractionated by electro-
phoresis in 0.6% agarose horizontal gels, and transferred onto nylon
membrane filters (Hybond-N, Amersham International, Amersham,
Buckinghamshire, England) using the method of Southern (1 1). Filters
were hybridized for 20-24 h to a probe homologous to the SM region
which had been oligolabeled with 32deoxycytidine ribonucleotide tri-
phosphate. Washes to remove nonspecifically bound probe were car-
ried out in 0.3x SSC, 0.5% SDSfor 30 min at 65°C. Filters were placed
in Cronex daylight cassettes between Kodak XAR 5 film with two
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DNAprobe
The probe used (SM) was a 2. 1-kb Sst I fragment from the clone
C75RIB (obtained from Dr. T. H. Rabbitts, Medical Research Centre,
Cambridge), which is an 8-kb Eco RI fragment of the whole SM region
that had been inserted into the vector pACYC184 (12).

The SM probe in conjunction with the endonuclease Sst I detects
polymorphic fragments of 2.1 or 2.6 kb which are allelic, giving pheno-
types of 2.1;2.1, 2.6;2.6, or 2.1;2.6 kb. With respect to the SalI loci,
allelic fragments of 7.4 or 6.9 kb are detected (Fig. 1). The following SMu
and Sal haplotypes were defined in those individuals who were
homozygous for at least one locus: 2.6;7.4, 2.6;6.9, 2.1;7.4, and
2.1; 6.9 kb.

Statistical analysis
Statistical comparisons were made using Fisher's exact test. Etiological
fraction and relative risk were also calculated (13).

Results
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Figure 1. The SMprobe in conjunction with the restriction endonu-
clease Sst I detects polymorphisms at the SMand Sal loci (7). Allelic
fragments of 2.6 or 2.1 kb are detected at the SM locus and 7.4 and
6.9 kb at the Sal locus. Commonphenotypes are shown in the fig-
ure. The left lane is a 2.6;2.1 -kb SM-7.4-kb Sal phenotype; the mid-
dle lane is a 2. 1-kb S,u-7.4;6.9-kb Sa l phenotype; and the right lane
is a 2.6-kb S,-7.4;6.9-kb Sa l phenotype. The other bands in the au-
toradiograph are due to cross-hybridization with other switch se-
quences but they are generally nonpolymorphic and are not discussed.

intensifying screens (Du Pont Co., Diagnostic and Bio Research Sys-
tems, Wilmington, DE) at -70°C. Films were developed at 24
and 72 h.

The results of the phenotypic expression of the SM and Sa l
alleles using RFLPanalysis are shown in Table I. In the patient
group there was a decrease in the heterozygous phenotype 2.6;
2.1 kb (33.3 vs. 56.0% in controls, P = 0.003). This was accom-
panied by increases in both the 2.6- and 2. 1-kb putative ho-
mozygous phenotypes. With respect to the Sal loci there was
alm6st complete absence of homozygotes for the 6.9-kb Sal
phenotype, accompanied by a significant increase in the pro-
portion homozygous for the 7.4-kb phenotype (P = 0.002).

The gene frequencies of the individual alleles are shown in
Table II. Patients with mesangial IgA-GN have a significant
excess of the SalI 7.4-kb allele (0.802 vs. 0.609 in controls, P
= 0.0002). In contrast, no significant difference of gene fre-
quency was noted for the alleles of the Su locus.

The frequency of the putative heplotypes is shown in Table
III. The frequency of the 2.1 ;6.9-kb haplotype was significantly
decreased in the patient group (0.1 vs. 0.213 in controls, P
= 0.01). There was a compensatory increase in the frequency
of the 2.6;7.4- and 2.1 ;7.4-kb haplotypes (P = 0.04 and 0.07,
respectively).

Hardy-Weinberg analysis showed that in caucasoids of
West- and Mid-European origins the SMAand Sal alleles exam-
ined comprised > 99.3% of all possible alleles. There is a sug-
gestion that in uremia artefactual RFLPs may appear (14).
However, none of the patients studied was uremic, and no
fragments of unusual electrophoretic mobility were noted,

Table I. Phenotypic Expression of Slu and Sa l Alleles by RFLPAnalysis

Controls IgA-GN
P Etiological Relative

Sn (%) n (%) (vs. controls) fraction risk

2.6;2.1 79* 56.0 16 33.3 0.003 0.39
2.6 28 19.9 15 31.3 0.04 0.14 1.8
2.1 34 24.1 1 7 35.4 0.05 0.15 1.7
Sal
7.4;6.9 64 46.4 17 35.4 0.06 0.63
7.4 52 37.7 30 62.5 0.002 0.4 2.8
6.9 22 15.9 1 2.1 0.006 0.11

The restriction endonuclease Sst I was used in conjunction with the Sg probe. Allelic fragments of 2.6 or 2.1 kb (Sg switch region) and 7.4 or
6.9 kb (Sa l switch region) are detected. Statistical calculations were carried out using Fisher's exact test (P value). Relative risk and etiological
fraction were also calculated. * Includes two subjects with rare fragment bands (complete phenotypes: 2.6;2.5 and 2.6;2.2 kb)
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Table II. Genotypes of S, and Sal Alleles by RFLPAnalysis
in Mesangial IgA-GN

SA Sa I

2.6 2.1 6.9 7.4

Controls 0.475 0.518 0.391 0.609
IgA-GN 0.479 0.521 0.198 0.802*

Gene frequencies were calculated for the individual alleles. The con-
trol population conformed to the Hardy-Weinberg equation with re-
spect to both the SMand Sal loci.
* Versus frequency in controls; P value = 0.0002.

though two control samples did have bands of unusual mo-
bility.

Discussion

The consequences of polymorphism in Ig heavy chain switch
region for Ig function have not been defined in humans. By
analogy with data in the mouse (15) it is likely, however, that
differences in switch region sequences are associated with al-
terations in immune repertoire expression. Since switch region
polymorphism may be associated with differences of the vari-
able heavy chain region genes, it is conceivable that altered SMu
and Sa 1 genotypes and phenotypes are secondary to restric-
tions in the antigen recognition repertoire. In a recent study,
plasma from patients with mesangial IgA-GN, but not con-
trols, interacted with a glomerular basement membrane epi-
tope, a finding also consistent with restriction of the recogni-
tion mechanism (16). Similar considerations apply to the re-
cent recognition of polymorphism of the Ig heavy chain switch
region in other histological types of glomerulonephritis (9). On
the other hand, the association with switch region polymor-
phisms may be related to the constant region via a feature of
the expressed product, for example isoelectric point and ability
to activate complement. In this context it is of note that in

Table III. Frequency of SM-Sal Haplotypes in IgA-GN
by RFLPAnalysis

Haplotype IgA-GN Controls

SU/Sa I n Freq. n Freq.

kb

2.6;7.4 35 0.427 49 0.327
2.6;6.9 4 0.05 15 0.1
2.1;7.4 35 0.427 54 0.36
2.1;6.9 8 0.1* 32 0.213

Total= 82 150

SM/Sal haplotypes were designated as follows: 2.6;7.4, 2.6;6.9,
2.1;7.4, and 2.1;6.9 kb. Assignment of haplotypes was possible in 41
patients and 75 controls. There was a significant decrease in the fre-
quency of the 2.1 ;6.9-kb haplotype in the patient group compared
with controls, which was accompanied by an increase in frequency of
the 2.6;7.4- and 2.1 ;7.4-kb haplotypes.
* Versus frequency in controls; P value = 0.01.

patients with mesangial IgA-GN, elution of IgA deposited in
the glomerulus revealed pl restriction ( 17).

Although the frequency of the SM alleles is not significantly
different in IgA-GN, the SM phenotypes are not in Hardy-
Weinberg equilibrium, as there is a significant reduction in the
number of SM heterozygotes. This suggests that they are resis-
tant to the development of the disease. In contrast, at the Sal
locus the 7.4-kb allele and the 7.4-kb phenotype are associated
with IgA-GN, indicating that the Sal allele may be a risk
factor for susceptibility to IgA-GN. These results suggest that
there may be two separate associations of IgA-GN with Ig
switch regions, one with SM and the other with Sa l. At the
moment it is unclear if these markers are present on the same
chromosome or two different ones. Analysis of the haplotypes
suggests that both the 2.6;7.4- and the 2.1;7.4-kb haplotypes
are increased in IgA-GN, with a decreased frequency of the
2.1;6.9-kb haplotype. Further studies using multiply affected
families may help to resolve this.

The magnitude of change in switch region allele frequen-
cies and phenotype frequencies is such that our observation
has currently no diagnostic value. However, in other immune
diseases it can be shown that simultaneous consideration of
different markers, even when coded on different chromo-
somes, increases the relative risk of disease. One example is the
connection between Ig switch region, T cell receptor, and HLA
phenotypes in myasthenia gravis (18). In view of the known
association of mesangial IgA-GN with genetic abnormalities of
complement factors; allotypes of complement factors C3, fac-
tor B, and Ig kappa light chain (4, 5); and the inconsistent
evidence of an association with HLA-B and HLA-DR (19), the
findings reported here may gain substantial importance in as-
sociation with other disease markers.
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