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INTRODUCTION

Im 1995 ar the age af owelve, Tiffany House was |||.|:_'.'|-e'--u_-,i wiith
Pompe [isease, a rare, progresive, metabolic disorder. At thar
nme, her parents were told that there was no reatment er cure for
I:'..|-_||-|; Diisease and char Tilfany |||-.||1.|':'-|1.' would not live bevond

hier second decade.

loday, Tiffany is pare of an investigational snudy and is receiving

CnEvme rrl:'E.I-.-:-ITu-:'.I therapy, While she and her family continue to
I'I.I'llll..' ik iI:|= I|'|l.' cttecrs ol |'|q.'| I.Il"-\.'.-l'ﬂ.. :I::':.' F ol 1] '-'-'Il:lrll:'\ll_:l; :|n|,1|_ 1:
now sgems possible that enzyme replacement may soon result in an

.-:|'l_i'||||'.-.'-.f ENE Ty for this once untreatable disease.

[he Howse J.J.I1:|'.|_t 5 ST illusrrares a commoen theme Among
patients with rare discases. The family endured several vears of

fruseration and followed many dead-end roads before receiving an
accurare diagnosis for Tiffany. This is an anguishing and costly

..-'-Lp..-r--.-rh.-.- tor |:'.r|'|:|||.'-..

TiHany House received her |.||.|g_':lql'-|'- LSl a5 |1:-\.:-|1'.i-.'.||:_-_' W
avenue of research was ﬂp-.-nir'.,ﬂ_ L. She was able participate
in the first delayed onset clinical trial with enzyme replacement
therapy, which was based in The Netherlands. Withour a proper

l.|i.I'::|I-::--.-'- thar woaild not have been p.:--.-.ihf.,- tor her,

I'has booklet is pare of 2 series on rare disezses provided by
I h

MOYELY, bree of -\.-'I.ir:._:n.'. o medscal |'l.'-.:-f'."--|-:'-|':.|!'- in the ||:1F..' ixl

encouraging early recognition of rare diseases and the appropriate
referral 1o sources af |I1'|'," MNORDY and the Acid Malease Deficiency
Associarion are !'_I.Ifl.'l.ll.. for the interest of medical |'|r-:-|:-,--.xi._-|'|.|]-. in

Fompe Disease and orther rare diseases,

r | F I 1 s 4 5 P ] F
If you would like additional copies of this booklet,
please contact NORD, and we will be happy to send

|"'I't'-'-|.' I i,
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WHAT Is POMPE DiseAsE?

Pompe Disease is a hereditary merabolic disorder caused by the com-
plete or partial deficiency of the enzyme, acid alpha-glucosidase (also
known as lysosomal alpha-glucosidase or acid malvase). This enzyme
deficiency causes excess amounts of glycogen 1o sccumulate in the
lysosomes of many cell types but predominantly in muscle cells. The
resulting cellular damage manifests as muscle weakness and/or respi-
rarory difficuley.

There are 49 rare genetic disorders known as Lysosomal Storage
Dhiseases (LSD), and Pompe Disease is one of them. It is also classi-
fied as Glycogen Storage Disease Type [1 (GSD 11).

SYNONYMS

Acid Malease Deficiency (AMD)

Acid alpha-Glucosidase Deficiency
Lysosomal alpha-Glucesidase Deficiency
Glycogen Storage Discase Type 11 (GSD 1)

Entry & 232300 in Mckrericki ctnelogue: Mendelian Inberitance in Man
(OIS}

Cieme symbol: GAA (glucosidase-acid-alpha)
Pompe Disease 1S Cross CULTURAL

The disease occurs around the world in different countries, popula-
vions. and ethnic groups, The estimares of disease incidence vary by
the study and by the country. In the United Seates and in The
Netherlands, an incidence of 1 in 40,000 births is probably realissic.
Males and females are affected in equal numbers.

CAuse oF POMPE DiSEASE

This inborn error of metabolism is caused by 3 complete or partial
deficiency of the enzyme acid alpha-glucosidase thar normally
breaks down the lysosomal glycogen into glucose, Glycogen, there-
fore, accumulates within the lysosomes of several rissues (mainly the
muscles), interferes with cellular funcrion, and causes cell damage. In
the delayed onset form, typically, effects are seen in the skeleral and
respiratory muscles of the patient. In the infantile form where the
patient has 3 complete enzyme deficiency, gheogen also accumulares
in the heart,

Pompe Disease is inherited a5 an awrosomal recessive genetic trait. More
than 100 different mutations in the acid alpha-glucosidase gene (GAA)
have been identified in families with this disorder.

A mutation database is acoessible ar
Web: hop://www.pompecenter.nl

SPECTRUM OF CLINICAL SUBTYPES

Pampe Disease has an infantile form and a delayed onset form. The
delayed onser form may be further broken down into a childhood form
and a juvenilefadult form,

Severity and progression of the disease varies depending upon the age of
onsct and the degree of enzyme deficiency .

SYMPTOMS OF POMPE DISEASE

INFANTILE FORM

Parients with the infantile form are the most severely affected. Although
these infants usually appear normal ar birth, the discase presents within
the first two or three months of life with rapidly progressive muscle weak-
ness, hypotonia, and hypertrophic cardiomyopathy. Many patients have a
protruding tongue and a moderate enlargement of the liver. Infamts
appear “floppy” and are unable to move their arms and legs properly. The
|:‘g§- often |:3.' in 'frclE-pmi:inn' and feel firm on Fr:]p:tiun {pscudo-hyper-
tophy). Feeding problems and respiratory difficulties, which are often
combined with respiratory tract infections, are common. Major develop-
mental milestones such as rolling-over, sicting, and standing are not
achieved. The mental development is normal. Death typically occurs
within the first year of life a5 a result of cardiorespiratory failure. The
infantile form of Pompe Discase is characterized by a total lack of alpha-
glucosidase activity and by a rapid build-up of glveogen in skeleral muscle
and in the heart.

Key Feotures

Early onset (within & months)
Generalized muscle weakness
* Slipping through

* Axial hypotonia

* Head-lag

Hypertrophic cardiomyopachy
Feeding problems
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Respiratory difficulties
Delayed motor milestones
R.Ipidl:r' progressive

Additional Features
Hepatomegaly (moderare)
Macroglossia (often)

Devavep Onser Forms

The time of presentation of the delayed onset form of Pompe Discase
varics from the first 1o the seventh decade, Parients who develop
symptoms carly in life tend to be the more severely affected. Dielayed
onset patients have residual acid alpha-glucesidase activity. Glycogen
build-up is mot as rapid as in the infantile form, but the disease is
progressive and can greatly affece the quality of life and decrease the
lifespan of the affected person. The delayed onset form is subdivided
inte childhood and juvenilefadult subforms.

Childhood Form

Typically, the childhood form presents dunng infancy or early child-
hood a5 2 myopathy. Motor milestones may be delayed, and some
symproms may resemble muscular dystrophy. Cardiac enlargement.
which is 2 main characreristic of the infantle form, is infrequent in
this form. The extent of argan invelvement is variable. This form of
the disease progresses more slowdy than the infantile form. Progressive
weakness, swallowing difficulty, severe respiratory failure, and shori-
ened life expectancy are the pareern of this form.

Key Features

Ohnset within first 3 years of life

Delayed motor milestones

Swallewing difficuley

Respiratory failure (frequent respiratory tract infecnions)
Severely progressive

Muscle weakness

* Mostly proximal

* Lower limhs more

affected than upper limbs

Additional Features
Cardiomegaly {(infrequent)
Muscles feel firm on palpation

Juvenile/Adult Form

The juvenilefadulr form presents berween the first and seventh decades as
a slowly progressive myopathic limb-girdle syndrome or with symproms
of respiratory insufficiency. The pattern of limb-girdle muscle weakness
exhibited is similar to that found in other chronic muscle disorders,
Development of scoliosis as well as contractures may occur in juvenile
patients, This form of the disorder is slowly progressive withour cardiac
involvement, and life expectancy varies from shortened o normal.
Approximately one-third of the adult cases present with respiratory fail-
ure. The initial symproms of respiratory insufficiency include: headache at
night or upoen awakening, sleeping difficulty, nausea, orthopnea, and exer-
tional dyspnea. Respiratory muscle involvement eventually occurs in all
cases, and respiratory failure is the usual cause of death,

Key Features
Onset berween 1st and 7th decades
Waddling gair
Ciower sign
Slowly progressive
Muscle weakness
* Mastly proximal
* Lower limbs more affected than upper limbs
* Paraspinal muscles
often invalved

Respiratory difficulties

{aften combined with respiratory tract infecrions)
* Obstructive sleep apnea

* Exerional dyspnea

* Morning hesdache

Additional Features

Swallowing difficulry

Urinary incontinence may occur
Scoliosis may occur
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DiFrereNTIAL DIAGNOSIS

Pampe Disease in infants may be misdiagnosed as Werdnig-Hoffman dis-
case (progressive 5pina| miuscular J:mph}'] or progressive muscular dystro-
phy. In older children and adults Pempe Discase may be misdiagnosed as

polymyositis.

ROUTINE LABORATORY TESTS

The following abnormalities are found:

* Serum CK (frequemtly elevared)

* ASAT/ALAT/LDH (frequentdy elevared)

* Oligosaccharides in urine {frequent in infanrile form; infrequent in
adult form)

BiocHEMicAL DiIAGNOSIS

The wultimare dhﬁnusis should be based on the ﬁnﬂing of acid :Ipha-g]u-
cosidase deficiency in suirable cells andfor nssues (see below) or on the
ﬁnding af proven pathogenic murations in both copies of the acid alpha-
glucosidase gene (murant alleles) if enzyme assay cannot be performed.

Fibroblast cultures established from skin biopsies are the preferable
material for measuring the acid alpha-glucosidase acvivity because the
activity of this cell rype is relatively high (under confluent culrure
condinons),

When expressed as a percentage of the average normal value, the acid
alpha-glucosidase activity of affected individuals is routinely:

Infantile form: <2 %
Childhood form: 1-5%
Juvenile/Adult forms: 5-25%
Carriers: 25-75 %

The acid alpha-glucosidase activity assay performed on muscle biopsy
specimens is less sensitive and less suitable for the detection of low levels
of residual acid alpha-glucosidase acriviry, but it can be used for diagnos-

HC purposes.

{The nse of 4-mevhplumbelliferyl-alpha-D-glacopyranoside, as an artificial misrse,
provides @ sensitive and convenient mr.rlw;ﬁ:l'ﬁ.r angy of fibroblaiss ai well as mwele

bigpay spectomens, bur the substrntes maltose or glycogen can be wsed ar rwell),

Leukocyres are often used as a primary cell source for diagnoseic purpos-
&5, bur the resulis are error-prone.

(= Meertamnbe Niferplalphg- Deplcapyranoside cornot Be weed for thes cell type dir
£ fnterfering newtenl . -ﬁuﬂfﬁﬁmﬁ:’:ﬁ Crlycogen as subireate bears Hiv
problens thar retinvcally Tam 16 (Caucarian) mdividsals carvies an acid afph-glo-
caridare :n:rrre:r allele wenle .fﬂ:'.urﬁr'ﬂ:rﬁr i, ﬂ:arﬂmqumﬂ'. aicad
wrostdase defarency in leukocytes needs wo be confrrmed by repearing the asry
mﬁu"ﬂm“a.rh or II.;_']I' mtartron ataalyses werh DNA r:uh?:.l'ﬂfﬁvn'r the .hn“ﬁ'n::ﬂn.l.

MuscLe PATHOLOGY
If 2 musele biopsy is taken, it may reveal the following abnormalities:

RoueEe HE sTamING:

* “Lace-work pattern” in infantile, childhood, and advanced stages of
juvenile/adule forms of Pompe Discase due to (large) vacuoles
disrupring the regular architecrure of the contracrile elements.

* Vacuolar myopathy in juvenile/adult forms of Pampe Diiscase, but the
morphology may appear normal.

PAS sTaiING — after Fxation with gluraraldehvde and GMA embedding:

* Strong PAS positive (diastase sensitive) staining of most muscle fibers
in infantile Pompe Dhscase

® PAS positive staining of vacuoles in delayed onset forms of Pompe
Disease, but the PAS staining may not be evident in all muscle
groups and/or bundles.

ACID PHOSPHATASE STAINING:
* The vacuoles in affected muscle fibers usually have elevared acid
phosphatase activiry.

A DiaGNosTIC PROTOCOL

Ausems et al. have formulared a diagnostic protocol for juvenile and adulr
patients presenting with a slowly progressive limb-girdle weakness or a res-
piratory insufficiency. This protocol postpones the taking of 2 muscle
biopsy and starts with the measurement of serum CK activity. When the
CK activity is elevated, Pompe Discase needs to be considered. If fibro-
blasts are not available, the acid alpha-glucosidase acriviry in leukocyres
can be measured (with glycogen as substrare). When a deficiency of acid
alpha-glucosidase is found, it needs 1o be confirmed or rejected by assay
of acid alpha-glucosidase activity on fibroblasts in which case 2 musdle
biopsy is not required for the diagnosis of Pompe Discase.

PrenaTaL DiagNoOsIS, CARRIER DETECTION

AND GENETIC COUNSELING

Prenatal diagnosis is available for pregnancies ar risk for Pompe Disease.
The preferred method is assay of uncultured choriome villi for acid alpha-
glucosidase acriviry using the arvificial substrare. Chorionic villus sampling

can be performed as carly as 12 weeks gestation, and diagnosis can be

Pace 8
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determined within one day afier sampling. Culrured amniotic fluid
cells can also be used for prenasal diagnosis, but enzyme acuivity is
lower in amniocytes than in chorionic villi, and results are generally
not available until later in pregnancy (e.g. 19th week).

The preferred method of prenatal diagnosis for pregnancies ar risk for
juvenile/adulr onset Pompe Disease is DNA analysis for the previously
documented familial mutations in the acid alpha-glucosidase gene
(GAA). The enzyme assay does nor allow accurate distinction between
affected and carrier starus for this form of the disorder, Prenaral diag-
nosis for adult enset conditions is strongly discouraged by the
American College of Medical Generics.

Carrier testing for all forms of Pompe Disease requires DNA analysis.
The enzyme assay is not an accurate vest o distinguish carners,

Before genetic testing is initiated, the patient should be advised 1o
consult with a generic counselor,

TREATMENT OF PoMPE DISEASE

Standard therapy, currently, is sympromatic and supportive, but there
are promising investigational therapies under review.

SUPPORTIVE TREATMENT

Due 1o the very severe and rapadly progressive nature of infantile
Pompe Disease. the course of this form of the disease cannoe be
changed substantially by supportive treatment only.

There are reports suggesting that a subset of patients with delayed
onset forms of Pompe Disease may benefic from a high-protein diet or
from L-alanine supplementations.. The purpose of the dictary inter-

Vention is to prevent excessive muscle protein turnover and carabalism.

Respiratary support during the night or periods of the day, or during
respiratory tract infections, improves the quality of life. Continuous
ventilation via tracheastomy may be required in an advanced stage of
the disease. Moderare daily exercise is advised if the condition allows.
Attention has to be given to the potential development of scoliosis and

CONractures; comective intervention may be required.

INVESTIGATIONAL THERAPIES
The therapeutic interventions that have boen considered for Pompe

Dhscase include:

* Bone marrow transplantation
* Gene therapy
* Enzyme replacement therapy

BOME MARROW TRANSPLANTATION

Bone marrow rransplaneation has been investigared in humans and cartle
with Pompe Dhisease in the hope thar it would provide a permanent source
of enzyme. However, the results 1o dare have been disappointing,

Gene THerapY

Pilor studies have demonstrated the feasibility in principle of gene therapy
as a permanent, invernal source of the missing enzyme, but many obstacles
remain to be overcome before clinical application becomes a reality.

ENZYME REPLACEMENT THERAPY

In Jamuary 1999, the first clinical study of the safety and efficacy of recom-
binant human alpha-glacosidase from rabbics milk started at the Sophia
Children’s Hospital in Rotterdam, The Netherlands, Four infants received
treatment in an infantile clinical trial and three juveniles received treas-
ment in a delayed onset clinical trial -,

In May another clinical study began at Duke University in North Caralina
in which recombinant human alpha-glucosidase from Chinese hamster
ovary cells was tested. Three infantile patients participared in the Duke
University trial ».

Currently, there are eight sites ar which patients with Pompe Disease
recetve enzyme replacement therapy, experimentally, with the aim of west-
ing the methods’ safery and efficacy. The recombinant human acid alpha-
glucosidase used in these studies is currently supplied by Genzyme
Corporation of Cambridge, Massachusetts, Genzyme plans to launch
expanded clinical trials ar additional sires in 2003 and hopes to have an
approved product available for markering in the United States and Europe
in 2005,

Genzyme Corporation
One Kendall Square
Cambridge, MA 02139
Telephone: (617) 252-7605
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AMDA
Acid Malrase Deficiency Association
PO Box 700248
San Antonio, Texas TH270-0248
Telephone: (210) 494-6144; Fax: (210) 490-7161
E-mail: tianrama@aol.com
Webe hrepe/fwww.amda- -pompe.org,

NORD

Narsonal Organization for Rare Disorders
PO Box 1968

Danbury, CT 06813-1968

Telephone: (203) 744-0100

Fax: (203) 999-NORD

E-mail: orphan@rarecliscases.org

Web: hop:/ fwww.rarediscases.org

Orrer Wee Smes OF INTEResT May Be Founp Am
|'|ltp:n’.f\lw.amd:-pmnpc.mgiullmr.h:m

Fhis booklet was produced by the Acid Malrase Defictency Assaciarion
and the Narional Organization for Rive Disorden,
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AMDA and NORD wash to chank...

the rescarchers and clinicians at the Pompe Center for their combined
efforts in producing this bookler. The Pompe Center is a combined iniria-
tive of Erasmus University, Sophia Children's Hospital, and the
Academic Hn!-p-il:i]m all located in Rotrerdam, The Metherlands.

The Pompe Center was established o generate, collect. and forward rele- Tiffany House today
vant information that is important for the understanding of Pompe
Dhsease from a molecular. clinical, and therapeuric aspect.

The Pompe Center
Ersmus MO
The University Medical Center Rotterdam
The Nethedands
Web: hupe!fwww.pompecenter.nl

With special thanks ro:

Arnold ].J. Renser, Ph.D,
Dieparement ot Clinical Generics
Erasmus University Roterdam

The Netherlands

for his time, cfforr, and major contribution o the information
contained in this bookler,
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