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Understanding Muscular Dystrophy
-- Diagnosis and Treatment

How is Muscular Dystrophy Diag-
nosed?

Muscular dystrophy is diagnosed
through a physical exam, a family
medical history, and tests. These
might include:

* A muscle biopsy (the removal and
examination of a small sample of
muscle tissue)

* DNA (genetic) testing

» Electromyography or nerve con-
duction tests (which use electrodes
to test muscle and/or nerve func-
tion)

* Blood enzyme tests (which may
reveal muscle damage)

For Duchenne and Becker muscu-
lar dystrophies, muscle biopsy may
show whether dystrophin protein is
missing or abnormal, and DNA test-
ing is used to analyze the condition
of the related gene. Genetic testing
is also available for some forms of
muscular dystrophy.

What are the Treatments for Mus-
cular Dystrophy?

There is no cure for any form of
muscular dystrophy (MD) but medi-
cations and therapy can slow the
course of the disease. Human trials
of gene therapy with the dystrophin
gene are on the near horizon. For
instance, scientists are researching
ways to insert a working dystrophin
gene into the muscles of boys with
Duchenne and Becker muscular
dystrophies.

Researchers are investigating the
potential of certain muscle-building
medicines to slow down or reverse
the progression of muscular dystro-
phy. Other trials are looking into the
effects of the dietary supplements
creatine and glutamine on muscle
energy production and storage.
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Conventional Medicine for Mus-
cular Dystrophy

Symptoms of muscular dystrophy
often can be relieved through exer-
cise, physical therapy, rehabilitative
devices, respiratory care, and sur-

gery.

» Exercise and physical therapy can
minimize abnormal or painful posi-
tioning of the joints and may prevent
or delay curvature of the spine. Re-
spiratory care, deep breathing, and
coughing exercises are often rec-
ommended.

» Canes, powered wheelchairs, and
other rehabilitative devices can help
sufferers maintain mobility and inde-
pendence.

» Surgery can sometimes relieve
muscle shortening. In  Emery-
Dreifuss and myotonic muscular
dystrophy, it's often necessary to
surgically implant a cardiac pace-
maker.

In some cases of MD, disease pro-
gression can be slowed or symp-
toms relieved with medicine.

* In Duchenne muscular dystrophy,
corticosteriods may slow muscle de-
struction.

* In myotonic muscular dystrophy,
phenytoin, procainamide or quinine
can treat delayed muscle relax-
ation.

Medications also can be prescribed
for some muscular dystrophy-relat-
ed heart problems.

Can You Prevent Muscular Dys-
trophy?

If you have a family history of mus-
cular dystrophy, you may want to
consult a genetic counselor before
having children. The odds of pass-
ing the disease on to your children

range from 25% to 50%. Carriers
-- typically sisters and mothers of
sufferers -- usually don’t have the
disease, but they may exhibit mild
symptoms that give hints of it. They
can pass the disease on to their chil-
dren; sons get the disease and half
the time, daughters become carri-
ers. For Duchenne and Becker mus-
cular dystrophies, protein and DNA
tests can identify carriers, and DNA
probes can provide prenatal diagno-
sis. Tests for carriers of other forms
of muscular dystrophy are under de-
velopment.

SOURCES: The Mayo Clinic. Mus-
cular Dystrophy Association. Na-
tional Institute of Arthritis and Mus-
culoskeletal and Skin Diseases.

Reviewed by Jon Glass on Novem-
ber 30, 2009

Muscular Dystrophy:
Hope Through Research

Introduction

The first historical account of mus-
cular dystrophy appeared in 1830,
when Sir Charles Bell wrote an es-
say about an illness that caused
progressive weakness in boys. Six
years later, another scientist report-
ed on two brothers who developed
generalized weakness, muscle
damage, and replacement of dam-
aged muscle tissue with fat and
connective tissue. At that time the
symptoms were thought to be signs
of tuberculosis.

In the 1850s, descriptions of boys
who grew progressively weaker,
lost the ability to walk, and died at
an early age became more promi-
nent in medical journals. In the fol-
lowing decade, French neurolo-
gist Guillaume Duchenne gave a
comprehensive account of 13 boys
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with the most common and severe
form of the disease (which now car-
ries his name-Duchenne muscular
dystrophy). It soon became evident
that the disease had more than one
form, and that these diseases af-
fected people of either sex and of all
ages.

What is muscular dystrophy?

Muscular dystrophy (MD) refers to
a group of more than 30 genetic
diseases that cause progressive
weakness and degeneration of skel-
etal muscles used during voluntary
movement. The word dystrophy is
derived from the Greek dys, which
means “difficult” or “faulty,” and
troph, or “nourish.” These disorders
vary in age of onset, severity, and
pattern of affected muscles. All forms
of MD grow worse as muscles pro-
gressively degenerate and weaken.
The majority of patients eventually
lose the ability to walk.

Some types of MD also affect the
heart, gastrointestinal system, en-
docrine glands, spine, eyes, brain,
and other organs. Respiratory and
cardiac diseases are common, and
some patients may develop a swal-
lowing disorder. MD is not conta-
gious and cannot be brought on by
injury or activity.

What causes MD?

All of the muscular dystrophies are
inherited and involve a mutation in
one of the thousands of genes that
program proteins critical to muscle
integrity. The body’s cells don’t work
properly when a protein is altered
or produced in insufficient quantity
(or sometimes missing complete-
ly). Many cases of MD occur from
spontaneous mutations that are not
found in the genes of either parent,
and this defect can be passed to the
next generation.

Genes are like blueprints: they con-
tain coded messages that determine
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a person’s characteristics or traits.
They are arranged along 23 rod-like
pairs of chromosomes, with one half
of each pair being inherited from
each parent. Each half of a chromo-
some pair is similar to the other, ex-
cept for one pair, which determines
the sex of the individual. Muscular
dystrophies can be inherited in three
ways:

* Autosomal dominant inheritance
occurs when a child receives a nor-
mal gene from one parent and a
defective gene from the other par-
ent. Autosomal means the genetic
mutation can occur on any of the 22
non-sex chromosomes in each of
the body’s cells. Dominant means
only one parent needs to pass along
the abnormal gene in order to pro-
duce the disorder. In families where
one parent carries a defective gene,
each child has a 50 percent chance
of inheriting the gene and therefore
the disorder. Males and females are
equally at risk and the severity of
the disorder can differ from person
to person.

» Autosomal recessive inheritance
means that both parents must carry
and pass on the faulty gene. The par-
ents each have one defective gene
but are not affected by the disorder.
Children in these families have a 25
percent chance of inheriting both
copies of the defective gene and a
50 percent chance of inheriting one
gene and therefore becoming a car-
rier, able to pass along the defect to
their children. Children of either sex
can be affected by this pattern of in-
heritance.

* X-linked (or sex-linked) recessive
inheritance occurs when a mother
carries the affected gene on one
of her two X chromosomes and
passes it to her son (males always
inherit an X chromosome from their
mother and a Y chromosome from
their father, while daughters inherit
an X chromosome from each par-
ent). Sons of carrier mothers have a
50 percent chance of inheriting the
disorder. Daughters also have a 50

percent chance of inheriting the de-
fective gene but usually are not af-
fected, since the healthy X chromo-
some they receive from their father
can offset the faulty one received
from their mother. Affected fathers
cannot pass an X-linked disorder to
their sons but their daughters will be
carriers of that disorder. Carrier fe-
males occasionally can exhibit mild-
er symptoms of MD.

How many people have MD?

MD occurs worldwide, affecting
all races. Its incidence varies, as
some forms are more common than
others. Its most common forms in
children, Duchenne and Becker
muscular dystrophy, alone affect
approximately 1 in every 3,500 to
5,000 boys, or between 400 and
600 live male births each year in the
United States.** Some types of MD
are more prevalent in certain coun-
tries and regions of the world. Most
muscular dystrophies are familial,
meaning there is some family his-
tory of the disease.

** Centers for Disease Control and
Prevention, National Center on Birth
Defects and Developmental Disabil-
ities, July 27, 2005

How does MD affect muscles?

Muscles are made up of thousands
of muscle fibers. Each fiber is actu-
ally a number of individual cells that
have joined together during develop-
ment and are encased by an outer
membrane. Muscle fibers that make
up individual muscles are bound to-
gether by connective tissue.

Muscles are activated when an im-
pulse, or signal, is sent from the brain
along the peripheral nerves (nerves
that connect the central nervous
system to sensory organs and mus-
cles) to the neuromuscular junction
(the space between the nerve fiber
and the muscle it activates). There,
a release of the chemical acetylcho-
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line triggers a series of events that
cause the muscle to contract.

The muscle fiber membrane con-
tains a group of proteins-called the
dystrophin-glycoprotein ~ complex-
which prevents damage as muscle
fibers contract and relax. When
this protective membrane is dam-
aged, muscle fibers begin to leak
the protein creatine kinase (needed
for the chemical reactions that pro-
duce energy for muscle contrac-
tions) and take on excess calcium,
which causes further harm. Affected
muscle fibers eventually die from
this damage, leading to progressive
muscle degeneration.

Although MD can affect several
body tissues and organs, it most
prominently affects the integrity of
muscle fibers. The disease causes
muscle degeneration, progressive
weakness, fiber death, fiber branch-
ing and splitting, phagocytosis (in
which muscle fiber material is bro-
ken down and destroyed by scav-
enger cells), and, in some cases,
chronic or permanent shortening of
tendons and muscles. Also, overall
muscle strength and tendon reflexes
are usually lessened or lost due to
replacement of muscle by connec-
tive tissue and fat.

Are there other MD-like condi-
tions?

There are many other heritable dis-
eases that affect the muscles, the
nerves, or the neuromuscular junc-
tion. These diseases may produce
symptoms that are very similar to
those found in some forms of MD
(such as inflammatory myopathy,
progressive muscle weakness,
mental impairment, and cardiomyo-
pathy) but they are caused by differ-
ent genetic defects. The sharing of
symptoms among multiple neuro-
muscular diseases, and the preva-
lence of sporadic cases in families
not previously affected by MD, often
makes it difficult for MD patients to
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obtain a quick diagnosis. Studies of
other related muscle diseases may,
however, contribute to what we
know about MD.

How do the muscular dystrophies
differ?

There are nine major groups of the
muscular dystrophies. The disor-
ders are classified by the extent and
distribution of muscle weakness,
age of onset, rate of progression,
severity of symptoms, and family
history (including any pattern of in-
heritance). Although some forms of
MD become apparent in infancy or
childhood, others may not appear
until middle age or later. Overall, in-
cidence rates and severity vary, but
each of the dystrophies causes pro-
gressive skeletal muscle deteriora-
tion, and some types affect cardiac
muscle.

There are four forms of MD that be-
gin in childhood:

Duchenne MD is the most com-
mon childhood form of MD, as well
as the most common of the mus-
cular dystrophies overall, account-
ing for approximately 50 percent of
all cases. It affects approximately
one in 3,500 male births. Because
inheritance is X-linked recessive
(caused by a mutation on the X, or
sex, chromosome), Duchenne MD
primarily affects boys, although girls
and women who carry the defective
gene may show some symptoms.
About one-third of the cases reflect
new mutations and the rest run in
families. Sisters of boys with Duch-
enne MD have a 50 percent chance
of carrying the defective gene.

Duchenne MD usually becomes ap-
parent when an affected child be-
gins to walk. Progressive weakness
and muscle wasting (a decrease in
muscle strength and size) caused
by degenerating muscle fibers be-
gins in the upper legs and pelvis
before spreading into the upper

arms. Other symptoms include loss
of some reflexes, a waddling gait,
frequent falls and clumsiness (espe-
cially when running), difficulty when
rising from a sitting or lying position
or when climbing stairs, changes to
overall posture, impaired breathing,
lung weakness, and cardiomyopa-
thy (heart muscle weakness that in-
terferes with pumping ability). Many
children are unable to run or jump.
The wasting muscles, in particular
the calf muscle (and, less commonly,
muscles in the buttocks, shoulders,
and arms), may be enlarged by an
accumulation of fat and connective
tissue, causing them to look larger
and healthier than they actually are
(called pseudohypertrophy). As the
disease progresses, the muscles in
the diaphragm that assist in breath-
ing and coughing may weaken. Pa-
tients may experience breathing dif-
ficulties, respiratory infections, and
swallowing problems. Bone thin-
ning and scoliosis (curving of the
spine) are common. Some children
are mildly mentally impaired. Be-
tween ages 3 and 6, children may
show brief periods of physical im-
provement followed by progressive
muscle degeneration. Children with
Duchenne MD are typically wheel-
chair-bound by age 12 and usually
die in their late teens or early twen-
ties from progressive weakness of
the heart muscle, respiratory com-
plications, or infection.

Duchenne MD results from an ab-
sence of the muscle protein dystro-
phin. And blood tests of children with
Duchenne MD show an abnormally
high level of creatine kinase, which
is apparent from birth.

A rare, autosomal recessive form of
MD is seen primarily in the Middle
East and North Africa. The disease
is clinically similar to Duchenne but
is less severe and progresses more
slowly. Onset of muscle weakness
is typically between ages 5 and 10.
Most patients lose the ability to walk
in their early twenties, and most die
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in their forties from cardiac or respi-
ratory complications.

Becker MD is less severe than but
closely related to Duchenne MD.
Persons with Becker MD have par-
tial but insufficient function of the
protein dystrophin. The disorder
usually appears around age 11 but
may occur as late as age 25, and
patients generally live into middle
age or later. The rate of progres-
sive, symmetric (on both sides of
the body) muscle atrophy and weak-
ness varies greatly among affected
individuals. Many patients are able
to walk until they are in their mid-
thirties or later, while others are un-
able to walk past their teens. Some
affected individuals never need to
use a wheelchair. As in Duchenne
MD, muscle weakness in Becker
MD is typically noticed first in the up-
per arms and shoulders, upper legs,
and pelvis.

Early symptoms of Becker MD in-
clude walking on one’s toes, fre-
quent falls, and difficulty rising from
the floor. Calf muscles may appear
large and healthy as deteriorat-
ing muscle fibers are replaced by
fat, and muscle activity may cause
cramps in some people. Cardiac
and mental impairments are not as
severe as in Duchenne MD.

Congenital MD refers to a group
of autosomal recessive muscular
dystrophies that are either present
at birth or become evident before
age 2. They affect both boys and
girls. The degree and progression of
muscle weakness and degeneration
vary with the type of disorder. Weak-
ness may be first noted when chil-
dren fail to meet landmarks in motor
function and muscle control. Muscle
degeneration may be mild or severe
and is restricted primarily to skeletal
muscle. The majority of patients are
unable to sit or stand without sup-
port, and some affected children
may never learn to walk. There are
three groups of congenital MD:
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* merosin-negative disorders, where
the protein merosin (found in the
connective tissue that surrounds
muscle fibers) is missing;

* merosin-positive disorders, in
which merosin is present but other
needed proteins are missing; and

* neuronal migration disorders, in
which very early in the development
of the fetal nervous system the mi-
gration of nerve cells (neurons) to
their proper location is disrupted.

Defects in the protein merosin cause
nearly half of all cases of congenital
MD.

Patients with congenital MD may
develop contractures (chronic short-
ening of muscles or tendons around
joints, which prevents the joints
from moving freely), scoliosis, re-
spiratory and swallowing difficulties,
and foot deformities. Some patients
have normal intellectual develop-
ment while others become severely
impaired. Weakness in diaphragm
muscles may lead to respiratory fail-
ure. Congenital MD may also affect
the central nervous system, causing
vision and speech problems, sei-
zures, and structural changes in the
brain. Some children with the disor-
ders die in infancy while others may
live into adulthood with only minimal
disability.

Emery-Dreifuss MD primarily af-
fects boys. The disorder has two
forms: one is X-linked recessive and
the other is autosomal dominant.

Onset of Emery-Dreifuss MD is usu-
ally apparent by age 10, but symp-
toms can appear as late as the
mid-twenties. This disease causes
slow but progressive wasting of the
upper arm and lower leg muscles
and symmetric weakness. Contrac-
tures in the spine, ankles, knees, el-
bows, and back of the neck usually
precede significant muscle weak-
ness, which is less severe than in
Duchenne MD. Contractures may
cause elbows to become locked in

a flexed position. The entire spine
may become rigid as the disease
progresses. Other symptoms in-
clude shoulder deterioration, toe-
walking, and mild facial weakness.
Serum creatine kinase levels may
be moderately elevated. Nearly all
Emery-Dreifuss MD patients have
some form of heart problem by age
30, often requiring a pacemaker or
other assistive device. Female car-
riers of the disorder often have car-
diac complications without muscle
weakness. Patients often die in mid-
adulthood from progressive pulmo-
nary or cardiac failure.

Youth/adolescent-onset  muscular
dystrophies are classified two ways:

Facioscapulohumeral MD (FSHD)
initially affects muscles of the face
(facio), shoulders (scapulo), and
upper arms (humera) with progres-
sive weakness. Also known as
Landouzy-Dejerine disease, this
third most common form of MD is an
autosomal dominant disorder. Life
expectancy is normal, but some in-
dividuals become severely disabled.
Disease progression is typically very
slow, with intermittent spurts of rapid
muscle deterioration. Onset is usu-
ally in the teenage years but may
occur as late as age 40. Muscles
around the eyes and mouth are of-
ten affected first, followed by weak-
ness around the lower shoulders and
chest. A particular pattern of muscle
wasting causes the shoulders to ap-
pear to be slanted and the shoulder
blades to appear winged. Muscles
in the lower extremities may also
become weakened. Reflexes are
impaired only at the biceps and tri-
ceps. Changes in facial appearance
may include the development of a
crooked smile, a pouting look, flat-
tened facial features, or a mask-like
appearance. Some patients cannot
pucker their lips or whistle and may
have difficulty swallowing, chewing,
or speaking. Other symptoms may
include hearing loss (particularly at
high frequencies) and lordosis, an
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abnormal swayback curve in the
spine. Contractures are rare. Some
FSHD patients feel severe pain in
the affected limb. Cardiac muscles
are not affected, and the pelvic gir-
dle is rarely significantly involved.
An infant-onset form of FSHD can
also cause retinal disease and some
hearing loss.

Limb-girdle MD refers to more than
a dozen inherited conditions marked
by progressive loss of muscle bulk
and symmetrical weakening of vol-
untary muscles, primarily those in
the shoulders and around the hips.
At least three forms of autosomal
dominant limb-girdle MD (known as
type 1) and eight forms of autosomal
recessive limb-girdle MD (known as
type 2) have been identified. Some
autosomal recessive forms of the
disorder are now known to be due
to a deficiency of any of four dystro-
phin-glycoprotein complex proteins
called the sarcoglycans.

The recessive limb-girdle muscular
dystrophies occur more frequently
than the dominant forms, usually
begin in childhood or the teenage
years, and show dramatically in-
creased levels of serum creatine
kinase. The dominant limb-girdle
muscular dystrophies usually begin
in adulthood. In general, the earlier
the clinical signs appear, the more
rapid the rate of disease progres-
sion. Limb-girdle MD affects both
males and females. Some forms of
the disease progress rapidly, result-
ing in serious muscle damage and
loss of the ability to walk, while oth-
ers advance very slowly over many
years and cause minimal disability,
allowing a normal life expectancy. In
some cases, the disorder appears
to halt temporarily, but symptoms
then resume.

Weakness is typically noticed first
around the hips before spreading
to the shoulders, legs, and neck.
Patients develop a waddling gait
and have difficulty when rising from
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chairs, climbing stairs, or carry-
ing heavy objects. Patients fall fre-
quently and are unable to run. Con-
tractures at the elbows and knees
are rare but patients may develop
contractures in the back muscles,
which gives them the appearance
of a rigid spine. Proximal reflexes
(closest to the center of the body)
are often impaired. Some patients
also experience cardiomyopathy
and respiratory complications. Intel-
ligence remains normal. Most per-
sons with limb-girdle MD become
severely disabled within 20 years of
disease onset.

There are three forms of MD that
usually begin in adulthood.

Distal MD, also called distal myopa-
thy, describes a group of at least six
specific muscle diseases that pri-
marily affect distal muscles (those
farthest away from the shoulders
and hips) in the forearms, hands,
lower legs, and feet. Distal dystro-
phies are typically less severe, prog-
ress more slowly, and involve fewer
muscles than other forms of MD,
although they can spread to other
muscles. Distal MD can affect the
heart and respiratory muscles, and
patients may eventually require the
use of a ventilator. Patients may not
be able to perform fine hand move-
ment and have difficulty extending
the fingers. As leg muscles become
affected, walking and climbing stairs
become difficult and some patients
may be unable to hop or stand on
their heels. Onset of distal MD,
which affects both men and women,
is typically between the ages of 40
and 60 years. In one form of distal
MD, a muscle membrane protein
complex called dysferlin is known to
be lacking.

Although distal MD is primarily an
autosomal dominant disorder, au-
tosomal recessive forms have been
reported in young adults. Symptoms
are similar to those of Duchenne
MD but with a different pattern of

muscle damage. An infantile-onset
form of autosomal recessive distal
MD has also been reported. Slow
but progressive weakness is often
first noticed around age 1, when the
child begins to walk, and continues
to progress very slowly throughout
adult life.

Myotonic MD, also known as Stein-
ert’s disease and dystrophia myo-
tonica, may be the most common
adult form of MD. Myotonia, or an
inability to relax muscles following a
sudden contraction, is found only in
this form of MD. People with myo-
tonic MD can live a long life, with
variable but slowly progressive dis-
ability. Typical disease onset is be-
tween ages 20 and 30, but it may
develop earlier. Myotonic MD af-
fects the central nervous system
and other body systems, including
the heart, adrenal glands and thy-
roid, eyes, and gastrointestinal tract.
Muscles in the face and the front of
the neck are usually first to show
weakness and may produce a hag-
gard, “hatchet” face and a thin, swan-
like neck. Wasting and weakness
noticeably affect forearm muscles.
Other symptoms include cardiac
complications, difficulty swallow-
ing, droopy eyelids (called ptosis),
cataracts, poor vision, early frontal
baldness, weight loss, impotence,
testicular atrophy, mild mental im-
pairment, and increased sweating.
Patients may also feel drowsy and
have an excess need to sleep.

This autosomal dominant disease
affects both men and women. Fe-
males may have irregular menstrual
periods and may be infertile. The
disease occurs earlier and is more
severe in successive generations. A
childhood form of myotonic MD may
become apparent between ages 5
and 10. Symptoms include general
muscle weakness (particularly in
the face and distal muscles), lack
of muscle tone, and mental impair-
ment.
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An expectant mother with myotonic
MD can give birth to an infant with
a rare congenital form of the disor-
der. Symptoms at birth may include
difficulty swallowing or sucking,
impaired breathing, absence of re-
flexes, skeletal deformities (such as
club feet), and noticeable muscle
weakness, especially in the face.
Children with congenital myotonic
MD may also experience mental
impairment and delayed motor de-
velopment. This severe infantile
form of myotonic MD occurs almost
exclusively in children who have in-
herited the defective gene from their
mother, who may not know she is a
carrier of the disease.

The inherited gene defect that
causes myotonic MD is an abnor-
mally long repetition of a three-letter
“‘word” in the genetic code. In unaf-
fected people, the word is repeated
a number of times, but in people with
myotonic MD, it is repeated many
more times. This triplet repeat gets
longer with each successive gener-
ation. The triplet repeat mechanism
has now been implicated in at least
15 other disorders, including Hun-
tington’s disease and the spinocer-
ebellar ataxias.

Oculopharyngeal MD (OPMD)
generally begins in a person’s for-
ties or fifties and affects both men
and women. In the United States,
the disease is most common in fam-
ilies of French-Canadian descent
and among Hispanic residents of
northern New Mexico. Patients first
report drooping eyelids, followed by
weakness in the facial muscles and
pharyngeal muscles in the throat,
causing difficulty swallowing. The
tongue may atrophy and changes
to the voice may occur. Eyelids may
droop so dramatically that some
patients compensate by tilting back
their heads. Patients may have dou-
ble vision and problems with upper
gaze, and others may have retinitis
pigmentosa (progressive degenera-
tion of the retina that affects night vi-
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sion and peripheral vision) and car-
diac irregularities. Muscle weakness
and wasting in the neck and shoul-
der region is common. Limb muscles
may also be affected. Persons with
OPMD may find it difficult to walk,
climb stairs, kneel, or bend. Those
persons most severely affected will
eventually lose the ability to walk.

How are the muscular dystro-
phies diagnosed?

Both the patient’'s medical history
and a complete family history should
be thoroughly reviewed to deter-
mine if the muscle disease is sec-
ondary to a disease affecting other
tissues or organs or is an inherited
condition. It is also important to rule
out any muscle weakness resulting
from prior surgery, exposure to tox-
ins, or current medications that may
affect the patient’s functional status.
Thorough clinical and neurological
exams can rule out disorders of the
central and/or peripheral nervous
systems, identify any patterns of
muscle weakness and atrophy, test
reflex responses and coordination,
and look for contractions.

Various laboratory tests may be used
to confirm the diagnosis of MD.

Blood and urine tests can detect
defective genes and help identify
specific neuromuscular disorders.
For example:

* The level of serum aldolase, an
enzyme involved in the breakdown
of glucose, is measured to confirm
a diagnosis of skeletal muscle dis-
ease. High levels of the enzyme,
which is present in most body tis-
sues, are noted in patients with MD
and some forms of myopathy.

* Creatine kinase is an enzyme that
leaks out of damaged muscle. El-
evated creatine kinase levels may
indicate muscle damage, including
some forms of MD, before physi-
cal symptoms become apparent.
Levels are significantly increased in

patients in the early stages of Duch-
enne and Becker MD. Testing can
also determine if a young woman is
a carrier of the disorder.

* Myoglobin is measured when in-
jury or disease in skeletal muscle is
suspected. Myoglobin is an oxygen-
binding protein found in cardiac and
skeletal muscle cells. High blood
levels of myoglobin are found in pa-
tients with MD.

* Polymerase chain reaction (PCR)
can detect mutations in the dystro-
phin gene. Also known as molecular
diagnosis or genetic testing, PCR is
a method for generating and analyz-
ing multiple copies of a fragment of
DNA.

» Serum electrophoresis is a test
to determine quantities of various
proteins in a person’s DNA. A blood
sample is placed on specially treat-
ed paper and exposed to an electric
current. The charge forces the dif-
ferent proteins to form bands that
indicate the relative proportion of
each protein fragment.

Electron microscopy can identify
changes in subcellular components
of muscle fibers. Electron micros-
copy can also identify changes that
characterize cell death, mutations
in muscle cell mitochondria, and an
increase in connective tissue seen
in muscle diseases such as MD.
Changes in muscle fibers that are
evident in a rare form of distal MD
can be seen using an electron mi-
croscope.

Exercise tests can detect elevated
rates of certain chemicals following
exercise and are used to determine
the nature of the MD or other mus-
cle disorder. Some exercise tests
can be performed at the patient’s
bedside while others are done at
clinics or other sites using sophisti-
cated equipment. These tests also
assess muscle strength. They are
performed when the patient is re-
laxed and in the proper position to
allow technicians to measure mus-
cle function against gravity and de-
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tect even slight muscle weakness. If
weakness in respiratory muscles is
suspected, respiratory capacity may
be measured by having the patient
take a deep breath and count slowly
while exhaling.

Genetic testing looks for genes
known to either cause or be associ-
ated with inherited muscle disease.
DNA analysis and enzyme assays
can confirm the diagnosis of certain
neuromuscular diseases, including
MD. Genetic linkage studies can
identify whether a specific genetic
marker on a chromosome and a
disease are inherited together. They
are particularly useful in studying
families with members in different
generations who are affected. An
exact molecular diagnosis is nec-
essary for some of the treatment
strategies that are currently being
developed.

Genetic counseling can help par-
ents who have a family history of
MD determine if they are carrying
one of the mutated genes that cause
the disorder. Two tests can be used
to help expectant parents find out if
their child is affected.

* Amniocentesis, done usually at
14-16 weeks of pregnancy, tests a
sample of the amniotic fluid in the
womb for genetic defects (the fluid
and the fetus have the same DNA).
Under local anesthesia, a thin nee-
dle is inserted through the woman’s
abdomen and into the womb. About
20 milliliters of fluid (roughly 4 tea-
spoons) is withdrawn and sent to a
lab for evaluation. Test results often
take 1-2 weeks.

* Chorionic villus sampling, or CVS,
involves the removal and testing of
a very small sample of the placenta
during early pregnancy. The sam-
ple, which contains the same DNA
as the fetus, is removed by catheter
or a fine needle inserted through the
cervix or by a fine needle inserted
through the abdomen. The tissue is
tested for genetic changes identified
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in an affected family member. Re-
sults are usually available within 2
weeks.

Magnetic resonance imaging
(MRI) is used to examine muscle
quality, any atrophy or abnormali-
ties in size, and fatty replacement of
muscle tissue, as well as to monitor
disease progression. MRI scanning
equipment creates a strong mag-
netic field around the body. Radio
waves are then passed through the
body to trigger a resonance signal
that can be detected at different
angles within the body. A computer
processes this resonance into ei-
ther a three-dimensional picture or
a two-dimensional “slice” of the tis-
sue being scanned. MRI is a non-
invasive, painless procedure. Other
forms of diagnostic imaging for MD
include phosphorus magnetic reso-
nance spectroscopy, which mea-
sures cellular response to exercise
and the amount of energy available
to muscle fiber, and ultrasound im-
aging (also known as sonography),
which uses high-frequency sound
waves to obtain images inside the
body. The sound wave echoes are
recorded and displayed on a com-
puter screen as a real-time visual
image. Ultrasound may be used to
measure muscle bulk.

Muscle biopsies are used to moni-
tor the course of disease and treat-
ment effectiveness. Using a local
anesthetic, a small sample of mus-
cle is removed and studied under
a microscope. The sample may be
gathered either surgically, through a
slit made in the skin, or by needle
biopsy, in which a thin hollow needle
is inserted through the skin and into
the muscle. A small piece of muscle
remains in the hollow needle when
it is removed from the body. The
muscle specimen is stained and
examined to determine whether the
patient has muscle disease, nerve
disease (neuropathy), inflammation,
or another myopathy. Muscle biop-
sies also assist in carrier testing.

With the advent of accurate molecu-
lar techniques, muscle biopsy is no
longer essential for diagnosis.

Immunofluorescence testing can
detect specific proteins such as dys-
trophin within muscle fibers. Follow-
ing biopsy, fluorescent markers are
used to stain the sample that has
the protein of interest.

Neurophysiology studies can
identify physical and/or chemical
changes in the nervous system.

 Electromyography (EMG) can re-
cord muscle fiber and motor unit
activity. A tiny needle containing an
electrode is inserted through the skin
into the muscle. The electrical activ-
ity detected in the muscle can be
displayed either in printout form or
on a monitor, and can also be heard
when played through a speaker. Re-
sults may reveal electrical activity
characteristic of MD. Each electrode
displays an average of that muscle’s
activity. Several electrodes may be
needed to display activity in large
skeletal muscles.

* Nerve conduction velocity stud-
ies measure the speed with which
an electrical signal travels along
a nerve. A small electrode sends
a signal to a receiving electrode
placed elsewhere along the nerve.
The length of the nerve between
the electrodes is divided by the time
needed for the signal to travel be-
tween them. The response can be
used to determine any nerve dam-
age.

* Repetitive stimulation studies in-
volve electrically stimulating a nerve
5 to 10 times, at a frequency of 2-3
shocks per second, to study muscle
function. A mild shock is sent via
electrodes that are taped to the skin
on top of the muscle(s) to be tested
and the response is displayed on an
oscilloscope, an instrument used to
examine electrical signals. A nerve
is then stimulated at another site to
evaluate electrical activity down the
nerve, across the neuromuscular
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junction, and into the muscle.

How are the muscular dystro-
phies treated?

There is no specific treatment that
can stop or reverse the progression
of any form of MD. All forms of MD
are genetic and cannot be prevent-
ed. Treatment is aimed at keeping
the patient independent for as long
as possible and preventing compli-
cations that result from weakness,
reduced mobility, and cardiac and
respiratory difficulties. Treatment
may involve a combination of ap-
proaches, including physical thera-
py, drug therapy, and surgery.

Assisted ventilation is often need-
ed to treat respiratory muscle weak-
ness that accompanies many forms
of MD, especially in the later stages.
Oxygen is fed through a flexible
mask (or, in some cases, a tube in-
serted through the esophagus and
into the lungs) to help the lungs in-
flate fully. Since respiratory difficulty
may be most extreme at night, some
patients may need overnight ventila-
tion. A mask worn over the face is
connected by tube to a machine that
puts out intermittent bursts of forced
oxygen. Obese patients with Duch-
enne MD may develop obstructive
sleep apnea and require nighttime
ventilation. Patients on a ventilator
may also require the use of a gastric
feeding tube.

Drug therapy may be prescribed to
delay muscle degeneration. Corti-
costeroids such as prednisone can
slow the rate of muscle deterioration
in Duchenne MD and help children
retain strength and prolong indepen-
dent walking by as much as several
years. However, these medicines
have side effects such as weight
gain and bone fragility that can be
especially troubling in children. Im-
munosuppressive drugs such as cy-
closporin and azathioprine can de-
lay some damage to dying muscle
cells. Drugs that may provide short-
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term relief from myotonia (muscle
spasms and weakness) include
mexiletine; phenytoin; baclofen,
which blocks signals sent from the
spinal cord to contract the muscles;
dantrolene, which interferes with the
process of muscle contraction; and
quinine. (Drugs for myotonia are not
effective in myotonic MD but work
well for myotonia congenita, a ge-
netic neuromuscular disorder char-
acterized by the slow relaxation of
the muscles.) Anticonvulsants, also
known as antiepileptics, are used to
control seizures and some muscle
activity. Commonly prescribed oral
anticonvulsants include carbam-
azepine, phenytoin, clonazepam,
gabapentin, topiramate, and fel-
bamate. Respiratory infections may
be treated with antibiotics.

Physical therapy can help prevent
deformities, improve movement, and
keep muscles as flexible and strong
as possible. Options include passive
stretching, postural correction, and
exercise. A program is developed to
meet the individual patient’s needs.
Therapy should begin as soon as
possible following diagnosis, before
there is joint or muscle tightness.

» Passive stretching can increase
joint flexibility and prevent con-
tractures that restrict movement
and cause loss of function. When
done correctly, passive stretching
is not painful. The therapist or other
trained health professional slowly
moves the joint as far as possible
and maintains the position for about
30 seconds. The movement is re-
peated several times during the ses-
sion. Passive stretching on children
may be easier following a warm bath
or shower.

* Regular, moderate exercise can
help MD patients maintain range of
motion and muscle strength, prevent
muscle atrophy, and delay the de-
velopment of contractures. Persons
with a weakened diaphragm can
learn coughing and deep breathing
exercises that are designed to keep

the lungs fully expanded.

* Postural correction is used to
counter the muscle weakness, con-
tractures, and spinal irregularities
that force MD patients into uncom-
fortable positions. When possible,
patients should sit upright, with feet
at a 90-degree angle to the floor.
Pillows and foam wedges can help
keep the person upright, distribute
weight evenly, and cause the legs
to straighten. Armrests should be at
the proper height to provide support
and prevent leaning.

» Support aids such as wheelchairs,
splints and braces, other orthopedic
appliances, and overhead bed bars
(trapezes) can help maintain mobil-
ity. Braces are used to help stretch
muscles and provide support while
keeping the patient ambulatory. Spi-
nal supports can help delay scolio-
sis. Night splints, when used in con-
junction with passive stretching, can
delay contractures. Orthotic devices
such as standing frames and swivel
walkers help patients remain stand-
ing or walking for as long as pos-
sible, which promotes better circula-
tion and improves calcium retention
in bones.

* Repeated low-frequency bursts
of electrical stimulation to the thigh
muscles can produce a slight in-
crease in strength in boys with
Duchenne MD.

» Speech therapy may help patients
whose facial and throat muscles
have weakened. Patients can learn
to use special communication devic-
es, such as a computer with voice
synthesizer.

» Special exercises, or a special diet
and feeding techniques, can help
MD patients who have a swallowing
disorder. Some patients may find it
difficult to pass food or liquid from
the mouth to the stomach, which can
lead to poor nutrition and increased
susceptibility to infection.

Dietary changes have not been
shown to slow the progression of
MD. Proper nutrition is essential,
however, for overall health. Limited
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mobility or inactivity resulting from
muscle weakness can contribute to
obesity, dehydration, and constipa-
tion. A high-fiber, high-protein, low-
calorie diet combined with recom-
mended fluid intake may help. MD
patients with swallowing or breath-
ing disorders and those persons
who have lost the ability to walk
independently should be monitored
for signs of malnutrition.

Occupational therapy may help
some patients deal with progres-
sive weakness and loss of mobility.
Some individuals may need to learn
new job skills or new ways to per-
form tasks while other persons may
need to change jobs. Assistive tech-
nology may include modifications to
home and workplace settings and
the use of motorized wheelchairs,
wheelchair accessories, and adap-
tive utensils.

Corrective surgery is often per-
formed to ease complications from
MD.

» Tendon or muscle-release surgery
is recommended when a contrac-
ture becomes severe enough to
lock a joint or greatly impair move-
ment. The procedure, which in-
volves severing a tendon or muscle
to free movement, is usually per-
formed under general anesthesia.
Unfortunately, lengthening a muscle
or tendon makes it weaker. Reha-
bilitation includes the use of braces
and physical therapy to strengthen
muscles and maintain the restored
range of motion.

* Patients with either Emery-Dreifuss
or myotonic MD may eventually re-
quire a pacemaker to treat cardiac
problems.

» Surgery to reduce the pain and
postural imbalance caused by sco-
liosis may help some patients. Sco-
liosis occurs when the muscles that
support the spine begin to weaken
and can no longer keep the spine
straight. The spinal curve, if too
great, can interfere with breathing
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and posture, causing pain. One or
more metal rods may need to be
attached to the spine to increase
strength and improve posture. An-
other option is spinal fusion, in which
bone is inserted between the ver-
tebrae in the spine and allowed to
grow, fusing the vertebrae together
to increase spinal stability.

» Persons with myotonic MD often
develop cataracts, a clouding of the
lens of the eye that blocks light. Cat-
aract surgery involves removing the
cloudy lens to improve the person’s
ability to see.

What is the prognosis?

The prognosis varies according to
the type of MD and the speed of
progression. Some types are mild
and progress very slowly, allowing
normal life expectancy, while others
are more severe and result in func-
tional disability and loss of ambula-
tion. Life expectancy may depend
on the degree of muscle weakness
and any respiratory and/or cardiac
complications.

What research is being done?

The National Institute of Neurological
Disorders and Stroke (NINDS) sup-
ports a broad program of research
on MD. The goals of these studies
are to increase understanding of
MD and its causes, develop better
therapies, and, ultimately, find ways
to prevent and cure it. The NINDS
and its sister institutes, the National
Institute of Arthritis and Musculosk-
eletal and Skin Diseases (NIAMS)
and the National Institute of Child
Health and Human Development
(NICHD), lead the MD research ef-
forts conducted at the National Insti-
tutes of Health (NIH) or at grantee
institutions throughout the country.

Drug-based therapy to delay mus-
cle wasting

Progressive loss of muscle mass
is primarily responsible for reduced
quality and length of life in MD. In

the absence of a genetic cure, drug
treatment strategies designed to
slow this muscle degeneration can
have substantial impact on quality
of life.

Corticosteroids are known to extend
the ability of Duchenne MD patients
to walk by up to 2 years, but ste-
roids have substantial side effects
and their mechanism of action is un-
known. NIH-funded scientists have
established clinical standards for
steroid treatment of Duchenne MD.
A recent study identified one mech-
anism of steroid action, raising the
prospect that a modified steroid may
be designed to minimize or eliminate
side effects.

Researchers at the NINDS and sev-
eral universities are exploring the
potential of using agents that inhibit
enzymes that degrade muscle as a
treatment for various types of MD.

Scientists are also exploring several
other drugs that may help delay the
loss of muscle mass:

* The drugs albuterol and oxan-
drolone, either alone or in combina-
tion, are being studied to determine
if they are able to increase strength
and muscle mass in patients with
FSHD. The study will also determine
if albuterol given in “pulsed” fashion
(controlled drug release) has more
effect than when given continuous-
ly.

» The nutritional supplement Coen-
zyme Q10 has been found to pro-
tect cell membranes from oxidative
injury. It may also be essential for
proper mitochondrial function and
cellular energy production. Scien-
tists are investigating the safety and
efficacy of Coenzyme Q10 when
added to steroids as a treatment for
boys with Duchenne MD.

* The drug mexiletine is being stud-
ied for effectiveness in reducing my-
otonia and improving muscle func-
tion in patients with myotonic MD.

* The protein creatine, which is
produced naturally and is also ab-
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sorbed through food intake, has
been shown in animal models to
increase energy in nerve cells and
improve muscle strength. Persons
who show symptoms of MD and oth-
er neuromuscular diseases gener-
ally have low creatine kinase levels.
Creatine may help prevent the loss
of mitochondria components within
cells that break down other intercel-
lular material and produce energy.
Studies in humans are examining
the protein’s effect on mitochondria
and are identifying optimal dosage
levels.

» Oxatomide, a steroid that inter-
feres with the release of histamine
from mast cells (involved with in-
flammatory diseases), is being clini-
cally tested for safety and efficacy
in increasing strength among boys
with Duchenne MD. Participants will
have their strength tested monthly
for 6 months.

» Using the mdx mouse model for
Duchenne MD, scientists are evalu-
ating the combination of glutamine
and creatine monohydrate as a
possible therapy. Glutamine, an
amino acid, is essential for muscle
strength. (Additional animal mod-
els for Duchenne MD include other
strains of mice and the xmd golden
retriever.)

Enhancing natural muscle repair
mechanisms

Skeletal muscle has the ability to re-
pair itself, but its regeneration and
repair mechanisms are progres-
sively depleted during the course of
several types of MD. Understanding
the repair mechanisms may provide
new therapies to slow, and possibly
stabilize, muscle degeneration.

NIH-supported studies have pro-
vided a broad understanding of the
mechanisms of muscle regenera-
tion. Additional NIH-funded studies
are identifying points in the regen-
eration-repair pathways that can
be targeted by either drug or gene
therapy for muscle rescue. For ex-
ample, researchers have shown
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that chronic blockade of the muscle
growth inhibitor myostatin can en-
hance muscle repair in animal mod-
els of MD. Other NIH-funded inves-
tigators have found that increased
expression of a muscle repair pro-
tein, dysferlin, can help offset mus-
cle damage in dystrophic animals.
And the strategy of enhancing natu-
ral muscle repair mechanisms with
insulin-like growth factor 2 is being
used in a clinical trial for myotonic
dystrophy. If effective, this approach
is translatable to other types of MD.

Cell-based therapy

The muscle cells of MD patients
often lack a critical protein, such
as dystrophin in Duchenne MD or
sarcoglycan in the limb-girdle MDs.
Scientists are exploring the pos-
sibility that the missing protein can
be replaced by introducing muscle
stem cells capable of making the
missing protein in new muscle cells.
Such new cells would be protected
from the progressive degeneration
characteristic of MD and potentially
restore muscle function in affected
persons.

The natural regenerative capac-
ity of muscle provides possibilities
for treatment of MD. Attempts to
take muscle precursor cells from
fathers of Duchenne patients and
implant them into patients’ muscles
originally failed. However, more re-
cent studies have focused on using
stem cells to try to restore missing
proteins in MD patients. Research-
ers have shown that stem cells can
be used to deliver a functional dys-
trophin gene to skeletal muscles of
dystrophic mice.

Gene replacement therapy

A true cure for Duchenne, congeni-
tal, and limb-girdle MD might be
obtained if the defective dystrophin
gene could be replaced by a func-
tional gene. The large size of the
dystrophin gene and the early inabil-
ity of gene-delivery systems (viral
vectors) to target muscle have been

substantive barriers to development
of gene therapy for Duchenne MD.

Over the last several years, a mini-
dystrophin gene (one that is small
enough for a viral carrier to deliver
it) has proven successful in animal
models of Duchenne MD. Viral de-
livery systems are much better today
than they once were (viral vector de-
livery can set off a serious immune
response). As a result, NIH-funded
researchers have made important
progress in delivering a dystrophin
mini-gene to muscles of a mouse
model of Duchenne MD.

Scientists also are using high-
throughput screening (HTS) to find
drugs that increase the muscle pro-
duction of the protein utrophin, which
is similar to dystrophin and can help
compensate for its loss. HTS lets
scientists test hundreds of chemical
compounds quickly to find leads for
further drug development.

Genetic modification therapy to
bypass inherited mutations
Approximately 80 percent of Duch-
enne MD patients have mutations
in the dystrophin gene that causes
it to function improperly and stop
producing the dystrophin protein. By
manipulating the protein synthesis
process, production of a gene that
‘reads through” the genetic muta-
tion that stops production can result
in functional dystrophin.

Two strategies are currently under
study to bypass dystrophin muta-
tions. First, the antibiotic gentami-
cin has been shown to be effective
in causing the synthesis machinery
to ignore the premature stop sig-
nal and produce functional dystro-
phin. This strategy may be useful in
about 15 percent of Duchenne MD
patients. An NINDS-funded clinical
trial using gentamicin in Duchenne
MD patients is under way. Second,
a more recent approach uses splic-
ing technology to skip past the mu-
tations in the dystrophin gene to a

MREREE]
gazine



¢ Dy,
N o,

2
O

3 My,
% sa A

)

%,
?9atio®

point where the genetic informa-
tion is complete and can produce a
functional protein. This strategy has
shown promise in a mouse model of
Duchenne MD. As many as 80 per-
cent of patients could benefit from
this new technology.

Moving forward with research in
MD

Many of the strategies for develop-
ing new therapies are directed to-
ward Duchenne MD, since it is the
best understood MD at the moment.
Progress in treatment for Duchenne
MD may, however, have application
for other types of MD. The NIH has
recently undertaken several new ini-
tiatives in training, career develop-
ment, and research that are targeted
toward MD. These advances, along
with the NINDS focus on transla-
tional and clinical research, will lead
to the growth of clinical trials and
promising treatment strategies.

The NINDS and the NIAMS fund
a research registry for FSHD and
myotonic MD. This national registry
serves as a resource for scientists
seeking a cure for these diseases,
in addition to enhancing research
on what changes occur in MD. The
registry, based at the University of
Rochester in New York, recruits pa-
tients and stores medical and fam-
ily history data for individuals with
clinically diagnosed FSHD and my-
otonic MD. Scientists have access
to statistical analyses of the registry
data and to registry members who
have agreed to assist with particular
research studies. Similar registries
for Duchenne MD are supported by
the Centers for Disease Control and
Prevention.

The MD CARE Act and the federal
commitment to muscular dystro-
phy

In December 2001, President
George W. Bush signed into law the
Muscular Dystrophy Community As-
sistance, Research, and Education
Amendments Act of 2001 (the MD
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CARE Act, Public Law 107-84). As
part of the Act, the NIH is expand-
ing and intensifying its research ef-
forts on the muscular dystrophies
and has established the Senator
Paul D. Wellstone Muscular Dystro-
phy Cooperative Research Centers
of Excellence to promote basic and
clinical research on these disorders.
The Act also authorized the Centers
for Disease Control and Prevention
to award grants for epidemiologic
studies and data collection. Other
federal agencies contribute to this
research initiative.

In response to the MD CARE Act,
the NIH formed the Muscular Dys-
trophy Coordinating Committee to
help guide research on MD. The MD
Coordinating Committee is made
up of physicians, scientists, NIH
professional staff, and representa-
tives of other federal agencies and
voluntary health organizations with
a focus on MD. The purpose of the
group is to help NIH add new capa-
bilities to the national effort to un-
derstand and treat MD, without du-
plicating existing programs. The MD
Coordinating Committee has devel-
oped a broad research and educa-
tion plan and continues to refine the
plan to improve basic, translational,
and clinical research in MD, with the
goal of improving the quality of life
for patients with MD.

Past research has led to the dis-
covery of disease mechanisms and
improved treatment for many forms
of MD. Current research promises
to generate further improvements.
In the coming years, physicians and
patients can look forward to new
forms of therapy developed through
an understanding of the unique traits
of MD.

Where can | get more informa-
tion?

For more information on neurologi-
cal disorders or research programs
funded by the National Institute of

Neurological Disorders and Stroke,
contact the Institute’s Brain Re-
sources and Information Network
(BRAIN) at:

BRAIN

P.O. Box 5801
Bethesda, MD 20824
(800) 352-9424
http://www.ninds.nih.gov

Prepared by:

Office of Communications and Pub-
lic Liaison

National Institute of Neurological
Disorders and Stroke

National Institutes of Health
Bethesda, MD 20892

“Muscular Dystrophy: Hope Through
Research,” NINDS.

NINDS health-related material is
provided for information purposes
only and does not necessarily rep-
resent endorsement by or an official
position of the National Institute of
Neurological Disorders and Stroke
or any other Federal agency. Advice
on the treatment or care of an indi-
vidual patient should be obtained
through consultation with a physi-
cian who has examined that patient
or is familiar with that patient’s medi-
cal history.

All NINDS-prepared information is in
the public domain and may be freely
copied. Credit to the NINDS or the
NIH is appreciated.
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SCIENCE NEWS

Genetics may help spinal mus-
cular atrophy

Published: March. 2, 2010

COLUMBUS, Ohio, March 2 (UPI)
-- U.S. scientists say gene therapy
can correct motor function, restore
nerve signals and improve survival
in mice with childhood spinal mus-
cular atrophy.

Ohio State University research-
ers said they used gene therapy
to reverse a protein deficiency as
a treatment for the muscle-wasting
disease that results when a child’s
motor neurons produce insufficient
amounts of what is called survival
motor neuron protein, or SMN. That
reduced protein in motor neurons is
caused by the absence of a single
gene.

The OSU scientists said they used
an altered virus to deliver a portion
of DNA that makes the SMN protein
into the veins of newborn mice. The
SMN-laced viral vector injected into
the youngest mice reached nearly
half of their motor neurons, resulting
in improved muscle coordination,
properly working electrical signals
to the muscles and longer survival
than in untreated mice, scientists
said.

“We’re replacing what we know is
lost,” said Professor Arthur Burghes,
a senior study co-author. “And we
have shown that when you put the
protein in postnatally, it will rescue
the genetic defect.

“This technique corrects the mice
considerably more than any drug
cocktails being studied as a potential
treatment in humans,” he added.

The researchers -- who say they
hope to progress to human clinical
trials as soon as required toxicology
experiments are completed -- report
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their findings in the online early edi-
tion of the journal Nature Biotech-
nology.

© 2010 United Press International,
Inc. All Rights Reserved.

Research Updates

The following article was pub-
lished by Quest Staff on 31 De-
cember 2009 in the QUEST MDA’s
Research & Health Magazine:
MDA Muscular Dystrophy Asso-
ciation

Article Highlights:
Limb-Girdle Muscular Dystrophy

New research has shown that varia-
tions in a gene not previously con-
nected to type 2C limb-girdle mus-
cular dystrophy (LGMD2C) can
increase or decrease the severity of
the disease in mice and are likely to
do the same in people with this and
perhaps with related types of mus-
cular dystrophy.

The gene, called LTBP4, influences
two processes: muscle-tissue scar-
ring, and fragility of the membrane
that surrounds each muscle fiber,
reports study coordinator Elizabeth
McNaly, who has MDA funding for
related work at the University of Chi-
cago.

McNaly’s team found that the course
of the disease was made milder by
unique changes in the LTBP4 gene.

The researchers, who published
their findings online Nov. 2, 2009, in
the Journal of Clinical Investigation,
have speculated that modifying the
actions of the LTBP4 gene or pro-
tein could also have implications for
other muscular dystrophies, such
as types 2D, 2E and 2F LGMD, and
Duchenne and Becker muscular

dystrophies.
Myotonic Dystrophy

Pentamidine ID’d as potential start-
ing point for MMD1 drug

A drug called pentamidine, which
is approved by the U.S. Food and
Drug Administration (FDA) to treat a
type of pneumonia, some yeast in-
fections, and the parasitic diseases
leishmaniasis and sleeping sick-
ness, also has the potential to be
modified and developed into a treat-
ment for type 1 myotonic dystrophy
(MMD1, also known as DM1).

MDA grantee Andrew Berglund at
the University of Oregon was on
the research team that published
the pentamidine study results online
Oct. 12, 2009, in Proceedings of the
National Academy of Sciences.

In experiments in mice with an
MMD1-like disease, pentamidine in-
jections interfered with a toxic inter-
action that occurs at the molecular
level in both rodents and humans.
It inhibited interaction between a
protein called MBNL and “CUG re-
peats,” which are abnormally ex-
panded genetic instructions associ-
ated with MMD1.

Berglund said pentamidine in its
present form is too toxic to be used
for this purpose, which would require
high doses. However, he noted that
the pentamidine molecule has the
potential to be modified for use in
treating MMD1.
Facioscapulohumeral Muscular
Dystrophy

DUX4 gene fingered as possible
culprit

Abnormal activity of a gene called
DUX4, located on chromosome 4
near the DNA deletion that's known
to cause facioscapulohumeral mus-
cular dystrophy (FSHD), may play

Muscular Dystrophy Foundation 33



90 Dysy,

3 Mu.,o
\O'
s WS

0

¢,
“datio®™

a larger role in this disease than
previously thought, according to an
MDA-supported scientific team.

The researchers, who published
their findings in the July 2009 is-
sue of Human Molecular Genetics,
found that pieces of the DUX4 gene,
which is for the most part inactive,
are abnormally activated in FSHD-
affected cells. At least one of the
protein molecules made from the
partially activated DUX4 gene sec-
tions was found to interfere with
muscle development in cells in the
lab, and others could also have toxic
effects, the researchers say.

FSHD results from a mutation that
removes a small stretch of DNA
from chromosome 4, although the
precise effects of this “deletion” are
unclear. If the DUX4 findings are
confirmed, blocking its activation or
the protein products made from it,
could become an avenue for FSHD
therapy development.

Friedreich’s Ataxia
Repligen compound hits its target

In November 2009, MDA, through
its Venture Philanthropy drug devel-
opment program, awarded a new
grant to the Repligen Corp. (www.
repligen.com) in Waltham, Mass.,
to develop a specific molecule that
increases production of the needed
frataxin protein in mice with a dis-
ease resembling human Friedre-
ich’s ataxia (FA). (Repligen received
MDA funding from 2007 through
November 2009 for earlier-stage
development of FA treatments. And
Joel Gottesfeld, a scientist at the
Scripps Institute in La Jolla, Calif., in
whose lab the Repligen compound
originally was developed, received
MDA funding in 2004 and 2005.)

In September 2009, scientists an-
nounced the experimental drug
they're working with specifically
targets an enzyme called histone
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deacetylase (HDAC) 3. In mice,
blocking this enzyme allows cells
to produce the needed frataxin pro-
tein despite the presence of a ge-
netic mutation in the frataxin gene,
the underlying cause of FA. (See
“Epigenetics: Above and Beyond
Genes.”)

Gottesfeld published the new find-
ings Sept. 25, 2009, in the jour-
nal Chemistry & Biology, with col-
leagues Chunpung Xu at Scripps,
MDA grantee James Rusche at
Repligen, and others.

New Muscle Stem Cell Found in
Mice

Researchers in France have identi-
fied a new type of muscle stem cell
that appears capable of generating
and repairing muscle and reproduc-
ing itself.

Article Highlights:

* MDA-supported scientists have
located previously unknown muscle
stem cells in the spaces between
muscle fibers in mice.

» These cells, called PICs, can be-
come muscle, muscle progenitors or
more PICs.

 If PICs are found in humans, they
could become important therapeutic
tools in the quest to treat muscular
dystrophies.

by Margaret Wahl

MDA-supported scientists in France
have identified a previously un-
known type of muscle stem cell lo-
cated in the spaces between muscle
fibers in mice. They say the new
cells, dubbed “PICs,” may play at
least as important a role in muscle
regeneration and repair as satellite
cells, which have been recognized
as stemlike cells in muscle since the
1960s. As such, they could have im-
plications for treatment of muscular
dystrophies.

The newly identified cells, previ-
ously hidden in what was thought
to be solely connective tissue, have
the capacity to mature into skeletal
muscle fibers or satellite cells, or
they can replace themselves, at a
higher rate than satellite cells can.

“While our findings are fundamental
and basic in nature,” said study in-
vestigator and MDA grantee David
Sassoon, “stem cells in muscle are
a major focus of therapeutic ap-
proaches, and as such, the obser-
vation that there is another popula-
tion with pronounced self-renewal
capacity will have a high impact
upon these approaches and future
therapeutic design.”

About the new findings

Investigators, led by Sassoon, Gio-
vanna Marazzi and Edgar Gomes
at Pierre and Marie Curie University
in Paris, conducted experiments in
mice that demonstrate the presence
of previously unrecognized cells that
give rise to satellite cells, muscle tis-
sue or more of themselves, and that
can repair damaged muscle. The
findings were announced online Jan.
31, 2010, in Nature Cell Biology.

The cells are located in the interstiti-
um, the area between muscle fibers,
and are partly defined by this loca-
tion as “interstitial cells” — the “IC” in
PIC.

They’re also defined by their produc-
tion of a protein called PW1 and their
lack of production of a protein called
PAXT7. (The presence or absence of
these two proteins accounts for the
“P” in PIC.) However, to become
muscle, PICs require PAX7, a pro-
tein produced by satellite cells, in
their immediate environment.

In mice, the PICs, like satellite cells,
were plentiful at birth and then, also
like satellite cells, became less plen-
tiful two to three weeks later. The
investigators say the PICs and the
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satellite cells may be recruited for
muscle growth in these early weeks
of life.

When the researchers injected pu-
rified PICs into injured leg muscles
of mice and compared them with
the actions of injected satellite cells,
they found the PICs participated as
efficiently as satellite cells in form-
ing muscle fibers. The PICs, howev-
er, also generated many additional
PICs, prompting the researchers to
term this new cell type a “highly self-
renewing stem cell.”

Skeletal muscle, the researchers
say, may be more like other self-re-
newing tissues (such as skin, which
has multiple compartments of stem
cells) than was previously believed.

MDA'’s role

Sassoon and Gomes, both at the
Pierre and Marie Curie University in
Paris, received MDA support for this
study.

Meaning for people with muscu-
lar dystrophies

Muscle stem cells are important
tools for understanding and treat-
ing muscular dystrophies, in which
muscle degeneration outstrips mus-
cle regeneration. (See Moving Away
From the Blasts of the Past.) Un-
derstanding the process by which
muscle tissue repairs itself following
normal wear and tear, during peri-
ods of growth, and in the face of se-
vere damage can lead to strategies
to treat muscular dystrophies. Small
molecules that enhance the natural
repair process are one treatment
strategy that’s under investigation;
and transplantation of muscle stem
cells is another.

If PICs like those found in mice also
exist and play a similar role in hu-
mans, they could become the tar-
gets of small-molecule-based thera-
pies or used for cell transplantation

1T AMRE
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in the treatment of muscular dystro-
phies.

Building New Muscle Requires
Controlled Damage

MDA-supported scientists in Ottawa
have found that controlled damage
to DNA is required before immature
muscle cells can mature into muscle
fibers.

Article Highlights:

* Formation of new muscle tissue
first requires a controlled type of
DNA damage.

» The DNA damage is brought about
by enzymes called caspase 3 and
CAD.

* The new findings increase scien-
tists’ understanding of how imma-
ture muscle cells become muscle
and could help them manipulate this
process to treat muscular dystro-
phies.

by Margaret Wahl

Remodeling a building usually re-
quires some degree of dismantling
before new construction can begin.
That principle, it now seems, also
may apply to the remodeling of the
body’s cells.

Scientists at Ottawa Hospital Re-
search Institute and the University
of Ottawa have found recently that
it applies to muscle cells, which can
only develop from a stemlike state
into mature muscle fibers after a cer-
tain amount of their DNA has been
disassembled and then rebuilt.

About the new findings

MDA grantee Lynn Megeney, a se-
nior scientist at Ottawa Hospital
Research Institute and an associ-
ate professor in the Departments
of Medicine and Cellular and Mo-
lecular Biology at the University of
Ottawa, led the investigative team,
which conducted experiments on

mouse muscle cells and published
its findings online Feb. 16, 2010, in
Proceedings of the National Acad-
emy of Sciences USA.

In 2002, Megeney and his team
found that immature muscle cells
called myoblasts could not become
mature muscle cells if they were
deprived of an enzyme called cas-
pase 3. The finding was puzzling,
because caspase 3 is normally as-
sociated with cell death.

The new experiments have re-
vealed that caspase 3 activates
another enzyme, caspase-activat-
ed DNase, or CAD, which causes
controlled breaks at specific points
along strands of DNA, followed by
DNA repair.

Without caspase 3 and CAD, there
are no such DNA strand breaks, no
subsequent DNA repair and no de-
velopment of mature muscle cells.

“Our research suggests that when
a gene is damaged, it can actually
increase the expression [activity] of
that gene, as long as the damage
is repaired quickly,” Megeney said.
“This is a novel way for a gene to
become activated. We've shown
that this process is crucial for the
development of new muscle tissue,
but we believe it may be important
for the development of most other
tissues as well.”

When the scientists treated the myo-
blasts with a toxin that causes ran-
dom DNA strand breaks, they saw
limited and sporadic cell maturation,
causing them to conclude that the
trigger for muscle cell maturation
can’t be random damage, but has to
be controlled damage.

Meaning for people with muscle
disease

The new findings add to the arse-
nal of knowledge about muscle
stem cells and muscle tissue forma-
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tion that is being assembled. Un-
derstanding the process by which
muscle stem cells and stemlike cells
become muscle fibers, under nor-
mal and abnormal circumstances,
could help doctors manipulate this
process to combat degenerative
diseases of muscle, such as muscu-

lar dystrophies.
-

Gene Links Rare CMT, SMA
Forms

Researchers have identified dif-
ferent mutations in a gene called
TRPV4 as causing type 2C CMT
and two rare forms of SMA.

Article Highlights:

» Mutations in the gene for TRPV4,
a cellular channel, can cause two
rare forms of spinal muscular atro-
phy (SMA) and a rare form of Char-
cot-Marie-Tooth disease (CMT).

* Abnormal calcium levels inside
nerve fibers appear to underlie all
three of these rare diseases.

* The findings are somewhat un-
expected, as SMA primarily affects
nerve cells in the spinal cord, rather
than nerve fibers extending out from
the cord.

* The findings can help improve di-
agnosis in these rare diseases.

by Amy Labbe

Three teams of researchers in the
United States and Europe have
identified specific mutations in a
chromosome-12 gene for the TRPV4
protein that tie together the origins
of type 2C Charcot-Marie-Tooth dis-
ease (CMT2C) and two rare forms
of spinal muscular atrophy (SMA).

The results are surprising, as SMA
and CMT typically arise from very
different causes. SMA is considered
a disease of the motor neurons in
the spinal cord, while CMT is a dis-
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ease of the peripheral nerve fibers.
SMA usually is caused by mutations
in the SMN gene on chromosome 5.
CMT can be caused by mutations
in any of more than 20 different
genes.

Increased understanding of addi-
tional mechanisms involved in CMT
and SMA may point the way toward
new therapeutic targets and will al-
most certainly lead to improvements
in diagnosis.

About the new findings

The new findings, detailed in three
papers published online Dec. 27,
2009, in the journal Nature Genetics,
identify two mutations in the TRPV4
protein that can cause CMT2C, one
that causes scapuloperoneal SMA,
and one that causes congenital dis-
tal SMA. (See below for more on
these three diseases.)

The TRVP4 protein is a cellular
channel (tunnel) present in a variety
of tissues, including nerve fibers,
that opens and closes to allow cal-
cium and other positively charged
particles to move into and out of
cells.

The newly identified mutations result
in malfunctions of TRPV4. These
malfunctions appear to cause ab-
normalities of calcium concentration
(too high or too low, depending on
the mutation) in the nerve fibers.

The findings, which are somewhat
unexpected, unify the underlying
mechanisms of CMT2C and both
the targeted rare forms of SMA,
showing that they all arise from ab-
normalities in the nerve fibers. Tra-
ditionally, SMA has been thought of
as primarily resulting from problems
in the cell bodies that reside in the
spinal cord, not the fibers (axons)
in the periphery; while CMT, on the
other hand, is traditionally thought of
as a peripheral nerve disease.

CMT, also known as hereditary mo-
tor and sensory neuropathy (HMSN),
is caused by malfunctions of the pe-
ripheral nerves, bundles of nerve
fibers (axons) that run between the
spinal cord and the periphery of the
body, controlling movement and
sensation.

About CMT2C

Most forms of CMT predominantly
affect movement and sensation in
the lower legs, feet, forearms and
hands.

CMT2C, by contrast, involves not
only weakness of the hands and
feet but weakness of the respiratory
muscles and larynx, causing short-
ness of breath and hoarseness;
nearly normal sensory function with
the exception of hearing loss; and
urinary urgency or incontinence.
Skeletal abnormalities of the feet
and spine also are characteristics of
CMT2C.

About scapuloperoneal SMA

SMA usually is caused by a mutation
in the SMN gene on chromosome 5,
leading to a loss in the spinal cord of
muscle-controlling nerve cells called
motor neurons. The result is varying
degrees of weakness and atrophy.
By contrast, scapuloperoneal SMA,
which is not caused by an SMN mu-
tation, involves weakness concen-
trated in the area of the shoulder
blades, lower legs and larynx, with
normal numbers of motor neurons in
the spinal cord.

About congenital distal SMA

Like scapuloperoneal SMA, con-
genital distal SMA is not caused
by mutations in the SMN gene. It is
characterized by weakness of the
legs, as well as contractures (frozen
joints), particularly in the knees and
ankles.
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MDA'’s role

Study team member Henry Houl-
den, a neurologist at University Col-
lege London in the United Kingdom
holds a current MDA grant for stud-
ies in type 1A CMT.

A number of former MDA grantees
also contributed to the work, in-
cluding Kenneth Fischbeck of the
National Institute of Neurological
Disorders and Stroke (NINDS) in
Bethesda, Md., who now serves as
an adviser to MDA'’s translational re-
search program; neurologist Teepu
Siddique of Northwestern Univer-
sity Feinberg School of Medicine in
Chicago, also a former MDA clinic
director at that institution; neurolo-
gist Peter Dyck at the Mayo Clinic
in Rochester, Minn.; and neurolo-
gist George Padberg at Radboud
University Nijmegen Medical Cen-
ter, Nijmegen, the Netherlands.

Meaning for patients

There is no immediate potential for
treatment from the new findings.
However, the more that is known
about the underlying mechanisms
of any disease, the more possibility
there is for development of thera-
peutics. There are near-term impli-
cations for improved DNA testing to
diagnose these rare diseases.
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DEPT TO ENFORCE 2% DISABILITY TARGET

By Gabi Khumalo

Pretoria - The department respon-
sible for people with disabilities
says it will this year ensure that all
employers attain the two percent
employment target for persons with
disabilities.

“I's a non-negotiable target; we
need to move faster than we did be-
fore and ensure that the implemen-
tation of the laws and policies are in
place,” warned Minister for Women,
Children and Persons with Disabili-
ties, Noluthando Mayende-Sibiya.

She said the department was in
the process of developing a strat-
egy that should move the country
towards achieving the 2 percent
target.

The strategy will include the devel-
opment of tools that will assist gov-
ernment to increase recruitment of
persons with disabilities.

“We will ensure to get private sec-
tor and other forums on board to
ensure that this issue is taken seri-
ously. We must move beyond theo-
retical and be practical and working
together with other departments,
this target can be reached so that
we can set another target - maybe
five percent beyond 2014,” May-
ende-Sibiya said on Thursday.

A concerned Mayende-Sibiya also
noted that most people living with
disabilities still struggle to gain ac-
cess to buildings.

“The question of access to build-
ings is an important issue for us,
how many buildings are accessible
for people with disabilities?

“During the 2010 World Cup, there
would be park-and-ride and how do
you see a person in a wheelchair

going to the stadium from the park-
and-ride, there should be a special
kind of plan for people with dis-
ability to access stadiums without
hindrance and be allowed to drive
straight or walk to the stadiums,”
she said, adding that the depart-
ment will have an interaction with
the LOC to address the issue of ac-
cess.

Regarding the role of the depart-
ment, Mayende-Sibiya said in-
terventions will ensure that gov-
ernment’s effort to measure and
monitor service delivery includes
clear indicators relating to the three
marginalised groups of society.

The department has identified key
flagship programmes for this term.
Some of the projects include rural
development for the economic em-
powerment for women and persons
with disabilities, establishment of
women’s empowerment fund and
action to guarantee that govern-
ment attains 50/50 gender parity.

The programmes will be outlined
during the department’s Budget
Vote on 16 April 2010. - BuaNews

Compiled by the Government Com-
munication and Information Sys-
tem
http://www.buanews.gov.za/
news/10/10022513251001
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MDF would like to thank the
National Lotteries Board for the
grant received in December 2009
for the 2007 application.
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Gauteng Branch News

Skydiving Event — Five affected
members were sponsored to do a
tandem jump at the Johannesburg
Skydiving Club on 21 November
2009. Live bands had entertained
the people and we also had a
braai. Due to bad weather the
skydiving had been postponed
until 30 January 2010. Everybody
who jumped enjoyed it; a video
was made of each person and
funds raised to assist members
with specialised equipment. We
wish to thank Leanne Opperman,
who made the arrangements. A
great thank-you to the following
sponsors: Absa Community Service
Initiative, Fiddlers Elbow, Fred Shop,
Magpower House, Tensile Rubber
(Pty) Ltd, Tensile Rubber Extrusions
(Pty) Ltd, Precision Rubber Moulders
(Pty) Ltd, Silicon Extrusions (Pty)
Ltd and BPC HR Solutions.

Christmas Party for Children — Eight
children from The Philip Kuschlick
School had been invited to a
Christmas party on 21 November
2009 at the New South Baptist
Christian School. Mr Mosito Rakolle,
physiotherapist, wished to thank
Mr Mano Naidoo for inviting the
children. They all received presents
and the day was enjoyed by them
all.

Johannesburg Zoo Outing for
Children — The counsellor from the
Zoo invited MD children for a treat
and visit at the Zoo on 27 November
2009. They managed to get a
bus sponsored. We wish to thank
everybody involved for making the
day special for the children.

Casual Day is a fundraising project
benefiting persons with disabilities.
Each year Absa calls upon South
Africans to dress differently on the
first Friday of September and to
wear the Casual Day sticker to show
their support for disabled people.
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CasualDayis SouthAfrica’s foremost
fundraising event of this nature and
raises more than just money — it
raises awareness about persons
with disabilities, opportunities for
corporate comradeship, community
support and welfare organisation
participation.

Theuns Langenhoven and | were
invited to the Show and Tell function
on 19 February at the Indaba Hotel
in Fourways. It is great to see the
support that charity organizations
receive from individuals and
companies. An amount of R17,
700,000 was raised by Absa with the
project. We are again participating
this year and would like to make an
appeal to our members to support
us with the selling of stickers.
Become a contact person for us in
your organisation and we promise
you a great feeling of “| have done
something worthwhile”.

On 20 February we had our strategic
planning session at the Kloofendal
Nature Reserve. It was a productive
and successful meeting. We would
welcome any suggestions and
assistance from our members to
raise funds for our branch. Please
contact the office should you be
able to assist us in any way.

Specialised Equipment — Due to
generous donations received from
donors we were able to assist many
of our members who have had been
on the waiting list for equipment.
Members have been assisted
with motorised wheelchairs, tube
mattresses, electric bath lifts, a
Madiba buggy, various types of
pressure care cushions and an
electric patient hoist.

Reach For A Dream has fulfilled
seven children’s dreams. We wish
to thank Angie Pape and her team
for the great work they do for our
children affected by muscular
dystrophy. Hope you will enjoy
reading more on the wishes fulfilled

somewhere else in the magazine.

Thank you to the following donors
who have made donations to us:

Mr E Barnardo, Barrow Construction,
Bitrate cc, Mr BE Bruwer, Christelike
Vereeniging van Suid Afrika, Cyanre
(Pty) Ltd, Eland Furnisher, Fillrite
cc, IDASA, Mrs E Johnson, Ms N
Kgoetego, Ms T Kgoetego, Kirkness
Charitable Trust, Lenkas Metals,
Muglestone LD, Mrs M Pretorius,
Sasol Polymers, Mrs Z Starograd,
Mr C Snyman, Mr HCO Van Graan,
Mrs J Wright.

As a result of our 2007 application
to Lotto we received funding
towards operational running costs.
We desperately need to appoint
a counsellor and are now in the
position to appoint someone who
can provide counselling to affected
members and families.

Lucky Draw Competition — \We would
like to thank all our sponsors ATKV
Buffelspoort, Hirsch’s, Defy and
Nikon as well as our members who
have assisted us with the project.
The winners of the prizes are as
follows:

Midweek breakaway at ATKV
Buffelspoort Holiday Resort — Mr PS
van Heerden, Potchefstroom

KIC 309 litre Fridge — Mrs A van
Staden, Claremont

Defy microwave oven (900 watt — 26
litre) — Mrs H Carstens, Brandvlei,
Randfontein

Nikon Coolpix Nikkor 300 x optical
zoom camera — Mr H Matlala,
Marble Hall

It is with sadness that we have lost
Mrs Leilani Wessels, who passed
away on 7 December, and Mohamed
Kaka, who passed away on 12
December 2009. Our thoughts and
prayers are with the families.

Best regards

Pieter Joubert
Vice-Chairman
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