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Summary

Initial evidence that a disease is Mendelian often comes in the form of identifiable
inheritance patterns; final proof is provided by the identification of a gene that
segregates cleanly with the disease in affected families. In MS, none of the typical
Mendelian pedigree patterns have been consistently found in studies of multiplex
families, and no one gene has emerged as deterministic in any of the candidate gene
studies or genome screens conducted to date. While it is possible that familial evidence
collected to date has been inadequate and/or that gene studies have simply been
unlucky in their choices of loci, it is more likely that MS is not an inherited single-gene
disease like cystic fibrosis or Huntington disease. The possibility does exist that what
we call MS is actually a group of diseases, one or more of which are Mendelian in
nature, or that a somatic mutation to a single gene is sufficient to cause MS. However,
another reasonable interpretation of the existing evidence is that MS is not monogenic,
and requires the activity or presence of multiple genetic and/or environmental factors.

Hypothesis

MS is a Mendelian disease, caused by a single defective gene (either dominant or
recessive). No other genetic or environmental factors need to be present in order for MS
to develop in an affected person.

Experimental tests of the hypothesis

Clues as to whether a disease is caused by a single gene acting in isolation or by
multiple genetic and/or environmental factors acting in combination can come from
studies of the inheritance patterns exhibited in families with multiple affected individuals
and from studies searching for candidate susceptibility genes. Both types of studies
have been and continue to be performed in MS.

Familial inheritance pattern analysis:

Inherited Mendelian disorders tend to exhibit particular identifiable pedigree patterns.
Comparison of the major Mendelian pedigree patterns' with the characteristics of MS
shows that MS does not appear to fit neatly into any of the existing categories. (For
more details on the MS familial characteristics listed in this chart, please see our
documents, “Analysis of inherited genetic susceptibility factors as a possible cause of
Multiple Sclerosis,” “Analysis of genetic mutations or alleles on the X or Y chromosome
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as a possible cause for Multiple Sclerosis,” and “Analysis of mitochondrial DNA
mutations as a possible cause of Multiple Sclerosis.”)

Mendelian pedigree
patterns

Characteristics

MS characteristics

Autosomal dominant

Affected person
usually has at least
one affected parent

Child with one affected
parent has a 50%
chance of being
affected

Most cases of MS are
sporadic (no other family
members are affected)
Risk to first-degree
relatives of people with
MS (parents, children,
siblings) is around 5% or
less

Autosomal recessive

After the birth of an
affected child, each
subsequent child has
a 25% chance of
being affected

Risk to first-degree
relatives of people with
MS is around 5% or less

X-linked dominant

Children of affected
females have a 50%
risk of being affected

All daughters of
affected males are
affected

Risk to first-degree
relatives of people with
MS is on the order of 5%
or less

Daughters of affected
males are not necessarily
affected

X-linked recessive

Affects mainly males

Affects more females than
males (in a ratio of
approximately 2:1)

Y-linked

Affects only males

Affects females as well as
males

Mitochondrial

Transmitted by
mothers only

Father-child affected pairs
do exist (and fathers may
be more likely to transmit
MS than mothers?)

In addition, the lack of complete concordance in monozygotic twins (reported to be 25-

30%) provides further evidence that MS is not caused by an inherited Mendelian defect.

Results from genetic studies: Additional evidence arguing against the involvement of an
inherited Mendelian genetic defect is provided by studies searching for the locations of
MS susceptibility genes. For example, 55 full and partial genome screens and follow-up
studies have been conducted to date for MS. (See the file phase2-genetic-studies.xls
for details of each of these studies.) In these screens, a few hundred or even a few
thousand markers are examined, usually distributed across all chromosomes except for
Y. These studies have typically produced a number of loci that are of interest, but tend
not to single out one locus as exerting a particularly strong effect. Furthermore, although
the HLA region is the locus most often identified in these screens, even it does not
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emerge as having a predominant effect when analyzing the results of these studies
collectively. As one meta-analysis of three screens (American, British and Canadian)
concludes, the lack of evidence definitively linking any single genomic region with MS
could mean that MS involves multiple genes of modest effect acting together, or that
there are genes of large effect causing MS only in certain families that cannot be
detected in a genetically heterogeneous sample®.

Candidate gene studies have likewise failed to reveal any one gene as having a
Mendelian relationship with MS. (See the file phase2-genetic-studies.xls for details.)
Most genes that have been evaluated for an association with MS have provided at best
inconsistent results. Even the HLA-DR2 haplotype, which has demonstrated the most
consistent association with MS to date, was estimated by one study to explain at most
62% of the genetic basis for MS in one group of multiplex families®.

Conclusions

The inability to find inheritance patterns in MS that are typical of a Mendelian disease
and the failure of multiple studies to find a single causal, deterministic MS gene together
provide strong evidence that MS is not a disease that results solely from the inheritance
of a single defective gene. While it is theoretically possible that the work to date has not
given a completely accurate picture of the genetic basis of MS, and that at some point in
the future a Mendelian MS gene will emerge, at this time the evidence indicates that MS
requires multiple causal factors (genetic and/or environmental).

However, two scenarios do still exist whereby a single gene could be sufficient to cause

MS:

e There could be multiple etiological routes to MS, one or more of which involve
relatively rare inherited Mendelian mutations affecting a subset of MS families. This
appears to be the case in other diseases such as Parkinson’s disease, in which
highly penetrant single gene mutations sufficient to cause the disease have been
identified in a subset of families®. Large multigenerational pedigrees, while rare, may
similarly lead to the identification of completely penetrant genes in MS. (One
recently published paper describes such a pedigree®.)

e MS, or one form of MS, could be caused by a chance somatic mutation to a
particular gene in a particular type of cell (e.g., the TCR receptor gene ina T cell or
immunoglobulin gene in a B cell) that then becomes capable of triggering MS. T and
B cells have been implicated in the pathogenesis of MS, but whether a single cell
and its successors could be sufficient to cause MS is unknown.
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