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HLA and multiple sclerosis in south east Wales
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SUMMARY A stronger association has been found between multiple sclerosis and HLA-DR2 than
-DQwl in south east Wales (prevalence c 113/105) in contrast to recent observations in north east
Scotland (prevalence 178/105). The complex relationship between the HLA system and multiple
sclerosis, demonstrated in this and other studies, is explained more easily under a polygenic model
of inheritance, in which environmental events and genes interact, than by the presence of a single
susceptibility gene.

The evidence indicating that susceptibility to multiple
sclerosis is determined by genes encoded within the
HLA system is open to different interpretations;
before constructing hypotheses which take the vari-
ous observations into account, it is necessary first to
identify the closest markers of susceptibility to the
disease. Progressively stronger associations are
observed between multiple sclerosis and the linked
alleles HLA-A3, -B7, -Dw2, and -DR2 in patients of
north European origin and a relationship has recently
been described between multiple sclerosis and HLA-
DQw I in north east Scotland,' where there is no asso-
ciation with HLA-DR2 although the prevalence of
multiple sclerosis is very high.2 The question arises
whether HLA-DQwl is a closer marker of sus-
ceptibility to multiple sclerosis than the linked allele
HLA-DR2 and of more biological significance for the
pathogenesis. We have therefore investigated associ-
ations between these two antigens in south east Wales
where direct correlation with a recent prevalence
study can also be made.

Patients and methods

Fifty seven unrelated caucasoid patients with clinically
definite multiple sclerosis were selected at random from a
population-based register and typed for class 1 and 2 anti-
gens in the 7th Workshop extended lymphocytotoxicity test3
using locally evaluated antisera standardised against work-
shop reagents. Antigen frequencies were compared with
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results in 600 (HLA-A and -B) and 407 (HLA-DR and -DQ)
randomly selected local caucasoid controls. All antigen
assignments were made without prior knowledge of the dis-
ease status. The significance of associations between multi-
ple sclerosis and particular phenotypes was examined using
the chi-square test and relative risks (RR) with 95%
confidence limits were calculated. Lastly, correlation
coefficients between specific antigen frequencies and preva-
lence were computed.

Results

There was an increased frequency of HLA-A3 (26 3%
vs 24-3%:ns), -B7 (40 4% vs 28-2%:ns) and -DR2
(50 7% vs 26-5%:p < 0-001) in patients compared
with controls (table 1). A similar trend was observed
comparing the frequencies of HLA-DQwl in patients
(n = 45, 71 1%) and controls (59%) but this was not
statistically significant. The relative risk for develop-
ing multiple sclerosis in the presence of HLA-DR2 or
-DQwI was 2-87 (95% confidence interval 1-66-4-98)
and 1-7 (95% confidence interval 0-88-2-21) respect-
ively. Previously published antigen frequencies and
statistics for north east Scotland' are also shown in
table 1. Table 2 shows the relative risk for developing
multiple sclerosis in south east Wales in the presence
of different combinations of class two antigens. Table
3 shows the relationship between the frequency of
HLA-DR2 and -DQwI in patients and controls
together with prevalence of multiple sclerosis in areas
where all three variables have been studied. Although
the prevalence of multiple sclerosis correlates directly
with normal variations in the frequency of HLA-DR2
(r = 0-952) and -DQwl (r = 0 955) there are too few
observations to achieve statistical significance.
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Table 1 Thefrequency ofclass 1 and 2 antigens in patients with multiple sclerosis and controlsfrom south east Wales and
north east Scotland

SE Wales NE Scotland

Multiple sclerosis Controls Multiple sclerosis Controls

A3 15/57 (26-3%) 146/600 (24-3%)
B7 23/57 (40 4%) 169/600 (28 2%) - -

DR2 29/57 (50 7%) 108/407 (26-5%) 87/178 (49%) 52/128 (41%)
DQwl 32/45 (71.1%) 240/407 (590%) 137/178 (77%) 79/128 (62%)

DR2 in SE Wales patients vs controls: (X2 = 15-1; p < 0-0005). Relative risk 2-87 (95% Cl 1-66-498). DR2 in NE Scotland patients vs
controls:(X2 = 2-04; NS). Relative risk 1-43 (95% CI 0 88-221). DQwl in SE Wales patients vs controls: (X2 = 2-49; NS). Relative risk 1-7
(95% CI 0 87-3 35). DQwl in Scottish patients vs controls: (X2 = 8-34; p < 0-005). Relative risk 2-07; (95% CI 1 79-407). DR2 in SE Wales
patients vs NE Scotland patients: (X2 = 0-04; NS). DR2 in SE Wales controls vs NE Scotland controls: (X2 = 10 2; p < 0-005). DQwl in SE
Wales patients vs NE Scotland patients: (X2 = 0 67; NS). DQwl in SE Wales controls vs NE Scotland controls: (X2 = 0-31; NS).

Table 2 The relative riskfor developing multiple sclerosis in patients possessing different combinations ofclass 2 antigens in
south east Wales

Mulitple
sclerosis Controls x RR p

DQwl - DR2- 13/45 167/407 2-5 0 58 NS
DR2 + 0/45 0/407 _ - _

DQwl + DR2- 11/45 132/407 1-2 0 67 NS
DR2+ 21/45 108/407 8 05 2 19 <0-005

Table 3 Thefrequency ofclass 2 antigens in cases and controls and the prevalence ofmultiple sclerosis in south east Wales,10
north east Scotland2 and Kuwait.5

Aberdeen Cardiff Mediterranean Arabs Gulf Arabs

HLA-DR2
MS 49.0% 50 7% 65-2% 54.1%
Controls 41 0% 26 5% 18 8% 38-2%
RR 1 43 287 8 1 1-96
P value NS <0 001 <0 001 0-25

HLA-DQwl
MS 770% 71 1% 608% 458%
Controls 620% 590% 30 2% 42 5%
RR 207 17 34 11
P value < 0 005 NS < 0 05 NS

NS
Prev/105 178 cl 13 7.8 4-4

MS = multiple sclerosis.

Discussion

One interpretation of the relationship between HLA
and multiple sclerosis is that the disease is determined
by a single gene, maintained in linkage disequilibrium
with HLA-DR2 and -DQwl, in northern Europe, and
with other haplotypes in some different populations.4
If a single multiple sclerosis susceptibility gene exists
it is important to determine its closest identifiable
marker. We have previously suggested that the distri-
bution of multiple sclerosis in the United Kingdom is

influenced by regional variations in the normal fre-
quency of HLA-DR2; there is a similar relationship
between the prevalence of multiple sclerosis and nor-
mal frequency of HLA-DQwl, as would be expected
if the loci encoding these antigens are in linkage dis-
equilibrium with a multiple sclerosis susceptibility
gene. Based on the findings in north east Scotland, it
has been suggested that this hypothetical gene lies
closer to the HLA-DQ than -DR locus.1 Our finding
of a stronger association between multiple sclerosis
and HLA-DR2 is south east Wales points to the
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opposite conclusion and is in agreement with the
findings in Mediterranean Arabs.' Taken together,
the evidence suggests that if a single susceptibility
gene exists it is no closer to the HLA-DQ than -DR
locus.
An alternative explanation for the findings is that,

through their effect on immune responsiveness, multi-
ple sclerosis associated alleles themselves confer sus-

ceptibility to exogenous events responsible for ini-
tiating the disease process, different individuals being
selected as susceptible depending on local environ-
mental conditions. This hypothesis embodies the
concept of gene complementation but can be
extended to include interaction with genes encoded on

other chromosomes.
Evidence favouring polygenic inheritance is pro-

vided by pedigree analysis and HLA linkage studies.
In the Orkneys, estimates of heritability, consan-

guinity and kinship coefficients do not favour the
recent introduction of a major gene.6 Elsewhere, it is
necessary to postulate genetic heterogeneity or

markedly reduced penetrance in order to explain the
segregation pattern of HLA haplotypes in multiplex
families.7 Unlinked genes, including HLA alleles and
immunoglobulin heavy chain allotypes encoded on

the 14th chromosome, have already been shown to
confer susceptibility within a single population8 and
markedly different associations exist in different parts
of the world.9
At present it is not known how gene products and

environmental events interact in conferring sus-

ceptibility to multiple sclerosis. The influence of each
factor will depend on the absolute risk conferred and
its frequency in the at-risk population. Incidence of
the disease increases as any risk factor becomes more

frequent in the normal population, the magnitude of
this effect varying with the absolute risk conferred.
Disease associations are based on differences in fre-
quency of any risk factor between cases and controls,
but these do not necessarily reflect biological
significance. They become obscured in any region
where the frequency in controls approximates to that
in cases. In a population where a major risk factor is
common and a minor one rare, prevalence of the dis-
ease will be high, but associations with the major risk
factor may disappear and the distribution of multiple
sclerosis within this population will then be deter-
mined more by the presence in individuals of less
common complementary genes or exogenous factors.
It is possible that the class 2 HLA associations in the
Orkneys and Aberdeen may be more important than
their weak associations suggest, for although the rela-
tive risks are small, these genes are present in a high
proportion of the population and may be making a
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large contribution to the incidence of disease.'0
In areas where all susceptibility gene frequencies

are low in the normal population, the chance that an
individual will possess each risk factor and be exposed
to environmental conditions necessary for the devel-
opment of multiple sclerosis will be also low, so that
incidence of the disease will fall. Under these circum-
stances the gene which confers the greatest absolute
risk will show the strongest association and more
detailed studies involving large numbers will always
be required to demonstrate the weaker associations.
The implications of this multifactorial hypothesis,

in which individual risk factors confer differing sus-
ceptibility and are not evenly distributed, is that in
some studies environmental conditions and in others
genetic factors will appear to be of exclusive
importance, giving the impression of greater
aetiological heterogeneity than may in fact be the
case. Unless multiple sclerosis as presently defined is
the expression of many different diseases, only the
polygenic model can account for the observations of
multiple genetic associations within and between
populations.
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