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Immunoglobulin G Heavy Chain (Gm) Allotypes

in Multiple Sclerosis

JANARDAN P. PANDEY, JEAN-MICHEL GOUST, JEAN-PHILIPPE SALIER, and
H. HUGH FUDENBERG, Department of Basic atnd Clinical Imm7lunology atnd
Microbiology, Medical University of South Carolinia,
Charleston, South Carolinia 29425

A B S T R A C T Serum samples from 70 Caucasian pa-
tients with multiple sclerosis were typed for nine Gm
markers. Significant association was found with the
Gm 1,17;21 phenotype, and the relative risk for in-
dividuals with this phenotype was calculated at 3.6.
The data indicate that Caucasians positive for Gm
1,17;21 are almost four times more likely to develop
multiple sclerosis than those without this phenotype.

INTRODUCTION

Several observations have indicated that genetic factors
play an important role in predisposition to multiple
sclerosis (MS).1 Concordance is higher in monozygotic
than in dizygotic twins, and the disease is -20 times
more frequent among relatives of probands than in the
general population (1). Several studies have shown that
human leukocyte antigens (HLA) A3, B7, Dw2, and
DRw2 are present significantly more often in MS
patients than in normal individuals (2). The most
consistent finding in MS patients, along with de-
myelination, is intrathecal (3) and systemic (4) pro-
duction of immunoglobulin (Ig) G of restricted hetero-
geneity. In the cerebrospinal fluid the IgG producing
an oligoclonal pattern is predominantly of IgGl sub-
class (5, 6), although IgG2 has also been detected (7).
It has been suggested that this abnormality may be
caused by a basic disorder of immunoglobulin-pro-
ducing cells (8, 9), such as defective immunoregula-
tion and/or overrepresentation of some B cell clones.
Because of the observed anomalies in IgG produc-
tion, it seemed of interest to ascertain whether the
frequencies of certain Gm phenotypes (genetic mark-
ers of IgG) in these patients differ from those in the
normal population. A significant association was found
between the Gm 1,17;21 phenotype and MS.

Received for publication 27 February 1981 and in revised
form 23 March 1981.

'Abbreviation used in this paper: MS, multiple sclerosis.

METHODS

Patients. Serum samples from 50 MS patients and 50 pa-
tients with other neurological diseases, coded at random,
were shipped from the Human Neurospecimens Bank (Dr.
W. WV. Tourtelotte, Wadsworth Veterans Administration Hos-
pital, Los Angeles, Calif.); the code was held by Dr. W.
Reynolds (National Multiple Sclerosis Society, New York),
and the diagnoses remained unknown to the investigators
until the end of the study. Serum samples from 20 addi-
tional patients living in the area of Charleston, S. C., were
also studied. The diagnosis of MS was established accord-
ing to widely accepted criteria (10).

Ilnmuluoglobulin allotyping and statistical analyses. Our
standard hemagglutinination inhibition technique (11) was
used to detect Gm antigens 1,2,3,17;5,6,13,14, and 21.
Statistical significance of the results was determined by use
of a 2 x 2 contingency chi-square, and the strength of asso-
ciation (12) was measured by relative risk (x) using Woolf's
formula: x = pd (1 - pc)/(1 - pd) pc, where pd and pe are the
frequencies of the phenotype in patients and control individ-
uals, respectively. The relative risk indicates how many
times more frequent the disease is in individuals carrying
the haplotype than in those lacking it. P values were cor-
rected for the number of comparisons made.

RESULTS

Fifteen patients were excluded from statistical analysis.
Eight of these had nonspecific anti-IgG antibodies,
and after absorption of the antibody the remaining
serum was insufficient to type for all the markers.
Two patients were excluded because they were Black,
three because of mixed ancestry, and two because
they had a very unusual Gm phenotype, Gm 2,3;5,13,14.
The genetic transmission of the haplotype(s) re-
sponsible for the latter phenotype is being studied in
family members of these two patients. (Different races
have a distinct array of Gm haplotypes, and there-
fore it is imperative to match patients and controls
for ethnicity.) The Gm phenotypes of the remaining
55 patients were compared with those of 906 control
individuals.

Five Gm phenotypes, commonly present in Cau-
casians, were found in the MS patients (Table I).
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TABLE I
Distribution ofGm Phenotypes in Multiple Sclerosis Patients

(n = 55) and Normal Controls (n = 906)

MS Normal
Gm phenotype patients controls

Percent incidence

1,17;21 11* 3
1,2,17;21 4 4
3;5,13,14 44 47
1,3,17;5,13,14,21 29 31
1,2,3,17;5,13,14,21 13 14

* Chi-square = 8.30; P = 0.004; relative risk = 3.6.

The frequency of Gm 1,17;21 was significantly in-
creased in the patient group as compared with normal
individuals. The frequencies of various phenotypes in
our control population were similar to those reported
by other investigators for populations of several
thousand individuals (13).
The chi-square for Gm 1,17;21 was significant at

the 0.004 level, but since five comparisons were made
(of which only this one was significant), the chi-square
should be considered as significant at the 5 x 0.004
= 0.02 level. This overall significance level, some-
times called the "experimentwise error rate," is very
conservative; Hartley (14) has recommended 0.1 or
higher levels for rejection points.

DISCUSSION

This investigation is the first report of an association
between a Gm phenotype and MS. The frequency of
the Gm 1,17;21 phenotype was significantly increased
(P = 0.02) in patients with MS as compared with
normal individuals. Gm 1 and 17 are located on the
constant region of IgGI, whereas 21 is on the constant
region of IgG3, but they are inherited together as a
complex (haplotype) because of a strong linkage dis-
equilibrium between alleles coding for these markers
in Caucasians. The most probable genotype of the
Gm 1,17;21 phenotype is Gm 1,17;21/Gm 1,17;21.
The only other phenotype involving the Gm 1,17;21
haplotype is 1,3,17;5,13,14,21, for which the most
probable genotype is Gm 1,17;21/Gm 3;5,13,14. Since
this phenotype is not associated with MS, it follows
that homozygosity of the Gm 1,17;21 haplotype is re-
quired for predisposition to MS. The relative risk of
3.6 indicates that Caucasians with this phenotype are
about four times as likely to develop MS as those
without it.

Both population and family studies suggest the in-
volvement of HLA antigens in the etiology and
pathogenesis of MS. However, different HLA geno-
types have been found to be associated with MS

in different ethnic groups. For instance, increased
frequencies of A3, B7, Dw2, and DRw2 in populations
originating from Northern Europe (15), lower frequen-
cies of A3 and B7 in Israeli patients than in con-
trols (16), no increase in A3 and B7 in Japanese (17),
and a slight increase in B7 in Black American (18)
patients were reported. These ethnic differences in the
association of HLA and MS indicate that the locus or
loci responsible for the susceptibility to MS is not HLA
per se but another locus whose alleles are in linkage
disequilibrium with the HLA loci. A recent study (19)
suggests that MS may result from an epistatic inter-
action between two MS susceptibility genes, only one
of them located in or near the HLA complex. The data
reported in the present investigation suggest that in
addition to an HLA-linked gene, another gene whose
alleles are in linkage disequilibrium with the Gm
1,17;21 complex may also be involved in the patho-
genesis of MS, although a lod score analysis involv-
ing several MS families must be performed to de-
termine the linkage relationship of the MS susceptibil-
ity gene with the Gm complex. Moreover, our data
suggest that the putative Gm-linked MS susceptibility
gene probably is recessive rather than dominant, be-
cause only the homozygous Gm 1,17;21 phenotype
and not the heterozygous Gm 1,17;21/3;5,13,14 is asso-
ciated with predisposition to the disease.
The HLA complex on chromosome 6 most likely

includes immune response genes (20), which pre-
sumably would exert their influence through regulatory
T lymphocytes as already shown in mice (21). The
imbalance in T cell subsets reported in several stud-
ies (9, 22-25) of MS patients may be related to the
predominance of certain HLA phenotypes. Another
category of immune response genes linked to the
structural loci coding for immunoglobulin allotypes
(Gm), probably on chromosome 14 (26), may also be
involved in the pathogenesis of MS, as suggested by
this investigation, and may be associated with B cell
hyperactivity as recently reported (9). It is noteworthy
that two of the allotypes associated with a greater
relative risk for MS, namely, Gm 1 and 17, are both
found on IgGl, which is the predominant IgG sub-
class in cerebrospinal fluid from MS patients (5, 6).
This particular haplotype has also been shown by
three independent studies (27-29) to be associated
with an augmented antibody response to Salmonella
adelaide. Whether or not it may also be associated
with the higher antiviral antibody responses docu-
mented in MS patients (30) deserves investigation.
Growing evidence indicates that the genes from the

major histocompatibility complex and those coding for
the constant region of immunoglobulin heavy chains
somehow interact to produce an immune response. For
instance, Whittingham et al. (29) have reported that the
immune response to monomeric flagellin is dependent
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upon the interaction between major histocompatibility
complex- and Gm-linked genes. Similar cooperation may
also occur in pathological conditions. Indeed, Berman
and Patrick (31) have identified two loci in mice that
determine susceptibility to experimental myasthenia
gravis; i.e., highly susceptible strains have both the
H-2b and Ig_1b phenotypes, coded within the major
histocompatibility complex on chromosome 17 and
within the structural gene for immunoglobulin heavy
chains on chromosome 12, respectively. However, the
influence ofthe H-2h phenotype on disease susceptibil-
ity is greater than the influence of the Ig_1b allotype.
More recently, in humans, Whittingham et al. (32)
have shown that in the presence of HLA-B8, genes
linked to the Gm 1,2,17;21 complex are important
contributory causes of autoimmune chronic active
hepatitis. Compared with the low risk group (con-
trols who were HLA-B8 negative and Gm 1,2,17;21
positive), the relative risk was 15 times greater in sub-
jects with HLA-B8 but lacking Gm 1,2,17;21 and 39
times greater in subjects with both Gm 1,2,17;21 and
HLA-B8. A similar situation may exist in MS, which
has been reported (32) to be more severe in patients
with both the A3-B7 phenotype and oligoclonal bands
of IgG in their cerebrospinal fluid than in patients
with only one of these markers. Studies aimed at
evaluating the interactive effect of HLA and Gm loci
in MS are currently in progress.

ACKNOWLE DGMENT

We thank Sharon Jackson for excellent technical assistance
and Charles L. Smith for excellent editorial assistance.

Publication No. 423 from the Department of Basic and
Clinical Immunology and Microbiology, Nledical University
of South Carolina. Research supported in part by U. S. Public
Health Service grants NS-16269, HD-09938, and CA-25746,
and National Multiple Sclerosis Society grant RG-1167B2.

REFERENCES

1. Mackay, R. P., and N. C. Myrianthopoulos. 1966. Mul-
tiple sclerosis in twins and their relatives. Arch. Neurol.
15: 449-462.

2. Bodmer, W. F. 1980. The HLA system and disease. J.
Roy. Coll. Phys. London. 14: 43-50.

3. Tourtelotte, W. W., and B. I. Ma. 1978. Multiple sclerosis:
The blood-brain-barrier and the measurement of de novo
central nervous system IgG synthesis. Neurology. 28S:
76-83.

4. Laurenzi, M. A., M. Mavra, S. Kam-Hansen, and H. Link.
1980. Oligoclonal IgG and free light chains in multiple
sclerosis demonstrated by thin-layer polyacrylamide gel
isoelectric focusing and immunofixation. Annii. Neurol.
8: 241-247.

5. Palmer, D. L., B. J. Minard, and L. P. Cawley. 1976.
IgG subgroups in cerebrospinal fluid in multiple sclerosis
(Letter). N. En,gl. J. Med. 294: 447-448.

6. Vandvik, B., J. B. Natvig, and D. Wiger. 1976. IgGI

subclass restriction of oligoclonal IgG from cerebro-
spinal fluids and brain extracts in patients with mul-
tiple sclerosis and subacute encephalitides. Scand. J.
Immunol. 5: 427-436.

7. Al-Kassab, S., L. Dittmann, and H. Olesen. 1979. IgG
subclasses, barrier function for albumin and production
of immunoglobulin G in the central nervous system.
Acta Neurol. Scand. 60: 129-139.

8. Norrby, E., and B. Vandvik. 1977. Oligoclonal measles
virus antibody responses. In Immunopathology, Seventh
International Symposium. P. A. Miescher, editor. Grune
& Stratton Inc., New York. 161-172.

9. Gouist, J. M., P. M. Hoffimann, J. Pryjmiia, E. L. Hogan,
and H. H. Fudenberg. 1980. Defective immunoregulation
in multiple sclerosis. Ann. Neurol. 8: 526-533.

10. Rose, A. S., G. W. Ellison, L. W. Myers, and W. W.
Tourtelotte. 1976. Criteria for the diagnosis of multiple
sclerosis. Neurology. 26: 20-22.

11. Vyas, G. N., H. H. Fudenberg, H. M. Pretty, and E. R.
Gold. 1968. A new rapid method for genetic typing of
human immunoglobulins.J. Imimunol. 100: 274-279.

12. Woolf, B. 1955. On estimating the relation between
blood group and disease. Ainn. Hum. Genet. 19: 251-
253.

13. Johnson, W. E., P. H. Kohn, and A. G. Steinberg.
1977. Population genetics of the human allotypes Gm,
Inv, A2m: An analytical review. Clin. Imtmlunol. Imin7utno-
pathol. 7: 97-113.

14. Hartley, H. 0. 1955. Some recent developments in
analysis of variance. Comm. Pure Appl. Math. 8: 47-72.

15. Bertrams, J. 1979. HLA-haplotype-associated etiology and
pathogenesis of multiple sclerosis: The facts and a
hypothesis. In HLA Antigens in Clinical Medicine and
Biology. S. Ferrone, E. Curtoni, and S. Gorini, editors.
Garland Publishing, Inc., New York. 211-219.

16. Brautbar, C., M. Alter, and E. Kahana. 1976. HLA anti-
gens in multiple sclerosis. Neurology. 26S: 50-53.

17. Saito, S., S. Naito, S. Kawanami, and Y. Kuroiwa. 1976.
HLA studies on multiple sclerosis in Japan. Neurology.
26S: 49.

18. Dupont, B., R. P. Lisak, C. Jersild, J. A. Hasen, D. H.
Silberberg, C. Whitsett, B. Zweiman, and K. Ciongoli.
1977. HLA antigens in Black American patients with
multiple sclerosis. Transplant. Proc. 9S: 181-185.

19. Tiwari, J. L., S. E. Hodge, P. I. Terasaki, and M. A.
Spence. 1980. HLA and the inheritance of multiple
sclerosis: linkage analysis of 72 pedigrees. Am. J. Hum.
Getnet. 32: 103-111.

20. Griffing, W. L., S. B. Moore, H. S. Luthra, C. H.
McKenna, and C. G. Fathman. 1980. Associations of anti-
bodies to native DNA with HLA-Drw3. A possible major
histocompatibility complex-linked human immune re-
sponse gene.J. Expr. Med. 152: 319S-325S.

21. Paul, W. E., and B. Benacerraf. 1977. Functional specificity
of thymus dependent lymphocytes. A relationship be-
tween the specificity of T lymnphocytes and their func-
tion is proposed. Scietnce (Wash. D. C.). 195: 1293-1300.

22. Santoli, D., L. Moretta, R. Lisak, D. Gilden, and H.
Koprowski. 1978. Imbalance in T subpopulations in mul-
tiple sclerosis.J. Immlunol. 120: 1369-1371.

23. Huddleston, J. R., and M. B. A. Oldstone. 1979. T sup-
pressor (Tg) lymphocytes fluctuate in parallel with changes
in the clinical course of patients with multiple sclerosis.
J. Immuniol. 123: 1615-1618.

24. Antel, J. P., B. G. W. Arnason, and M1. E. Medof. 1979.
Suppressor cell function in multiple sclerosis: Correla-
tion with clinical diseatse activity. Annii. Neurol. 5: 338-
342.

IgG Heavy Chaini (GCm) Allotypes in Multiple Sclerosis 1799



25. Reinherz, E. L., H. L. Weiner, S. L. Hauser, J. A.
Cohen, J. A. Distaso, and S. F. Schlossman. 1980.
Loss of suppressor T cells in active multiple sclerosis.
Analysis with monoclonal antibodies. N. Engl. J. Med.
303: 125-129.

26. Croce, C. M., M. Shander, J. Martinis, L. Cicurel,
G. G. D'Ancona, T. W. Dolby, and H. Koprowski. 1979.
Chromosomal location of the genes for human im-
munoglobulin heavy chains. Proc. Natl. Acad. Sci. U. S. A.
76: 3416-3419.

27. Wells, J. V., H. H. Fudenberg, and I. R. Mackay. 1971.
Relation of the human antibody response to flagellin to
Gm genotype.J. Immunol. 107: 1505-1511.

28. Nevo, S. 1975. Association of typhoid fever and re-
sponse to vaccination with polymorphic systems in man.
Prot. Biol. Fluids. 22: 649-653.

29. Whittingham, S., J. D. Mathews, M. S. Schanfield, J. V.
Matthews, B. D. Tait, P. J. Morris, and I. R. Mackay.
1980. Interactive effect of Gm allotypes and HLA-B

locus antigens on the human antibody response to a bac-
terial antigen. Clin. Exp. Immunol. 40: 8-15.

30. Norrby, E., H. Link, J. E. Olsson, M. Panelius, A.
Salmi, and B. Vandvik. 1974. Comparison of antibodies
against different viruses in cerebrospinal fluid and serum
samples from patients with multiple sclerosis. Infect.
Immun. 10: 688-694.

31. Berman, P. W., and J. Patrick. 1980. Linkage between
the frequency of muscular weakness and loci that reg-
ulate immune responsiveness in murine experimental
myasthenia gravis. J. Exp. Med. 152: 507-520.

32. Whittingham, S., J. D. Mathews, M. S. Schanfield,
B. D. Tait, and I. R. Mackay. 1981. Interaction of HLA
and Gm in autoimmune chronic active hepatitis. Clin.
Exp. Immunol. 43: 80-86.

33. Stendahl-Brodin, L., H. Link, E. Moller, and E. Norrby.
1979. Genetic basis of multiple sclerosis: HLA antigens,
disease progression, and oligoclonal IgG in CSF. Acta
Neurol. Scand. 59: 297-308.

1800 J. P. Pandey, J-M. Goust, J-P. Salier, and H. H. Fudenberg


	Immunoglobulin G Heavy Chain (Gm) Allotypes in Multiple Sclerosis
	Recommended Citation

	tmp.1675374843.pdf.4nav5

