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Summary

Chromosomal abnormalities that affect either entire chromosomes or large chromosomal
regions covering multiple genes are capable of profoundly affecting human health, as in
the case of Down syndrome (caused by trisomy 21) and Burkitt’s lymphoma (caused by
a chromosomal translocation). Therefore, these types of defects must be included in our
analysis of possible genetic causes of multiple sclerosis.

A review of the literature on this topic indicates that MS is almost certainly not caused by
an inherent chromosomal abnormality as in the case of Down syndrome. On the other
hand, somatic chromosomal aberrations have been found at higher frequencies of cells
of people with MS than in controls, but the significance of this phenomenon is not yet
understood.

Hypothesis

Chromosomal abnormalities (congenital or somatic) either cause MS or influence
susceptibility to MS.

Experimental tests of the hypothesis

Several studies have examined chromosomal integrity in patients with MS™®. These
studies for the most part report an increased incidence of breaks, gaps, rearrangements,
etc. in the chromosomes of MS patients compared to controls. One study found
particularly increased levels of abnormalities in patients with a high relapse rate or a
progressive form of MS*. A different study® found an increased incidence of anomalies
in CSF lymphocytes but not in peripheral blood lymphocytes (PBLs), although other
studies that examined PBLs did find increases in those cells. One research group
determined that there was no difference in the spontaneous occurrence of chromatid
breaks in blood cells between secondary progressive MS subjects and healthy
individuals, but did find an increased frequency of multinucleated cells in MS subjects®.

The sister chromatid exchange (SCE)" assay has also been used in multiple experiments
to assess chromosomal damage in MS. SCE levels were found in six studies to be

" "The sister chromatid exchange (SCE) assay provides a sensitive means for evaluating
cytogenetic damage caused by chemical or physical agents. Chemical mutagens often induce
SCEs at concentrations which are lower than those required to produce significant yields of
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increased in MS patients compared to controls”'?. One study found an increased SCE
rate only in sporadic cases of MS, not in familial cases®.

Other experiments have taken the next step of investigating the underlying basis for the
chromosomal damage seen in people with MS. It is of interest to know whether such
damage contributes to the initial development of MS or whether it is a result of events
taking place during the course of the disease. Two studies examined the potential
clastogenic effect of azathioprine, an immunosuppressive chemotherapy drug, in MS
patients; the results were contradictory” 2. Similarly, cellular radiosensitivity was
explored in three studies. One found it to be enhanced in people with MS™, a second
did not”, and the third, which used a GO low-dose radiation micronucleus assay, found
that cells in MS patients actually had enhanced radioresistance®. The authors of this last
study speculated that adaptation to oxidative stress may help protect people with MS
against further DNA damage. Another study found the intrinsic DNA repair capability of
people with MS to be unimpaired', suggesting that an exogenous factor causes
chromosomal instability in MS. Finally, the presence of a particular oxidative marker
was found to be elevated in MS plaques and surrounding white matter compared with
control tissue; the authors suggested that permanent degeneration may be due to DNA
damage caused by oxidative compounds released during the inflammatory process'®.

With respect to specific chromosomal locations, an MS-susceptibility gene locus on
chromosome 17 has been found to be flanked by palindromic stretches of DNA and long
homologous duplications present at each end of the MS-related haplotype. Such
sequences have been linked with genomic instability, raising the possibility that
chromosomal alterations at this locus may contribute to the risk of MS'. In another
study based on a publication search for comorbidities, it was postulated that trisomy 21,
or Down Syndrome, actually may protect against MS'”. There have been no other
studies to verify this or elucidate why the extra genetic information in the superfluous
chromosome may protect the body from MS.

Conclusions

Based on the results of the several cytogenetic studies conducted to date, MS is
presumably not caused by or associated with the inheritance of significant chromosomal
abnormalities such as monosomy, trisomy, triploidy, partial trisomy or monosomy, ring
chromosomes, or Robertsonian translocations. It is reasonable to expect that such
major defects, if consistently present in cells of people with MS, would have been
identified in some or all of these studies. Large deletions or insertions spanning multiple
genes presumably also would have been identified via cytogenetic analysis or through
one of the genomewide scans that have been conducted in MS.

Experimental evidence does, however, suggest that somatic chromosomal aberrations
are found at a higher frequency in the cells of people with MS than in those of controls.
Multiple studies have found increased incidences of chromosomal aberrations such as

chromosomal aberrations. When cells are treated with compounds that cause lesions which
persist through cell division, exchanges will occur between the daughter chromatids.
Chromosomes are treated so that the two sister chromatids can be differentially stained.” (From
www.litronlabs.com/sister-chromatid-exchange.htm.)
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breaks, gaps, translocations, dicentric chromosomes, chromatid exchange figures, and
deletions in MS patients when compared with controls.

It is unclear at this time what role somatic chromosomal abnormalities play in the
etiology or pathogenesis of MS, due in large part to the insufficient number of studies
conducted in this area. The available evidence from the few experiments that have been
performed is mixed on the subject of what the fundamental cause of MS-associated
chromosomal anomalies might be. Nor does the evidence clearly distinguish whether
DNA damage contributes to MS susceptibility or is simply a result of the disease
process, with or without deleterious consequences of its own further downstream. One
study speculates that DNA damage resulting from inflammatory oxidation contributes to
irreversible neurodegeneration'. Another analysis hypothesizes that translocations or
other chromosomal defects in certain B cells causes these cells to clonally proliferate,
resulting in the oligoclonal bands seen in the CSF of MS patients'®.

It is interesting to note that similar questions concerning the role of somatic
chromosomal anomalies exist for other diseases as well. For example, various
chromosomal abnormalities, most notably trisomy 7, have been found in the synovial
fibroblasts of patients with rheumatoid arthritis; however, the role and significance of
these anomalies are still under debate ',

Further research is needed to elucidate the nature of the association between somatic
chromosomal abnormalities and MS: are these defects a causal factor for MS or do they
result from events taking place during the course of MS? In addition, if chromosomal
defects are partly responsible for the development of MS, are these defects due to a
genetic predisposition to chromosomal damage or to an environmental factor that results
in chromosomal damage? Follow-on studies — preferably involving larger sample sizes
than those cited in these papers — may eventually lead to a successful resolution of
these questions.
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