
Individuals with IgG4-related Disease Do Not Have an
Increased Frequency of the K409 Variant of IgG4 that
Compromises Fab-arm Exchange
To the Editor:
Immunoglobulin (Ig)G4 is considered a noninflammatory antibody
because of its relative inability to fix complement and its poor binding to
activating Fc receptors1,2. This antibody is also unique in its ability to
exchange “half-antibodies” comprised of 1 heavy chain and 1 light chain
by a process called “Fab-arm exchange”3. Fab-arm exchange is thought to
render IgG4 functionally monovalent, interfering with its ability to
crosslink target antigens and limiting its ability to form large immune
complexes. Apart from the limited ability of IgG4 to bind to activating Fc
receptors and its inability to fix complement, Fab-arm exchange of IgG4

may also contribute to the putative immunoregulatory properties of this
isotype3. Fab-arm exchange is facilitated by residues in the hinge region,
as well as in the CH3 domain of IgG4, which are unique to this subclass4.
An arginine residue (R409) in the CH3 domain of IgG4, unique to the IgG4
subclass, is necessary for Fab-arm exchange4. Analysis of the crystal
structure of the CH3 domain of IgG4 suggests that this arginine residue
(R409) facilitates Fab-arm exchange by preventing the proper formation of
an interchain hydrogen bond network that is generated in other IgG
isotypes, which all have a lysine in position 4095. 

A single-nucleotide polymorphism (SNP) in the CH3 exon of IgG4
results in a nonsynonymous change in codon 409 (AGG > AAG) and alters
the R409 residue, which is critical for Fab-arm exchange. This SNP was
previously recognized as an isoallotypic variant of IgG4, in which a lysine
(K409) is present in place of arginine (R409) in the CH3 domain of IgG46.
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Figure 1. Single-nucleotide polymorphisms (SNP) in the CH3 exon of immunoglobulin (Ig)G4. SNP (shown in boldface) in the CH3 exon of IgG4 are
depicted in an alignment of the CH3 exons of IgG1, IgG2, IgG3, IgG4, and IgGP. The amino acid translation of the IgG4 CH3 exon is shown below the
alignment. The positions of the primers used for specific amplification of the CH3 exon of IgG4 are indicated by arrows. The minor allele of rs77498506 is
identical to the K409 variant of IgG4 and results in a nonsynonymous substitution from arginine to lysine (AGG > AAG). The codon encoding arginine (R409)
is underlined.
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The K409 variant of IgG4 resembles IgG1, IgG2, and IgG3, which also
encode a lysine at this position (Figure 1), and do not undergo Fab-arm
exchange5. Serum concentrations of IgG4 correlate with certain IgG
allotypes, some of which are genetically linked to the K409 variant of
IgG47. It has been speculated that the K409 variant of IgG4 might be
enriched in subjects with IgG4-related disease (IgG4-RD) and that this
polymorphic variant could contribute to the pathogenesis of IgG4-RD, a
fibroinflammatory disorder of possible autoimmune etiology, characterized
by elevations in circulating IgG4 levels as well as an expansion of IgG4+
plasma cells in the affected tissues8,9. Although extensive genetic studies in
IgG4-RD have not yet been reported, it remains likely that IgG4-RD is
caused by environmental triggers in a genetically susceptible background.

We have evaluated the occurrence of the K409 variant of IgG4 in a
cohort of 25 subjects with IgG4-RD who presented to the rheumatology
clinic at the Massachusetts General Hospital. All patients signed written
informed consent for the investigations described. All had biopsy-proven
IgG4-RD affecting 1 or more of the following organs: pancreas, lacrimal
gland, submandibular gland, parotid gland, biliary tree, retroperitoneum,
kidney (tubulointerstitial nephritis), lymph node, lung, mediastinum, aorta,
common carotid artery, palate, pharynx, larynx, lymph node, and skin.
Nineteen patients self-identified as white, 3 as Asian, and 2 as black. One
patient declined to provide information about race.

Because of the high degree of nucleotide sequence conservation among
the constant regions encoding IgG subclasses and the IgGP pseudogene,
the K409 variant of IgG4 is not included in most high-throughput
genotyping panels (Figure 1). Therefore, we designed primers for the
specific amplification of the CH3 exon of IgG4 (5’-CAA CAA AGG CCT
CCC GTC CT-3’ and 5’-GGG GCT TGC CGG CCC TG-3’). PCR was
performed for 35 cycles at 67°C (KAPA2G HotStart ReadyMix;
KapaBiosystems) using 50–100 ng of genomic DNA as a template. The
PCR products were sequenced using the Sanger method. The resulting
sequences included several bases that were specific to IgG4, which were
used to confirm that the amplified sequences were indeed IgG4. The
amplified region includes 5 SNP: rs56133431, rs8010914, rs77498506,
rs17841088, and rs201617483 (Figure 1). The K409 variant of IgG4 cor-
responds to the minor allele (T) of the rs77498506 SNP. The rest of the
SNP encode synonymous substitutions.

The SNP frequencies in the CH3 exon of IgG4 observed in the subjects
with IgG4-RD are summarized in Table 1. The SNP frequencies in control
populations from the dbSNP database are also listed for comparison. We
did not identify any subject with the K409 variant of IgG4 in our study
cohort. These data suggest that this variant is not a major contributor to
disease susceptibility in IgG4-RD. Statistical analyses have limitations
when the frequency of an allele is zero in a population, and it is reasonable
to assume that the frequency of the K409 polymorphism is in the same
range as the control population of healthy subjects of European descent.
Based on the modified Wald method of CI determination and assuming
random sampling of IgG4-RD subjects, we estimate with > 95% CI that the

K409 variant of IgG4, which compromises Fab-arm exchange, is absent in
at least 88.4% of subjects with IgG4-RD. Although IgG4 Fab-arm
exchange has not been directly examined in individuals with disease at the
protein level, we believe that dysregulation of IgG4 Fab-arm exchange is
unlikely to be a major contributor to the pathogenesis of this disease.
Rather, the pathology in IgG4-RD appears to be driven by T cells10.
However, immunological evaluation of individuals bearing the K409
variant of IgG4 may help in a broader understanding of the pathophysio-
logical implications of IgG4 Fab-arm exchange.
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Table 1. Frequency of single-nucleotide polymorphisms (SNP) in the CH3 exon of IgG4.

                                                                                                               Data from dbSNP                                                                         Patients with IgG4-RD,
                                                                                                                                                                                                                                   n = 25
SNP                    Source                                             Population Details                                        REFSNP Alleles                  MAF                       MAF
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rs8010914     1000 genomes        1094 worldwide individuals from 1000 genomes project                    G/T                        G = 0.122                G = 0.04
rs17841088         CEPH                  92 individuals from CEPH pedigrees [UTAH (93%),                      C/T                        T = 0.210               T = 0.00*
                                                                     French (4%), and Venezuelan (3%)]
rs201617483   CS Agilent                           662 participants of European descent                                 C/G/T                      G = 0.028                G = 0.04
rs77498506     CS Agilent                           662 participants of European descent                                   C/T                        T = 0.011                T = 0.00*

* 100% of the IgG4-RD subjects in this study were of the C/C genotype. MAF: minor allele frequency; dbSNP: single-nucleotide polymorphism database;
REFSNP: Reference SNP; IgG4-RD: immunoglobulin G4-related disease.
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