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Abstract

Ž . )Susceptibility to multiple sclerosis MS is associated with HLA-DRB1 1501. Many reports have suggested associations with other
Ž .loci but these results remain unconfirmed. We studied the IL-1 receptor antagonist IL-1ra gene polymorphism and the HLA-DR and DQ

Ž . Žallele frequencies by DNA-based methods in both the primary chronic progressive form PP MS and the relapsingrremitting form RrR
. )MS . The frequency of DRB1 1501 and IL-1ra allele 2 were significantly higher in RrR MS. Association was more marked in the

female sex and in patients with benign forms of RrR MS. On the other hand DR4 subtypes carrying a Val at position 86 in the DR b

chain were increased in PP MS. The present study indicates that MS is genetically heterogeneous and shows a combined effect of
HLA-DR and IL-1ra genes in susceptibility to the RrR form of the disease. q 1997 Elsevier Science B.V.
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1. Introduction

Epidemiological studies have established that suscepti-
Ž . Žbility to multiple sclerosis MS is partly genetic Tienari,

1994; Compston et al., 1995; Oksenberg, 1996; Sadovnick
.et al., 1996; Haegert et al., 1996 . Although several reports

have provided evidence of linkage between MS and differ-
ent loci including the immunoglobulin heavy chain vari-

Ž .able region Walter et al., 1991 , the T-cell receptor alpha
Žand beta loci Martinez-Naves et al., 1993; Wood et al.,

.1995; Epplen et al., 1997 and the myelin basic protein
Ž .gene Tienari et al., 1993 , to date, the only unambiguous

association is with the HLA class II genes. Studies show
with remarkable consistency, particularly in patients of
northern European descent, an association between MS
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and the common Caucasian DR2 haplotype DRB1)1501–
DQA1) 0102–DQB1) 0602. However, the strong linkage
disequilibrium has prevented a clear resolution of the
contribution of each of these genes to MS susceptibility.

Additionally, studies performed in Sardinian population
have repeatedly shown evidence of MS linkage to DR4
Ž .Marrosu et al., 1988; Haegert et al., 1993 , and studies

Ž .from Scandinavia Olerup et al., 1989; Hillert et al., 1992
have shown that the primary chronic progressive form of

Ž . Ž .MS PP MS and the relapsingrremitting form RrR MS
are associated with two different HLA class II haplotypes:
DR4, DQA1) 0301, DQB1) 0302 haplotype with PP MS;

Ž . ) )and DR3 DRw17 , DQA1 0501, DQB1 0201 haplotype
with RrR MS. These results, although unconfirmed, sug-
gest an immunogenetic heterogeneity in MS. A recent
report on 166 families in the United Kingdom also points
to this genetic heterogeneity as it shows a strong correla-
tion for disease course in sibling pairs suggesting that

Žclinical features are dependent on inherited factors Ro-
.bertson et al., 1996 .
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As a whole the contribution made by HLA genes
appears to be modest and to account only for a proportion
of the total genetic contribution to multiple sclerosis.
DRB1)1501, DR4, DQA1) 0102 andror DQB1) 0602 are
neither necessary nor sufficient for the development of the
disease. A polygenic model with multiple susceptibility
loci acting in concert, both HLA-linked and non-HLA-lin-
ked, each with a relatively small contribution to the overall
risk seems probable. Since it is generally assumed that MS
is an autoimmune disease, genes most likely associated
with susceptibility to the disease are those recognized to
play a major role in the immune response. Proinflamma-
tory cytokines IL-1 and TNF alpha are present in lesions
of both MS and experimental allergic encephalomyelitis
Ž . Ž .EAE Canella and Raine, 1995 and could be directly

Žresponsible for tissue damage in MS Selmaj and Raine,
.1988; Hauser, 1995 . IL-1’s actions can be blocked by the

Ž .naturally occurring IL-1 receptor antagonist IL-1ra and
Žtreatment with IL-1ra inhibits clinical signs of EAE Martin

. Ž .and Near, 1995 . Tarlow et al. 1993 have described a
penta-allelic polymorphism of the IL-1ra gene and Crusius

Ž .et al. 1995 have found evidence that allele 2 of this gene
is associated with MS, although this result has not been

Ž .confirmed Huang et al., 1996 .
In a large case-control study we have investigated the

association of both HLA and IL-1ra gene polymorphisms
with MS susceptibility testing the hypothesis that both loci
could act in concert and that MS is a genetically heteroge-
neous disease in which the genetic background would
influence the clinical pattern.

2. Material and methods

2.1. Study subjects

Blood samples were obtained from 135 randomly se-
lected unrelated Spanish white patients with clinically

Ž .definite MS by standard criteria Poser et al., 1983 ascer-
Ž .tained at San Carlos University Hospital Madrid . Disabil-

ity was assessed using the Kurtzke expanded disability
Ž . Ž .scale EDSS Kurtzke, 1983 . Disease course was classi-

Ž .fied into primary progressive PP MS or relapsingrremit-
Ž . Ž .ting RrR MS at onset. Healthy white subjects ns168

from the Madrid region were selected as controls.

2.2. DNA isolation and HLA class II genotyping

DNA was extracted from fresh peripheral blood leuco-
cytes by ‘salting out’ procedure with 6 molrl NaCl follow-
ing overnight incubation with proteinase K. The hypervari-
able second exons of the HLA-DRB1, -DQA1 and -DQB1
loci were amplified separately by a polymerase chain

Ž .reaction PCR procedure using the appropriate primers
from the 11th International Histocompatibility Workshop
Ž .Kimura and Sasazuki, 1991 . The quality of the PCR

product was assessed by agarose gel electrophoresis. Five
Ž .ml from the PCR products about 20 ng were slot-blotted

onto nylon membranes. Cross linkage of PCR products to
membranes was achieved by exposure to UV light. Hy-
bridization was performed with DIG-labelled allele-specific
oligonucleotide probes, from the 11th International Histo-

Ž .compatibility Workshop Kimura and Sasazuki, 1991 on
amplified DNA to characterize the DRB1, DQA1 and
DQB1 genes; the results were visualized by exposing the
membranes to radiographic films for 5–15 min.

HLA-DR2-positive and DR4-positive DNAs, identified
in the HLA-DRB generic PCR and hybridization, were
then specifically typed for the individual alleles within the
HLA-DR2 or -DR4 groups by amplification in an HLA-
DR2 or -DR4 group-specific PCR and hybridization with a
panel of sequence-specific oligonucleotide probes from the

Ž11th International Histocompatibility Workshop Kimura
.and Sasazuki, 1991 .

2.3. IL-1ra gene polymorphism screening

Intron 2 of the IL-1ra gene contains a variable number
Ž .of identical tandem repeats of an 86-base pair bp length

of DNA. This polymorphic region was amplified by PCR
using previously described primers sequences and condi-

Ž .tions Tarlow et al., 1993 . PCR products were separated
by electrophoresis on 2% agarose gels and visualized by
ethidium bromide staining. Alleles 1 to 5 correspond to 4,
2, 5, 3 and 6 copies of the 86 bp sequence, respectively.

Ž . ŽTheir sizes range from 240 bp allele 2 to 595 bp allele
.6 .

2.4. Statistical analysis

The allele frequencies in patients and controls were
compared by the Chi square test, or Fisher’s exact test
when an expected cell value was -5; p values were

Ž .corrected p for the number of alleles determined andc

were considered significant at a level of -0.05. No
correction was applied to the alleles DR2, DRB1)1501,
DQA1) 0102, DQB1) 0602, DR4, DQA1) 0301,
DQB1) 0302 and IL-1ra allele 2 as our ‘a priori’ hypothe-
sis assumed that these alleles would be associated with
susceptibility to MS based on previous data.

Ž .Strength of associations were given as odds ratios OD .
Ž .A standard statistical software package EPI-INFO v 5.0a

was used.

3. Results

3.1. All MS patients Õersus healthy controls

MS patients and controls were genotyped for DRB1,
DQA1 and DQB1, and Table 1 presents the frequency
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Table 1
Ž Ž . Ž . .HLA class II alleles in MS and its two clinical forms relapsingrremitting RrR and primary chronic progressive PP multiple sclerosis and in controls

Ž . Ž . Ž . Ž .HLA allele Total MS ns135 RrR MS ns113 PP MS ns22 Controls ns168

Ž . Ž . Ž . Ž .n % n % n % n %

DR1 23 17 18 16 5 23 36 21
DR2 45 33 42 37 3 14 44 26
DR3 37 27 29 26 8 36 43 26

aDR4 37 27 28 25 9 41 32 19
DR5 30 22 26 23 4 18 41 24
DR6 36 27 33 29 3 14 51 30
DR7 30 22 25 22 5 23 47 28
DR8 9 7 9 8 0 0 14 8
DR9 2 1 2 2 0 0 4 2
DR10 5 4 4 4 1 5 4 2

)DQA1 0102 52 39 46 41 6 27 56 33
) bDQA1 0301 39 29 30 27 9 41 36 21
)DQA1 0501 63 47 49 43 14 64 85 51
)DQB1 02 63 47 51 45 12 55 81 48
)DQB1 0301 43 32 34 30 9 41 54 32
) cDQB1 0302 31 23 24 21 7 32 22 13
) dDQB1 0602 41 30 38 34 3 14 38 23

a ps0.019, ORs2.94 when compared with controls.
b ps0.04, ORs2.54 when compared with controls.
c ps0.03, ORs3.10 when compared with controls.
d ps0.04, ORs1.73 when compared with controls.

distribution of DR alleles and those DQA1 and DQB1
alleles known to be in linkage dysequilibrium with DR2,
DR3 and DR4 in our population. In patients a statistically

Žinsignificant increase of DR2 was observed 33.6% of the
.patients compared with 24.5% of the controls . However,

when in the DR2 positive population subtypes were ana-
Ž . )lyzed separately Table 2 , DRB1 1501 was demonstrated

Žto be significantly increased 30% in MS patients versus

.17% in controls, ps0.007, ORs2.09 . In addition
) Ž . ) Ž .DRB1 0403 Table 2 and DQB1 0302 Table 1 were

seen to be more frequent in MS than in the control group,
although p values, were not significant. There were noc

other significant differences between MS and controls not
even with DQA1) 0102 or DQB1) 0602, both seen to be
associated with HLA-DRB1)1501 subtypes in the general
population.

Table 2
Ž Ž . Ž .HLA-DR2 and DR4 and their subtypes in MS and its two clinical forms relapsingrremitting RrR and primary chronic progressive PP multiple

.sclerosis and in controls

Ž . Ž . Ž . Ž .HLA allele Total MS ns135 RrR MS ns113 PP MS ns22 Controls ns168

Ž . Ž . Ž . Ž .n % n % n % n %

DR2 45 33 42 37 3 14 44 26
) a c dDRB1 1501 41 30 38 34 3 14 29 17
) bDRB1 1502 1 1 1 1 0 0 7 4
) bDRB1 1601 2 1 2 2 0 0 8 5
) bDRB1 1602 2 1 2 2 0 0 2 1

eDR4 37 27 28 25 9 41 32 19
) bDRB1 0401 7 5 6 5 1 5 11 6
) aDRB1 0402 7 5 5 4 2 9 5 3
) aDRB1 0403 9 7 8 7 1 5 3 2
) aDRB1 0404 9 7 5 4 4 18 5 3
) bDRB1 0405 4 3 4 4 0 0 7 4
) aDRB1 0406 0 0 0 0 0 0 1 1
) bDRB1 0407 1 1 1 1 0 0 1 1
) bDRB1 0408 1 1 0 0 1 5 1 1

a Val residue at the position 86 of the DR beta chain.
b Gly residue at the position 86 of the DR beta chain.
c ps0.007, ORs2.09 when compared with controls.
d ps0.001, ORs2.43 when compared with controls.
e ps0.027, ORs2.94 when compared with controls.
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3.2. Primary progressiÕe and relapsingrremitting multi-
ple sclerosis Õersus controls

There were 22 patients with primary progressive MS
Žand 113 patients with relapsingrremitting MS this group

included 13 patients who eventually developed a sec-
.ondary progressive form of the disease . When both groups

were studied separately for distribution of HLA-DR alleles
they were demonstrated to have different HLA-associa-

) Žtions: DRB1 1501 was only increased in RrR MS 34
versus 17% in controls, ps0.001, ORs2.43; and versus

.14% in PP MS, ps0.06, ORs3.21; Table 2 , whereas
DR4 was only significantly increased in PP MS when

Žcompared to controls 41 versus 19%, ps0.019, ORs
.2.94; Table 1 . This association was not evenly distributed

among all DR4 subtypes as only DRB1) 0402, DRB1) 0403
and DRB1) 0404 were more frequently found in PP MS

Ž .than in controls Table 2 . These three alleles have a Val
Ž .residue at the dimorphic Val vs. Gly position 86 of the

Ž )DR beta chain and Val 86 DR4 alleles DRB1 0402,
) ) ) .0403, 0404 and 0406 were found in 32% of PP MS

Žpatients compared to 8% of controls ps0.0009, p -c
.0.02, ORs5.13 .

DQA1) 0301 and DQB1) 0302, both shown to be in
linkage dysequilibrium with DR4, were found more fre-
quently in PP MS and the strength of the association was

Ž .of the same magnitude as that found with DR4 Table 1 .

3.3. IL-1ra genotype and allele frequencies in MS

The frequencies of the five alleles found in IL-1ra locus
were determined in 128 out of the 135 MS patients and in

Ž .all 168 controls Table 3 . The frequencies of alleles 3, 4,
and 5 were decreased in MS patients although differences
with controls were not significant, possibly due to their
low frequency in our population.

Carriers of allele 2 were found more frequently in MS
Ž . Žpatients 69r128, 54% as compared to controls 73r168,

.43% , although the difference was not statistically signifi-
Ž .cant Table 3 . When PP MS and RrR MS were studied

separately the increase in carriers of IL-1ra allele 2 was
exclusively found in RrR MS and the difference with

Žcontrols was statistically significant 56% as compared to
.43%, ps0.04, ORs1.66; Table 3 . Stratification for

) Ž .DRB1 1501 the HLA-DR gene associated with RrR MS

showed much more clearly the IL-1ra allele 2 association
with MS: IL-1ra allele 2 was present in 26 out of 39

) Ž .DRB1 1501 positive MS 67% versus 11 out of 29
) Ž . ŽDRB1 1501 positive controls 38% ps0.018, ORs

.3.27 .
The combined occurrence of IL-1ra allele 2 and HLA-

DRB1)1501 allele was observed in MS patients more
Žfrequently than expected 20.3% versus 6.5% in controls,

.ps0.0003, ORs3.64 , and this was due exclusively to
Žtheir increased combined occurrence in RrR MS 22.4

versus 6.5% in controls, ps0.0001, p -0.0005, ORsc
.4.13; Table 4 .

Neither DRB1)1501, IL-1ra allele 2 nor the combina-
tion of both was found with increased frequency in PP MS
Ž ) )DRB1 1501: 14%, IL-1ra allele 2: 43% and DRB1 1501

. Žq IL-1ra allele 2: 9.5% compared to controls 17, 43 and
.6.5%, respectively .

3.4. Genetic background in relation to seÕerity of the
disease

Patients were classified according to the severity of the
disease in two groups: severe MS when the progression

w Ž .index PIsExtended Disability Status Scale EDSS of
xKurtzkermonths from onset of MS was 0.05 or higher

Ž .corresponding to EDSS)7 after 10 years , and more
benign MS forms when PI-0.05. Thirty out of 135

Ž .patients 22% had a PI of 0.05 or higher.
DRB1)1501 was found more frequently in benign forms

Ž .34 versus 13% in severe MS, ps0.02, ORs3.39 . The
OR for the combined occurrence of IL-1ra allele 2 and
HLA-DRB1)1501 in the benign forms was even greater
Ž25 versus 6.6% in severe MS, ps0.02, ORs4.73; data

.not shown .
When RrR MS patients with PI-0.05 were investi-

gated for the combined occurrence of both susceptibility
alleles and compared to controls the increase was found to

Žbe highly significant 25 versus 6.5%, ps0.00002, ORs
.4.76; Table 4 .

3.5. Genetic background in relation to sex

Out of 135 consecutive and unrelated patients, 91 were
Ž . Ž .females 67% and 44 males 33% . Whereas in PP MS

Table 3
IL-1ra genotype and allele 2 frequency in patients with multiple sclerosis and in controls

IL-1ra genotype Allele 2 frequency

Ž .1,1 1,2 2,2 1,3 1,4 1,5 n %

Ž .MS ns128 57 56 13 1 1 0 69 54
Ž .RrR MS ns107 45 47 13 1 1 0 60 56

Ž .PP MS ns21 12 9 0 0 0 0 9 43
Ž .Controls ns168 84 60 13 5 3 3 73 43
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Table 4
Frequency of carriers of HLA-DRB1)1501 andror IL-1ra allele 2 in controls and subgroups of MS patients

) )n DRB1 1501 IL-1ra allele 2 DRB1 1501q IL-1ra allele 2

Ž . Ž . Ž .n % n % n %

Controls 168 29 17 73 43 11 6.5
a cTotal MS 128 39 30 69 54 26 20.3
b dRrR MS 107 37 35 60 56 24 22.4

eBenign RrR MS 88 33 38 50 57 22 25
fFemale RrR MS 79 31 39 46 58 20 25
gFemale benign RrR MS 64 28 44 40 63 19 30

a Not significant when compared with controls.
b ps0.04, ORs1.66 when compared with controls.
c ps0.0003, ORs3.64 when compared with controls.
d ps0.0001, p -0.0005, ORs4.13 when compared with controls.c
e ps0.00002, p -0.0001, ORs4.76 when compared with controls.c
f ps0.0008, p -0.005, ORs4.75 when compared with female controls.c
g ps0.0001, p -0.001, ORs5.91 when compared with female controls.c

Žpatients the number of males and females was similar 10
.and 12, respectively , RrR MS occurred more frequently

Ž .in females 79r113, 70% .
Ž .In RrR MS, 28 out of 67 42% female patients with

benign forms were DRB1)1501 positive, as compared to 1
Ž . Ž .out of 11 9% with the severe form p-0.05, ORs7.18 .

In male patients DRB1)1501 was not significantly in-
creased in either group of patients.

When the combined occurrence of both HLA-
DRB1)1501 and IL-1ra allele 2 was studied in female
RrR MS and compared to female controls the OR was

Žgreater than when gender was not considered 25 versus
.6.5%, ps0.0008, ORs4.75; Table 4 .

Finally the association between the combined occur-
rence of both susceptibility alleles and benign RrR MS

Ž .was most evident when female patients 30% were com-
Ž . Žpared to female controls 6.7% ps0.0001, ORs5.91;

.Table 4 .

4. Discussion

The present study confirms the association between
IL-1ra allele 2 and susceptibility to MS as well as the
genetic heterogeneity of this disease. RrR MS is linked to
HLA-DR)1501 and IL-1ra allele 2, whereas PP MS is
associated with some DR4 subtypes.

Only three DR4 alleles appeared increased in PP MS
patients compared with controls; all carried a Val at posi-
tion 86 in the DR b chain. This position is located at the
end of the alpha helix and plays a critical role in autoanti-

Žgen presentation to human T cells Ong et al., 1991;
. Ž .Newton-Nash and Eckels, 1993 . Allen et al. 1994 have

recently suggested that the residue at position 86 may be
critical in conferring susceptibility and protection to MS.
As the DRB1)1501 allele also carries Val at position 86
but confers susceptibility to a different clinical form of MS
than Val 86 positive DR4 alleles, it is most likely that

other residues in the DR b chain, in addition to residue 86,
are also contributing to the susceptibility. This assumption
provides indirect support for the notion that the HLA-DR
molecules themselves are involved in the pathogenesis
rather than just being a linked genetic marker for a puta-
tive disease gene.

Ž .Our results also show that the odds ratio OR for
DRB1)1501 is greater than that for DQA1) 0102 and
DQB1) 0602, the other two HLA class II alleles present on
the MS-associated DR2 haplotype. Similarly the OR for
DQA1) 0301, DQB1) 0301 and DQB1) 0302, the HLA-DQ
alleles in linkage disequilibrium with DR4, are lower than
that for the whole group of Val 86 positive DR4 alleles.
These data also favor a primary involvement of DRB1 in
MS.

DRB1)1501 and Val 86 DR4 alleles are associated with
approximately 50% of MS in our population and therefore
do not account for all the susceptibility to the disease.
Many patients may have different gene associations
whether inside or outside the HLA region. HLA-DR3
Ž . Ž .Hillert et al., 1992 , TNF-a Hauser, 1995 , T cell recep-

Ž .tor beta locus Epplen et al., 1997 and immunoglobulin
Žheavy chain variable region polymorphism Walter et al.,

.1991 are additional candidate genes.
MS susceptibility has long been known to vary accord-

ing to gender, with females being more susceptible and
Žmales having a greater tendency for the PP form Sadov-

.nick and Ebers, 1995 . Moreover Van Lambalgen et al.
Ž .1986 observed a significantly higher frequency of HLA-
DR2 in females than in males. Our data show that the
HLA-DRB1)1501 allele confers susceptibility to the RrR
form of MS predominantly in females. Therefore female
sex appears as a risk factor, in addition to DRB1)1501, for
the expression of RrR MS.

Ž .Recently Crusius et al. 1995 reported the association
between MS andIL-1ra allele 2, although Huang et al.
Ž .1996 failed to demonstrate any linkage. Our results con-
firm the association in another population and suggest that
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this gene confers susceptibility only to the RrR form of
the disease. As DRB1)1501, IL-1ra allele 2 appears nei-
ther sufficient nor necessary for the development of MS.
The combined inheritance of DRB1)1501 and IL-1ra al-
lele 2 additively increases the susceptibility to RrR MS
although they cannot account for all the increased risk
implicated by family studies. Several international groups
have recently published whole genome screening of multi-

Žplex families with multiple sclerosis Ebers et al., 1996;
.Haines et al., 1996; Sawcer et al., 1996 . The most striking

finding from these observations is the small contribution
made by all regions of interest and the failure to observe
the same regions of linkage in the different studies with
the exception of the HLA region. On the other hand, all of
the studies identified more low threshold load scores than
would be expected by chance alone, suggesting that at

Ž .least some of these are genuine Sawcer et al., 1997 . This
argues against the existence of major genetic determinants
in MS and in favour of it being a multifactorial disease in
which many loci contribute moderately to the susceptibil-

Ž .ity Bell and Lathrop, 1996 . Our data point in the same
direction as they indicate that genetic basis of susceptibil-
ity to RrR MS involves the inheritance of at least two,
likely more, polymorphic, independently segregating genes.
These susceptibility genes are likely to be common genes
Ž .as it is the case for HLA class II and IL-1ra genes , with a
relatively small individual contribution to the disease and
hence hard to be detected. Stratification for the presence of
an associated susceptibility allele should therefore help in
genetic studies as it does in this study. On this basis Beall

Ž .et al. 1989 reported an association between MS and a T
cell receptor beta chain variable region gene in a cohort of
MS patients with an unusually high frequency of DR2
Ž . Ž .84% and Wood et al. 1995 confirmed it later in a
sub-group analysis of DR2 positive patients. This led
Compston et al. to propose the germline T cell receptor
polymorphism as an additional risk in DR2 positive pa-
tients, but not being independently linked to susceptibility
Ž .Compston et al., 1995 . Its combined occurrence with
DRB1)1501 and IL-1ra allele 2 has to be studied.

Overall heterogeneity of MS as a disease entity is
another factor that hinders identification of genes which
confer susceptibility to the disease. Clinical heterogeneity
involves the age of onset, symptoms and signs, progression
and severity of the disease. Notably PP and RrR MS are
two well differentiated clinical forms and our results sup-
port previous reports showing that both are associated with

Ždifferent HLA class II genotypes Olerup et al., 1989;
. )Hillert et al., 1992 . They also indicate that DRB1 1501,

IL-1ra allele 2 and female sex they all confer susceptibility
predominantly to benign forms of RrR MS. All this
supports the thesis of a genetic heterogeneity of MS, with
different genes conferring susceptibility to different clini-
cal subsets of the disease. Therefore further identification
of susceptibility genes in MS might require case stratifica-
tion also according to disease subtype.

Even if susceptibility genes have a small individual
contribution in the disease its identification is important as
they can provide clues to the pathogenesis of the different
clinical forms and help in designing the most effective
therapy for each individual patient. Attempting to treat the
disease by specific manipulation of the immune response,

Ž .Weiner et al. 1993 have tried to obtain tolerization to
autoantigens by oral administration of bovine myelin in a
double blind trial. Although the sample size was small,
RrR MS treated patients responded differently depending
on sex and whether they were or not HLA-DR2 positive
suggesting that both genetic background and sex can deter-
mine the pathogenesis and the clinical response to different
treatments.

Ž .From the data reported herein we can conclude that: 1
IL-1ra allele 2 is associated with susceptibility to RrR

Ž .MS. 2 Different DRB1 alleles are primarily associated
Ž .with the RrR and PP subtypes of MS. 3 The genetic

background influences the clinical course of the disease.
Ž .4 The occurrence of MS is likely to be dependent on the
simultaneous presence of several minor predisposing genes.
Ž .5 Further identification of susceptibility genes should be
helped by large case-control numbers and stratification
according to MS subtype and known susceptibly alleles.
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