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IgG heavy chain allotypes (Gm) in autoimmune diseases
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SUMMARY

Serum samples from 100 patients with myasthenia gravis, 322 with Graves' disease, 1 13
with Hashimoto's disease, 132 with systemic lupus erythematosus (SLE), 192 with insulin-
dependent juvenile diabetes mellitus, 83 with Behqet's syndrome, 73 with psoriasis vul-
garis, 258 with leprosy, 112 with Duchenne progressive muscular dystrophy and 343
non-related normal controls were studied for Gm allotypes. The incidence ofGm pheno-
types with Gm(2) was significantly increased in patients with myasthenia gravis, Graves'
disease, Hashimoto's disease, and high in SLE patients. The Gm"2'2' haplotype was
increased in patients with myasthenia gravis (X2=3408, corrected P<0001), Hashi-
moto's disease (X2=-1239, corrected P<0-05), Graves' disease (X2=8-65, corrected
P < 0 05), and SLE (X2= 641, 0 1 > corrected P> 0 05). The total chi-square for the four
different Gm haplotypes was significantly increased in patients with myasthenia gravis
(x2=44-46, corrected P <0-001), SLE (x2= 20-70, corrected P < 0005), Hashimoto's dis-
ease (x2= 17-03, corrected P<0025), and Graves' disease (x2= 11 87, corrected
P<0 025). Our data suggest the presence of Gm-associated pathogenic polygenes in
certain autoimmune disorders.

INTRODUCTION

Among specific immune response (Ir) genes, two main groups have been distinguished in humans
and experimental animals; they are the genes linked to the major histocompatibility complex
(MHC), and those that are linked to the genes which control immunoglobulin (Ig) allotypic
determinants of the heavy (H) chain linkage group (McDevitt & Benaceraff, 1969; Shreffler &
Davis, 1975; Blomberg, Geckler & Weigert, 1972; Wells, Fudenberg & Mackay, 1971; Pandy et al.,
1979). Furthermore, it has been demonstrated that genes controlling the idiotypes of specific
antibodies are linked to the IgG H-chain gene complex (Lieberman et al., 1976; Pisetski, Piodran &
Sachs, 1978). The association between certain HLA antigens and several diseases suggests the
existence of pathogenic polygenes in linkage-disequilibrium with the MHC complex (Svejgaard et
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al., 1975). While only limited evidence is available regarding the association between Gm allotypes
of the IgG H-chains and the immune response to certain antigens in humans (Pandy et al., 1979), a
search for a relationship between autoimmune diseases and genetic markers of Ig structural genes
might be rewarding. Therefore, we studied the relationship between autoimmune disorders andGm
allotypes to examine the possible association between pathogenic factors and the Gm loci.

PATIENTS AND METHODS

Serum samples from 100 patients with myasthenia gravis, 322 with Graves' disease, 133 with
Hashimoto's disease, 132 with SLE, 83 with Behqet's syndrome, 73 with psoriasis vulgaris, 192 with
insulin-dependent juvenile diabetes mellitus (JOD), 258 with leprosy, 112 with Duchenne progres-
sive muscular dystrophy (PMD) and 343 non-related normal blood donors were examined for Gm
allotypes. The diagnosis of the diseases was based on the clinical findings, including history,
physical examination and laboratory results. The definite cases were selected for Gm-typing.
Gm-typing of the sera was as described previously (Matsumoto, Takatsuki & Matsunaga, 1968;
Nakao et al., 1980) using a haemagglutination inhibition test on microflocculation slides. The Gm
reagents used, and the factors determined in this study are listed in Table 1. The nine phenotypes
observed in the Japanese population may be grouped into four haplotypes, i.e. Gm'2,, Gm'2'
Gmi '315'16 and Gm 3'5"13

The frequencies of these four haplotypes in the present series were calculated as described
previously (Kurczynski & Steinberg, 1967). The statistical significance of the difference in the
frequencies between normal controls and patient group was calculated by the chi-square tests.
Haplotype frequencies, agreement of the data with the expected Hardy-Weinberg distributions and
total chi-square values were calculated using computer programs. The P values are corrected for the
number of variables tested (n = 9 for Gm phenotypes, n= 4 for Gm haplotypes).

RESULTS

In all subjects, phenotypic frequencies expected on the basis of the Hardy-Weinberg equilibrium
coincide with observed frequencies. In the 343 normal sera, the frequency ofthe nineGm phenotypes
was as follows (Table 2): Gm(1,21,13,15,16)-2399%; Gm(1,21)-21l0%; Gm(1,2,21)-15 7%;
Gm(l,2l,3,5,l3)l0-8%; Gm(l,2,2l,l3,l5,l6)-9-9%; Gm.(1,3,5,13,15,16-7-3%; Gm(1,2,21,3,

Table 1. Anti-Rho and anti-Gm sera used in Gm-typing

Gm

Original WHO* Anti-Rho antibodies Anti-Gm

a 1 2866 2618
x 2 2089 2984
f 3 Kover-Root,

H0568 2871

b3 5 2684 2490, 5875
b9 13 2684 2933, 981
s 15 3068 2624
t 16 3068 2639, R-36
g 21 Eggen R-1642, R-29

* The nomenclature is that proposed by the World
Health Organization (WHO) meeting on human im-
munoglobulin allotypic markers (WHO, 1976).
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Table 3. Comparison of frequencies in Gm phenotypes with or without Gm(2) allele.

Gm phenotype frequency

Subjects Number Gm phenotypes with Gm(2) Gm phenotypes without Gm(2)

Normal controls 343 101 (29 4) 242 (70 5)
Myasthenia gravis 100 58 (58 0)* 42 (42-0)
SLE 132 54 (40 9)t 78 (59-1)
Graves' disease 322 128 (39-8) 194 (60 2)
Hashimoto's disease 133 61 (45-8)§ 72 (54-2)
Insulin-dependent JOD 192 53 (27-6) 139 (72 4)
Behiet's syndrome 83 27 (32-5) 56 (67-5)
Psoriasis vulgaris 73 25 (342) 48 (65-7)
Leprosy 258 79 (30 6) 179 (69-3)
Duchenne PMD 112 27 (24-1) 85 (75-9)

Figures in parentheses express results as a percentage.
JOD =juvenile-onset diabetes mellitus, PMD =progressive muscular dystrophy.
* /2= 26-75, corrected P < 0-005.
t Z2= 5- 55, corrected P < 0- 1.
+ 2= 7-81, corrected P < 0-05.
§ Z2= 11-50, corrected P<0-01.

5,13)-38%; and Gm(1,3,5,13)-200%. The sera from myasthenia gravis patients, on the other
hand, exhibited a Gm phenotype distribution different from that of the normal controls (Table 2)
and Gm phenotypes with Gm(2) were significantly increased in these patients (Table 3). Further-
more, the frequency ofGm haplotypes in normals and patients showed these differences even more
strikingly (Table 4). The Gm haplotype Gm' 22' was significantly increased (Z2=34 08, corrected
P< 0-001) in myasthenia gravis patients and the total chi-square for four different haplotypes was
also significantly increased (Z2=44-46, corrected P<0-001).

Increased frequencies ofGm phenotypes with Gm(2) were also demonstrated in the sera from
patients with Graves' disease (Z2=7-81, corrected P<0005), Hashimoto's disease (Z2= 1150,
corrected P<0 01) and SLE (x2=5.55, corrected P<0l1) (Table 3) and the haplotype Gm' 2,21
was significantly increased in Graves' disease (Z2=8-65, corrected P<0005) and Hashimoto's
disease (Z2= 12 39, corrected P<0-05), and showed an increased frequency in SLE (Z2=641,
corrected P> 0 05) (Table 4). The total chi-square for the four different Gm haplotypes in each
disease was significantly increased in SLE (total Z2=20.70, corrected P<0 005), Graves' disease
(total 2=l1187, corrected P<00025) and Hashimoto's disease (total Z2=1703, corrected
P<0 025).

DISCUSSION

It is suggested that the development of an autoimmune disease requires an appropriate genetic
background, and polygenes have been proposed to be related to disease susceptibility (Svejgaard et
al., 1975; Daussett & Svejgaard, 1977; Vladitiu & Rose, 1974; Farid et al., 1979). Specific HLA
antigens are found with increased frequency in organ-specific autoimmune diseases such as Graves'
disease, Hashimoto's disease, insulin-dependent JOD, Addison's disease and myasthenia gravis
(Svejgaard et al., 1975; Vladitiu & Rose, 1974; Dawkins, 1978; Nakao et al., 1978; Nerup et al.,
1977). In these disorders, the frequencies of the antigens HLA-B8 and DRw3 are increased in
Caucasians. It is clear, however, that despite the observed associations between HLA antigens and
autoimmune diseases, the relationships are not direct.

The existence of HLA-B8-, DRw3-negative patients with organ-specific autoimmune diseases
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and the lack of any association with HLA-B8, DRw3 in Japanese patients (Nakao et al., 1978;
Dawkins, 1978; Wakisaka et al., 1976) support this view. Therefore, the existence of a polygenic
background in autoimmune diseases represents a reasonable hypothesis in explaining disease
susceptibility. Previously, there has been only limited evidence to suggest an association between
Gm allotypes and disease susceptibility (Yount et al., 1970; Morell et al., 1977; Farid et al., 1977).
Whereas the 6th (Smith & Hirshhorn, 1978) or 14th (Croce et al., 1979) chromosome have been
proposed as the locus of genes for human IgG H-chain, the linkage ofHLA and Gm loci has been
excluded (Weitkamp, May & Johnston, 1975). Although the Gm genes may be in the 6th chromo-
some, they cannot be very close to the HLA region (Bender et al., 1979; Lamm et al., 1975). Our
data, therefore, suggest the existence of disease-susceptible genes linked to Gm genes and different
from the HLA-linked susceptibility genes. Our hypothesis is supported by our study of myasthenia
gravis (Nakao et al., 1980), in which the haplotype Gm" 2,21 was found to be associated more
significantly with Japanese myasthenics with thymoma, whereas HLA-DRw4 is increased in
myasthenic patients with hyperplasia (Wakisaka, Aizawa & Itakura, 1979). Furthermore, there
were no associations between Gm haplotypes and Behqet's syndrome (associated with HLA-B5) or
insulin-dependent JOD (associated with HLA-Bw54, DRw4) (Ohno et al., 1978; Okimoto et al.,
1978; Wakisaka et al., 1976).

Our data suggest that Gm genes per se are not always necessary for the development of the
diseases, but rather that such genes, or polygenes, are in linkage-disequilibrium with Gm genes.
Therefore, attention should be focused on the role of Gm-associated pathogenic polygenes which
may be related to the genes that control idiotype regulation (Lieberman et al., 1976; Pisetski et al.,
1978), Ir-genes (Wells et al., 1971; Pandy et al., 1979), or the genes governing B cell receptors and B
cell alloantigens (Eardley et al., 1979; Subbarao, Ahmed & Paul, 1979; Rubin, Hertel-Wulff &
Kimura, 1979). Although further investigations are required, the present data suggest a definite
polygenic background to certain autoimmune diseases.
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