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APPENDIXA 

CONFERENCES AND MEETINGS AT WHICH RESEARCH 

CONTAINED IN THIS THESIS WERE PRESENTED 

Results presented in this thesis were presented at the following national and international 

meetings. The presenting author's name is underlined in each case. 

A.1 RESEARCH PRESENrED AT INTERNATIONAL CONFERENCES 

A1.1 	 51th Annual meeting of the American Society of Human Genetics: San 

Diego, U.S.A, October 2001. 

Van der Merwe A, Schutte C-M., Van der Maarel S.M., Alessandrini M.,Honey 

E., Frants R.R. and Olckers A DNA rearrangements at the D4Z4 locus in South 

African facioscapulohumeral muscular dystrophy families (poster presentation). 

A1.2 	 FSHD International Consortium Research Meeting: Philadelphia, U.S.A, 

October 2001. 

Olckers A, Van der Merwe A, Alessandrini M., Wallace D.C., Van der Maarel 

S.M., Honey E., Frants R.A. and Schutte C-M. FSHD in the South African 

population: Evidence to date suggest a dual founder effect. 

6thA1.3 Congress of the World Muscle Society: Salt Lake City, Utah, U.S.A, 

September 2001. 

Van der Merwe A, Schutte C-M., Van der Maarel S.M., Honey E., Frants R.R. 

and Olckers A Deletion fragment analysis in South African FSHD families 

(poster presentation). 

50thA1.4 Annual meeting of the American Society of Human Genetics: 

Philadelphia, U.S.A., October 2000. 

Van der Merwe A, Schutte C-M., Van der Maarel S.M., Honey E., Frants A.A. 

and Olckers A Molecular analysis of facioscapulohumeral muscular dystrophy 

(FSHD) in the South African population (poster presentation). 
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A 1.5 FSHD International Consortium Research Meeting: Philadelphia, U.S.A, 

October 2000. 

Olckers A, Van der Merwe A, Van der Maarel S.M., Honey E.. Frants R.R. and 

Schutte C-M. Segregation of DNA rearrangements at the 04Z4 locus in South 

African FSHO families. 

A 1.6 5th Congress of the World Muscle Society: White River, South Africa, June 

2000. 

Van der Merwe A, Schutte C-M., Honey E. and Olckers A Molecular 

investigation of Facioscapulohumeral muscular dystrophy in South African 

families (platform presentation). 

A 1.7 FSHD International Consortium Research Meeting: San Francisco, U.S.A., 

October 1999. 

Van der Merwe A, Schutte C-M., Honey E., and Olckers A Haplotype analysis 

of South African facioscapulohumeral muscular dystrophy families. 

A.2 RESEARCH PRESENTED AT NATIONAL CONFERENCES 

A2.1 9th South African Society of Human Genetics Congress: The Kruger 

National Park, South Africa, August 2001. 

Van der Merwe A., Schutte C-M., Van der Maarel S.M., Honey E., Frants R.R. 

and Olckers A Southern blot and haplotype analysis of selected 

facioscapulohumeral muscular dystrophy (FSHO) families (platform 

presentation) . 

A2.2 Annual congress of the Neurological association of South Africa: Wild 

Coast Sun, KwaZulu-Natal, March 2001. 

Van der Merwe A, Schutte C-M., Van der Maarel S.M., Honey E., Frants R.R. 

and Olckers A Molecular analysis of 04Z4 rearrangements in South African 

Facioscapulohumeral muscular dystrophy (FSHO) families (platform 

presentation). 

A2.3 Muscular Dystrophy Symposium of the Muscular Dystrophy Foundation of 

South Africa: Strand, Cape Town, March 1999. 

Van der Merwe A and Olckers A Facioscapulohumeral muscular dystrophy: 

the significance of a diagnostic service in South Africa (poster presentation). 
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A.3 	 RESEARCH PRESENTED AT THE FACULTY OF MEDICINE. UNIVERSITY OF 

PRETORIA 

A3.1 	 Faculty Day 2001: Faculty of Medicine, University of Pretoria, Pretoria, 

South A'frica 

Van der Merwe A, Schutte C-M., Honey E. and Olckers A. 

Facioscapulohumeral muscular dystrophy (FSHD) in the South African 

population: a molecular investigation. August 2000 (platform presentation). 

A.4 PUBLISHED ABSTRACTS IN INTERNATIONAL PEER-REVIEWED JOURNALS 
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APPENDIX B 

MODE OF INHERITANCE OF DIFFERENT TYPES OF 

MUSCULAR DYSTROPHIES 

This appendix contains information on the mode of inheritance, gene locus, gene symbol 

and gene product for all the muscular dystrophies. 

Table B.1: Mode of inheritance of different types of muscular dystrophies 

Disorder Inheritance Gene locus Gene symbol Gene product 

~ar dystrophies: 

Duchenne/Becker XR Xp21.2 DMD Dystrophin 

Emery Dreifuss XR Xq28 EMD Emerin 

Emery Dreifuss AD 1q11 -q23 EDMD-AD LaminAtC 

(LMNA) 

pulohumeral An 5 FSHD --­
-girdle muscular dystrophies (LGMD) 

D, dominant AD 5q31 LGMD1A Myotilin 

LGMD with cardiac involvement AD 1q11-21 LGMD1B LaminAtC 

(LMNA) 

LGMD, dominant AD 3p25 LGMD1C Caveolin-3 

(CAV3) 

Familial dilated cardiomyopathy with AD 6q23 LGMD1D --­
conduction defect and adult-onset 
LGMD 

LGMD, dominant AD 7q LGMD1E --­
Vocal cord and pharyngeal weakness AD 5q31 VPDMD --­
with autosomal dominant distal (possibly allelic 
myopathy to LGMD1A) 

LGMD, recessive AR~1- LGMD2A Calpain 3 
.1 (CAPN3) 

LGMD, recessive AR 2p13 LGMD2B Dysferlin 

(FER-1) 

LGMD, recessive AR 13q12 LGMD2C y-sarcoglycan 

(SGCG) 

LGMD, recessive AR 17q12­ LGMD2D a-sarcoglycan 
q21.33 (SGCA) 

continued ... 
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Table B.1: continued ... 

Disorder Inheritance Gene locus Gene symbol Gene product 

LGMD, recessive AR 4q12 LGMD2E 

(SGCB) 

~-sarcoglycan 

LGMD, recessive AR 5q33-q34 LGMD2F 

(SGCD) 

S-sarcoglycan 

LGMD, recessive AR 17q11-q12 LGMD2G 

(TCAP) 

Telethonin 

LGMD, Hutterite type AR 9q31-q34.1 LGMD2H --­
LGMD, recessive AR 19q13.3 LGMD21 --­
Distal myopathy: 

Autosomal dominant distal myopathy AD 14 MPD1 --­
Distal myopathy with rimmed 
vacuoles 

AR 9p1-q1 DMRV --­

Hereditary inclusion body myopathy AR 9p1-q1 HIBM ---
Miyoshi myopathy AR 2p12-14 MM Dysferlin 

Tibial muscular dystrophy AD 2q31 TMD Titin? 

Other myopathies: 

Autosomal dominant myopathy with 
proximal muscle weakness and early 
respiratory muscle involvement 
(Edstrom) 

AD 2q24-31 MPRM1 ---

Autosomal dominant myopathy with 
proximal muscle weakness and early 
respiratory muscle involvement 

AD 2q21 MPRM2 --­
I 

Bethlem myopathy AD 21q22.3 COL6A1 Collagen VI a1 

Bethlem myopathy AD 21q22.3 COL6A2 Collagen VI a2 

Bethlem myopathy AD 2q37 COL6A3 Collagen VI a3 

Desmin-related myopathy AD 11q22 DRM 

(CRYAB) 

aB-crystallin 

Desmin-related myopathy AD 2q35 DES 

Epidermolysis bullosa simplex 
associated with late-onset muscular 
dystrophy 

AR 8q24-qter MD-EBS Plectin 

Myopathy with excessive autophagy XR Xq28 MEAX ---
Oculopharyngeal AD 14q11.2-q13 OPMD 

(PABP2) 

Poly A binding 
protein 2 

Congenital myopathies: 

Central core AD 19q13.1 CCD 

(RYR1) 

Ryanodine 
receptor 

Congenital myopathy with excess of 
thin myofilaments 

AR 1q42,1 ACTA1 Actin alpha, 
skeletal 
muscle 

continued ... 

126 

 
 
 



APPENDIX B 


Table B.1: continued ... 

Disorder Inheritance Gene locus Gene symbol Gene product 

Congenital muscular dystrophy with 
merosin deficiency 

AR 6q2 LAMA2 Laminin a.2 
chain of 
merosin 

Congenital muscular dystrophy with 
secondary merosin deficiency 

AR 1q42 CMD1B --­

Congenital muscular d 
integrin deficiency 

AR 12q13 

Congenital muscular dy 
rigid spine 

AR 1p35-36 RSMD-1 ---

Fukuyama CMD AR 9q31-q33 FCMD Fukutin 

Myotubular myopathy XR Xq28 MTMX Myotubularin 

Nemaline myopathy AD 1q21-q23 NEM1 

(TPM3) 

ex. tropomyosin 

Nemaline myopathy AR 2q21.1-q22 NEM2 Nebulin 

Nemaline myopathy AD 1q42.1 ACTA1 Actin alpha. 
skeletal 
muscle 

Myotonic syndromes 

Brody disease AR 16p12 SERCA1 Sarcoplasmic 
reti-culum Ca2 

+ 

ATPase 

ystrophy (Steinert) AD 19q13 DM Myotonin­
protein kinase 

dystrophy type 2 AD 3q DM2 ---
Myotonia, dominant (Thomsen) AD 7q35 CLC-1 Muscle 

chloride 
channel 

Myotonia, recessive (Becker) AR 7q35 CLC-1 Muscle 
chloride 
channel 

Rippling muscle disease AD 1q41 RMD --­
Schwartz-Jampel syndrome AR 1p34-p36.1 SJS --­

XR = X-linked recessive; AR = autosomal recessive; AD = autosomal dominant, --- = no information available. (Adapted from 
Neuromuscular disorders: gene location, 2001). 

127 

 
 
 



APPENDIX C 

DIAGNOSTIC CRITERIA FOR FACIOSCAPULOHUMERAL 

MUSCULAR DYSTROPHY 

The following criteria define facioscapulohumeral muscular dystrophy (FSHD) on a clinical 

level: 

1. 	 Onset of the disorder is in the facial or shoulder girdle muscles; sparing of the extra-

ocular, pharyngeal and lingual muscles and the myocardium. 

2. 	 Facial weakness in more than 50% of the affected family members. 

3. 	 Autosomal dominant inheritance in familial cases. 

4. 	 Evidence of a myopathic disorder in electromyography (EMG) and muscle biopsy in 

at least on affected member without biopsy features specific to alternative 

diagnoses. 

The following clinical definitions apply: 

i. 	 Non-penetrance refers to an obligate gene carrier without symptoms or signs 

relating to the disorder. 

ii. 	 Pre-symptomatic indicated that an individual has no complaints (symptoms) 

related to the disorder, but has muscle atrophy and weakness upon phYSical 

examination. 

iii. 	 Symptomatic refers to patients with complaints and clinical symptoms related to 

the weakness and muscle atrophy of FSHD. 

The International FSHD consortium has defined the clinical, genetic, laboratory criteria and 

the criteria for an individual to be included in linkage analysiS for FSHD (Padberg et al., 

1991 and Padberg et aI., 1997). In Table C.1, in the left hand column, the inclUSion criteria 

are indicated with an "I", the exclusion criteria with an "E" and additional comments with a 

"e". 
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APPENDIXC 

Table C.1 : Diagnostic criteria for FSHD 

1.0 CLINICAL CRITERIA 

1.1 Onset 

Onset of the disorder is in the facial or shoulder-girdle muscles. Presenting symptoms usually relate 
to weakness or wasting of these muscles. 

I 

Onset in pelvic girdle muscles suggests alternative diagnoses; although subsequent pelvic girdle 
involvement is not uncommon in FSHD. 

E 

Clinically recognizable age at onset is very variable; age at symptomatic presentation is even more 
so. The mean age at recognizable onset is in the second decade. Onset before the age of 5 years, 
although rare in families, is not uncommon in the more severe proven new mutation cases, and 
does not exclude the diagnosis. Infantile or early childhood onset requires facial weakness to be 
present, since a clinical diagnosis cannot otherwise be reliably made. 

C 

1.2 Facial 

Facial weakness affecting eye closure (orbicularis oculi) and peri-oral muscles (orbicularis oris) 
occurs in the vast majority of patients. In the absence of facial weakness, a diagnosis of FSHD can 
be accepted only if the majority of affected family members have facial weakness. 

r, masticatory, pharyngeal and lingual muscle weakness is not part of the disorder. 

Facial weakness may be very subtle and is sometimes noticeable by asymmetry of facial 
expression only. There is also some evidence that a dominant scapulohumeral presentation without 
facial weakness may be due to the same mutation mechanism at 4q35. 

C 

1.3 Shoulders 

The scapular fixators are the muscles more prominently involved. Also the pectoralis major muscles 
will become affected early in most cases. The deltoid muscles remain unaffected for a long period 
of time and often have a particular pattern of atrophy, i.e. partial and proximal. 

C 

1.4 Asymmetry 

~metry of involvement in the shoulder girdle muscle is the rule, usually affecting the right side 

sy~metrical weakness and atrophy at presentation is unusual and necessitates increased caution . 
before accepting the diagnosis as FSHD. Asymmetrical involvement of the facial muscles occurs 
frequently. 

~ascan or CT-scan may be of help to detect asymmetry of muscle atrophy. 

1.5 Progression 

I Progression is inevitable, albeit at a rate which is highly variable and in some cases virtually 
imperceptible. 

E Regression of symptoms and signs does not occur and would exclude the diagnosis. 

C The rate of progression and severity level reached tend to correlate inversely with age at onset. 

C Progression of the disorder usually includes involvement of abdominal and foot extensor muscles at 
an early stage; pelvic girdle weakness and upper arm weakness may occur at any time after the 
onset of shoulder girdle weakness. 

C Neck extensor, intrinsic hand and triceps surae muscle weakness is uncommon but can be 
observed occasionally within families and is not dependent on advance age or severe involvement. 

1.6 Severity 

C At any age the disorder has a wide range of severity. Five aspect of note are: 

1) 	 Overall, between 10-20% of cases have eventual requirement for a wheelchair. 

2) 	 Severity in recognised isolated new mutation cases tend to be greater than in large families. 

3) 	 Presymptomatic cases occur at any age and appear to comprise approximately 30% of all 
cases in large families. 

4) 	 Once symptomatic, the disorder is progressive in the majority of cases. The rate of 
progression is variable, although faster rates tend to be seen with earlier ages at onset. 
Rarely, there can be long periods of apparent arrest of progression. 

continued ... 
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Table C.1: continued ... 
5) There is broad correlation in 4q35 cases between greater clinical severity and smaller 

residual DNA fragment size at D4F1 O4S1; it is currently uncertain whether this may also be 
influence by possible generational anticipation. 

C There appears to be no difference in mean age at death between patients and their non-affected 
sibs. 

1.7 Co ntractu res 

C Contractures and pseudohypertrophy of muscles may be present. 

E Severe and diffuse contractures exclude the diagnosis of FSHD. 

1.8 Cardiac disorder 

IE Cardiomyopathy is not part of the disorder. When present it suggests and alternative diagnosis. 

1.9 Hearing loss 

C Hearing loss is part of the disorder; it starts with high tone perceptive deafness and my progress to 
involve all frequencies. The severity of the hearing loss varies between subjects at any age, but 
tends to be progressive. It is recommended that the results of hearing assessments be 
documented for several affected members in each family. 

1.10 Retinal disorder 

C A retinal vasculopathy with capillary telangiectasis, microaneurysms and capillary closure has been 
reported in some members of some FSHD families. At present it is unclear whether this is a 
specific association. It should not be used for diagnostic purposes. 

1.11 Mental retardation 

C A few cases have been reported with mental retardation. It is recommended that investigation of 
any such case should include chromosome analysis, concentrating on the distal long arm of 
chromosome 4. However, no causally associated cytogenetic abnormalities have yet been 
recorded, and haploinsuffiencyof the 4q35 region does not seem to cause FSHD. 

2.0. GENETIC CRITERIA 

I The pattern of inheritance in familial cases is autosomal dominant. 

C Sporadic cases occur, their frequency is unknown, but they are not rare. Only if both parents have 
been examined can a case be accepted as "sporadic". 

E There is no substantiated evidence for recessive inheritance. 

C The mutation rate is unknown due to many uncertainties related to prevalence, penetrance and 
ascertainment. 

C Published estimates of prevalence remain approximations, the literature suggests widely variable 
regional differences. A prevalence of 1 in 20,000 in Europe appears a reasonable figure. 

C Penetrance is almost complete. Non-penetrance is estimated at less than 5% beyond the age of 
20. 

3.0. LABORATORY CRITERIA 

C Serum creatine kinase (SCK) levels can be normal, but are often elevated, though rarely exceed 
five times the upper limit of normal. Persistently high CK values above this level warrant exclusion 
of other neuromuscular diagnoses. 

C EMG often shows short duration, low amplitude polyphasic potentials. Some neurogenic features 
such as high amplitude potentials and positive sharp waves are present occasionally, but do not 
characterise individual families. Motor and sensory nerve conduction velocities are normal. 

E Giant potentials are not a feature of the disorder. 

C Muscle biopsies may exhibit any of the standard myopathic criteria. In addition, small angular fibres 
are not uncommon and moth-eaten fibres are frequently found. An occasional small group of 
atrophiC fibres may be observed, in which case another biopsy in the same patient or an affected 
sib is desirable. Cellular infiltrates are not uncommon in FSHD and can be extensive. Their 
significance is unknown. In these cases, either an autosomal dominant pattern of inheritance of a 
deleted DNA fragment at 4q35 is required to establish the diagnosis of FSHD. 

. 

continued ... 
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Table C.1: continued ... 

4.0 PHENOTYPIC-GENOTYPIC ANALYSIS 

I Individuals who have been examined by a physician familiar with this disorder, and classified as 
affected according to the above criteria. 

I unaffected family members aged 20 yr and over, who have been examined as above. 

I unrelated spouses, whether or not examined. 

E any subject whose clinical status remains in dispute. 

E apparently unaffected individuals under age 20 year. 

E An unaffected individual with a CK level repeatedly above the normal range in the absence of a 
proven alternative explanation for this. 

5.0 RECOMMENDED INVESTIGATIONS IN AT LEAST ONE MEMBER OF EACH FAMILY 
INCLUDED IN LINKAGE STUDIES 

The following are recommended investigations: 

a) Fully documented history and clinical examination, 

b) Serum creatine kinase, 

c) EMG, 

d) Muscle biopsy from an affected muscle for routine analysis, 

e) Audiometry, and 

f) Lymphoblast cell line and/or high molecular weight DNA sample suitable for pulsed field gel 
studies, and tested for persistence of DNA fragment of size 40 kb at locus D4F1 04S1, following 
double digestion of DNA with restriction enzymes Eco RI and BIn I. 
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