Multiple Sclerosis
There is a well-recognized genetic contribution to the development of multiple sclerosis (MS). The risk of
MS to first-degree family members of an affected individual is between 3 and 5%. This recurrence risk
increases with the number of affected relatives in the family and the degree of relationship between them.
Despite this, no single gene mutation is known to cause MS. Recent genetic studies have identified dozens
of genes which collectively contribute small effects to MS risk. The frequency of MS-variant genes in the
general population limits the value of genetic testing which does not contribute to prognosis or
management. Genetic testing for MS is not available in Canada. It is important to recognize that genetic
testing may be available for certain conditions with overlapping symptoms to MS (MS mimics) and in these
instances testing may aid accurate diagnosis. Disease-modifying treatments (DMT) are part of standard
care for individuals with MS. They are not recommended during pregnancy or breastfeeding though
evidence of teratogenicity has not been convincingly established to date.

WHAT IS MULTIPLE SCLEROSIS?
Multiple sclerosis (MS) is a demyelinating condition of the central nervous system (CNS) that affects 1 in 500
Canadians1. It is characterized by inflammation and axonal degeneration within the CNS. Symptoms include
numbness or tingling, visual disturbances, difficulty walking, and fatigue1. First symptoms typically present
between age 20 and 40 years but can appear at any age. MS affects women 2-3 times more often than men. The
most common course of disease is marked by relapse into symptoms followed by periods of remission1.
The role of genetics in MS risk was established with the study of recurrence risks within families2-6. First degree
relatives of individuals with MS have a 3-5% chance to develop MS in their lifetime. This is 15 to 25 times higher
than the population prevalence. Chance for relatives to develop MS increases with the number of affected
family members and the degree of relationship between them. The risk for the monozygotic twins of an
individual with MS approaches 30%2 and illustrates the effects of increased genetic sharing and common in
utero environment3. Studies of adoptees, step-siblings and spousal controls show no increased MS risk over the
population prevalence suggesting that the shared familial micro- environment (i.e. household) is not a significant
risk factor4-6.
The HLA DRB1 gene, lying within the major histocompatibility complex, has consistently been associated with
MS. This gene functions within the immune system to distinguish self from foreign antigen7. The HLA
DRB1*1501 variant of this gene is found two to three times more often in those with MS than in unaffected
controls8. Recently, dozens of genes with odds ratios of less than 1.2 have been identified which collectively
contribute small effects to overall MS risk9,10. The vast majority of these susceptibility variants have an immunerelated function10. It is important to note that these variants are commonly found in healthy controls.
Non-genetic risk factors for MS include living at higher latitude, vitamin D deficiency, a history of cigarette
smoking and Epstein-Barr virus exposure11.
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Management/treatment
Medical management is usually performed by specialists in the field of MS. Disease-modifying treatments (e.g.
interferonB-1b) have been shown to reduce the number of relapses and slow progression of the disease.
Symptom-specific medications (e.g. for pain or bladder dysfunction) as well as relapse treatments (typically
steroids) are often used for management. Vitamin D supplementation is also recommended.

RED FLAGS TO CONSIDER GENETIC TESTING OR GENETIC CONSULTATION
Most of the time, a diagnosis of MS is not a strong indicator to refer for genetic assessment. Discussions of
recurrence risks, psychosocial needs and medication safety during child-bearing years can be initiated with
primary health care providers or neurologists. Genetic testing is not available for diagnostic, predictive or
prenatal purposes. However, referral to Genetic or Metabolic specialists should be considered for individuals
who:
Present at a very young age (i.e. less than 10 years)
Display a strong family history in keeping with Mendelian inheritance (dominant, recessive or Xlinked)
Have MRI findings atypical for MS
Do not experience typical progression in keeping with the natural history of MS
Develop atypical symptoms such as migraine or dementia which may indicate the need to rule out
other disease (e.g. inherited arteriopathy or leukoencephalopathy)
Any of the above may indicate a rare form of demyelinating disease12, some of which are caused by a single gene
mutation. Genetic testing may be available in these instances and genetic counselling should be provided to
advise of screening for family members at risk and to discuss family planning options.
It is important to recognize that genetic testing may be available for certain conditions with overlapping
symptoms to MS (see Table 1) and in these instances testing may aid accurate diagnosis.
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Table 1. Disease that may mimic the appearance of MS on MRI12.
Possible Alternative Diagnosis

Example

Hypoxic-Ischemic vasculopathy

—
—
—
—

Inflammatory and inflammatory
autoimmune disorders

— Non-MS idiopathic inflammatory disease
o (Acute disseminated encephalomyelitis (ADEM)
o Neuromyelitis (NM) and NM Optica (NMO) spectrum
disorders
o Other e.g. Marburg disease, Schilder’s disease
— Vasculitis and related inflammatory disorders
o Primary CNS vasculitis
o Neuro-Bechet disease
o Systemic lupus erythematosus (SLE)
o Crohn’s and celiac disease

Infectious

—
—
—
—
—

Metabolic and Toxic

— Central Pontine Myelinolysis (CPM)
— Posterior Reversible Encephalpathy Syndrome (PRES)
— Other e.g. Wernicke encephalopathy, vitamin B12 deficiency

Traumatic

— Diffuse axonal injury
— Radiation-induced leukoencephalopathy

Tumoral

— Primary glial tumor
— Intravascular lymphoma
— Granulomatour lymphomatosis

Hereditary/unknown etiology

— Leukodystrophies
— Mitochondrial disorders

Small-Vessel Disease (SVD)
Thromboembolic disease
Vasculitis
Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and
Leukoencephalopathy (CADASIL)
— Cerebral Amyloid Angiopathy
— Susac’s syndrome

Progressive multifocal leukoencephalopathy (PML)
HIV encephalopathy
Lyme disease
Whipple disease
Toxoplasmosis

NB: The diagnosis of MS should not be made on the basis of MRI alone. See NICE Guidelines for more on
diagnosis and management of MS13.
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WHAT DOES THE GENETIC TEST RESULT MEAN?
Testing for the multiple sclerosis susceptibility gene variants is not currently offered, or recommended. The
frequency of MS-variant genes in the general population limits the value of genetic testing which would not
contribute to prediction of risk, prognosis or management. As more variants are studied, testing may be
indicated to determine which persons respond to different treatment options but this is not the case at present.

ARE THERE HARMS OR LIMITATIONS OF GENETIC TESTING?
Genetic testing is not clinically available for multiple sclerosis. For people who present with results obtained
through private-pay direct-to-consumer testing, interpretation is not straightforward as each risk variant confers
such a small effect on genetic predisposition. Some people with MS have few or none of these susceptibility
variants and conversely, most people found to carry these variants will never develop MS.
ARE THERE RISKS ASSOCIATED WITH MS TREATMENT AND PREGNANCY OR BREAST FEEDING?
Disease Modifying Therapies (DMT)
Limited studies on the safety of disease-modifying treatments for MS during pregnancy and breastfeeding have
not demonstrated risk for congenital malformation. However, the current recommendation remains to stop the
use of DMT during pregnancy and lactation. Relapse rates are naturally suppressed by pregnancy in many
women but may increase post-partum.
Other Treatments
Some medications, such as chemotherapy used to treat aggressive forms of MS, are contraindicated during
pregnancy and breastfeeding and may reduce chances of becoming pregnant in the future. Each symptomspecific treatment should be assessed for safety in women who may become pregnant. Your local genetics
centre and the Motherisk program at The Hospital for Sick Children are good resources to determine the safety
of medication during pregnancy and breastfeeding. Affected women and their partners are encouraged to
discuss family planning with all prescribing physicians involved in their care.
See www.geneticseducation.ca for how to connect to your local genetics centre.
For a recent review article on MS see Sawcer et al., Multiple sclerosis genetics. Lancet Neurol 2014; 13: 700–09.
Other multiple sclerosis resources: MS Society of Canada www.mssociety.ca
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