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Abstract

Susceptibility to multiple sclerosis (MS) has been linked to the
immunoglobulin G (Gm) markers as well as HLA-DR genes.
We have used a genomic Ig gamma 1 probe which detects poly-
morphisms in the gamma 1, gamma 2, gamma 3 and pseudo-
gamma genes to identify restriction fragment length polymor-
phisms associated with MS. A negative association was found
between a 5.9-kilobase (kb) Bst EII gamma 3 fragment and MS.
Southern blot analysis of genomic DNA revealed the presence
of this fragment in 84 of 140 (60.0%) controls, but in only 17 of
59 (28.8%) MS patients. The frequency of the fragment in 47
myasthenia gravis and 16 Graves’ disease patients was similar
to that in controls, 60.0 and 62.5%, respectively.

Introduction

Multiple sclerosis (MS)' is a multifactorial disease in which ge-
netic and environmental factors have a major influence on dis-
ease susceptibility. The cause and pathogenesis of MS are unclear.
Immune abnormalities involving infection, autoimmunity, or
a combination of both have been postulated (1). The nature of
these environmental factors, however, remains an enigma. Early
viral infection (childhood or adolescent) has long been suspected,
based on several “MS epidemics” (2-6). To date, no virus has
been definitively implicated nor has a target antigen, subject to
autoimmune attack comparable to the acetylcholine receptor in
myasthenia gravis (7), been identified in MS. Genes from two
major complexes, the HLA-DR region of the human major his-
tocompatibility complex (MHC) and the immunoglobulin
structural gene region, have been shown to control immune re-
sponses to a wide variety of antigens (8-13) and in many cases
to be associated with susceptibility to a number of diseases with
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a demonstrated or suspected autoimmune component (14-27).
The association of HLA-DR with MS has been widely reported
(28-30), while the association of immunoglobulin allotype with
MS has been reported only twice (19, 31). Using conventional
Gm serotyping, Pandey et al. (19) compared the frequencies of
the five phenotypes generated from the three common Caucasian
Gm haplotypes and found the Gm1,17;21(za:g) phenotype to
be increased in frequency in 70 MS patients (relative risk of 3.6).
At the same time, Propert et al. (31) reported elevated frequencies
of Gm (a) and Gm (ax) among 40 MS patients.

Recently, Johnson et al. (32) and Migone et al. (33) have
described DNA restriction fragment length polymorphisms
(RFLPs) marking the gamma 1, gamma 2, gamma 3, pseudo-
gamma, alpha, epsilon, and mu switch region immunoglobulin
heavy chain genes. With these markers, the number of haplotypes
has been expanded to more than 40 in the Caucasian population.
The increase in detectable Gm variation should allow finer dis-
section of disease associations with this important immunoge-
netic region. We report here the first association between MS
and a DNA level restriction fragment length polymorphism that
maps to the immunoglobulin gamma 3 locus.

Methods

Sample collection. 59 unrelated Caucasian patients with MS were ran-
domly selected from the neurology clinics at Stanford University and
from neurology services in Paris and Rennes, France. All patients had
definite MS diagnosed by a neurologist using inclusion criteria defined
by Werner and Ellison (34). Patients with myasthenia gravis were drawn
from clinics either at Stanford (25 patients) or the University of Dusseldorf
(22 patients). The 16 patients with Graves’ disease were obtained from
the Stanford clinics. Control samples were taken from 140 normal Cau-
casian individuals from northern California.

DNA extraction and hybridization. DNA was extracted from pe-
ripheral leukocytes (35), digested with the appropriate restriction enzyme
(Bethesda Research Laboratory, Gaithersburg, MD), and electrophoresed
in 0.8% agarose horizontal gels for either 18 or 38 h. DNA was transferred
(36) onto nitrocellulose (Schleicher and Schuell, Keene, NH) or Zetabind
(AMF) filters in 20X SSPE (1X = 0.18 M NaCl, 10 mM NaH2PO4, 1
mM Na,EDTA, pH 7.0). DNA probes were either nick translated (37)
or oligolabeled (38) to a specific activity of >1 X 10® cpm/ug. The Ig
gamma | probe is carried as a 7.2-kb insert in a pBR322 recombinant
plasmid and was kindly provided by Dr. Tasuku Honjo (Osaka Univer-
sity, Osaka, Japan). Filters were hybridized for 48 h at 42°C with 3 X 10°
cpm/ml in hybridization solution consisting of 50% formamide, 1X
Denhardt’s solution, 0.1% sodium dodecy] sulfate (SDS) and 100 xg/ml
salmon sperm DNA. Washes to remove nonspecifically bound probe
were done in 0.1X SSPE, 0.1% SDS for 1 h at 65°C and the filters were
exposed with film (Kodak XAR-5, Eastman Kodak Co., Rochester, NY)
between two lightning plus intensifying screens (E. I. DuPont de Nemours,
Wilmington, DE). Films were developed after 3 d, and again after
1-2 wk.
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Protein typing. Plasma samples were typed for the following markers:
Glm (z, a, x, f); G2m (n), G3m (g, b0, b1, b3, b5, s, 1, ¢3, ¢5), A2m (1,
2) and Km (1, 3), located on gamma 1, gamma 2, gamma 3, alpha 2,
and kappa chains. Typing was carried out with the conventional hem-
agglutination inhibition technique in microtiter plates with reagents de-
scribed previously (39).

Results

RFLPs marking the gamma 1, gamma 2, gamma 3, and pseudo
gamma immunoglobulin heavy chain loci detected using an Ig
gamma | probe have been described by Johnson et al. (32). 59
Caucasian MS patients (33 from the Stanford area and 26 from
Paris, France), 47 myasthenia gravis (MG) patients, 16 Graves’
disease patients, and 140 normal control individuals were typed
for these markers. The most striking difference between MS pa-
tients and controls was found in the frequency of a 5.9-kb Bst
EIl gamma 3 restriction fragment (Fig. 1). Among controls, 84
of 140 (60.0%) individuals possessed the 5.9-kb fragment, while
only 17 of the 59 (28.8%) MS patients had this restriction frag-
ment (Table I). This difference is significant at P < 0.001 for
the two groups taken together and at P < 0.01 and P < 0.001
for the Stanford and the French groups compared separately
with the controls; the two MS groups, however, do not differ
significantly from each other. The frequency of the fragment in
47 myasthenia gravis and 16 Graves’ disease patients was com-
parable to that in controls (60.0 and 62.5%, respectively).
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Figure 1. Autoradiogram after hybridization to the Ig gamma 1 probe
of Bst EII digested DNA from MS patients (/anes 6-10) and normal
contrals (1-5, 11-13) illustrating the gamma 3 genotypes: 5.9/5.9 kb
homozygotes, lanes 2, 11; 5.9/4.1-2.3 kb heterozygotes, lanes 5, 9, 10,
13;5.9/4.1-2.2 kb heterozygotes, lane 4; 4.1-2.3/4.1-2.2 kb heterozy-
gotes, lanes 3, 8; and 4.1-2.3/4.1-2.3 kb homazygotes, lanes 1, 6, 7,
12. The molecular weights (kb) of the analyzed DNA fragments are in-
dicated. The DNA samples were ge] electrophoresed for two days to
allow adequate separation of the 5.9- and 5.7-kb bands, hence the 2.2-
kb fragments were not retained on this gel. Parallel 1-d gels were run
to score fragments of <2.3 kb.

310  Gaiser, Johnson, de Lange, Rassenti, Cavalli-Sforza, and Steinman

Table I. Presence of 5.9-kb Bst EII Restriction
Fragment after Hybridization to Ig Gamma 1 Probe

Number of individuals
positive for 5.9 kb
fragment/Total number
tested (percent)
Multiple sclerosis patients
Stanford 11/33 (33.3)
French 6/26 (23.1)
Combined 17/59 (28.8)
Myasthenia gravis patients
Stanford 16/25 (64.0)
German 12/22 (54.5)
Combined 28/47 (60.0)
Graves’ disease patients 10/16 (62.5)
Normal coritrols 84/140 (60.0)

=17.67,df = 1, P < 0.01 for Stanford MS patients vs. controls.
= 12.04, df = 1, P < 0.001 for French MS patients vs. control.
’ = 15.14,df = 1, P < 0.001 for combined MS patients vs. controls.

There are two alternative alleles to the 5.9-kb fragment, the
more frequent a combination of two fragments of 4.1 and 2.3
kb, and an uncommon allele marked by fragments of 4.1 and
2.2 kb. The three alleles are inherited codominantly in a Men-
delian fashion and their relative frequencies in the general pop-
ulation (Caucasian) are 0.380 (5.9 kb), 0.583 (4.1-2.3 kb), and
0.037 (4.1-2.2 kb) (32). The latter two were pooled in Table II
as the 4.1-2.2-kb allele is about equally rare in all the populations
(controls and the three patient groups). The frequencies of the
various genotypes are significantly different between MS patients
and controls (x2 = 13.78, df = 4, P < 0.01), and one can easily
see that the significance is entirely in the comparison of MS
patients to controls (x2 = 12.68, df = 2, P < 0.01). The MG
patients are similar to controls (x*> = 0.06, df = 2, P > 0.50),

All three populations of Table II taken separately are in
Hardy Weinberg equilibrium: '

Control: xX* =189, df=1, P>0.10
Multiple sclerosis: x?>=1.01, df=1, P>0.30
Myasthenia gravis: x*> =0.56, df=1, P> 0.50

Table II. Distribution of Bst EIIl Gamma 3 Genotypes in MS and
MG Patients and in Normal Controls (n = Number of Individuals)

Gamma 3 Bst EIl MS patients MG patients Normal controls
% % %
Genotype
5.9/5.9 aa 3 6 22
5.1 (17.8) (16.4)
5.9/4.1 Aa 15 14 55
(25.4) (41.1) (41.0)
4.1/4.1 AA 41 14 57
(69.5) 41.1) (42.5)
Total (n) 59 34 134
x?=13.78,df = 4, P < 0.01.

x? = 12.68, df = 2, P < 0.01 for MS patients vs. controls.
x2 = 0.06, df = 2, P > 0.95 for MG patients vs. controls.



with the frequencies of the 5.9-kb allele of 0.1780 in MS patients,
0.3824 in MG patients, and 0.3694 in controls. A direct com-
parison of the gamma 3 allele frequencies for MS patients and
controls (Table III) yields a highly significant x? value of 14.01
df =1, P <0.001).

A simple interpretation is that the risk of disease varies in
the three genotypes AA:Aa:aa as m%m:1 where A represents the
4.1-kb allele which is associated with increased disease suscep-
tibility and a, the alternative 5.9 kb allele. It is well known (40)
that when fitness coefficients (risk coefficient in this case) are in
a geomietric progression, m%m:1, then the selected population
is in Hardy Weinberg proportions with gene frequencies A: pm/
(pm + g) and a: g/(pm + g) where p and g are the gene frequencies
of A and a in the control population and m the risk coefficient
in the heterozygote. One can show that the two quantities, p
and m, cah be obtained by maximum likelihood by calculating
p in the usual way from the control population only, and m as
the risk ratio of the gene frequencies (Table III) m = (99 X 97)/
(21 X 169) = 2.706. This risk ratio tends to be smaller, and
hence cannot be directly compared with values obtained by the
usual method in which two selected phenotypes are contrasted
among controls and affected, without distinguishing homozy-
gotes from heterozygotes (the relative risk calculated in the latter
manner is 3.5). If the assumption of a geometric progression of
risk in the three genotypes, and hence that Hardy Weinberg
proportions hold in both controls and diseased, as here, then
calculating risks taking account of gene dose in the way suggested
here seems preferable.

80 individuals (27 MS, 18 MG, and 35 controis) were typed
for the classical serologically defined Gm markers including z,
a, x, f for gamma 1, and g, b0, bl, b3, b5 for gamma 3, as well
as the Bst EIl gamma 3 RFLP markers. As Table IV iilustrates,
there is a highly nonrandom association between the serologically
defined and RFLP defined gamma 3 markers (x> = 146.04, df
=4, P < 0.001). G3m g is strongly associated with the 5.9-kb
Bst EII fragment, while G3m b (b = b0, b1, b3, b5 in Caucasians)
is highly associated with the 4.1-kb Bst EII fragment. Both alleles,
4.1-2.3 and 4.1-2.2 kb, are associated with the G3mb allotype
which occurs as a “long” complex of all four G3mb subspecifici-
ties in all of the MS, MG, and Graves’ disease patients as well
as all the (Caucasian) controls.

Discussion

We found the strongest association with MS to be with the Ig
gamma 3 genes rather than the Jg gamma 1 genes as might have
been expected on the basis of clinical observations (41-45). Sev-

Table I11. Allele Frequencies for the Gamma 3 Bst EII Alleles
in MS Patients and Normal Controls (n = Number of Alleles)

Bst Ell Gamma 3 allele MS patients Normal controls
% %
4.1kbA 21 99
(0.1780) (0.3694)
59kba 97 169
(0.8220) (0.6306)
Total 118 268

x? = 14.01,df = 1, P < 0.001.

Table IV. Nonrandom Association Between the Bst EI
Gamma 3 Alleles and the Classical Gm
Gamma 3 Alleles (n = Number of Individuals)

Bst EIl Gamma 3 Genotype

5.9/5.9 5.9/4.1 4.1/4.1
b/b* 0 2 41
G3m Genotype b/g 0 25 1
g/g 11 0 0

x* = 146.04, df = 4, P < 0.001.
* All individuals typing as G3m b were positive for all G3m b specific-

ities: b0, bl, b3, and bs.

eral investigators report IgG1 to be the predominant subclass of
IgG in cerebrospinal fluid (CSF) of MS patients (43, 44). Vartdal
and Vandvik (45) report that of 19 MS patients with intrathecally
synthesized bands of oligoclonal IgG in the CSF, the oligoclonal
IgG in 15 was restricted to the IgG1 subclass. IgG3 bands were
found in only four patients and in each case IgG1 bands were
observed along with the IgG3 bands. 14 of the 15 MS patients
displayed intrathecal synthesis of oligoclonal varicella zoster and
measles virus specific IgG1 antibodies. No viral specific anti-
bodies of any other IgG subclass were found in serum or CSF
of these patients. Salier et al. (41) found a preferential synthesis
of Glm 1 (a) antibodies among MS patients heterozygous for
Glm 1| and G1m 3. Strong linkage disequilibrium between the
G1m and G3m alleles may explain this gamma 1 allele prefer-
ence; however, we did not find a significant association between
a gamma I MbO I RFLP (32) and MS (data not shown) despite
the highly significant gamma 3 RFLP association.

Linkage between immunoglobulin Gm allotypes and MS
has been reported previously (19, 31). This is the first demon-
stration of a DNA level RFLP (mapping to the Ig gammia 3
locus) associated with this disease. Moreover, this association,
significant at the genotypic level at P < 0.01 is even stronger at
the level of the allele, with the gene frequencies of the 4.1 and
5.9-kb alleles differing between MS patients and controls at P
< 0.001. It is interesting to note, that while our results show a
comparable relative risk value (3.5) to that reported in the other
studies of Pandey et al. (19) and Propert et al. (31), susceptibility
is associated with the opposite allotype, Gm fb (that is, the 4.1-
kb Bst EII allele). This risk was calculated by phenotype without
taking gene dose into account. Recently, Haile et al. (46) have
also noted an excess of Gm fb individuals in a study of MS
patients from multiplex families.

Geographical stratification and local variation in ethnic
composition may account in part for the differences in these
studies. Indeed, comparisons of the Gm phenotypic distributions
of the control groups reveal variation bordering on significance.
In studies of the relationship of MS to HLA markers there is
considerable geographic variation. In northern Europe, North
America, and Australia there is an association between MS
(Caucasians) and HLA DR2 DW?2 (47). This association does
not hold in northern Italy (48), Jordan (49), or Israel (50) in
Caucasian MS patients. In Italy and Jordan, MS is associated
with DRw4.

It is also possible that different environmental “triggering”
factors sclecting different (susceptible genotypes may be involved.
For example, if infection with any of several viruses can poten-
tially initiate MS pathogenesis in susceptible individuals, then
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it is likely that a variety of immunogenetic backgrounds, that
is, different allelic combinations at the HLA-DR and/or im-
munoglobulin loci, may prove differentially susceptible/resistant
depending on the particular virus éncountered. However, it is
noteworthy that both the Stanford and French MS groups in
our study show the same significant elevation of the 4.1-kb
gamma 3 allele frequency. The results from the various studies
suggest the possibility of significant genetic influences overlaid
against a complex and heterogeneous background of environ-
mental factors. The study of MS isolates may be critical to the
unraveling of this interplay in MS etiology.
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