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Brain 



What is CMT? 

• Neuropathies: Primary diseases of nerve 

 

• Peripheral Nerves  

– Demyelinating Neuropathy 

– Axonal Neuropathy 

 

• Clinical Hallmarks 

– Distal muscle weakness and atrophy 

– Loss of proprioception and sensation 

– Classical steppage gait, pes plannus or pes cavus 

– Fatigue and depression can often accompany disease 

 

• Genetic heterogeneity 

– Over 50 known genetic causes 
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CMT subtype Gene  

HNPP PMP22 (deletion) 

CMT1A PMP22 (duplication) 

CMT1B MPZ 

CMT1C LITAF/SIMPLE 

CMT1D EGR2 

CMT1E PMP22 (point mutation) 

CMT1X GJB1 (Cx32) 

CMT2A MFN2 

CMT2B RAB7 

CMT2D GARS 

CMT2E NFL 

CMT2F HSP27/HSPB1 

CMT2L HSPB8  

CMT4A GDAP1 

CMT4B1 MTMR2  

CMT4B2 SBF2  

CMT4C SH3TC2  

CMT4D NDRG1 

CMT4E EGR2 

CMT4F PRX 

CMT4J FIG4 

dHMN V GARS and BSCL2 

HSN SPTLC1 

Subtypes of CMT 
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Total Cost for Complete CMT Panel:  

$17,910 



Points to Consider 

 

 

 Family history 

 

 Clinical exam 

 

 Nerve conduction studies 



Chromosomes 

Chromosomes Are Found In Each Cell 

Cell 

Nucleus 

http://images.google.com/imgres?imgurl=www.bbc.co.uk/education/asguru/biology/01cellbiology/01observingcells/01cellfractionation/images/nucleus.gif&imgrefurl=http://www.bbc.co.uk/education/asguru/biology/01cellbiology/01observingcells/01cellfractionation/pop_nucleus.html&h=148&w=228&prev=/images?q=+cell+AND+nucleus&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8


Chromosomes - Female 



Chromosomes - Male 



Chromosome Gene DNA 
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Family History:  

Modes of Inheritance 

• Three main methods of 

inheritance: 

– Autosomal Dominant 

– Autosomal Recessive 

– X-linked 

 

• The method of 

inheritance does not 

change within a family 



Autosomal Dominant Inheritance 



Genetics in CMT 

• Type 1 
– Myelin is affected 

– Slowing of signal during nerve conduction studies 

– Autosomal dominant inheritance 

– May see multiple generations affected or may be first affected person in 

family 

– Examples: CMT1A, CMT1B, CMT1C, CMT1E 



Genetics in CMT 

• Type 2 

– Axon is affected 

– Reduced amplitude (strength of signal) during nerve conduction 
studies 

– Autosomal dominant inheritance 

– May see multiple generations affected or may be first affected 
person in family 

– Examples: CMT2A, CMT2E, CMT2K 



Dominant Inheritance 

 

Unaffected  Affected  Unaffected  Affected 

Affected Unaffected 



X-Linked Inheritance 



Genetics of CMT 

• Type X 
 The mutation is carried on the X chromosome 
 Females are typically less affected than males 
 Females can pass on to sons and daughters 
 Males will only pass on to their daughters 
 Absence of male-to-male transmission 
 Examples: CMT1X, CMTX3, CMTX5 



X-Linked 

Mom Dad 

Unaffected Female Unaffected Male Affected Female Affected Male 



X-Linked 

Mom Dad 

Affected Female Unaffected Male Affected Female Unaffected Male 



Autosomal Recessive Inheritance 



Genetics of CMT 

• Type 4 
– Autosomal recessive 

– May be axonal or demyelinating 

– Possibly consanguineous parents 

– May be only person affected in the family 

– Low risk of passing on CMT unless partner is a family member 

– Examples: CMT4C, CMT4A, CMT4J 



Recessive Inheritance 

 

Unaffected   Carrier    Carrier   Affected 



Recessive Inheritance 

 

     Carrier   Carrier    Carrier   Carrier 



Genetic Testing 

• What is it? 

 

• Should genetic testing be performed? 



Genetic Testing 

Pros 

• To determine if other 

family members are at risk 

• Family planning 

• Possible access to 

treatment trials to further 

research 

• Having a definitive 

diagnosis 

 

 



Family Planning Options 

• During Pregnancy: 

 
– Chorionic Villus Sampling (CVS) 

 

– Amniocentesis 

 

– Maternal fetal cell analysis 

 

• Before Pregnancy:  
 

– Preimplantation Genetic Diagnosis (PGD) 

 
 

 

 

 



Prenatal Diagnosis 



Preimplantation Genetic Diagnosis 



Genetic Testing 

Cons 

• May have inconclusive 

results – what then? 

• Emotional impact of 

positive or negative results 

• May not have a genetic 

test available 

• Genetic Discrimination 



Genetic Testing 

• Other issues: 

 

– Should we test a child? 

 

– Cost 

 

– Impact on the family system 

 

– Research based testing 

 



Genetic Testing Results 

• Positive result 

– Affected 

– Carrier (for a recessive condition) 

 

• Negative result 

 

• Variant of uncertain significance 

 

• Inconclusive result 



















The Pedigree 

nsgc.org 



The Pedigree 

• Step one: Draw the family 

 

• Step two: Draw an arrow to yourself 

 

• Step three: Label ages, deaths, age at death, any chronic medical 
conditions, including the condition of interest 

 

• Step four: Note maternal and paternal ethnicities 

 

• Step five: Chronicle if there is any:  
– mental retardation, developmental delay, learning disabilities  

– birth defects  

– multiple miscarriages, infant deaths, stillbirths  

– other known genetic conditions 

 



Questions? 



Genetic Information 

Nondiscrimination Act (GINA) 

• What does GINA do? 
– Title I: Health Insurers can not: 

• Require individual/family genetic information for 
eligibility, coverage, underwriting, or premium-
setting decisions 

 

• Collect genetic information to make enrollment 
or coverage decision 

 

• Require individual/family to undergo genetic 
testing 

 

• Use genetic information as a preexisting 
condition * 

– Title II: Employers can not: 
• Use genetic information in hiring, promotion, 

compensation, or termination decisions 

 

• Use genetic information to aid in determining 
accessibility to training programs 

 

• Limit, segregate or classify an employee on the 
basis of genetic information 

 

• Request or require genetic information 

• What does GINA not do? 

– GINA does not regulate: 
• Life Insurers 

• Disability Insurers 

• Long-Term Care Insurers 

– GINA does not protect: 

• Patients manifesting a condition: 
– If they are experiencing symptoms 

– Being treated for a condition 

– Or, if a condition has been diagnosed 

• Members of the US military 

• Veterans obtaining insurance 

through VA 

• Indian Health Service 

 



Heath Insurance Portability and 

Accountability Act (HIPAA) 
• What does HIPAA do? 

– Helps those with a preexisting condition get health coverage 
• Group Health Insurers can only use preexisting conditions to deny health coverage for up to 6 months 

• If patients did not receive medical advice, diagnosis, care, or treatment within the past 6 months, then 
the Health Insurer can not use that condition for exclusion 

– Helps to prevent a preexisting condition from being excluded from health coverage 
• Group Health Insurers can only exclude a preexisting condition from health coverage plan for up to 12 

months 

• A preexisting condition exclusion relates only to benefits for a patient’s preexisting condition; patients 
will receive coverage for the plan’s other benefits during that time  

– Protects applying a preexisting condition exclusion to pregnancy, genetic information, and 
certain children 

– Prevents Health Insurer from charging more than similarly situated individuals based on any 
health factors 

 

• What does HIPAA not do? 
– Does not require that employers offer health coverage 

– Does not guarantee that ANY condition patients have or have had are covered 

– Does not prohibit an employer from imposing a preexisting condition exclusion period if 
treatment for a condition has occurred during the past 6 months 

– No protections for Life, Disability, or Long-Term Care Insurances   



What is the CMT Clinic? 

• Primary Goal: To 
Provide Excellent care 
for people with CMT 

 

– Diagnosis 

 

– Multidisciplinary care  

 

– Recommendations for 
clinical management 
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Patient with 
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What is the CMT Clinic? 
• Secondary Goal: To learn more about CMT by conducting research 

– Lead site for Inherited Neuropathy Consortium – Rare Disease Clinical 
Research Consortium (INC-RDCRC) 

 

• INC-RDCRC Goals include: 
 

– Enrollment of patients with CMT into natural history studies 

– Conduct clinical trials of promising new drugs for the treatment of CMT 

– Establish a patient contact registry 

– Discover new laboratory markers of disease 

– Develop improved methods for studying CMT (outcome measures) 

– Work with CMT support organizations (CMTA, MDA) 

– Support other researchers by providing specimens and clinical data 

– Train new young investigators in the field of CMT 

– Construct and maintain an electronic website resource with significant 
information for clinicians, researchers, and patients 

 



INC-RDCRC 
http://rarediseasesnetwork.epi.usf.edu/INC 

• Joins together 14 Sites from around the world doing research on CMT 

• Collaboration of clinical data and samples to help further research 

• Ultimately, improve patient care and treatment options 



INC-RDCRC 
http://rarediseasesnetwork.epi.usf.edu/INC 


