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Immunoglobulin allotypes in caucasian and Chinese
myasthenia gravis: differences from Japanese patients
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SUMMARY The G2m(n) allotype was significantly increased in Chinese female and high auto-
antibody cases, and in caucasians with pure ocular myasthenia, or undetectable autoantibody. In
contrast to the strong Glm(x) association reported in Japanese, no overall Gm haplotype, or Am or
Km allotype association was found in 90 (Taiwan) Chinese and 181 caucasian myasthenia gravis
patients.

Myasthenia gravis is an autoimmune disease medi-
ated by autoantibodies to the acetylcholine receptor
(AChR) of skeletal muscle which ultimately cause
clinical weakness. Two groups of genetic sus-
ceptibility factors have been identified. Firstly, in cau-
casians, there is a very strong association in
non-thymoma cases of young onset ( < 40 years) with
HLA-B8 and -DR3, plus a 3:1 female bias. In late
onset cases HLA-B7 and - DR2 are increased and
there is a slight excess of males.1 2 Secondly, in
Japanese, HLA associations have not so far been
striking, but there is a greatly increased frequency of
the IgG allotype combination Gm 17: 1:2:21 (identi-
cal to Gm [zaxg]), particularly in thymoma cases but
also in both young- and old-onset non-tumour cases.3
(Such combinations of allotypes are inherited en bloc,
and will be referred to as haplotypes, even where the
family studies necessary to confirm that formally have
not been done). Such a Gm association has not been
obvious in studies of caucasian myasthenics; neither
Smith et al4 nor Gross-Wilde et al found overall
associations with particular allotypes in their series,
although associations were seen in some patient sub-
groups. The Ig heavy chain locus in man (chromo-
some 14) is shown in fig 1.

While the overall incidence and prevalence of
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Fig The immunoglobulin (Ig) heavy chain gene locus in
man (not drawn to scale). In an immunoglobulin molecule,
the N-terminal 98 amino acid residues of the heavy (H) chain
are designated V,, (variable segment). The next 6-17
residuesform the D (diversity) segment. 13JH (junctional)
residues are thenfollowed by the CH (constant) region which
determines the difference between the Ig classes and includes
the Gm allotype-specific sequences (in the CO1, Cy2 and Cy3
genes). Each copy ofchromosome 14 is thought to contain at
least 100 different V,11 20 D and 5 JH gene segments. The
double bar lines signify especially long non-coding intervals.
A pseudo E gene upstream of C<,, and a pseudo y gene
downstream of it have been omitted for simplicity.

myasthenia gravis do not vary greatly in different
countries and races,6 there is a striking difference in
age incidence and disease severity between western
countries on the one hand, and Japan and China on
the other.7 8 In the latter, children with onset before
10 years of age account for up to 25% of all
myasthenics, whereas in occidentals they represent
less than 5% and there is a compensatory excess of
cases with onset between 10 and 40 years. We have
recently shown that the great majority of these Chi-
nese myasthenic children have detectable anti-AChR
antibodies, and are thus truly autoimmune
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myasthenics.8 It is obviously important, therefore, to
seek both environmental and immunogenetic factors
that might explain these remarkable differences, and
we now report a survey ofGm allotype frequencies in
Chinese and caucasian cases of myasthenia gravis.

Patients and methods

The Chinese and caucasian patients in this study were drawn
from two populations of 258 patients each randomly
selected from the case records at myasthenic centres located
respectively in Taipei and London. A comparison of the
clinical features of these two populations has recently been
reported.8 Sera were obtained from the 90 of 258 Chinese
and the 181 of 258 caucasian patients who had received no

treatment (other than anti-cholinesterase medication),
whose clinical severity was representative of the primary
patient populations.
Anti-AChR antibodies were measured in all cases (in Lon-

don) using a standard radioimmunoprecipitation assay;9 the
results are given in reference 8. All the sera were typed (in
Amsterdam) for the following immunoglobulin allotypes:
Glm (z, a, x, f), G2m(n), G3m (gl, g5, bO, bl, b3, b5, s, t, c3,

c5), A2m (1, 2) and Km (1, 3), located on yl, y2, y3, a2 and
K-chains respectively. Typing was carried out with the con-

ventional haemagglutination inhibition technique10 in
microtitre plates with reagents described.'1 A panel of 76
healthy donors from Taipei served as Chinese controls; the
families of the Chinese myasthenic patients and controls
mostly originated about 300 years ago from the Wuhan
region of China, and Gm haplotype frequencies there are

similar although G2m(n) is slightly commoner. 12 Ig allotype
frequencies of Dutch students were used as caucasian con-

trols. l3

Results

The previously reported differences' in age incidence
between Chinese and caucasian myasthenia gravis
cases and in the distribution of clinical severity grades
were represented in the patients studied here,
although caucasian children may be slightly over-

represented. Ocular myasthenia was relatively three
times commoner in the Chinese patients, whereas the
more severe forms were infrequent (grade IIb 17%) or

absent (grades III and IV; for explanation of grades,
see table 2 legend). Anti-AChR antibody was

detectable in 87% of patients in each group, but the
mean titre was lower in the Chinese, consistent with
the high frequency of ocular myasthenia gravis.
As already known, the predominant Gm hap-

lotypes and their relative proportions also differ
greatly in the two races (table 1). Their overall fre-
quencies in myasthenia gravis were not significantly
different from controls in either race, and nor were

those of the Am and Km allotypes. However, an

increase in the G2m(n) allotype was noted in all Chi-
nese patients, being significant also in females and in
cases with relatively high anti-AChR titres (table 2).
In the caucasians, by contrast, the G2m(n) allotype
was significantly increased in the "ocular" (grade I)
patients, in those with undetectable anti-AChR, and
*..hose with onset before the age of 10 years.

Discussion

It appears from previous work that disease associ-
ations may become quite strong when markers close
to the immunoglobulin heavy chain variable region
(VH) are studied, even if they are weak or undetectable
with IgG allotypes (Gm). 4 Thus the lack of any
clearcut overall increase in any Gm haplotype in the
present study neither rules out the existence of such
VH genes, nor excludes variations in their frequencies
between subgroups of myasthenics. Nevertheless, the
contrast between our results and the strong Gm asso-

ciations in the Japanese is striking, and suggests that
the linkage disequilibrium between VH and Gm genes
may be very different in the Chinese, as indeed are the
Gm haplotype frequencies in these two races.'2 As
the pattern of age incidence of myasthenia gravis is
essentially similar in Japanese and Chinese, this
difference in Gm associations argues strongly against
predisposition by the Gm genes themselves: pre-
sumably other (possibly VH) genes, or environmental
factors, are involved.
The increases in Gm(n) are also interesting; they

Table l Gm "haplotype"frequencies in myasthenia gravis and control populations

Chinese Caucasian
myasthenia gravis Chinese controls myasthenia gravis Caucasian controls

Number 90 76 181 792
Gim; G2m: G3m

za;. ;g 023 026 019 019
zax;. .;g 011 015 012 010
af, n; b 0-57 051 0 01 0
f; (n); b 002 0-04 052 070
za; .; st 004 004 0 0001
others 0-02 0 01 016 0015

*g= gl,g5; b = bO, bl, b3, b5;st = bO, b3, b5,s, t;z = 17; a = 1;x = 2;f = 3;n = 23;gl = 21;g5 = 28;bO = 11;bI = 5;b3 = 13;
bS = 10.
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Chiu, de Lange, Willcox, Vincent, Newsom-Davis, Hsieh, Hung
Table 2 Frequency ofG2m(n) in different patient subgroups

Number Chinese % Number Caucasian %

Healthy controls 76 68 4 792 70-2
Total myasthenia gravis cases 90 83.3* 181 69

Female 56 87.5* 97 66
Male 34 764 84 72-6

Myasthenia gravis gradet:
1 47 83-0 29 86-2*

lIa 28 857 34 647
llb 15 80 74 59-5

III 0 29 82-8
IV 0 15 667

Onset age (yr):
Female < 40 47 87* 76 64
Female > 40 9 88 21 72-7
Male <40 19 73 34 79-4
Male > 40 15 80 50 68
Allcases <10 12 83 8 100

Anti-AChR < 0-2 13 69 2 22 90.9*
titre 0-2-2 < 0-2 50 82 21 76-2
(nmol) > 2 27 92 5* 138 64.5

*p < 0-05 (uncorrected).
tl: ocular; Ila, b: mild, moderate generalised; 111, IV: acute, chronic severe generalised.

are inevitably hard to prove unequivocally as this
allotype is normally so common in both races. How-
ever, their consistency in a series of related patient
subgroups in the Chinese adds to our confidence. At
first sight, it may seem puzzling that G2m(n) associ-
ates with a high anti-AChR titre in the Chinese and a
low one in caucasians. As already discussed, however,
linkage relationships are not necessarily the same in
different races; disease associations with HLA do not
always follow the same patterns either (for example
see reference 15). Thus, while G2m(n) clearly cannot
itself be the predisposing factor, it might be in linkage
disequilibrium with a "high responder" V gene(s) in
one race and a "low responder" one in the other. This
"high responsiveness" might, in reality, mean a V
gene that encodes a combining site of highly patho-
genic or very avid antibodies, or a particularly domi-
nant clonotype. "Low responsiveness" might likewise
mean a site that preferentially binds extra-ocular
muscle AChR.`6

We are grateful to Peter H van Eede and Alfred M
van Leeuwen for help with Ig allotyping, and to
Karen Brydson for help with the anti-AChR assays.
This study was supported by grants from the
National Science Council, Taiwan, grant No: NSC
75-0412-B002-28, and from the Medical Research
Council of Great Britain.
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