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Abstract

In some Caucasian populations, multiple sclerosis (MS) suscep-
tibility has been independently related to given alleles of HLA
or Gmsystems that respectively code for major histocompatibility
complex class I and II antigens or immunoglobulin G heavy
chains. Whether given combinations of alleles at both series of
loci simultaneously influence MSsusceptibility and/or severity
was investigated by comparing 147 French MSpatients and 226
geographically-matched healthy controls. The G2m(-23)/HLA-
B35 phenotype and Glm(-1)/HLA-B7(-)/HLA-DR2 pheno-
type were respectively associated with significant protection
against (relative risk = 0.05) and susceptibility to (relative risk
= 43) MS. Whenconsidering MSseverity, the presence of HLA-
B7 antigen correlated with a more severe disease in Gmn/Gm3
heterozygous patients, but not in Gm33/Gm3homozygous patients.
Conversely, an HLA-B12-associated milder disease was re-
stricted to Gm3/Gm3homozygotes. These results demonstrate
the combined influence on MSof genetic loci that are unlinked
but immune response-associated. Combined Gmand HLA typ-
ing is very likely able to serve as a prognostic indicator in this
disease.

Introduction

The central nervous system demyelination that characterizes
multiple sclerosis (MS)' results, in most affected subjects, in a
progressive disability that may fluctuate, but that will, in most
cases, steadily increase over several decades. The pace of this
progression, which is responsible for the severity of the disease,
remains unpredictable.

MSaetiology is unknown, but the importance of genetic
factors is well established (1). The major histocompatibility
complex (MHC) loci on chromosome 6 code for HLA-A and
-B (class I) and HLA-DR (class II) antigens. In northern Cau-
casians, an increased MSsusceptibility relates to the presence

Address correspondence to Dr. Salier, Institut National de la Sant6 et
de la Recherche Medicale U-295, BP97, F-76800 Saint Etienne du Rou-
vray, France.

Received for publication 26 February 1986.

l. Abbreviations used in this paper: MHC, major histocompatibility
complex; MS, multiple sclerosis; RR, relative risk.

of HLA-A3, -B7, or -DR2 allele(s) (2-4), with the strongest as-
sociation involving HLA-DR2 (5), as recently reviewed (1, 6, 7).
In contrast to this well established HLA-related susceptibility,
the importance of HLA-B7 or -DR2 in MS severity remains
controversial (5, 7, 8). It has also been suggested that, in the
same ethnic group, susceptibility to MSis associated with the
presence of certain combinations of alleles (haplotypes) at an-
other series of immune response loci that code for the heavy
chains of immunoglobulin Gl to G4 subclasses, i.e., the so-
called Glm to G4mloci on chromosome 14. Specifically, the
Gm'2; haplotype is overrepresented in MS(9-11). Finally, MS
susceptibility may be under the simultaneous influence of at
least two unlinked genetic systems (12). The present study
strongly suggests that the association of given Gmand HLA
phenotypes influences the relative risk (RR) of expressing MS
and the pace of its progression.

Methods

This study included 147 unrelated patients (53 males and 94 females)
with a diagnosis of clinically definite MSaccording to classical criteria
( 13). Regardless of date of diagnosis, disease duration, relapse or remission,
and evolution, all possible cases were included over a period of 5 yr
(1979-1983), provided that a blood sample could be obtained (after in-
formed consent) for purposes of HLAand Gmtypings. Control healthy
population was made of 226 unrelated blood donors (132 males and 94
females). Both patient and control populations were quite similar with
respect to ethnic origin (French Caucasian) and living area (Northwestern
France) as previously detailed (14). Indeed, some subjects were excluded
because: (a) they were Caucasians but had a known non-French origin
(four patients, one control), or (b) they displayed a non-Caucasian or
rare Gmphenotype (five patients, three controls). The numbers of patients
and controls quoted above corresponded to final figures after these elim-
inations.

Clinical evaluation of MSseverity was estimated with a severity index,
KID, where K is the degree of permanent disability on a scale graded
from I to 10 according to Kurtzke (15), and D represents the duration
of disease expressed in years, with MSonset corresponding to the earliest
defined neurological abnormalities known in each patient. Such data
were available from the records of 141 patients with variable disease
duration (mean = 8.7 yr, and 95% range = 1.8-40.8 yr, after log trans-
formation of the data). As estimation of disease severity is often inaccurate
in patients with recent MS, the relevant comparisons were made among
subjects having a minimum disease duration of 5 yr (D > 5), a figure
including 80%of the patients (n = 1 8). The latter group did not exhibit
special over- or underrepresentation corresponding to the given Kor D
values whose distributions are detailed in Table I.

All patients and controls were typed by hemagglutination inhibition
(16) for the six serologically detectable Glm(l, 2, 3), G3m(1 1, 21), and
G2m(23) allotypes that are products of the corresponding Gm' to Gm23
alleles of the Glm, G3m, and G2mloci, respectively (G4m allotypes
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Table L Disability Status Scale, Disease Duration, and Severity
Index in 118 MSPatients with an MSDuration of at Least 5 yr

Kr Dt KID
No. of mean and mean§ and mean§ and
patients (observed range) (observed range) (observed range)

50 1.8 8.6 0.20
(0-3) (5-27) (0-0.60)

51 5.2 12.9 0.39
(4-6) (5-44) (0.12-1.20)

17 7.6 14.2 0.53
(7-9) (5-29) (0.24-1.40)

118 4.1 11.1 0.31
(0-9) (5-44) (0-1.40)

* Disability status scale, according to Kurtzke (15). For the sake of
clarity, three arbitrarily K-defined classes are provided in this table;
they were not used in subsequent analyses of disease severity (see
Methods).
t Disease duration (years) calculated from MSonset to the time of K
determination.
§ Mean calculated after log transformation of the data.

cannot be currently typed). The most probable Gmgenotype was inferred
from the Gmphenotype according to the known array of Gmhaplotypes
in Caucasians, namely Gm'"-'2', Gm' 2;2', Gm3;-23; 1, and Gm3;23;1 (17).
For all analyses, each individual was classified within either of two sub-
populations with a Gm(+) or (-) phenotype when considering each
Gm(l, 2, 3 or 23) allotype alone (the above mentioned Gmhaplotypes
make the G3mallotypes useless for this purpose). When required, clas-
sifications were refined by splitting individuals according to the Gmhap-
lotypes that delineate three major genotyped subpopulations, namely
Gm'/Gm', Gm'/Gm3, and Gm3/Gm3.

HLA typing was made from a heparinized blood sample. HLA-A
and -B antigens were tested in all patients and controls by the micro-

cytotoxicity technique (18). HLA-DR specificities were determined on
B lymphocytes using a standard technique (19); only 75%of the patients
(n = 110) and 59% of the controls (n = 134) were DR-typed; it was
checked within both populations that Gm, HLA-A, and -B antigens were
similarly distributed between DR-typed and -untyped subjects. As HLA
typings were obtained over several years and part of the individuals were
not retyped for some recently defined antigens, the nomenclature used
in our analyses corresponded to the original broad specificities (20). For
all analyses, both patient and control populations were first divided ac-
cording to the presence (+) or absence (-) of a given HLA antigen.
When a given antigen (a) displayed an uneven distribution and (b) be-
longed to a well known haplotype, the classification was further extended
to all possible combinations of one, two, or three of the haplotype-as-
sociated specificities, but restricted to their presence or absence, since
HLA genotypes were unknown in many individuals. Such an extended
analysis was eventually performed on three haplotypes: AJ,B8,DR3;
A3,B7,DR2; and A2,B12,DR7.

Computer-aided classification of all patients and controls was per-
formed according to their Gmallotypes and/or genotypes, HLA speci-
ficities, sex, and disease severity. Statistical analyses were performed as
in (21) with (a) the chi-square test, the resulting probability being cor-
rected for the number of nonindependent comparisons made when ap-
plicable and (b) RRestimation according to Woolf's method with Hal-
dane's correction, if necessary. Among patients, disease severity was
studied by comparison of individual KID values with the nonparametric
Mann-Whitney U test.

Results

In terms of the Gmsystem alone, none of the Gmphenotypes
inferred an increased risk for MS, as already detailed (14). 16
HLA-A, 20 HLA-B, and 7 HLA-DR specificities were found
within both populations. Antigen frequencies in controls (not
shown) were similar to published values for Caucasians living
in the same area (22). As usually found, MSpatients displayed
an HLA-DR2 prevalence (P = 0.009, RR = 2.03) which was
restricted to HLA-B7(-) patients (P = 0.0005, RR= 3.44) as
shown in the right part of Table II.

Table II. Distributions of GI m(l), HLA-B7, and -DR2 Specificities in MSand Control Populations, and RRfor MS

HLA-DR2
alone*

HLA-DR2 + + - - Total
Glm(l) + - + - No. + -

MSpatients 14 33 32 31 110 47 63
Controls 17 19 47 51 134 36 98

All individuals
RRf 1.00 2.59 0.76 0.64 2.03

(0.47-2.14) (1.38-4.89) (0.44-1.31) (0.42-0.97) (1.19-3.48)

MSpatients 3 13 2 7 25 16 9
Controls 9 12 2 6 29 21 8

HLA-B7(+)
RR 0.33 1.53 1.17 1.49 0.68 I

(0.09-1.23) (0.52-4.51) (0.21-6.35) (0.43-5.22) (0.21-2.15)

MSpatients 11 20 30 24 85 31 54
Controls 8 7 45 45 105 15 90

HLA-B7(-)
RR 1.80 4.31 0.73 0.52 3.44

(0.69-4.70) (1.72-4.31) (0.40-1.31) (0.27-1.02) (1.71-6.96)

* HLA-DR2(+) vs. (-) individuals, regardless of Gmallotypes. t RR, relative risk, and 95% confidence interval.
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Table III. Distributions of G2m(23) and HLA-B35 Specificities in MSand Control Populations, and RR or MS

HLA-B35 alone*
HLA-B35 + + - - Total
G2m(23) + - + - No. + -

MSpatients 17 0 102 28 147 17 130
Controls 24 14 140 48 226 38 198

RRt 1.10 0.05 1.39 0.87 0.65
(0.57-2.13) (0.01-0.38) (0.89-2.17) (0.52-1.47) (0.35-1.20)

* HLA-B35(+) vs. (-) individuals, regardless of Gmallotypes. t RR, relative risk and 95% confidence interval.

Before comparisons between populations, distributions of
combined Gmand HLA types were first examined within each
control or MSpopulation. Within controls, HLA-A2 was found
preferentially in Gm'/Gm3 heterozygotes (chi-square test, P
= 0.0 18) and HLA-B27 in Gm'/Gm' homozygotes (P = 0.008).
Within MSpatients, HLA-B7, HLA-DR2, and HLA-B7,DR2
were overrepresented in the Glm(- 1) subpopulation (P = 0.008,
P = 0.027, and P = 0.020, respectively); HLA-Al was found
preferentially in Gm'lGm' patients (P = 0.04); and HLA-B35
in G2m(23) patients (P = 0.043, Fisher exact method).

Combined Gmand HLA types and MSsusceptibility. Pos-
sible MS-related associations of some HLA specificities with
given Gmallotypes or genotypes were investigated by compar-
ison between control and MSpopulations. Gm(l, 2, 3 or 23)
allotypes were combined with a series of HLA-A, -B, and -DR
specificities, whether they displayed a skewed distribution be-
tween Gm-related subpopulations in the present study (see
above) and/or they were usually MS-associated, namely HLA-
A1-3, 19; -B5, 7, 8, 12, 14, 18, 27, 35; and -DRl, 2, 3, 7. Most
Gm/HLAcombinations did not exhibit statistically significant
differences between MSand controls, including the associations
involving HLA-A2 or -B27 as previously found in controls alone,
or HLA-A l or -B7 as found in MSpatients. In contrast, differ-
ences between populations were observed with two other Gm/
HLA associations first detected in our MSpopulation.

First, within the MSpopulation, the increased frequency of
HLA-DR2 was restricted to Glm(- 1) individuals, a finding that
was not observed in controls (Table II, upper portion). Glm(- 1)/
HLA-DR2 individuals are more likely (P = 0.0027) to develop
MSthan any other individuals (RR = 2.59). Similarly examining
the distribution of HLA-DR2 with respect to individual Gm(2,
3, or 23) phenotype confirmed the preferential association of
HLA-DR2 and Glm(- 1) in MS. When further dividing the MS
and control populations into HLA-B7(+) or (-) subpopulations
(Table II, middle and lower portions), this GI m(- 1)/HLA-DR2
association was observed only within HLA-B7(-) patients (P
= 0.001) but not within HLA-B7(+) ones (P = 0.43); accordingly,
RR was above 4 for Glm(-1)/HLA-DR2/B7(-) individuals
whereas it was close to 1 for GI m(- 1)/HLA-DR2/B7(+) indi-
viduals (Table II).

Second, among the HLA-B35 subjects, none of the MSpa-
tients displayed the G2m(-23) phenotype, as opposed to controls
(Table III); in contrast, among HLA-B35(-) controls and pa-
tients, both G2m(23) and G2m(-23) phenotypes were similarly
distributed. Therefore HLA-B35/G2m(-23) individuals are
much less likely (P = 0.0015) to develop MSthan any other
individuals (RR = 0.05, Table III).

Combined Gmand HLA types and MSseverity. As detailed
elsewhere (14), no Gmgenotype or phenotype considered alone
was associated with high or low values of the KID severity index.
Whenconsidering HLA specificities alone, only HLA-B 12 was
associated with significant variations of KID ratio (P < 0.03,
Table IV, lower portion). No further influence of other specific-
ities belonging to the HLA-A2,B12,DR7 haplotype was evidenced
in our MSpopulation.

The selected series of HLA specificities mentioned above
was matched with either Gmallotypes or genotypes. Overall,
only HLA-B7/Glm(l) and HLA-B12/Glm(3) combinations
correlated with statistically significant variations of KID.

First, among Gm'/Gm3 heterozygous patients, HLA-B7(+)
individuals displayed higher KID values than HLA-B7(-) ones
(P < 0.001), irrespective of sex, as shown in Fig. 1. This difference
was totally absent in Gm3IGm3patients (P = 0.87). It could not
be assessed in Gm'IGm' patients, since only one of them was
HLA-B7. Finally, it was also observed (P < 0.001) when con-
sidering all Glm(l) patients (see legend in Fig. 1). Whencom-
bining HLA-A3 or -DR2 with HLA-B7, no further influence of
the former two specificities upon HLA-B7/G I m( 1)-associated
variations of KID was observed. Likewise, among the GI m( 1)
patients, the Glm(2) specificity had no influence, despite the
existence of a Gm"2;2' haplotype.

Second, among Gm3IGm3patients, the HLA-B 12 individuals
displayed a lower KID value than the HLA-B12(-) subjects (P

Table IV. Influence of HLA-B12 Phenotype and
GmGenotypes on MSSeverity Index (KID)

Gmgenotye HLA-B12(+) HLA-B12(-)

Gm'/Gm' 0.58±0.45* 0.57±0.37 NA
(2) (7)

Gm'/Gm3 0.36±0.31 0.34±0.23 NS
(7) (31)

Gm3/Gm3 0.29±0.31 0.40±0.23 P < 0.01t
(21) (50)

All patients 0.32±0.31 0.39±0.25 P < 0.03
(30) (88)

Note that the difference between HLA-B12(+) and (-) patients is still
significant (P < 0.02) when considering all patients with the Glm(3)
phenotype, i.e., Gm3/Gm3and Gm'/Gm3 individuals.
* KID: mean±SDand (number of patients).
t Mann-Whitney test. NA, not applicable.
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Figure 1. Disease severity expressed as KID (D a 5) with respect to
patient's Gmgenotype, HLA-B7 phenotype, and sex (A, male; ., fe-
male). Statistical comparisons were made with the Mann-Whitney U
test. Note that the difference between HLA-B7(+) and (-) individuals
is still significant (P < 0.001) when considering all patients with the
Glm(l) phenotype, i.e., Gm'/Gm' and Gm'/Gm3 individuals.

<0.01), whereas this difference was totally lacking in Gm'/Gm'
and Gm'/Gm3 patients, as shown in Table IV. This HLA-B 12-
associated variation of K/D was also observed (P < 0.02) when
considering all patients with a Glm(3) phenotype (see legend
in Table IV), who together accounted for 92% of the patients
studied. In this Glm(3)/HLA-B12 analysis, no further influences
were found when combining HLA-A2 or -DR7 with HLA-B12
on the one hand, or when considering the G2m(23) specificity
on the other hand.

Given the number of parameters considered, only major
results are provided in this section. Complete data are available
upon request.

Discussion

Increased susceptibility to various autoimmune diseases has been
shown to simultaneously depend on Gmand HLA phenotypes
(23-25). Alleles of both genetic systems could thus be likely
candidates for combined influences leading to particular MS
susceptibility and/or severity. Matching Gmand HLA specific-
ities generates quite a large number of combinations. Hence,
distributions of the latter were first tested within MSor control
populations considered separately. In a second step, the distri-
butions of all Gm/HLAcombinations that (a) were first found
to be unevenly distributed within either population, and (b) in-
volved MS-associated HLA specificities in Caucasians, were
compared between populations. The significant results that ap-
peared were further evaluated by taking into account some Gm
genotypes or haplotype-associated HLA specificities, although
in some instances this procedure was-not applicable since the
numbers of individuals within so-delineated subgroups were too
small. Sex was also considered, but no general sex-associated
pattern could be found (data not shown).

Wecould demonstrate that the simultaneous presence of
HLA-B35 and G2m(-23) phenotypes in an individual provides
protection against MS. A weak increase or decrease of HLA-

B35 antigen frequency has been reported in MS(7), but, in our
study, HLA-B35 alone was not MS-associated (right part of Table
III). In the same populations, Gmphenotypes considered alone
have no influence upon MSsusceptibility (14). Thus, the present
finding dramatically demonstrates the combined effects of both
Gmand HLA alleles in influencing MSprotection. It can be
speculated that the HLA-B35 and Gm23 alleles (the latter en-
coding some IgG2 heavy chains) together raise an immune re-
sponse that (a) is particularly adapted to the control of an MS-
causative agent, or (b) is inefficient against the still elusive MS
autoantigen(s). On the other hand, a preferential association of
HLA-DR2 with HLA-B7(-) and/or Glm(-1) specificities was
found in MS, i.e., the HLA-DR2 specificity was (a) overrepre-
sented in HLA-B7(-) but not among HLA-B7(+) patients, and
(b) overrepresented in Glm(- 1) but not among Glm(l) patients;
this led to a progressive increase in DR2-related RR. RRwas 2
in the overall HLA-DR2 population, about 3 in HLA-B7(-) or
Glm(- 1) subpopulations, and above 4 in the HLA-B7(-)/
Glm(- 1) subpopulation, whereas HLA-DR2 did not correlate
with an increased RR in any other subpopulation (Table II).
The classical HLA-DR2/MS association, extensively described
in the literature (4-7), is now enlightened by the preferential
HLA-DR2/B7(-) and HLA-DR2/Glm(- 1) associations, which
indicate that only some HLA-DR2 individuals are particularly
MS-susceptible. As HLA-B7(-) individuals, on the one hand,
and GI m(- 1) individuals, on the other hand, are quantitatively
major subpopulations in Caucasians (78% and 52%, respectively,
in our DR-typed control population), this could explain why
HLA-DR2/MS associations were commonly found in former
studies in Caucasians, although HLA-B7 or Gmspecificities were
not simultaneously considered. Finally, that both Gmand HLA
alleles together influence RRfor MScould explain why we pre-
viously failed to observe in France any Gm-associated increase
of RRin MS(14) as opposed to Gm/MSassociations found in
other countries (9-1 1).

MS severity was examined using the K/D index, selected
among various classifications of severity because it allowed rank
test comparisons between values; this avoided qualitative anal-
yses based upon occasionally disputable criteria that implied
additional splitting of Gm/HLA-classified subpopulations, as
already discussed (14). The HLA-B12 individuals suffered a
milder disease than did HLA-B12(-) individuals, a feature that
is reminiscent of the previously reported protective influence of
HLA-B12 in MS(7). Although this HLA-B 12-dependent severity
could also be observed among Glm(3) patients as a whole, we
cannot exclude that the HLA-B12 allele acted alone, its role
becoming visible within Glm(3) patients because they repre-
sented 92% of our MS population. However, this HLA-B12/
severity relationship was clearly marked among Gm3/Gm3pa-
tients only (Table IV), a feature that strongly argues for a genuine
influence of both HLA-B12 and Gm3alleles upon MSseverity.
Such a combined influence of Gmand HLA alleles was best
demonstrated when considering Gm' and HLA-B7 (Fig. 1). In
the Gm'/Gm3 heterozygous subpopulation, strong differences in
K/D ratio related to the HLA-B7 (+ or -) phenotype, whereas
within Gm3/Gm3homozygotes, the K/D ratio was independent
of HLA-B7. As MSseverity could not be related to HLA-B7
alone (see Results) nor to any Gmallele (14), this clearly indicates
that both Gm' and HLA-B7 alleles are of importance in severity
but only when simultaneously present. Alternatively, this Gm/
HLA-B7 influence observed in Glm(l) patients could exist in
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Gm'/Gm3 subjects only, because of their heterozygous condition
at Gmloci, a feature whose importance has been demonstrated
in other pathological conditions (26).

It has long been considered that the apparent involvement
of HLA-B7 allele in MS, as commonly observed, was only related
to its linkage disequilibrium with HLA-DR2 within the HLA-
A3,B7,DR2 haplotype (5, 27). But, we now demonstrate that,
regardless of HLA-DR2, HLA-B7 has, per se, a strong influence
upon MSseverity, provided Gmloci are simultaneously consid-
ered. These results suggest a genuine involvement of alleles in
MSat both series of class II and class I antigen-encoding MHC
loci. The Gm-encoded IgGs are exclusively synthesized by B
cells that also express MHCclass I and II antigens. These three
series of molecules play a key role in the end result of regulatory
interactions between B and T cells, resulting in antigen presen-
tation-recognition and further suppression or help of the im-
mune response. In this respect, the importance of Gm/HLA
associations in the level of physiological immune responses has
been shown (25, 28). Therefore, and given the facts that in MS
(a) a protracted dysregulation of the immune response appears
to play a central role (29), (b) a primary B cell abnormality may
be involved (30-32), and (c) variations of intrathecal IgG I syn-
thesis are also Gm/HLA-DR-dependent (33), our present ob-
servations argue against Gmor MHCalleles being involved only
by linkage disequilibrium with alleles at putative MSsuscepti-
bility loci, as commonly suggested (1, 7, 12, 34). Instead, inter-
actions between products of given Gmand HLA alleles would
be, at least partly, responsible for immune abnormalities in this
disease.

In studies dealing with the genetic determinants involved in
MS, the current concept of susceptibility relies upon those in-
dividuals who clinically express the disease. However, silent MS
exists (35-36). Despite this present limitation in the appraisal
of MSsusceptibility, the importance of combined Gmand HLA
alleles, as now described in a French population in which either
genetic system considered alone has a weak (HLA) or null (Gm)
influence, sheds new lights upon susceptibility to or protection
against MS. Of further value and possibly of higher clinical rel-
evance is our present finding that some HLAand Gmantigens,
when coexpressed in a patient, are associated with a more rapidly
crippling MS. In a disease where prognostic indices are lacking,
such a combined genetic typing may prove of major usefulness
in identifying those patients who should receive new therapies
with an optimal risk-to-benefit ratio.
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