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Genetics of Multiple Sclerosis

In the United States, neurologists inclinical practice often are asked the
cause of MS and the risk of relatives for
contracting the disease. Extensive stud-
ies have been conducted to address these
questions, and advances in biotechnol-
ogy have improved the accuracy of the
answers.This article reviews the results
from recent studies addressing the ge-
netics of MS.

Epidemiology of MS
The first suggestion that individuals

mayhave a genetic predisposition to de-
velopMSwas based on epidemiological
observations at the population level from
almost a century ago.Thedisease is prac-
tically unknown in someAfrican states,
and its incidence is very low in China
and other regions of the Far East. Its
highest expression is in northern Euro-
pean countries.TheprevalenceofMS in
distinct ethnic groups in the same areas
of theworld supports the interpretation
that genetic makeup is a factor in an in-
dividual’s susceptibility to MS. For ex-
ample, the prevalence of MS is relative-
ly high for Sardinians,Lapps in Finland,
Gypsies in central Europe,andMaoris in
New Zealand.12,19,23 Beyond the sim-
ple assessmentofdiseaseprevalence across
ethnic groups, the results of several mi-
gration studies suggest that the interac-
tion of environmental factors with ge-
netic susceptibility affects the expression
ofMS. Furthermore,the risk for devel-
opingMS is modified if individuals mi-
grate during childhood.9
Epidemiological surveys have indi-

cated that MS occurs in a familial fash-
ion. A direct relationship between de-
gree of kinship and risk for MS was
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established by assessing the recurrence
rate ofMS inoffspringof oneor both af-
fected parents and its prevalence in con-
jugal cases compared to its recurrence
rate in half siblings, second-degree rela-
tives,or adopted individuals.6,9-11 More-
over, the concordance rate in monozy-
gotic twins varies between 10 and 30%
in different populations,while the con-
cordance rate in dizygotic twins ap-
proaches the recurrence rate in other bi-
ological siblings.9,22
These data support a genetic role in

the development ofMS. However,they
leave ample room for environmental fac-
tors to influence the expression of the
genetic component. This relationship
can be calculated to yield a ratio,known
as lambda (λ),by dividing the recurrence
rate in families by the population prev-
alence.21 ForMS the value of λ is about
20 based on a risk for family members
of about 2%and apopulationprevalence
of 100per 100,000. For comparison,the
value of λ for type I diabetes is 15. That
is, the overall genetic susceptibility to
MS is greater than that for diabetes, for
which the genetic contributionhas been
established.1

Linkage Analyses
The large epidemiological literature

onMSaccumulatedover the last fewde-
cades indicates the relevance of genetics
and raises the question of which genes
account for the observed predisposition
todevelop thedisease.The availability of
rapidly evolving techniques frommole-
cular biology has sparked interest in ap-
plying thosemethods to test samples from
MS patients. Familial clustering indicat-
ed amodeof inheritance consistentwith
a complex trait involving many genes.28
Linkage studies in multigenerational
families were infeasible and of limited
utility with MS.29 With adequate sam-
ples,however,testing siblings for linkage
(sib-pair analysis) was anticipated to be
sufficiently powerful to detect genes ex-
ertingmoderate-to-high effects.20
In the attempt to improve the detec-

tion of genes with lower effects,another
modalitywas investigated.The transmis-
sion disequilibrium test allows genetic

markers tobe assessed inbothparents and
an affected child to identify preferential
transmissionofmarkers. Over largenum-
bers of families, a transmission rate ex-
pected to be greater than 50%by chance
is indicative of both linkage and associa-
tionwith the disease.26
However, the hope of resolving the

genetics ofMSby thesemethods of link-
age analysiswas not fulfilled. Despite ef-
forts to increase the numbers of samples
to increase statistical power, the results
were unjustly considered unsatisfactory.
Ultimately, a meta-analysis of the stud-
ies performed inmanydifferent popula-
tions led tomore disappointment. One
problem identified was the inconsisten-
cy of goodquality data across studies.24,27
However, those investigations set the
stage for future experiments that have
improved our understanding of the eti-
ology ofMS.
More than three decades ago the

pathogenic relevance of theHLAclass II
molecules inMSwas reported.The con-
tribution of the extended haplotype of
the DR2 and DR4 alleles has been
confirmed repeatedly in linkage and as-
sociation studies in every tested popula-
tion. At this point, the presence of this
haplotype should be considered an es-
tablished risk factor forMS.
For an immune-mediateddisease like

MS,the involvementof theMHCmakes
intuitive sense. However, the actual
mechanismsbywhichcertain alleles con-
fer the predisposition to the disease are
not completelyunderstood.Awidely ac-
cepted theory suggests that theHLA-class
II molecules are responsible for present-
ing the processed antigen derived from
myelin basic protein, a putative target
antigen for MS. A connection between
HLA and Epstein-Barr virus was pro-
posed on the basis of molecular mimic-
ry involvingHLAclass II alleles.16 Con-
vincing data support the association
between Epstein-Barr virus and MS.
Several pathogenetic mechanisms could
explain the genetic predisposition with
this environmental agent.2,7,17
A recent case-control studyof theMS

population inMalta supports an interac-
tion between the environment and ge-
netic background in the expression of

MS. Almost all MS patients residing in
theMaltese isleswere genotyped for the
prevalence of the HLA-DRB alleles,
and their frequencies were compared
to anonymous samples from Maltese
donors. The well-known association of
MS with the allele HLA-DRB∗1501
was confirmed. However, its frequency
was unexpectedly high considering the
low prevalence of the disease in Malta.
The prevalence of MS is much higher
on the neighboring island of Sicily than
on Malta, but the incidence of HLA-
DRB1 alleles is lower in Sicily. These
findings indicate that the environment is
indeed a key co-factor in the develop-
ment ofMS.8

Single Nucleotide Poly-
morphisms
The applicationof themost advanced

biotechnology,combinedwith an inter-
national effort to render available the
largest set ofDNAsamples fromMSpa-
tients,resulted in a landmark publication
that allows fundamental conclusions to
be made about the mechanisms under-
lyingMS.14 The International MS Ge-
netic Consortium led by a group in
Cambridge,Englandused amicroarray-
based method to test a large number of
SNPs across the entire genome to look
for associations with the disease. The
SNPs were selected as informative and
statistically associated in a stepwise fash-
ion through test and validation sets of
several hundred samples. Combining all
samples achieved maximal statistical
power and allowed about 5,000 patients
to be compared to 12,000 controls.
In addition to the overwhelming role

played by the allele DRB1∗1501, two
other polymorphismswere identified.14
The first was the nonsynonymous mu-
tation in the exon 6 of the IL-7 recep-
tor,whose relevant role in the regulation
of the immune systemwas subsequent-
ly addressed.13 The functional impor-
tance of the alternative splicing of the
IL-7 receptor mRNA caused by this
gene polymorphism influenced the oc-
currence of autoimmunity.13
The other SNP associated with MS

was the coding sequence of the IL-2 re-
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ceptor gene. IL-2 is a cytokine with a
fundamental role in the maturation of
T lymphocytes. An alteration of signal-
ing through its receptor affects the reg-
ulation of the immune response. That
IL-2 is a key player inMS is underscored
by the encouraging results from a clini-
cal trialwith amonoclonal antibody that
targets the IL-2 receptor (anti-CD25,
daclizumab).25
Apossible interpretationof these find-

ings is that the presence of at least one
DRB1∗1501 allele in Caucasians con-
fers a 20% increase in the risk of devel-
oping MS compared to noncarriers.
Moreover,an additional risk with a dose
effect is detected in carriers of twoalleles.4
Conversely, other alleles in the MHC-
class I seemtoconfer a protective effect.30
Recentunpublisheddata fromourgroup
confirmed the association of the disease
with theHLA-DRB2 locuswhenDNA
samples from 250 MS patients and 250
controls were tested for about 500,000
SNPs across the genome.No other ge-
neticmarkerswere significantly associat-
ed withMS.

Role ofOtherGenes inMS
Thenext questions arewhether other

genes predispose individuals to the dis-
ease and, if so, what is their relevance?
The fundamental concept is that MS is
a heterogeneous disease with variable
phenotypic presentation that likely re-
flects distinct pathogenic mechanisms.
Phenotypes of some disorders, includ-
ing Mendelian traits, can be caused by
different gene mutations either in the
same or alternative metabolic pathways
(e.g.,tuberous sclerosis,Parkinsonian syn-
dromes, andAlzheimer’s disease). As in
MS,all complex traits may manifest as a
consequence of an abnormal regulation
at oneofmany“checkpoints”that is not
under genetic influence alone. For ex-
ample,an association betweenMS and a
mutation in the promoter of the CD45
genewas detected in some families from
NorthernEurope.15 Thepotential path-
ogenic role of that particular polymor-
phism is likely an uncommon cause of a
predisposition toMS. In fact,other fam-
ily members, also carriers of the poly-

morphism,have not developed the dis-
ease. In a subsequent study,3 no other
MS patients were found to bear the
mutation. This evidence supports the
view thatmany different pathwaysmay
lead to a similar manifestation or dis-
ease phenotype.
The secondconsideration refers to the

influence of the environment, namely,
nutritional and toxic exposures,on gene
expression. Consider phenylketonuria,a
Mendelian disorder whose phenotypic
expression can be abrogated dramatical-
ly by diet restrictions. The complexity
that allows synchronous orchestration of
all components of the immune system
can be disrupted at any level to produce
dysregulation of function, especially for
immune-mediated diseases.
Although HLA exerts the strongest

influenceongenetic susceptibility toMS,
it only does so for some people who
carry those alleles. Yet many individuals
who do not have these alleles still devel-
op MS. Most likely they inherit a pre-
disposition to the condition via a distinct
set of genes,or they encounter an envi-
ronmental factor, such as the Epstein-
Barr virus,with the potential to initiate
an abnormal immune response. Inother
words, some individuals may have little
geneticpredisposition to anautoimmune
disease,but an environmental factor can
still act as a strong trigger. This scenario
could underlie the remarkable variation
in the disease expression observed clini-
cally and the variations in disease con-
cordance in twins in northern or south-
ern European populations.9,22

Conclusion
Studies on the genetics of MS have

tended to test asmany individuals as pos-
sible to increase the statistical power of
the analysis. However,MS is a heteroge-
neous condition in which the involved
genesmaybedifferent indifferent subsets
of patients. Consequently, combining
data may actually be counterproductive
leveling off and masking the role of the
different genes. Analyzing a homoge-
neouspopulation is ideal to identify apo-
tential founder effect or commonpatho-
genic mechanism underlying MS. In

fact, the cleanest results on the genetics
of MS with high statistical significance
were obtained in a population of Cau-
casian ancestry. The next step is to iden-
tify homogeneous subsets of patients that
may share the same genetics and test
them as separate groups. This approach
has already been successful in African-
American patients with MS whose ge-
netic susceptibility is associated with al-
leles of theHLA-class II that are different
from the ones in Caucasians.5
The genetic aspects of a complex dis-

ease like MS must be analyzed and un-
derstood to improve treatments. The
path to a cure is anticipated to be long.
Nonetheless,the results of themany on-
going efforts by the scientific andmedi-
cal community are encouraging.18
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