


The GALE
ENCYCLOPEDIA of

GENETIC
DISORDERS



The GALE
ENCYCLOPEDIA of

GENETIC
DISORDERS

VOLUME

1
A-L

STACEY L. BLACHFORD, EDITOR

GALE GROUP
—— -

THOMSON LEARNING

Detroit ® New York ® San Diego ® San Francisco
Boston ® New Haven, Conn. ® Waterville, Maine
London ® Munich



The GALE
ENCYCLOPEDIA
of GENETIC DISORDERS

STAFF
Stacey L. Blachford, Associate Editor

Christine B. Jeryan, Managing Editor
Melissa C. McDade, Associate Editor
Ellen Thackery, Associate Editor

Mark Springer, Technical Training Specialist
Andrea Lopeman, Programmer/Analyst

Barbara Yarrow, Manager, Imaging and Multimedia
Content

Robyn Young, Project Manager, Imaging and
Multimedia Content

Randy Bassett, Imaging Supervisor

Robert Duncan, Senior Imaging Specialist

Pamela A. Reed, Coordinator, Imaging and Multimedia
Content

Maria Franklin, Permissions Manager
Ryan Thomason, Permissions Associate
Lori Hines, Permissions Assistant

Kenn Zorn, Product Manager
Michelle DiMercurio, Senior Art Director

Mary Beth Trimper, Manager, Composition and
Electronic Prepress

Evi Seoud, Assistant Manager, Composition Purchasing
and Electronic Prepress

Dorothy Maki, Manufacturing Manager

Ronald D. Montgomery, Manager, Data Capture
Gwendolyn S. Tucker, Project Administrator
Beverly Jendrowski, Data Capture Specialist

Indexing provided by: Synapse.

Hllustrations created by:

Argosy, West Newton, Massachusetts

Electronic Ilustrators Group, Morgan Hill, California

Since this page cannot legibly accommodate all copyright notices, the
acknowledgments constitute an extension of the copyright notice.

While every effort has been made to ensure the reliability of the infor-
mation presented in this publication, the Gale Group neither guarantees
the accuracy of the data contained herein nor assumes any responsibil-
ity for errors, omissions or discrepancies. The Gale Group accepts no
payment for listing, and inclusion in the publication of any organiza-
tion, agency, institution, publication, service, or individual does not
imply endorsement of the editors or publisher. Errors brought to the
attention of the publisher and verified to the satisfaction of the publisher
will be corrected in future editions.

This book is printed on recycled paper that meets Environmental
Protection Agency standards.

The paper used in this publication meets the minimum requirements of
American National Standard for Information Sciences-Permanence
Paper for Printed Library Materials, ANSI Z39.48-1984.

This publication is a creative work fully protected by all applicable
copyright laws, as well as by misappropriation, trade secret, unfair com-
petition, and other applicable laws. The authors and editors of this work
have added value to the underlying factual material herein through one
or more of the following: unique and original selection, coordination,
expression, arrangement, and classification of the information.

Gale Group and design is a trademark used herein under license.
All rights to this publication will be vigorously defended.

Copyright © 2002

Gale Group

27500 Drake Road

Farmington Hills, MI 48331-3535

All rights reserved including the right of reproduction in whole or in
part in any form.

ISBN 0-7876-5612-7 (set)
0-7876-5613-5 (Vol. 1)
0-7876-5614-3 (Vol. 2)

Printed in the United States of America
10 9 8 7 6 5 4 3 2 1

Library of Congress Cataloging-in-Publication Data

The Gale encyclopedia of genetic disorders / Stacey L. Blachford,
associate editor.
p. cm.

Includes bibliographical references and index.

Summary: Presents nearly four hundred articles describing
genetic disorders, conditions, tests, and treatments, including
high-profile diseases such as Alzheimer’s, breast cancer, and
heart disease.

ISBN 0-7876-5612-7 (set : hardcover : alk.paper

1. Genetic disorders—Encyclopedias, Juvenile. [1. Genetic
disorders—Encyclopedias. 2. Diseases—Encyclopedias.]
1. Blachford, Stacey.

RB155.5 .G35 2001
616°.042°03—dc21

2001040100




CONTENTS

Introduction . . . .......... . ... .. .. .. .. Vil
Advisory Board . ... ... ... ... ... . .. .. X1
Contributors .. ............ .. .. .. .. .. Xiil
Entries

Volume 1: A-L . ..................... 1

Volume2: M-Z . ... ................ 691
Appendix

Symbol Guide for Pedigree Charts . . . . . . 1231

Chromosome Map . . . ... ........... 1233

Organizations List . . . . .. .. ... ... ... 1241
Glossary . . ........................ 1259
General Index . ......... ... ..... .. 1311

GALE ENCYCLOPEDIA OF GENETIC DISORDERS



PLEASE READ—IMPORTANT INFORMATION

The Gale Encyclopedia of Genetic Disorders is a
medical reference product designed to inform and educate
readers about a wide variety of disorders, conditions,
treatments, and diagnostic tests. Gale Group believes the
product to be comprehensive, but not necessarily defini-
tive. It is intended to supplement, not replace, consultation
with a physician or other health care practitioner. While
Gale Group has made substantial efforts to provide infor-
mation that is accurate, comprehensive, and up-to-date,
the Gale Group makes no representations or warranties of
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any kind, including without limitation, warranties of mer-
chantability or fitness for a particular purpose, nor does it
guarantee the accuracy, comprehensiveness, or timeliness
of the information contained in this product. Readers
should be aware that the universe of medical knowledge is
constantly growing and changing, and that differences of
medical opinion exist among authorities. They are also
advised to seek professional diagnosis and treatment for
any medical condition, and to discuss information
obtained from this book with their health care provider.
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INTRODUCTION

The Gale Encyclopedia of Genetic Disorders is a
unique and invaluable source for information regarding
diseases and conditions of a genetic origin. This collec-
tion of nearly 400 entries provides in-depth coverage of
disorders ranging from exceedingly rare to very well-
known. In addition, several non-disorder entries have
been included to facilitate understanding of common
genetic concepts and practices such as Chromosomes,
Genetic counseling, and Genetic testing.

This encyclopedia avoids medical jargon and uses
language that laypersons can understand, while still pro-
viding thorough coverage of each disorder medical pro-
fessionals will find beneficial as well. The Gale
Encyclopedia of Genetic Disorders fills a gap between
basic consumer health resources, such as single-volume
family medical guides, and highly technical professional
materials.

Each entry discussing a particular disorder follows a
standardized format that provides information at a
glance. The rubric used was:

* Definition

* Description

* Genetic profile

e Demographics

* Signs and symptoms

* Diagnosis

* Treatment and management
* Prognosis

* Resources

* Key terms

INCLUSION CRITERIA

A preliminary list of diseases and disorders was
compiled from a wide variety of sources, including pro-
fessional medical guides and textbooks, as well as con-
sumer guides and encyclopedias. The advisory board,
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made up of seven medical and genetic experts, evaluated
the topics and made suggestions for inclusion. Final
selection of topics to include was made by the advisory
board in conjunction with Gale Group editors.

ABOUT THE CONTRIBUTORS

The essays were compiled by experienced medical
writers, primarily genetic counselors, physicians, and
other health care professionals. The advisors reviewed
the completed essays to insure they are appropriate, up-
to-date, and medically accurate.

HOW TO USE THIS BOOK

The Gale Encyclopedia of Genetic Disorders has
been designed with ready reference in mind.

* Straight alphabetical arrangement of topics allows
users to locate information quickly.

* Bold-faced terms direct the reader to related articles.

» Cross-references placed throughout the encyclopedia
point readers to where information on subjects with-
out entries may be found.

» Alist of key terms are provided where appropriate to
define unfamiliar terms or concepts. Additional terms
may be found in the glossary at the back of volume 2.

* The Resources section directs readers to additional
sources of medical information on a topic.

* Valuable contact information for organizations and
support groups is included with each entry. The
appendix contains an extensive list of organizations
arranged in alphabetical order.

* A comprehensive general index guides readers to all
topics and persons mentioned in the text.

GRAPHICS

The Gale Encyclopedia of Genetic Disorders con-
tains over 200 full color illustrations, including photos
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and pedigree charts. A complete symbol guide for the
pedigree charts can be found in the appendix.
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A

4p minus syndrome see Wolf-Hirschhorn
syndrome

5p deletion syndrome see Cri du chat
syndrome

5p minus syndrome see Cri du chat
syndrome

22q1 deletion syndrome see Deletion 22q1
syndrome

47,XXY syndrome see Klinefelter syndrome

I Aarskog syndrome
Definition

Aarskog syndrome is an inherited disorder that
causes a distinctive appearance of the face, skeleton,
hands and feet, and genitals. First described in a
Norwegian family in 1970 by the pediatrician Dagfinn
Aarskog, the disorder has been recognized worldwide in
most ethnic and racial groups. Because the responsible
gene is |located on the X chromosome, Aarskog syn-
drome is manifest almost exclusively in males. The
prevalence is not known.

Description

Aarskog syndrome is among the genetic disorders
with distinctive patterns of physical findings and is con-
fused with few others. Manifestations are present at birth
allowing for early identification. The facial appearance
and findings in the skeletal system and genitals combine
to make a recognizable pattern. The diagnosis is almost
exclusively based on recognition of these findings.
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Although the responsible gene has been identified, test-
ing for gene mutationsis available only in research labo-
ratories. Aarskog syndrome is also called Faciogenital
dysplasia, Faciogenitodigital syndrome, and Aarskog-
Scott syndrome.

Genetic profile

Aarskog syndrome is caused by mutations in the
FGD1 gene, located on the short arm of the X chromo-
some (Xpll.2). In most cases, the altered gene in
affected males is inherited from a carrier mother. Since
males have a single X chromosome, mutations in the
FGD1 gene produces full expression in males. Females
who carry a mutation of the FGD1 gene on one of their
two X chromosomes are usually unaffected, but may
have subtle facial differences and less height than other
femalesin the family.

Female carriers have a 50/50 chance of transmitting
the altered gene to daughters and each son. Affected
males are fully capable of reproduction. They transmit
their single X chromosome to all daughters who, there-
fore, are carriers. Since males do not transmit their single
X chromosome to sons, all sons are unaffected.

The gene affected in Aarskog FGD1 codes for a
Rho/Rac guanine exchange factor. While the gene prod-
uct is complex and the details of its function are incom-
pletely understood, it appears responsible for conveying
messages within cells that influence their internal archi-
tecture and the activity of specific signal pathways.
However, the precise way in which mutations in FGD1
produce changes in facial appearance and in the skeletal
and genital systemsis not yet known.

Demographics

Only males are affected with Aarskog syndrome,
although carrier females may have subtle changes of the
facial structures and be shorter than noncarrier sisters.
There are no high risk racia or ethnic groups.



Aarskog syndrome

KEY TERMS

Rho/Rac guanine exchange factor—Member of a
class of proteins that appear to convey signals
important in the structure and biochemical activity
of cells.

Signs and symptoms

Manifestations of Aarskog syndrome are present
from birth. The facial appearance is distinctive and in
most cases is diagnostic. Changes are present in the
upper, middle, and lower portion of the face. Increased
width of the forehead, growth of scalp hair into the mid-
dle of the forehead (widow’s peak), increased space
between the eyes (ocular hypertelorism), a downward
dlant to the eye openings, and drooping of the upper eye-
lids (ptosis) are the major featuresin the upper part of the
face. A short nose with forward-directed nostrils and sim-
ply formed small ears that may protrude are the major
findings in the mid-part of the face. The mouth is wide
and the chin small. Asthe face elongatesin adult life, the
prominence of the forehead and the increased space
between the eyes becomes less apparent. Dental abnor-
malities include slow eruption, missing teeth, and broad
upper incisors.

The fingers are often held in a distinctive position
with flexion at the joint between the hand and the fin-
gers, over extension at the first joint of the finger and
flexion at the second joint. This hand posturing
becomes more obvious when there is an attempt to
spread the fingers. There may also be some mild web-
bing between the fingers. The fingers are short and there
is often only a single crease across the middle of the
palm. The toes are also short and the foot is often bent
inward at its middle portion. All of the joints may be
unusually loose. Excessive movement of the cervical
spine may lead to impingement on the spinal cord. In
some cases, the sternum (breastbone) may appear
depressed (pectus excavatum).

Changes in the appearance of the genitals may aso
be helpful in diagnosis. One or both testes may remain in
the abdomen, rather than descending into the scrotal sac.
The scrotum tends to surround the penis giving a so-
called “shawl scrotum” appearance. Hernias may appear
in the genital and umbilical regions. Linear growth in
childhood and adult height are generaly less than in
unaffected brothers. The head sizeis usually normal.

Although most affected males have normal intellec-
tual function, some individuals will have mild impair-
ments. There does not appear to be any particular

association with behavioral disturbances. However,
attention deficit occurs among some boys with learning
difficulties.

Diagnosis

The diagnosis of Aarskog syndrome is made on the
basis of clinical findings, primarily analysis of the
family history and characteristic facial, skeletal, and
genital findings. There are no laboratory or radi-
ographic changes that are specific. Although the diag-
nosis can be confirmed by finding a mutation in the
FGD1 gene, this type of testing is available only in
research laboratories.

In families with a prior occurrence of Aarskog syn-
drome, prenatal diagnosis might be possible through
ultrasound examination of the face, hands, and feet, or by
testing the FGD1 gene. However, this is not generally
sought since the condition is not considered medically
severe.

Few other conditions are confused with Aarskog
syndrome. Noonan syndrome, another single gene dis-
order that has short stature, ocular hypertelorism,
downslanting eye openings, and depression of the lower
chest, poses the greatest diagnostic confusion. Patients
with Noonan syndrome often have wide necks and heart
defects, which is helpful in distinguishing them from
patients with Aarskog syndrome.

The older patient may pose greater difficulty due to
loss of facia findings and obscuring of shawl scrotum by
pubic hair.

Asin many disorders, there is a range of severity of
the clinical appearance even within the same family. In
these cases, examination of several affected family mem-
bers and attention to family history may be helpful.

Treatment and management

Since there are no major malformations or major
mental disabilities in Aarskog syndrome, the diagnosis
may be reassuring. Developmental milestones and school
progress should be monitored, as there may be impair-
ment of intellectual function in some individuals.

The X-linked inheritance pattern should be
described to the family.

Prognosis

Short-term and long-term prognosis is favorable.
Life threatening malformations or other health concerns
rarely occur. Special educational attention may be neces-
sary for those with learning difficulties. A minority of
affected persons will have spinal cord compression, usu-
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aly in the neck, causing pain or injury to periphera
nerves. Neurosurgical intervention is necessary in some
cases. Hernias in the umbilical and groin areas may be
surgically repaired.

Resources

PERIODICALS

Aarskog, D. “A familial syndrome of short stature associated
with facial dysplasia and genital anomalies” Journal of
Pediatric Medicine 77 (1971): 856.

Pasteris, N. G., et al. “Isolated and characterization of the facio-
genital dysplasia (Aarskog-Scott syndrome) gene: A puta-
tive Rho/Rac guanine nucleotide exchange factor.” Cell 79
(1994): 669.

ORGANIZATIONS

Alliance of Genetic Support Groups. 4301 Connecticut Ave.
NW, Suite 404, Washington, DC 20008. (202) 966-5557.
Fax: (202) 966-8553. <http://www.geneticalliance.org>.

National Organization for Rare Disorders (NORD). PO Box
8923, New Fairfield, CT 06812-8923. (203) 746-6518 or
(800) 999-6673. Fax: (203) 746-6481. <http://www
.rarediseases.org>.

Roger E. Stevenson, MD
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I Aase syndrome
Definition

Aase syndromeisarare, autosomal recessive genetic
disorder characterized by congenital hypoplastic anemia
(CHA) and triphalangeal thumbs (TPT). People with
Aase syndrome may have one or more physical abnor-
malities. Poor growth in childhood is common, but men-
tal retardation and other neurological problems are not
associated with Aase syndrome.

Description

Aase syndrome is sometimes also called Aase-Smith
syndrome, or Congenital Anemia—Triphalangeal Thumb
syndrome. It isavery rare hereditary syndromeinvolving
multiple birth defects. The two symptoms that must be
present to consider the diagnosis of Aase syndrome are
CHA and TPT. CHA isasignificant reduction from birth
in the number of red cellsin the blood. TPT means that
one or both thumbs have three bones (phalanges) rather
than the normal two.
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Aase syndrome

KEY TERMS

Blackfan-Diamond syndrome (BDS)—A disorder
with congenital hypoplastic anemia. Some
researchers believe that some or all individuals
with Aase syndrome actually have BDS, that Aase
syndrome and BDS are not separate disorders.

Congenital hypoplastic anemia (CHA)—A signifi-
cant reduction in the number of red blood cells
present at birth, usually referring to deficient pro-
duction of these cells in the bone marrow. Also
sometimes called congenital aplastic anemia.

Fontanelle—One of several “soft spots” on the
skull where the developing bones of the skull have
yet to fuse.

Hypoplastic radius—Underdevelopment of the
radius, the outer, shorter bone of the forearm.

Triphalangeal thumb (TPT)—A thumb that has
three bones rather than two.

Several other physical abnormalities have been
described in individuals with Aase syndrome, including
narrow shoulders, hypoplastic radius (underdevel opment
of one of the bones of the lower arm), heart defect, cleft
lip/palate, and late closure of the fontanelles (soft spots
on an infant’s skull where the bones have not yet fused).
The specific cause of Aase syndrome is not known, but
recurrence of the condition in siblings implies an abnor-
mal gene is responsible.

Genetic profile

The available evidence suggests Aase syndrome is
inherited in an autosomal recessive fashion meaning that
an affected person has two copies of an abnormal gene.
Parents of an affected individual carry one abnormal
copy of that particular gene, but their other gene of the
pair is normal. One copy of the normal gene is sufficient
for the parent to be unaffected. If both parents are carri-
ers of agene for the same autosomal recessive condition,
thereisa onein four chance in each pregnancy that they
will both pass on the abnormal gene and have an affected
child.

Autosomal recessive inheritance is suspected for Aase
syndrome based on the pattern seen in the families that
have been described. An autosomal recessive pattern
requires that only siblings are affected by the condition
(parents are unaffected gene carriers), and the disorder
occurs equaly in males and females. As of 2000, an abnor-

4

mal gene proven to cause Aase syndrome had not been
discovered.

Demographics

Aase syndrome is quite rare, with possibly no more
than two dozen cases reported in the medical literature.

Signs and symptoms

CHA and TPT are the two classic signs of Aase syn-
drome. The anemia may require treatment with steroids,
or possibly blood transfusions, but tends to improve over
time. TPT may cause a person with Aase syndrome to
have difficulty grasping and manipulating objects with
their hands. A hypoplastic radius may complicate prob-
lems with appearance and movement of the hands and
arms. Narrow and sloping shoulders are caused by
abnormal development of the bones in that area of the
body.

Slow growth in children with Aase syndrome may be
partly related to their anemia, but is more likely to be
genetically predetermined due to the syndrome.
Ventricular septal defect (VSD), a hole between the bot-
tom two chambers of the heart, is the cardiac defect
reported most often, and several cases of cleft lip and
palate have occurred as well.

Diagnosis

The diagnosis of Aase syndrome is made when an
infant has CHA and TPT, and one or more of the other
symptoms. Children with another more common congen-
ital anemia syndrome, Blackfan-Diamond syndrome
(BDS), sometimes have abnormalities of their thumbs.
Since the syndromes have overlapping symptoms, there
is some question about whether Aase syndrome and BDS
are contiguous gene syndromes or even identical condi-
tions. Further genetic research may resolve this issue.

Treatment and management

Anemia associated with Aase syndrome is often
helped by the use of a steroid medication. For serious
anemiathat does not respond to medications, blood trans-
fusions from a matched donor might be necessary.
Management of problems related to the skeletal abnor-
malities should be treated by orthopedic surgery as well
as physical and occupational therapy. Heart defects and
cleft lip and palate are nearly always correctable, but both
require surgery and long—term follow up. A genetic eval-
uation and counseling should be offered to any individual
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or couple whose child is suspected of having Aase
syndrome.

Prognosis

While major medical procedures such as blood
transfusions and corrective surgeries might be needed for
a child with Aase syndrome, the long-term prognosis
seems to be good. Discovery of the specific genetic
defect is not likely to immediately change the prognosis.
Development of a reliable genetic test, however, might
allow for carrier testing for other family members, and
prenatal diagnosis for couples who aready have an
affected child.

Resources

ORGANIZATIONS

Aicardi Syndrome Awareness and Support Group. 29 Delavan
Ave., Toronto, ON M5P 1T2 Canada. (416) 481-4095.

March of Dimes Birth Defects Foundation. 1275 Mamaro-
neck Ave., White Plains, NY 10605. (888) 663-4637.
resourcecenter@modimes.org.  <http://www.modimes
.org>.

National Heart, Lung, and Blood Institute. PO Box 30105,
Bethesda, MD 20824-0105. (301) 592-8573. nhlbiinfo
@rover.nhlbi.nih.gov. <http://www.nhlbi.nih.gov>.

National Organization for Rare Disorders (NORD). PO Box
8923, New Fairfield, CT 06812-8923. (203) 746-6518 or
(800) 999-6673. Fax: (203) 746-6481. <http://www
.rarediseases.org>.

National Society of Genetic Counselors. 233 Canterbury Dr.,
Wallingford, PA 19086-6617. (610) 872-1192. <http://mww
.nsgc.org/GeneticCounselingYou.asp>.

Scott J. Polzin, MS, CGC

Aase-Smith syndrome see Aase syndrome

I Abetalipoproteinemia

Definition

Abetalipoproteinemia (ABL) is a rare inherited dis-
order characterized by difficulty in absorbing fat during
digestion. The result is absence of betalipoproteinsin the
blood, abnormally shaped red blood cells, and deficien-

cies of vitamins A, E, and K. Symptoms include intes-
tinal, neurological, muscular, skeletal, and ocular
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problems, along with anemia and prolonged bleeding in
Some Cases.

Description

An unusual sign first described in ABL is the pres-
ence of star-shaped red blood cells, which were dubbed
“acanthocytes’ (literally, thorny cells). Thus, ABL is
also known by the name acanthocytosis. Less com-
monly, ABL may be referred to as Bassen-Kornzweig
syndrome.

The underlying problem in ABL is a difficulty in
absorbing fats (lipids) in the intestine. Most people with
ABL first develop chronic digestive problems, and then
progress to neurological, muscular, skeletal, and ocular
disease. Disorders of the blood may also be present.
Severe vitamin deficiency causes many of the symptoms
in ABL. Treatments include restricting fat intake in the
diet and vitamin supplementation. Even with early diag-
nosis and treatment, though, ABL is progressive and can-
not be cured.

Genetic profile

Fats are important components of a normal diet, and
their processing, transport, and use by the body are criti-
cal to norma functioning. Lipids bind to protein
(lipoprotein) so they can be absorbed in the intestine,
transferred through the blood, and taken up by cells and
tissues throughout the body. There are many different
lipoprotein complexes in the body. One group, the betal-
ipoproteins, must combine with another protein, micro-
somal triglyceride transfer protein (MTP). ABL is caused
by abnormalities in the gene that codes for MTP. When
MTP is nonfunctional or missing, then betalipoproteins
will also be decreased or absent. The MTP gene has been
localized to chromosome 4.

ABL isan autosomal recessive genetic disorder. This
means that both copies of the MTP gene are abnormal in
a person affected with the disorder. Since all genes are
present at conception, a person cannot “acquire” ABL.
Each parent of an affected child carries the abnormal
MTP gene but also has a normally functioning gene of
that pair. Enough functional MTP is produced by the nor-
mal gene so that the parent is unaffected (carrier). When
both parents are carriers of the same recessive gene, there
isaonein four chance in each pregnancy that they will
have an affected child.

Demographics

ABL israre, and the true incidence of the disorder is
unknown. Prior to the description of ABL in 1950, it is
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Abetalipoproteinemia

KEY TERMS

Acanthocytosis—The presence of acanthocytes in
the blood. Acanthocytes are red blood cells that
have the appearance of thorns on their outer sur-
face.

Ataxia—A deficiency of muscular coordination,
especially when voluntary movements are
attempted, such as grasping or walking.

Chylomicron—A type of lipoprotein made in the
small intestine and used for transporting fats to
other tissues in the body. MTP is necessary for the
production of chylomicrons.

Clubfoot—Abnormal permanent bending of the
ankle and foot. Also called talipes equinovarus.

Consanguinity—A mating between two people
who are related to one another by blood.

Lipoprotein—A lipid and protein chemically
bound together, which aids in transfer of the lipid
in and out of cells, across the wall of the intestine,
and through the blood stream.

Low density lipoproteins (LDL)—A cholesterol
carrying substance that can remain in the blood
stream for a long period of time.

Neuromuscular—Involving both the muscles and
the nerves that control them.

Ocular—A broad term that refers to structure and
function of the eye.

Retinitis pigmentosa—Progressive deterioration of
the retina, often leading to vision loss and blind-
ness.

Triglycerides—Certain combinations of fatty acids
(types of lipids) and glycerol.

Vitamin deficiency—Abnormally low levels of a
vitamin in the body.

believed that people with ABL were diagnosed as having
either Friedreich ataxia (amore common form of hered-
itary ataxia) or some other neurologic disorder. Misdiag-
nosis may still occur if al of the symptoms are not
present, or if they do not occur in atypical fashion. Most
of the reported cases of ABL have been in the Jewish
population, but individuals from other ethnic back-
grounds have been described as well. As many as one-
third of people with ABL have had genetically related
(consanguineous) parents. Higher rates of consanguinity
are often seen in rare autosomal recessive disorders.

Signs and symptoms

Too much fat left unabsorbed in the intestine results
in the symptoms that are often noticed first in ABL,
such as chronic diarrhea, 10ss of appetite, vomiting, and
slow weight gain and growth due to reduced uptake of
nutrients.

Various lipids, such as cholesterol and its compo-
nents, are important in the development and normal func-
tioning of nerve and muscle cells. Decreased lipid levels
in the bloodstream, and thus elsewhere in the body, are
partly responsible for the neuromuscular and ocular
problems encountered in ABL. Neurological symptoms
include ataxia (poor muscle coordination), loss of deep
tendon reflexes, and decreased sensation to touch, pain,
and temperature.

Muscular atrophy, the weakening and loss of muscle
tissue, is caused by the decreased ability of nervesto con-
trol those muscles, as well as lack of nutrients for the
muscles themselves. Weakened heart muscle (cardiomy-
opathy) may occur, and several severe cases have been
reported that resulted in early desth.

Retinitis pigmentosa is progressive, especially
without treatment, and the typical symptoms are loss of
night vision and reduced field of vision. Loss of clear
vision, nystagmus (involuntary movement of the eyes),
and eventual paralysis of the muscles that control the eye
may also occur.

Skeletal problems associated with ABL include var-
ious types of curvature of the spine and clubfeet. The
abnormalities of the spine and feet are thought to result
from muscle strength imbalances in those areas during
bone growth.

Severe anemia sometimes occurs in ABL, and may
be partly due to deficiencies of iron and folic acid (a B
vitamin) from poor absorption of nutrients. In addition,
because of their abnormal shape, acanthocytes are pre-
maturely destroyed in the blood stream.

Vitamins A, E, and K are fat soluble, meaning they
dissolve in lipids in order to be used by the body. Low
lipid levels in the blood means that people with ABL
have chronic deficiencies of vitaminsA, E, and K. Much
of the neuromuscular disease seen in ABL is thought to
be caused by deficiencies of these vitamins, especialy
vitamin E.

Approximately one-third of all individualswith ABL
develop mental retardation. However, since the propor-
tion of cases involving consanguinity is also reported to
be about one-third, it is difficult to determine if mental
retardation in individuals with ABL is due to the disease
itself or to other effects of consanguinity. Consanguinity
may also be responsible for other birth defects seen infre-
quently in ABL.
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Diagnosis

The diagnosis of ABL is suspected from the intes-
tinal, neuromuscular, and ocular symptoms, and is con-
firmed by laboratory tests showing acanthocytes in the
blood and absence of betalipoproteins and chylomicrons
in the blood. Other diseases resulting in similar intestinal
or neurological symptoms, and those associated with
symptoms related to malnutrition and vitamin deficiency
must be excluded. As of 2000, there was no direct test of
the MTP gene available for routine diagnostic testing.
Accurate carrier testing and prenatal diagnosis are there-
fore not yet available. However, this could change at any
time. Any couple whose child is diagnosed with ABL
should be referred for genetic counseling to obtain the
most up-to-date information.

Treatment and management

The recommended treatments for ABL include diet
restrictions and vitamin supplementation. Reduced
triglyceride content in the diet is suggested if intestinal
symptoms require it. Large supplemental doses of vita-
min E (tocopherol) have been shown to lessen or even
reverse the neurological, muscular, and retinal symptoms
in many cases. Supplementation with a water-soluble
form of vitamin A is also suggested. Vitamin K therapy
should be considered if blood clotting problems occur.

Occupational and physical therapy can assist with
any muscular and skeletal problemsthat arise. Physicians
that specialize in orthopedics, digestive disorders, and
eye disease should be involved. Support groups and spe-
cialty clinics for individuals with multisystem disorders
such as ABL are available in nearly al metropolitan
areas.

Prognosis

ABL israre, which means there have been few indi-
viduals on which to base prognostic information. The
effectiveness of vitamin supplementation and diet restric-
tions will vary from person to person and family to fam-
ily. Life span may be near normal with mild to moderate
disability in some, but others may have more serious and
even life-threatening complications. Arriving at the cor-
rect diagnosis as early as possible is important. However,
this is often difficult in rare conditions such as ABL.
Future therapies, if any, will likely focus on improving
lipid absorption in the digestive tract. Further study of the
MTP gene may lead to the availability of accurate carrier
testing and prenatal diagnosis for some families.
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Resources

ORGANIZATIONS

March of Dimes Birth Defects Foundation. 1275 Mamaro-
neck Ave., White Plains, NY 10605. (888) 663-4637.
resourcecenter@modimes.org.  <http://www.modimes
.org>.

National Foundation for Jewish Genetic Diseases, Inc. 250 Park
Ave,, Suite 1000, New York, NY 10017. (212) 371-1030.
<http://www.nfjgd.org>.

National Organization for Rare Disorders (NORD). PO Box
8923, New Fairfield, CT 06812-8923. (203) 746-6518 or
(800) 999-6673. Fax: (203) 746-6481. <http://www
.rarediseases.org>.

National Society of Genetic Counselors. 233 Canterbury Dr.,
Wallingford, PA 19086-6617. (610) 872-1192. <http://mww
.nsgc.org/GeneticCounselingYou.asp>.

National Tay-Sachs and Allied Diseases Association. 2001
Beacon St., Suite 204, Brighton, MA 02135. (800) 906-
8723. ntasd-Boston@worldnet.att.net. <http://www.ntsad
.org=>.

Scott J. Polzin, MS, CGC

Acanthocytosis see Abetalipoproteinemia

I Acardia
Definition

Acardia is a very rare, serious maformation that
occurs amost exclusively in monozygous twins (twins
developing from a single egg). This condition results
from artery to artery connections in the placenta causing
aphysically normal fetusto circulate blood for both itself
and a severely malformed fetus whose heart regresses or
is overtaken by the pump twin's heart.

Description

Acardia was first described in the sixteenth century.
Early references refer to acardia as chorioangiopagus
parasiticus. It is now also called twin reversed arteria
perfusion sequence, or TRAP sequence.

Mechanism

Acardiaisthe most extreme form of twin-twin trans-
fusion syndrome. Twin-twin transfusion syndrome is a
pregnancy complication in which twins abnormally share
blood flow from the umbilical artery of one twin to the
umbilical vein of the other. This abnormal connection
can cause serious complications including loss of the

pregnancy.
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Acardia

KEY TERMS

Amniocentesis—A procedure performed at 16-18
weeks of pregnancy in which a needle is inserted
through a woman'’s abdomen into her uterus to
draw out a small sample of the amniotic fluid from
around the baby. Either the fluid itself or cells from
the fluid can be used for a variety of tests to obtain
information about genetic disorders and other
medical conditions in the fetus.

Dizygotic—From two zygotes, as in non-identical,
or fraternal twins. The zygote is the first cell
formed by the union of sperm and egg.

Fetus—The term used to describe a developing
human infant from approximately the third month
of pregnancy until delivery. The term embryo is
used prior to the third month.

Monozygotic—From one zygote, as in identical
twins. The zygote is the first cell formed by the
union of sperm and egg.

In acardiac twin pregnancies, blood vessels abnor-
mally connect between the twinsin the placenta. The pla-
centais the important interface of blood vessels between
a mother and baby through which babies receive nutri-
ents and oxygen. This abnormal connection forces the
twin with stronger blood flow to pump blood for both,
straining the heart of this “pump” twin. This abnormal
connection causes the malformed twin to receive blood
directly from the pump twin before this blood gathers
new oxygen. The poorly deoxygenated blood from the
normal twin as well as the pressure deficiency as a result
of trying to serve both infants may be the cause of the
other twin's malformations.

The acardiac twin

The acardiac twin is severely malformed and may be
incorrectly referred to as a tumor. In 1902, a physician
named Das established four categories of acardiac twins
based on their physical appearance. There is controversy
surrounding the use of these traditional four categories
because some cases are complex and do not fit neatly into
one of Das's four categories. These four traditional cate-
goriesinclude acardius acephal us, amorphus, anceps, and
acormus.

Acardius acephalus is the most common type of
acardiac twin. These twins do not develop a head, but
may have an underdeveloped skull base. They have legs,
but do not have arms. On autopsy they are generally
found to lack chest and upper abdominal organs.

Acardius amorphus appears as a disorganized mass
of tissues containing skin, bone, cartilage, muscle, fat,
and blood vessels. This type of acardiac twin is not rec-
ognizable as a human fetus and contains no recognizable
human organs.

Acardius anceps is the most devel oped form of acar-
diac twin. Thisform has arms, legs, and a partially devel-
oped head with brain tissues and facia structures. This
type of acardiac twin is associated with a high risk for
complications in the normal twin.

Acardius acormus is the rarest type of acardiac twin.
This type of acardiac twin presents as an isolated head
with no body development.

Genetic profile

Thereisno single known genetic cause for acardia. In
most cases, the physically normal twinis genetically iden-
tical to the acardiac twin. In these cases, physical differ-
ences are believed to be due to abnormal blood circulation.

Aneuploidy, or an abnorma number of chromo-
somes, has been seen in severa acardiac twins, but is
rare in the normal twins. Trisomy 2, the presence of three
copies of human chromosome 2 instead of the normal
two copies, has been reported in the abnormal twin of
two pregnancies complicated by TRAP sequence in dif-
ferent women. For both of these pregnancies the pump
twin had norma chromosome numbers. Since monozy-
gotic twins are formed from a single zygote, scientists
theorize that an error occurs early in cell division in only
one of the two groups of cells formed during this process.

Demographics

TRAP is arare complication of twinning, occurring
only once in about every 35,000 births. Acardia is
believed to complicate 1% of monozygotic twin preg-
nancies. Risks in triplet, quadruplet, and other higher
order pregnancies are even higher. Monozygotic twin-
ning in higher order pregnancies are more common in
pregnancies conceived with in vitro fertilization (IVF),
hence increased risk for TRAP sequence is also associ-
ated with IVF.

This condition has been documented over five cen-
turies occurring in many countries and in different races.
As of 2001, specific rates for recurrence are unknown.
However, amother who has had a pregnancy complicated
by TRAP sequenceis very unlikely to have another preg-
nancy with the same complication.

Two cases of acardia have been associated with
maternal epilepsy and the use of anticonvusants. One
report, in 1996, describes an acardiac twin pregnancy in

GALE ENCYCLOPEDIA OF GENETIC DISORDERS



an epileptic mother who took primidone, a seizure med-
ication, in the first trimester of her pregnancy. Another
report, in 2000, describes an acardiac twin pregnancy in
an epileptic mother who took a different seizure medica-
tion, oxcarbazepin.

Diagnosis

A mother carrying an acardiac twin pregnancy is not
likely to have any unusual symptoms. An acardiac twinis
most often found incidentally on prenatal ultrasound. No
two acardiac twins are formed exactly alike, so they may
present differently. During ultrasound, an acardiac twin
may appear as tissue mass or it may appear to be atwin
who has died in the womb. Acardia is always suspected
when, on ultrasound, a twin once considered to be dead
begins to move or grow, or there is visible blood flow
through that twin’s umbilical cord. In 50% of cases the
acardiac twin has only two, instead of the normal three,
vesselsin the umbilical cord. A two vessel umbilical cord
may also be found in some normal pregnancies.

Ultrasound diagnostic criteria for the acardiac twin
usualy include:

* absence of fetal activity

* no heart beat

* continued growth

e increasing soft tissue mass

« undergrowth of the upper torso

» normal growth of the lower trunk

An acardiac fetus may also be missed on prenata
ultrasound. A 1991 report describes an acardiac twin who
was missed on ultrasound and only detected at delivery.
In rare cases a diagnosis of acardia is not possible until

autopsy.

Treatment and management

As of 2001, there is no consensus on which therapy
is best for pregnancies complicated by TRAP sequence.
No treatment can save the acardiac twin, so the goal of
prenatal therapy is to help the normal twin. The normal
twin is not always saved by prenatal treatment.

Specialists have used laser and electrical cauteriza-
tion, electrodes, serial amniocentesis, medications, and
other treatments successfully. Physicians often recom-
mend prenatal interruption of the blood vessel connec-
tions (thus sacrificing the acardiac twin) before heart
failure develops in the pump twin.

Cutting off blood circulation to the acardiac twin can
be accomplished by cauterizing or burning the blood ves-
sel connections. In a 1998 study of seven pregnancies
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This infant shows partial development of the lower
extremities and early development of the head. Acardia
almost always occurs in monozygotic twins, with one twin
(such as that shown here) unable to fully develop as a
result of severe heart complications. (Greenwood Genetic
Center)

treated with laser therapy the rate of death in the normal
twin was 13.6%, a vast improvement over the expected
50% death rate. Medications like digoxin may be used to
treat congestive heart failure in the normal twin. Current
studies examining the success and failure rates of these
treatments will be helpful in determining which therapy
is the best option.

Fetal echocardiography is recommended to assist
with early detection of heart failure in the norma twin.
Chromosome studies are recommended for both fetuses
in all pregnancies complicated by TRAP sequence.

Prognosis

The acardiac or parasitic twin never survives as it is
severely malformed and does not have a functioning
heart. Complications associated with having an acardiac
twin cause 50-70% of normal twins to die. The normal
twin is at risk for heart failure and complications associ-
ated with premature birth. Heart failure in the normal
twin is common. The normal twin of an acardiac twin
pregnancy has about a 10% risk for malformations.
Therapy is thought to decrease the normal twin's risk for
heart failure and premature birth. Improvement of thera-
pies will undoubtedly lead to a better outlook for preg-
nancies complicated by TRAP sequence.
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I Accutane embryopathy
Definition

Accutane is commonly used to treat severe acne that
has not responded to other forms of treatment. Accutane
embryopathy refers to the pattern of birth defects that
may be caused in an embryo that is exposed to Accutane
during pregnancy. Accutane-related birth defects typi-
caly include physical abnormalities of the face, ears,
heart, and brain.

Description

Accutane is one of several man-made drugs derived
from vitamin A. The generic name for Accutane is
isotretinoin. Accutane and other vitamin A-derivatives
are referred to as retinoids. Vitamin A is an essential
nutrient for normal growth and development. It is found
in foods such as green leafy and yellow vegetables,
oranges, pineapple, cantaloupe, liver, egg yolks, and but-
ter. It is also available in multivitamins and separately as
a daily supplement. Vitamin A is important in a number
of biological processes. Included among these is the
growth and differentiation of the epithelium, the cells that
form the outer layer of skin as well as some of the layers
beneath. Deficiency of vitamin A may lead to increased
susceptibility to infection and problems with vision and
growth of skin cells. The potential risks of supplemental
vitamin A in a person’s diet have been a matter of some
debate. However, excess vitamin A during pregnancy
does not seem to be associated with an increased risk for
birth defects.

10

The same cannot be said for drugs derived from vita-
min A. Accutane, like other retinoids, displays some of
the same biologic properties asvitamin A, such asitsrole
in stimulating the growth of epithelium. For this reason,
it is an effective method of treatment for severe cases of
nodular acne, a condition characterized by cystic,
painful, scarring lesions. Four to five months of Accutane
treatment usually leads to clearing of the acne for one
year or more, even after the medicine is stopped.
Accutane may also be prescribed for moderate acne that
has not responded to other forms of treatment, usualy
antibiotics taken every day by mouth. Milder cases of
acne that produce scarring or other related skin disorders
may also be treated with this medication. Often, derma-
tologists prescribe Accutane only after other methods of
treatment have been unsuccessful.

Common side effects of Accutane are chapped lips,
dry skin with itching, mild nosebleeds, joint and muscle
pain, and temporary thinning of hair. Depression, includ-
ing thoughts of suicide, has been reported more recently
as another, much more serious, potential side effect.
Severe acne on its own is associated with lower self-
esteem. As of 2001, no studies have been published to try
to determine if Accutane use somehow makes it more
likely for a person to be depressed or to attempt suicide.

The United States Food and Drug Administration
(FDA) approved the use of Accutane in September 1982.
It had previously been shown to cause birth defects in
animals. Consequently, its approval was granted with the
provision that the drug label would describe its risk of
causing birth defects. The patient information brochure
also included information for women taking the medica-
tion about avoiding preganancy.

The first report of an infant with Accutane-related
birth defects was published in 1983. At least ten addi-
tional cases were subsequently reported to the FDA and
Centers for Disease Control (CDC). A pattern of birth
defects involving the head, ears, face, and heart was
identified. In 1985, Dr. Edward Lammer reviewed atotal
of 154 pregnancies exposed to Accutane. Each of the
pregnancies had included use of the drug during the first
three months of pregnancy. This period, referred to asthe
first trimester, is a critical and sensitive time during
which al of the organs begin to develop. Chemical
insults during this part of pregnancy often result in
abnormal formation of internal organs with or without
external abnormalities.

Each of the 154 pregnancies had been voluntarily
reported to either the FDA or CDC. The pregnancy out-
comes included 95 elective pregnancy terminations and
59 continuing pregnancies. Of these, twelve (20%) ended
in a spontaneous pregnancy loss, or miscarriage. The
remaining 47 pregnancies resulted in six stillborn infants
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with obvious abnormalities, 18 live born infants with
abnormalities, and 26 apparently norma babies. The
abnormalities observed among the stillborn and living
infants were similar, most frequently involving the head,
face, heart, and central nervous system. Thus, use of
Accutane during the first several months of pregnancy
was shown to be associated with an increased risk of
pregnancy loss (miscarriage or stillbirth) as well as with
a significant risk of birth defects in living children. This
pattern of abnormalities has since become known as
Accutane embryopathy. The term retinoic acid embry-
opathy is aso occasionally used to describe the same
condition because other retinoids, such as Tegison
(etretinate), have been associated with asimilar pattern of
birth defects. Tegison is commonly used to treat severe
psoriasis and can cause birth defects even if stopped
years before becoming pregnant.

Genetic profile

Accutane embryopathy (AE) is not an inherited or
hereditary type of abnormality. Rather, it is caused by
exposure of a developing embryo to the drug, Accutane,
during the first trimester of pregnancy. Accutaneisawell
known, powerful teratogen, or agent that causes physi-
cal or mental abnormalities in an embryo. Use anytime
after the fifteenth day after conception, or approximately
four weeks of pregnancy dating from the first day of the
mother’s last menstrual period, is associated with a sig-
nificantly increased risk for pregnancy loss or an infant
with AE. The dose of Accutane is unimportant. If
Accutane is stopped prior to conception, no increased
risk for loss or birth defects is expected.

Demographics

The total number of women of reproductive age (15-
44 years old) taking Accutane is unknown. However,
since the 1990s, the overall number of prescriptions writ-
ten for Accutane hasincreased over two hundred percent.
Prescriptions are evenly divided between men and
women, but women 30 years old or younger account for
80% of the patients among their sex.

A Dermatologic and Ophthalmic Drug Advisory
Committee was convened at the FDA in September 2000.
Patterns of Accutane use and the outcomes of Accutane-
exposed pregnancies were presented at this meeting. Two
overlapping sources of pregnancy data exist: one spon-
sored by the manufacturer of the drug, Roche
Laboratories, and a second study maintained by the Slone
Epidemiology Unit at the Boston University School of
Public Health. Representatives from both institutions
reviewed their outcome data up to that time. This data
supports previous estimates of the frequency of AE.
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A total of 1,995 exposed pregnancies have been
reported between the years 1982 and 2000. These preg-
nancies have been voluntarily reported either directly to
the manufacturer or to the Slone Survey. Although doc-
tors have referred some, a majority of participating
women obtained the appropriate phone numbers from
the insert included with their medication. Elective termi-
nations of pregnancy were performed in 1,214 pregnan-
cies. Spontaneous pregnancy losses were reported in 213
pregnancies and 383 infants were delivered. Of these,
162, or 42%, were born with malformations consistent
with AE.

The numbers from the Slone Survey, which began in
1989, represent a large subset of the data reported by
Roche. Any woman to whom Accutane is prescribed is
invited to contact and participate in the project. As of
September 2000, the survey had identified a total of
1,019 pregnancies out of more than 300,000 women
enrolled. Some women were aready pregnant when they
had started Accutane but others conceived while taking
the drug. The pregnancy data allows for examination of
the risk factors that lead to becoming pregnant as well as
the pregnancy outcomes. Among the 1,019 pregnancies
that occurred, 681 were electively terminated, 177
resulted in a spontaneous loss, and 117 infants were
delivered. Only 60 of these infants were either examined
or had medical records available to review. Eight of the
60 (13%) were diagnosed with AE. No information was
available on the remaining 57 pregnancies.

Each couple in the general population has a back-
ground risk of 3-4% of having a child with any type of
congenital birth defect. The medical literature has sug-
gested a 25-35% risk of AE in infants exposed to
Accutane prenatally. The combined Roche and Slone
Survey data provided arisk of 42%. Although consistent
with the medical literature, this dlightly higher number
probably reflects some bias in reporting. In other words,
some mothers may report their pregnancy only after the
birth of a child with AE. Normal births may go unre-
ported. This type of retrospective analysisis not as help-
ful as prospective reporting in which pregnancies are
enrolled before the outcome is known. To ensure objec-
tive reporting, the Slone Survey only enrolls their partic-
ipants prospectively, ideally before the end of the first
trimester of pregnancy. Even still, the Slone Survey esti-
mates that it likely only has information on roughly 40%
of all Accutane-exposed pregnancies.

Signs and symptoms

AE is characterized by a number of major and minor
malformations. Each abnormality is not present in every
affected individual .
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Craniofacial

» Malformed ears. Abnormalities of the ears, when pres-
ent, involve both ears but may show different levels of
severity ranging from mild external abnormalities to a
very small or missing ear.

» Underdevelopment of the skull and facial bones. This
leads to a specific facia features including a sharply
sloping forehead, small jaw (micrognathia), flattened
bridge of the nose, and an abnormal size and/or placing
of the eye sockets and eyes.

Heart

« Structural defects, most of which require surgery to
correct.

Central nervous systerm

* Hydrocephalus, or abnorma accumulation of fluid
within the brain. This isthe most common type of brain
abnormality and often istreated by placement of a shunt
within the head to drain the fluid.

» Small head size (microcephaly)
« Structural or functional brain abnormalities

» Mild to moderate mental retardation or learning disabil-
ities later in life. Either may be present even in the
absence of physical abnormalities.

Other
» Abnormal or very small thymus gland

« Cleft palate, or opening in the roof of the mouth

Diagnosis

A diagnosis of AE is based on two pieces of infor-
mation: (1) report of Accutane use by the mother during
thefirst trimester of pregnancy, and (2) recognition of the
physical abnormalities in an exposed infant. The latter is
accomplished by a physical examination by a doctor
familiar with AE. Special studies of the heart, such as
ultrasound, may be required after delivery to determine
the specific nature of any structural heart defect.

Prenatal diagnosis is theoretically possible armed
with the knowledge of early pregnancy exposure. A pre-
natal ultrasound evaluation may detect abnormalities
such as heart defects, hydrocephalus or microcephaly, or
some craniofacial abnormalities. However, not al fea-
tures of AE will be apparent even with ultrasound, and a
careful examination after delivery is still indicated.

Treatment and management

The care of an infant with AE after delivery is pri-
marily symptomatic. Infants with serious heart abnor-
malities will need to be evaluated by a heart specialist
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and may require surgery in order to survive. Infants with
brain abnormalties, such as hydrocephalus, may require
shunt placement soon after birth and monitoring by a
brain surgeon on a regular basis. Ear malformations may
be associated with hearing loss in affected children.
Depending on the severity of the ear abnormality, sign
language may be needed for communication. Some
infants with very severe internal birth defects, particu-
larly of the heart, may die at ayoung age.

Based on the features associated with AE and the
long-term medical care that may be required, the focus of
the manufacturer of Accutane has long been on the pre-
vention of as many pregnancies as possible. Roche
Laboratories has made numerous efforts since 1982 to
achieve this, including periodic changes in the drug label
and attempts to increase doctor and consumer awareness
about the teratogenic nature of Accutane during preg-
nancy.

In 1988, Roche developed the Accutane Pregnancy
Prevention Program (PPP). It was fully implemented in
mid-1989. The goa of the PPP was to develop educa-
tional materials about Accutane for both patients and
their doctors. A PPP kit included a consent form and a
patient information brochure. Prescribing physicians
were encouraged to obtain informed consent from all of
their patients after a verbal discussion of the risks and
benefits of the drug. Pregnancy tests were strongly
encouraged prior to beginning treatment. The patient
information brochure included information about, as well
as a toll-free phone number for, the patient referral pro-
gram sponsored by Roche. The program offered to reim-
burse women for the cost of a visit to their doctor to
review effective methods of birth control. Finaly, warn-
ings about the risks associated with Accutane were
printed directly on the box and the individual drug
packages.

An Accutane tracking study was implemented to
evaluate how often doctors were using the PPP kit and
following other major components of the program. The
results of the study revealed that many doctors were
inclined to rely only on oral communication about
Accutane with their patients rather than using each of the
elements of the PPP kit. The patient brochure was fre-
quently used but other components of the kit were con-
sidered inconvenient and too time-consuming. Both
Roche and the FDA agreed that certain parts of the PPP
needed strengthening.

Additional support camein the form of areport pub-
lished in the CDC-sponsored periodical, Morbidity and
Mortality Weekly Report (MMWR), in January 2000. A
group of 23 women was identified in California, al of
whom had taken Accutane while pregnant. During March
1999, a representative from the CDC interviewed a total
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of 14 of these women in an attempt to learn why preg-
nancies exposed to Accutane continued to occur despite
the efforts of the PPP. Five women had electively termi-
nated their pregnancies and had no information on
whether birth defects had been present in the fetus. Four
women experienced a spontaneous pregnancy loss, and
four infants were born without obvious abnormalities.
The last infant was born with features of AE, including a
complex heart defect, hydrocephalus, and abnormal
facial features. He subsequently died at the age of nine
weeks.

Of greater interest to the authors, however, were
some of the factors that contributed to the occurrence of
these pregnancies in the first place. Some of the women
had obtained Accutane from a source other than their
doctor, such as in another country or from an associate.
Another woman reported using medication |eft over from
a previous prescription. In other cases, the prescription
wasfilled before a pregnancy test was performed (usually
the woman was already pregnant) or was started before
day two or three of her menstrual period.

In March 1999, Roche submitted plans to the FDA
for its revised Targeted Pregnancy Prevention Program.
Over the course of the year 2000, the Targeted PPP was
put into place, and efforts were resumed to educate doc-
tors and patients alike. In May 2000, the FDA approved
a new label for al Accutane packages. The label now
includes the following recommendations:

» Two independent pregnancy tests are required, one
before treatment begins and the next on the second day
of the next normal menstrual period or 11 days after the
last unprotected act of sexual intercourse, whichever is
later.

* The prescription cannot be filled without a report from
a physician documenting a negative pregnancy test
result.

* |f treatment is started while a woman has her menstrua
period, it should be started on the second to third day of
her period.

* Only a one-month supply of the drug will be given at a
time.

e Two reliable forms of birth control, one primary,
another secondary, must be used at the same time before
treatment starts, during treatment, and one month after
treatment ends. Examples of a primary method of birth
control include birth control pills, a history of a sterili-
zation procedure, such as atubal ligation or vasectomy,
or other form of injectable or implantable birth control
product. Examples of a secondary form of birth control
include use of a diaphragm, condom, or cervical cap,
each with spermicide.
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KEY TERMS

Embryo—The earliest stage of development of a
human infant, usually used to refer to the first eight
weeks of pregnancy. The term fetus is used from
roughly the third month of pregnancy until deliv-
ery.

Miscarriage—Spontaneous pregnancy loss.
Psoriasis—A common, chronic, scaly skin disease.

Stillbirth—The birth of a baby who has died some-
time during the pregnancy or delivery.

Thymus gland—An endocrine gland located in the
front of the neck that houses and tranports T cells,
which help to fight infection.

» Monthly contraceptive and pregnancy counseling are
required as is a monthly pregnancy test.

The FDAs Dermatologic and Ophthamic Drug
Advisory Committee additionally recommended that
doctors and their patients participate in a mandatory
Accutane registry. Such a registry would be used to
track how well prescribers and patients follow the ele-
ments of the Targeted PPP, such as pregnancy tests,
informed consent, and use of birth control. A similar
system has been developed to regulate the use of the
drug thalidomide, another powerful human teratogen.
Additionally, a centralized database could be maintained
to track the outcomes of all Accutane-exposed pregnan-
cies. As of early 2001, such a registry had not yet been
established.

The possibility of a registry has met with criticism
from professional organizations such as the American
Academy of Dermatology (AAD). Critics have charged
that a mandatory registry system would restrict access to
the drug, particularly for those individuals with severe
acne who may livein rural areas or otherwise do not have
access to a doctor who is a member of the registry. The
AAD agrees that education about Accutane as well asits
potential hazards and safe and responsible use of the drug
are of utmost importance.

To date, none of the efforts put forth by the drug
manufacturer or the medical community has been 100%
effective. Pregnancies while women are taking Accutane
are still occurring, and infants with AE are still being
born. As highlighted by the recent MMWR report, estab-
lishment of a registry or other strict methods of control
are still unlikely to completely eliminate the birth of chil-
dren with AE. It is possible in some cases to obtain
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Achondrogenesis

Accutane without using the services of a knowledgeable
physician. Also, many pregnancies are unplanned and
unexpected. Since first trimester exposure to Accutane
may have serious consequences, time is of the essence in
preventing as many prenatal exposures as possible.
Doctors and their patients need to be equally attentive to
the prevention of pregnancies and, thus, the continuing
births of children with AE.

Prognosis

Accutane is a safe and highly effective drug when
used properly. However, Accutane embryopathy is a seri-
ous medical condition that is directly related to a
mother’s use of Accutane during the first trimester of her
pregnancy. Although most individuals with AE will have
anormal lifespan, others may die at a young age due to
complex internal abnormalities. Mild or moderate mental
handicap is common even when there are no obvious
physical features of AE.
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Mechcatie, Elizabeth. “FDA panel backs new pregnancy plan
for Accutane.” Family Practice News 30, no. 2 (November
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I Achondrogenesis
Definition

Achondrogenesisis adisorder in which bone growth
is severely affected. The condition isusually fatal early in
life.

Description

General description

The syndrome achondrogenesis results from abnor-
mal bone growth and cartilage formation. It is considered
alethal form of infantile dwarfism. Dwarfism is a condi-
tion that leads to extremely short stature. In achondroge-
nesis, the abnormalities in cartilage formation lead to
abnormalities in bone formation. The lethality of the dis-
order is thought to result from difficulty breathing, prob-
ably due to having a very small chest. Achondrogenesis
usualy results in a stillborn infant or very early fatality.
Achondrogenesis can be subdivided into type 1 and type
2. Type 1 can further be subdivided into type 1A and type
1B. Types 1A and 1B are distinguished by microscopic
differences in the cartilage and cartilage-forming cells.
Cartilage-forming cells (chondrocytes) are abnormal in
type 1A, whereas the cartilage matrix itself is abnormal
in type 1B.

Previously, health care professionals had recognized
achondrogenesis types 3 and 4, but those classifications
have been abandoned. Types 3 and 4 are now considered
to be dight variations of type 2 achondrogenesis. Types
1A, 1B, and type 2 al have different genetic causes, and
that is one factor supporting the current classification.

Synonyms

Synonyms for achondrogenesi s include chondrogen-
esis imperfecta, hypochondrogenesis, lethal neonatal
dwarfism, lethal osteochondrodysplasia, and neonatal
dwarfism. Achondrogenesis type 1A is aso known as
Houston-Harris type, achondrogenesis type 1B is also
known as Fraccaro type chondrogenesis, and achondro-
genesis type 2 is also known as Langer-Saldino type
achondrogenesis or type 3 or type 4 achondrogenesis.

Genetic profile

As previously mentioned, achondrogenesis is cur-
rently divided into three distinct subtypes: type 1A, type
1B, and type 2. It appears that each subtype is caused by
mutations in different genes.

The gene for type 1A has not yet been isolated, but
it does follow an autosomal recessive pattern of inheri-
tance.
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Type 1B follows an autosomal recessive pattern of
inheritance as well, but the gene has been isolated. It is
the diastrophic dysplasia sulfate transporter gene
(DTDST), which is located on the long arm of chromo-
some 5 (5032-g33 specifically). Abnormalities in the
DTDST gene result in abnormal sulfation of proteins,
which is thought to result in disease.

The severity of mutation determines which disorder
the patient will have. The most severe of these disorders
is type 1B. Since both type 1A and 1B follow autosomal
recessive patterns of inheritance, the chance of parents
having another child with the disorder after having the
first child is 25% for both disorders.

Similar to achondrogenesis type 1B, achondrogene-
sis type 2 represents the most severe disorder of a group
of disorders resulting from the mutation of a single
gene—the collagen type 2 gene (COL2A1), located on
the long arm of chromosome 12 (12g13.1-g13.3 specifi-
cally). In addition to its important role in development
and growth, collagen type 2 plays an important struc-
tural role in cartilage and in the ability of cartilage to
resist compressive forces. Type 2, however, does not fol-
low an autosomal recessive pattern of inheritance. Most
of the mutations that cause type 2 are new mutations,
meaning they are not passed from parents to children.
Also, most of these mutations are considered autosomal
dominant. However, some family members of affected
children may have the mutant gene without having the
disease. Thisis not aclassical pattern of dominance and
implies the involvement of other genes in the disease
process.

Demographics

Achondrogenesis is equally rare in males and
females of al races in the United States. Although the
exact incidence is unknown, one estimate places the inci-
dence at 1 case in every 40,000 hirths.

Signs and symptoms
Traits found in all subtypes of achondrogenesis

All infants with achondrogenesis share these charac-
teristics: an extremely short neck, underdeveloped lungs,
aprotuberant abdomen, low birth weight, extremely short
limbs (micromelia) and other skeletal abnormalities. The
most defining feature of this condition is the extreme
shortness of the limbs.

Additionally, fetuses with achondrogenesis may
have the condition polyhydramnios, a condition in which
there is too much fluid around the fetus in the amniotic
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KEY TERMS

Chondrocyte—A specialized type of cell that
secretes the material which surrounds the cells in
cartilage.

Fetal hydrops—A condition in which there is too
much fluid in the fetal tissues and/or cavities.

Micromelia—The state of having extremely short
limbs.

Ossification—The process of the formation of
bone from its precursor, a cartilage matrix.

Polyhadramnios—A condition in which there is
too much fluid around the fetus in the amniotic
sac.

sac, and/or fetal hydrops, a condition in which there is
too much fluid in the fetal tissues and/or cavities. Infants
with achondrogenesis are also often born in the breech
position (hindquarters first).

Differences in traits shared by all subtypes
of achondrogenesis

Although all the subtypes of achondrogenesis share
some characteristics, there are differences in some of
these characteristics between subtypes. Type 1 achondro-
genesis is generally considered to be more severe than
type 2. This is supported by the shorter limbs found in
type 1 and the lower average birth weight of type 1
infants compared to type 2 infants. Although any birth
weight below 5.5 1bs (2,500 g) is considered to be low,
type 1 infants average 2.6 Ibs (1,200 g), whereas type 2
infants average 4.6 1bs (2,100 g). Additionally, both
groups have a number of subtle skeletal abnormalitiesin
addition to those already discussed.

Traits found in type 1 not shared by
type 2 achondrogenesis

Type 1 achondrogenesis has two non-subtle charac-
teristicsthat type 2 does not. Type 1 is often accompanied
by abnorma connections either on the inside of the
infant’s heart or in the major blood vesselsleading to and
away from the heart. These defects are formally known
as either atrial septal defects, ventral septal defects, or a
patent ductus arteriosus. These connections allow oxy-
genated blood and deoxygenated blood to mix. Normally,
oxygenated and deoxygenated blood are separated to
ensure enough oxygen makes it to important tissues, like
the brain. Mixing the blood results in less oxygen being
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Achondrogenesis

The x ray image of an infant with achondrogenesis shows
the absence of spinal ossification as well as short bone
formation throughout the body. (Greenwood Genetic Center)

pumped into the body and insufficient oxygenation of
tissues around the body.

The other distinct type 1 characteristic isincomplete
ossification. Ossification is the process of bone forma-
tion. In type 1A, incomplete ossification can be seen in
many bones, including the skull. In type 1B, the skull is
ossified, but bones other than the skull reveal incomplete
ossification. No deficiency in ossification can be seen in
type 2 achondrogenesis.

Diagnosis

Prenatal diagnosis of a skeletal disorder may be
made by ultrasound. DNA testing may be used to deter-
mine the type of disorder, or to confirm the presence of
asuspected disorder. Otherwise, diagnosis may be made
by the physical appearance of the infant at birth, and/or
x rays. DNA analysis or a microscopic examination of
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cartilage tissues may be used to identify the type of
disorder.

Treatment and management

As of 2001, there is no treatment for the underlying
disorder. Parents should consider mental health and
genetic counseling to deal with the grief of losing a
child, and to understand the risks of the disorder recur-
ring in subsequent children. Support groups may be help-
ful inthe pursuit of these goals. It isimportant for genetic
counseling purposes to determine the type of achondro-
genesis that affected the child, since different types of
achondrogenesis carry very different prognoses for future
children.

Prognosis

This disorder isfatal at birth or soon after. Type 1 is
considered more severe, partly because infants with type
1 aremorelikely to be stillborn and generally succumb to
the disorder earlier than infants with type 2 achondroge-
nesis.

Resources

ORGANIZATIONS
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7620 York Road, Towson, MD 21204. (410) 337-1250.

International Skeletal Dysplasia Registry. Cedars-Sinai Medical
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Angeles, CA 90048. (310) 855-7488. priore@mailgate
.csmc.edu.

Little People of America, Inc. National Headquarters, PO Box
745, Lubbock, TX 79408. (806) 737-8186 or (888) LPA-
2001. Ipadatabase@juno.com. <http://www.Ipaonline
.org>.

Parents of Dwarfed Children. 2524 Colt Terrace, Silver Spring,
MD 20902. (301) 649-3275.
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I Achondroplasia
Definition

Achondroplasia is a common form of dwarfism or
short stature due to an autosomal dominant mutation (a
mutation on one of the first 22 “non-sex” chromosomes)
that causes an individual to have short stature with dis-
proportionately short arms and legs, a large head, and
distinctive facial features, including a prominent fore-
head and a flattened midface.

Description

Achondroplasiais a genetic form of dwarfism dueto
a problem of bone growth and development. There are
many causes for dwarfism, including hormone imbal-
ances and metabolic problems. Achondroplasia belongs
to aclass of dwarfism referred to as a chrondrodystrophy
or skeletal dysplasia. All skeletal dysplasias are the
result of a problem with bone formation or growth. There
are over 100 different types of skeletal dysplasia
Achondroplasia is the most common and accounts for
half of all known skeletal dysplasias.

Achondroplasia is easily recognizable. Affected
individuals have disproportionate short stature, large
heads with characteristic facial features, and dispropor-
tionate shortening of their limbs. Most individuals with
achondroplasia have a normal 1Q. The motor develop-
ment of infants is delayed due to hypotonia (low muscle
tone) and their physica differences (large heads and
small bones). The motor development of children with
achondroplasia eventually catches up with that of their
peers. Individuals with achondroplasia can have medical
complications that range from mild to severe. Because of
the differences in their bone structure, these individuals
are prone to middle ear infections. They are aso at risk
for neurologic problems due to spinal cord compression.
The spinal canal (which holds the spinal cord) is smaller
than normal in achondroplasia. The American Academy
of Pediatrics Committee on Genetics has developed
guidelines for the medical management of children with
achondroplasia.

The short stature of achondroplasia can be asocially
isolating and physically challenging. Most public places
are not adapted to individual s of short stature and this can
limit their activities. Children and adults with achon-
droplasia can be socially ostracized due to their physical
appearance. Many people erroneously assume that indi-
viduals with achondroplasia have limited abilities. It is
very important to increase awareness with educational
programs and to take proactive steps to foster self-esteem
in children with achondroplasia.

GALE ENCYCLOPEDIA OF GENETIC DISORDERS

Genetic profile

Achondroplasia is caused by a mutation, or change,
in the fibroblast growth factor receptor 3 gene (FGFR3)
located on the short arm of chromosome 4.

Genes contain the instructions that tell abody how to
form. They are composed of four different chemical
bases—adenine (A), thymine (T), cytosine (C), and gua-
nine (G). These bases are arranged like words in a sen-
tence and the specific order of these four bases provide
the instructions that a cell needs to form a protein.

FGFR (fibroblast growth factor receptor) genes pro-
vide the instruction for the formation of a cell receptor.
Every cell in the body has an outer layer called a cell
membrane that serves as a filter. Substances are trans-
ported into and out of the cells by receptors located on
the surface of the cell membrane. Every cell has hundreds
of different types of receptors. The fibroblast growth fac-
tor receptor transports fibroblast growth factors into a
cell. Fibroblast growth factors play a role in the normal
growth and development of bones. When the receptors
for fibroblast growth factors do not work properly, the
cell does not receive enough fibroblast growth factors
and results in abnormal growth and development of
bones.

Achondroplasia is caused by mutations in the
FGFR3 gene. Two specific mutations account for approx-
imately 99% of achondroplasia. The FGFR geneis com-
prised of 2,520 bases. In a norma (non-mutated) gene,
base number 1138 is guanine (G). In most individuals
with achondroplasia (98%), this guanine (G) has been
replaced with adenine (A). In asmall number of individ-
uals with achondroplasia (1%0), this guanine (G) has been
replaced with cytosine (C). Both of these small substitu-
tions cause a change in the fibroblast growth factor recep-
tor (FGFR) that affects the function of this receptor.

Mutations in the FGFR3 gene are inherited in an
autosomal dominant manner. Every individual has two
FGFR3 genes—one from their father and one from their
mother. In an autosomal dominant disorder, only one
gene has to have a mutation for the person to have the
disorder. Over 80% of individuals with achondroplasia
are born to parents with average stature. Their achon-
droplasia is the result of a de novo or new mutation. No
one knows the cause of de novo mutations or why they
occur so frequently in achondroplasia. For reasons that
are not yet understood, most new mutations occur in the
FGFR3 gene that is inherited from the average-size
father.

An individual with achondroplasia has a50% chance
of passing on their changed (mutated) gene to their chil-
dren. An achondroplastic couple (both parents have
achondroplasia) has a 25% chance that they will have a
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Achondroplasia

KEY TERMS

Fibroblast growth factor receptor gene—A type of
gene that codes for a cell membrane receptor
involved in normal bone growth and develop-
ment.

Rhizomelic—Disproportionate shortening of the
upper part of a limb compared to the lower part of
the limb.

child with average stature, a 50% chance that they will
have a child with one achondroplasia gene (a heterozy-
gote), and a 25% chance that a child will get two copies
of the achondroplasia gene (a homozygote). Babies with
homozygous achondroplasia are much more severely
affected than babies with a single achondroplasia gene.
These infants generally die very shortly after birth
because of breathing problems caused by an extremely
small chest.

Demographics

Because individuals with other forms of dwarfism
are often misdiagnosed with achondroplasia, the exact
incidence of achondroplasiaisunknown. Estimates of the
incidence of achondroplasia vary between 1/10,000 to
1/40,000 births. It is estimated that there are approxi-
mately 15,000 individuals with achondroplasia in the
United States and 65,000 worldwide. Achondroplasia
affects males and females in equal numbers.

Signs and symptoms

Individuals with achondroplasia have disproportion-
ate short stature, large heads with characteristic facial
features, and rhizomelic shortening of their limbs.
Rhizomelic means “root limb.” Rhizomelic shortening of
the limbs means that those segments of a limb closest to
the body (the root of the limb) are more severely affected.
In individuals with achondroplasia, the upper arms are
shorter than the forearms and the upper leg (thigh) is
shorter than the lower leg.

In addition to shortened limbs, individuals with
achondroplasia have other characteristic limb differ-
ences. People with achondroplasia have a limited ability
to rotate and extend their elbows. They generally develop
bowed legs and may have in-turned toes. Their hands and
feet are short and broad, as are their fingers and toes.
Their hands have been described as having a “trident”
configuration. This term is based upon the trident fork
used in Greek mythology and describes the unusual sep-
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aration of their middle fingers. This unusual separation
gives their hands a “three-pronged” appearance with the
thumb and two small fingers on the side and the index
and middle finger in the middle.

Individuals with achondroplasia have similar facial
features and a large head (megalencephaly) due to the
difference in the growth of the bones of the face and
head. The exact reason for the increase in head sizeis not
known, but it reflects increased brain size and can some-
times be due to hydrocephalus. People with achon-
droplasia have a protruding forehead (frontal bossing)
and a relatively prominent chin. The prominent appear-
ance of the chin is in part due to the relative flatness of
their midface. While people with achondroplasia do
resemble one another, they also resemble their family of
origin.

Individuals with achondroplasia have shortening of
their long bones. Women with achondroplasia have an
average adult height of 48 in (122 cm). Men have an
average adult height of 52 in (132 cm).

Diagnosis

Achondroplasia is generaly diagnosed by physical
examination at birth. The characteristic findings of short
stature, rhizomelic shortening of the limbs, and specific
facial features become more pronounced over time. In
addition to being diagnosed by physical examination,
individual s with achondroplasia have some specific bone
changes that can be seen on an x ray. These include a
smaller spinal canal and a small foramen magnum. The
foramen magnum is the opening at the base of the skull.
The spina cord runs from the spinal canal through the
foramen magnum and connects with the brain.

The diagnosis of achondroplasia can also be made
prenatally either by ultrasound (sonogram) or by prenatal
DNA testing. Sonograms use sound waves to provide an
image of afetus. The physical findings of achondroplasia
(shortened long bones, trident hand) can be detected in
the third trimester (last three months) of a pregnancy.
Prior to the last three months of pregnancy, it is difficult
to use a sonogram to diagnose achondroplasia because
the physical features may not be obvious. Because of the
large number of skeletal dysplasias, it can be very diffi-
cult to definitively diagnose achondroplasia by sono-
gram. Many other dwarfing syndromes can look very
similar to achondroplasia on a sonogram.

Prenatal testing can also be done using DNA tech-
nology. A sample of tissue from a fetus is obtained by
either chorionic villi sampling (CVS) or by amniocen-
tesis. Chorionic villi sampling is generally done between
10-12 weeks of pregnancy and amniocentesis is done
between 16-18 weeks of pregnancy. Chorionic villi sam-
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pling involves removing a small amount of tissue from
the developing placenta. The tissue in the placenta con-
tains the same DNA as the fetus. Amniocentesis involves
removing a small amount of fluid from around the fetus.
Thisfluid contains somefetal skin cells. DNA can beiso-
lated from these skin cells. The fetal DNA is then tested
to determine if it contains either of the two mutations
responsible for achondroplasia

Prenatal DNA testing for achondroplasia is not rou-
tinely performed in low-risk pregnancies. This type of
testing is generally limited to high-risk pregnancies, such
as those in which both parents have achondroplasia. It is
particularly helpful in determining if afetus has received
two abnormal genes (homozygous achondroplasia). This
occurs when both parents have achondroplasia and each
of them passes on their affected gene. The baby gets two
copies of the achondroplasia gene. Babies with homozy-
gous achondroplasia are much more severely affected
than babies with heterozygous achondroplasia. Infants
with homozygous achondroplasia generally die shortly
after birth due to breathing problems caused by an
extremely small chest.

DNA testing can also be performed on blood sam-
ples from children or adults. Thisis usually doneif there
is some doubt about the diagnosis of achondroplasiaor in
atypical cases.

Treatment and management

Thereis no cure for achondroplasia. The recommen-
dations for the medical management of individuals with
achondroplasia have been outlined by the American
Academy of Pediatrics Committee on Genetics. The
potential medical complications of achondroplasia range
from mild (ear infections) to severe (spina cord com-
pression). By being aware of the potential medical com-
plications and catching problems early, it may be
possible to avert some of the long-term consequences of
these complications. An individual with achondroplasia
may have some, al, or none of these complications.

All children with achondroplasia should have their
height, weight, and head circumference measured and
plotted on growth curves specifically developed for chil-
dren with achondroplasia. Measurements of head cir-
cumference are important to monitor for the development
of hydrocephalus—a known but rare (<5%) complica
tion of achondroplasia. Hydrocephalus (or water on the
brain) is caused by an enlargement of the fluid-filled cav-
ities of the brain (ventricles) due to a blockage that
impedes the movement of the cerebrospinal fluid.
Suspected hydrocephalus can be confirmed using imag-
ing techniques such as a CT or MRI scan and can be
treated with neurosurgery or shunting (draining) if it
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This man has achondroplasia, a disorder characterized by
short stature. (Photo Researchers, Inc.)

causes severe symptoms. Any child displaying neuro-
logic problems such as lethargy, abnormal reflexes, or
loss of muscle control should be seen by a neurologist to
make sure they are not experiencing compression of their
spinal cord. Compression of the spinal cord iscommonin
individuals with achondroplasia because of the abnormal
shape and small size of their foramen magnum (opening
at the top of the spinal cord).

All children with achondroplasia should be moni-
tored for sleep apnea, which occurs when an individual
stops breathing during sleep. This can occur for several
reasons, including obstruction of the throat by the tonsils
and adenoids, spinal cord compression, and obesity.
Individuals with achondroplasia are more prone to sleep
apnea due to the changes in their spinal canal, foramen
magnum, and because of their short necks. Treatment for
deep apnea depends on its cause. Obstructive sleep apnea
is treated by surgically removing the tonsils and ade-
noids. Neurosurgery may be required to treat sleep apnea
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Achondroplasia
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due to spinal cord compression. Weight management
may also play arolein the treatment of sleep apnea.

Other potential problems in children with achon-
droplasia include overcrowding of the teeth (dental mal-
occlusion), speech problems (articulation), and frequent
ear infections (otitis media). Dental malocclusion (over-
crowding of teeth) is treated with orthodontics. All chil-
dren with achondroplasia should be evaluated by a speech
therapist by two years of age because of possible prob-
lems with the development of clear speech (articulation).
Articulation problems may be caused by orthodontic
problems. Due to the abnormal shape of the eustachian
tube in an individual with achondroplasia, they are very
prone to ear infections (otitis media). Approximately 80%
of infants with achondroplasia have an ear infection in the
first year of life. About 78% of these infants require ven-
tilation tubes to decrease the frequency of ear infections.

Weight management is extremely important for an
individual with achondroplasia. Excess weight can exac-
erbate many of the potential orthopedic problems in an
individual with achondroplasia such as bowed legs, cur-
vature of the spine, and joint and lower back pain. Excess
weight can also contribute to sleep apnea. Development
of good eating habits and appropriate exercise programs
should be encouraged in individual s with achondroplasia.
These individuals should discuss their exercise programs
with their health care provider. Because of the potential
for spina cord compression, care should be used in
choosing appropriate forms of exercise.
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The socia adaptation of children with achondropla-
sia and their families should be closely monitored.
Children with visible physical differences can have diffi-
culties in school and socially. Support groups such as
Little People of America can be a source of guidance on
how to deal with theseissues. It isimportant that children
with achondroplasia not be limited in activities that pose
no danger. In addition to monitoring their social adapta-
tion, every effort should be made to physically adapt their
surroundings for convenience and to improve independ-
ence. Physical adaptations can include stools to increase
accessibility and lowering of switches and counters.

Two treatments have been used to try to increase the
final adult height of individuals with achondroplasia
—limb-lengthening and growth hormone therapy. There
are risks and benefits to both treatments and as of 2001,
they are still considered experimental .

Limb-lengthening involves surgically attaching
external rods to the long bones in the arms and legs.
These rods run paralel to the bone on the outside of the
body. Over a period of 18-24 months, the tension on
these rods is increased, which results in the lengthening
of the underlying bone. This procedure is long, costly,
and has potential complications such as pain, infections,
and nerve problems. Limb-lengthening can increase
overal height by 12-14 in (30.5-35.6 cm). It does not
change the other physical manifestations of achondropla-
sia such as the appearance of the hands and face. Thisis
an elective surgery and individuals must decide for them-
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selvesif it would be of benefit to them. The optimal age
to perform this surgery is not known.

Growth hormone therapy has been used to treat some
children with achondroplasia. Originally there was doubt
about the effectiveness of this treatment because children
with achondroplasia are not growth hormone deficient.
However, studies have shown that rate of growth in chil-
dren with achondroplasia treated with growth hormone
does increase during the first two years of treatment. It is
too early to say how effective this treatment is because
the children involved in this study are still growing and
have not reached their final adult height.

Prognosis

The prognosis for most people with achondroplasia
is very good. In general, they have minima medical
problems, normal 1Q, and most achieve success and
have a long life regardless of their stature. The most
serious medical barriers to an excellent prognosis are
the neurologic complications that can arise in achon-
droplasia. Spinal cord compression is thought to
increase the risk for SIDS to 7.5% in infants with
achondroplasia and can lead to life-long complications
such as paralysis if untreated. Obesity can increase the
risk for heart disease and some studies have revealed an
increased risk of unexplained death in the fourth and
fifth decade of life.

Successful social adaptation plays an important role
in the ultimate success and happiness of an individual
with achondroplasia. It is very important that the career
and life choices of an individual with achondroplasia not
be limited by preconceived ideas about their abilities.

Resources
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Children. Westport, CT: Praeger Publishing, 1988.
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American Academy of Pediatrics Committee on Genetics.
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Pediatrics 95, no 3 (March 1995): 443-51.

ORGANIZATIONS

Little People of America, Inc. National Headquarters, PO Box
745, Lubbock, TX 79408. (806) 737-8186 or (888) LPA-
2001. |padatabase@juno.com. <http://www.Ipaonline
.org>.
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The Human Growth Foundation. <http://www.hgfound.org/>

Little People of America: An Organization for People of Short
Stature. <http://www.lpaonline.org/Ipa.html>

Kathleen Fergus, MS

GALE ENCYCLOPEDIA OF GENETIC DISORDERS

I ACHOO syndrome
Definition

ACHOO syndrome is a generally benign condition
characterized by sudden, uncontrollable sneezing after
viewing a bright light.

Description

The ACHOO syndrome, standing for autosomal
dominant compelling heliopthalmic outburst syndrome,
is an inherited condition where a person will involun-
tarily sneeze after seeing a bright light. A person with
this condition will sneeze multiple times, and in rare
cases may sneeze 30-40 times. The syndrome is usually
more intense if the person with the condition moves
suddenly from darkness into an area with bright lights
or sunlight.

Genetic profile

The ACHOO syndrome is thought to be inherited in
an autosomal dominant pattern. This meansthat only one
copy of the abnormal gene needs to be present for the
syndrome to occur. If one parent has the condition, their
children will have a 50% chance of also having the syn-
drome. One physician reported the condition in afamily,
where it was observed in the father and his brother, but
not seen in the father's mother or hiswife. Both the father
and brother would sneeze twice when going from an area
of darkness to an area of light. At four weeks of age, the
father’s daughter also started to sneeze whenever she was
moved into bright sunlight.

Because of the relatively benign nature of the condi-
tion, there has been no reported scientific work trying to
locate the gene responsible for the syndrome.

Demographics

Occurrence of the ACHOO syndrome is widespread
in the genera population. The few well-documented
studies performed report the condition as being present in
23-33% of individuals. Men seem to be affected more
than women. Studies on the occurrence of the syndrome
in various ethnic groups are very limited. One study
showed differences between whites and non-whites,
while another study showed no difference.

Signs and symptoms

The prominent symptom of people with the ACHOO
syndrome is sudden, involuntary sneezing when they see
a bright light or sunlight. The way in which sneezing is
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ACHOO syndrome

KEY TERMS

Allergy—Condition in which immune system is
hypersensitive to contact with allergens; an abnor-
mal response by the immune system to contact
with an allergen; condition in which contact with
allergen produces symptoms such as inflammation
of tissues and production of excess mucus in res-
piratory system.

Antibody—A protein produced by the mature B
cells of the immune system that attach to invading
microorganisms and target them for destruction by
other immune system cells.

Antigen—A substance or organism that is foreign
to the body and stimulates a response from the
immune system.

Hypersensitivity—A process or reaction that
occurs at above normal levels; overreaction to a
stimulus.

Immune response—Defense mechanism of the
body provided by its immune system in response
to the presence of an antigen, such as the produc-
tion of antibodies.

Immune system—A major system of the body that
produces specialized cells and substances that
interact with and destroy foreign antigens that
invade the body.

triggered is not very well understood, but there are sev-
eral theories that attempt to explain the syndrome.

Onetheory isthat people who have the ACHOO syn-
drome have a hypersensitive reaction to light, just like
some people have a sensitivity to cat hairs or pollen.

When a person with the syndrome is exposed to a bright
light, the same mechanism in the body that triggers a
sneeze due to an irritant such as pollen somehow con-
fuses light with that irritant and causes a sneeze to occur.
Another ideais that the sneeze reflex in people with the
ACHOO syndrome is somehow linked to real nasal aller-
gies, although this does not explain the syndrome in peo-
ple without nasal alergies. A third theory is that people
with the ACHOO syndrome are very sensitive to seeing
bright light. The sneeze reflex of the syndrome can then
be thought of as an involuntary defense reaction against
bright light; when the person sneezes, they automatically
close their eyes.

Diagnosis

The ACHOO syndrome is diagnosed simply by
observing the sneezing pattern of a person, and by look-
ing into the sneezing patterns of the person’s close rela-
tives. If the person seems to sneeze every time they are
exposed to a bright light, and if their parents and off-
spring do the same, then the diagnosis of the ACHOO
syndrome can be made.

Currently, there are no known blood tests or other
medical tests that can help diagnose the syndrome.

Treatment and management

There are no specific treatments for the ACHOO
syndrome. Common measures, such as wearing sun-
glasses, can help people who are severely affected.

There have been reports that people who have nasal
alergies have a higher incidence of the ACHOO syn-
drome. Therefore, it is sometimes assumed that medica-
tions that are used for allergies, such as antihistamines,
could perhaps play a beneficia role in the ACHOO syn-
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drome. However, no studies have successfully demon-
strated that the syndrome is relieved by this type of med-
ication. Alternative medicine, including homeopathy and
herbal medicine, recommend a wide range of remedies
for nasal allergies, these may accordingly also be helpful
for the ACHOO syndrome.

Prognosis

People with the ACHOO syndrome generally have
the condition for life. There is no evidence showing that
the ACHOO syndrome in any way affects a person’s life

span.
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I Acid maltase deficiency
Definition

Acid maltase deficiency, also called Pompe disease,
is a non-sex linked recessive genetic disorder that is the
most serious of the glycogen storage diseases affecting
muscle tissue. It is one of several known congenital
(present at birth) muscular diseases (myopathies), as dis-
tinct from a muscular dystrophy, which is a family of
muscle disorders arising from faulty nutrition. The Dutch
pathologist J. C. Pompe first described this genetic disor-
der in 1932.

Description

Acid maltase deficiency is aso known as glycogen
storage disease type Il (GSD 1) because it is character-
ized by a buildup of glycogen in the muscle cells.
Glycogen is the chemical substance muscles use to store
sugars and starches for later use. Some of the sugars and
starches from the diet that are not immediately put to use
are converted into glycogen and then stored in the mus-
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cle cells. These stores of glycogen are then broken down
into sugars, as the muscles require them. Acid maltaseis
the chemical substance that regulates the amount of
glycogen stored in muscle cells. When too much glyco-
gen begins to accumulate in amuscle cell, acid maltaseis
released to break down this excess glycogen into prod-
ucts that will be either reabsorbed for later use in other
cells or passed out of the body via the digestive system.
Individuals affected with acid maltase deficiency have
either a complete inability or a severely limited ability to
produce acid maltase. Since these individuals cannot pro-
duce the amounts of acid maltase required to process
excess glycogen in the muscle cells, the muscle cells
become overrun with glycogen. This excess glycogen in
the muscle cells causes a progressive degeneration of the
muscle tissues.

Acid maltase is an enzyme. An enzyme is a chemi-
cal that facilitates (catalyzes) the chemica reaction of
another chemical or of other chemicals; it is neither a
reactant nor a product in the chemical reaction that it cat-
alyzes. As aresult, enzymes are not used up in chemical
reactions, but rather recycled. One molecule of an
enzyme may be used to catalyze the same chemical reac-
tion over and over again several hundreds of thousands of
times. All the enzymes necessary for catalyzing the vari-
ous reactions of human life are produced within the body
by genes. Genetic enzyme deficiency disorders, such as
acid maltase deficiency, result from only one cause: the
affected individual cannot produce enough of the neces-
sary enzyme because the gene designed to make the
enzyme is faulty. Enzymes are not used up in chemical
reactions, but they do eventually wear out, or accidentally
get expelled. Also, as an individual grows, they may
require greater quantities of an enzyme. Therefore, most
enzyme deficiency disorders will have a time component
to them. Individuals with no ability to produce a particu-
lar enzyme may show effects of this deficiency at birth or
shortly thereafter. Individuals with only a partial ability
to produce a particular enzyme may not show the effects
of thisdeficiency until their need for the enzyme, because
of growth or maturation, has outpaced their ability to pro-
duceit.

The level of ability of individuals with acid maltase
deficiency to produce acid maltase, or their ability to
sustain existing levels of acid maltase, are the sole deter-
minants of the severity of the observed symptomsin indi-
viduals and the age of onset of these symptoms.

Acid maltase deficiency is categorized into three
separate types based on the age of onset of symptomsin
the affected individual. Type a, or infantile, acid maltase
deficiency usually begins to produce observable symp-
tomsin affected individual s between the ages of two and
five months. Type b, or childhood, acid maltase defi-
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Acid maltase deficiency

ciency usually beginsto produce observable symptomsin
affected individuals in early childhood. This type gener-
aly progresses much more slowly than infantile acid
maltase deficiency. Type c, or adult, acid maltase defi-
ciency generally beginsto produce observable symptoms
in affected individuals in the third or fourth decades of
life. This type progresses even more slowly than child-
hood acid maltase deficiency.

Genetic profile

The locus of the gene responsible for acid maltase
deficiency has been localized to 17923. The severity of
the associated symptoms and the age of onset in affected
individuals have been closely tied to the particular muta-
tion at this locus. Three specific mutations and one addi-
tional mutation type have been demonstrated to occur
along the gene responsible for acid maltase deficiency.
Each of these is associated with varying symptoms.

A gene is a particular segment of a particular chro-
mosome. However, within the segment containing a par-
ticular gene there are two types of areas: introns and
exons. Introns are sections of the segment that do not
actively participate in the functioning of the gene. Exons
are those sections that do actively participate in gene
function. A typical gene consists of several areas that are
exons divided by several areas of introns.

One mutation on the gene responsible for the pro-
duction of acid maltase is a deletion of exon 18. A second
mutation on the gene responsible for the production of
acid maltase is the deletion of a single base pair of exon
2. Both these mutations are associated with a complete
inability of the affected individual to produce acid mal-
tase. Individuals with these mutations will invariably be
affected with infantile (type a) acid maltase deficiency.

The third mutation on the gene responsible for the
production of acid maltase is a complicated mutation
within intron 1 that causes the cutting out of exon 2. This
mutation is generally not complete in every copy of the
gene within a given individual so it is associated with a
partial ability of the affected individual to produce acid
maltase. Individuals with this mutation will be affected
with either childhood (type b), or, more commonly, adult
(type c¢) acid maltase deficiency. In fact, greater than 70%
of all individuals affected with adult acid maltase defi-
ciency possess this particular mutation.

The final mutation class known to occur on the gene
responsible for the production of acid maltase is mis-
sense at various locations along the various exons.
Missense is the ateration of a single coding sequence
(codon) that codes for a single amino acid that will be
used to build the protein that is the precursor to the acid
maltase molecule. These missense mutations generally
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prevent the production of acid maltase and lead to infan-
tile (type @) acid maltase deficiency.

The exact mutations responsible for the other 30% of
the adult (type c¢) and the remainder of the childhood
(type b) acid maltase deficiency cases have not yet been
determined.

Demographics

Acid maltase deficiency is observed in approxi-
mately 1 in every 100,000 live births. In 2000, it was esti-
mated that between 5,000 and 10,000 people were living
somewhere in the devel oped world with adiagnosed case
of acid maltase deficiency. It is observed in equal hum-
bers of males and females and across all ethnic subpopu-
lations.

Since acid maltase deficiency is arecessive disorder,
both parents must be carriers of the disorder for it to be
passed to their children. In the case of carrier parents
with one child affected by acid maltase deficiency, there
is a 25% likelihood that their next child will also be
affected with the disorder. However, because type c
(adult) acid maltase deficiency generally does not show
symptoms in the affected individual until that individual
ispast 30, it is possible for an affected individual to par-
ent children. In this case, the probability of asecond child
being affected with acid maltase deficiency is 50%.
Should two affected individuals bear offspring; the prob-
ability of their child being affected with acid maltase
deficiency is 100%.

In families with more than one affected child, the
symptoms of the siblingswill closely correspond. That is,
if one child develops infantile acid maltase deficiency, a
second child, if affected with the disorder, will aso
develop the infantile form.

Signs and symptoms

The symptoms of acid maltase deficiency vary
depending on the severity of the deficiency of acid mal-
tase in the affected individual. The most acid maltase
deficient individuas will develop infantile acid maltase
deficiency and will exhibit the most severe symptoms.
Likewise, the least acid maltase deficient individuals will
develop adult acid maltase deficiency and have less
severe symptoms.

Infantile (type @) acid maltase deficiency is charac-
terized by the so-called “floppy baby” syndrome. This
condition is caused by extreme weakness and lack of tone
of the skeletal muscles. This observed weakness in the
skeletal muscles is accompanied by the much more seri-
ous problems of overall weakness of the heart muscle
(cardiomyopathy) and the muscles of the respiratory sys-
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tem, primarily the diaphragm. Enlargement of the heart
(cardiomegaly), tongue, and liver are also observed.
Glycogen accumulation is observed in most tissues of the
body.

Childhood (type b) acid maltase deficiency is char-
acterized by weakness of the muscles of the trunk and
large muscle mass with little muscle tone. Thisis due to
a buildup of glycogen in the muscle cells. The heart and
liver of those affected with childhood maltase deficiency
are generaly normal. However, there is a progressive
weakening of the skeletal and respiratory muscles. The
observed muscle weakness in childhood acid maltase
deficiency affected individuals gradually progresses from
the muscles of the trunk to the muscles of the arms and
the legs. Glycogen accumulation is observed primarily in
the muscle tissues.

Adult (type c) acid maltase deficiency is character-
ized by fatigue in younger affected individuals and by
weakness of the muscles of the trunk in older affected
individuals. The observed muscle weakness in adult acid
maltase deficiency affected individuals gradually pro-
gresses from the muscles of the trunk to the muscles of
the arms and the legs. High blood pressure in the artery
that delivers blood to the lungs (pulmonary hyperten-
sion) is also generally observed in affected adults.
Glycogen accumulation is observed primarily in the
muscle tissues.

Diagnosis

Infantile acid maltase deficiency is generally diag-
nosed between the ages of two and five months when
symptoms begin to appear. The first indicator of infantile
acid maltase deficiency is general weakness and lack of
tone (hypotonia) of the skeletal muscles, particularly
those of the trunk.

A blood test called a serum CK test isthe most com-
monly used test to determine whether muscular degener-
ation is causing an observed muscular weakness. It is
used to rule out other possible causes of muscle weak-
ness, such as nerve problems. To determine the CK
serum level, blood is drawn and separated into the part
containing the cells and the liquid remaining (the
serum). The serum is then tested for the amount of crea-
tine kinase (CK) present. Creatine kinase is an enzyme
found almost exclusively in the muscle cells and not typ-
ically in high amounts in the bloodstream. Higher than
normal amounts of CK in the blood serum indicate that
muscular degeneration is occurring: that the muscle cells
are breaking open and spilling their contents, including
the enzyme creatine kinase (CK) into the bloodstream.
Individuals affected with acid maltase deficiency have
extremely high serum CK levels. Those affected with
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KEY TERMS

Acid maltase—The enzyme that regulates the
amount of glycogen stored in muscle cells. When
too much glycogen is present, acid maltase is
released to break it down into waste products.

Acidosis—A condition of decreased alkalinity
resulting from abnormally high acid levels (low
pH) in the blood and tissues. Usually indicated by
sickly sweet breath, headaches, nausea, vomiting,
and visual impairments.

Catalyze—Facilitate. A catalyst lowers the amount
of energy required for a specific chemical reaction
to occur. Catalysts are not used up in the chemical
reactions they facilitate.

Enzyme—A protein that catalyzes a biochemical
reaction or change without changing its own
structure or function.

Exon—The expressed portion of a gene. The exons
of genes are those portions that actually chemi-
cally code for the protein or polypeptide that the
gene is responsible for producing.

Fibroblast—Cells that form connective tissue
fibers like skin.

Glycogen—The chemical substance used by mus-
cles to store sugars and starches for later use. It is
composed of repeating units of glucose.

Hypoglycemia—An abnormally low glucose
(blood sugar) concentration in the blood.

Intron—That portion of the DNA sequence of a
gene that is not directly involved in the formation
of the chemical that the gene codes for.

Myopathy—Any abnormal condition or disease of
the muscle.

Serum CK test—A blood test that determines the
amount of the enzyme creatine kinase (CK) in the
blood serum. An elevated level of CK in the blood
indicates that muscular degeneration has occurred
and/or is occurring.

infantile acid maltase deficiency have much higher
serum CK levels than those affected with the childhood
or adult forms. The actual serum CK level, once
observed to be higher than normal, can also be used to
differentiate between various types of muscular degener-
ation.

Serum CK levels cannot be used to distinguish acid
maltase deficiency from other glycogen storage diseases.
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Acrocallosal syndrome

Acid maltase deficiency (type Il glycogen storage dis-
ease) is differentially diagnosed from type | glycogen
storage disease by blood tests for abnormally low levels
of glucose (hypoglycemia) and alow pH, or high acidity,
(acidosis). Hypoglycemia and acidosis are both charac-
teristic of type | glycogen storage disease, but neither is
characteristic of acid maltase deficiency.

It is sometimes possible to determine the abnormally
low levels of the acid maltase enzyme in the white blood
cells (leukocytes) removed during the above blood serum
tests. If these levels can be determined and they are
abnormally low, a definitive diagnosis of acid maltase
deficiency can be made. When the results of this leuko-
cytetest are not clear, acid maltase deficiency typesaand
b may be positively diagnosed by testing muscles cells
removed from the affected individual (muscle biopsy) for
the actual absence or lack of sufficient acid maltase. This
test is 100% accurate for type a and type b acid maltase
deficiency, but it may give improper results for type c
acid maltase deficiency. In these hard-to-identify cases of
type ¢ acid maltase deficiency, an identical test to that
performed on the leukocytes may be performed on cul-
tured fibroblasts grown from a sample from the affected
individual. Thistest is 100% accurate for type ¢ acid mal-
tase deficiency.

Treatment and management

As of early 2001, there is no treatment or cure for
acid maltase deficiency. The only potential treatment for
this deficiency is enzyme replacement therapy. This
approach was initially undertaken in the 1970s for acid
maltase deficiency with no success. A new enzyme
replacement therapy is, however, currently in human
clinical trials that began in 1999.

Prognosis

Acid maltase deficiency of al three types is 100%
fatal. Individuals affected with infantile acid maltase
deficiency generally die from heart or respiratory failure
prior to age one. Individuals affected with childhood acid
maltase deficiency generally die from respiratory failure
between the ages of three and 24. Individuals affected
with adult acid maltase deficiency generaly die from
respiratory failure within 10 to 20 years of the onset of
symptoms.

Human clinical trials involving enzyme replacement
therapy, in which a synthetic form of acid maltase is
administered to affected individuals, were begun in 1999
at Duke University Medical Center in North Carolinaand
Erasmus University Rotterdam in the Netherlands.
Genzyme Corporation and Pharming Group N. V.
announced the first results of these trialsin a joint press
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release on October 5, 2000. These two companies cur-
rently own the worldwide patent rights to the synthetic
enzyme being studied. As of early 2001, these clinical tri-
asaredtill in phase I/11 of the three-stage testing process
for use in humans.

Resources
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Chen, Y., and A. Amalfitano. “ Towards a molecular therapy for
glycogen storage disease type Il (Pompe disease).”
Molecular Medicine Today (June 2000): 245-51.

Poenaru, L. “Approach to gene therapy of glycogenosis type Il
(Pompe disease).” Molecular Genetics and Metabolism
(July 2000): 162-9.
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Acid Maltase Deficiency Association (AMDA). PO Box
700248, San Antonio, TX 78270-0248. (210) 494-6144 or
(210) 490-7161. Fax: (210) 490-7161 or 210-497-3810.
<http://www.amda-pompe.org>.

Association for Glycogen Storage Disease (United Kingdom).
0131 554 2791. Fax: 0131 244 8926. <http://www.agsd
.org.uk>.
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I Acrocallosal syndrome
Definition

Acrocallosal syndrome is arare congenital disorder
in which the individual has absence or only partial for-
mation of the corpus callosum. This is accompanied by
skull and facial malformations, and some degree of fin-
ger or toe malformations. Individuals may display motor
and mental retardation. The cause of this genetic disorder
is unknown, and the severity of the symptoms vary by
individual .
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Description

Acrocallosal syndrome was first described by
Schinzel in 1979, and also may be referred to as Schinzel
acrocallosal syndrome. Theterm acrocallosal refersto the
involvement of the acra (fingers and toes) and the corpus
callosum, the thick band of fibersjoining the hemispheres
of the brain. Reported in both males and females, the
cause of the disorder is unknown. The major characteris-
tic of the syndromeis the incomplete formation (hypopla-
sia) or absence (agenesis) of the corpus callosum. Facial
appearance is typically similar among affected people.
This includes a prominent forehead, an abnormal
increase in the distance between the eyes (hypertel orism),
and a large head (macrocephaly). Individuals have a
degree of webbing or fusion (syndactyly), or duplication
(polydactyly) of the fingers and toes. Occasionally, those
affected may have a short upper lip, cleft palate, cyststhat
occur within the cranium (intracranial), hernias, or may
develop seizure disorders. Less frequently, affected chil-
dren have congenital heart defects, internal organ (vis-
ceral) or kidney (renal) abnormalities.

Moderate to severe mental retardation is reported
with acrocallosal syndrome. Individuals usually display
some form of poor muscle tone (hypotonia), and there
may be a delay or absence of motor activities, walking,
and talking. There is great variation of functioning and
symptoms with this disorder, ranging from normal devel-
opment to severe mental and motor retardation.

Genetic profile

The cause of acrocalosal syndrome is unknown.
There are sporadic, or random, cases, and reports of mul-
tiple cases within families. Studies involving affected
families have suggested an autosomal recessive pattern of
inheritance. This means that both parents carry the
altered form of the gene and the affected child inherited
both copies. Following this pattern, each child born will
have a 25% risk of being affected.

To help determine which chromosome or gene loca-
tion causes the syndrome, acrocalosal syndrome has
been compared with similar disorders. One condition that
presents similar symptoms and has a known genetic
cause is Greig cephalopolysyndactyly syndrome.
However, there is no genetic similarity between the two
conditions. To date, no specific genetic cause for acrocal-
losal syndrome is known, and the disorder can only be
identified by clinical symptoms.

Demographics
Acrocallosal syndrome is extremely rare. Reports of

this disorder may occur within family lines, or randomly.
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KEY TERMS

Computed tomography (CT) scan—An imaging
procedure that produces a three-dimensional pic-
ture of organs or structures inside the body, such as
the brain.

Consanguinity—A mating between two people
who are related to one another by blood.

Corpus callosum—A thick bundle of nerve fibers
deep in the center of the forebrain that provides
communications between the right and left cere-
bral hemispheres.

Hypertelorism—A  wider-than-normal

between the eyes.

space

Hypotonia—Reduced or diminished muscle tone.
Polydactyly—The presence of extra fingers or toes.

Syndactyly—Webbing or fusion between the fin-
gers or toes.

It affects both males and females. There are some reports
of webbing of the fingers or toes (syndactyly) and relat-
edness (consanguinity) of the parents of affected chil-
dren. However, affected children may aso have
unrelated, healthy parents and unaffected siblings.

Signs and symptoms

At birth, those with acrocallosal syndrome present
the characteristic pattern of facial and limb malforma-
tions. Limb appearance ranges from minor webbing
between the fingers or toes to near duplication of the
hands or feet. Forehead prominence, increased distance
between the eyes, and an enlarged head are the main fea-
tures of facial appearance. X ray tests will revea the
absence or incomplete formation of the corpus callosum
and the presence of any cysts within the cranium. The
infant will usually display reduced muscle tone (hypoto-
nia). Thismay lead to adrooling condition or feeding dif-
ficulties. Hypotonia can also contribute to a delay in
growth and motor skills. Severe hypotonia is usually
associated with a form of mental retardation.

Progress and functioning during the first year of life
is dependent upon the severity of the symptoms. There
has been a wide range of individual variation reported,
and the degree to which symptoms affect each child may
differ. Some children develop normally and will walk and
talk within normal age limits, while others may experi-
ence a delay or absence of certain motor activities.
Mental retardation may be moderate or severe. Some
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children may develop seizure disorders. The degree and
progression of mental retardation also varies by individ-
ual.

Diagnosis

The diagnosis of acrocallosal syndrome is based ini-
tially on the distinct pattern of facial and limb malforma-
tions. Computed tomography (CT), or a similar
radiographic procedure of the head reveal s the absence of
the corpus callosum. Hand and foot x rays can be taken
to confirm finger or toe abnormalities, and will determine
the extent of fusion, webbing, or duplication of the digits
(fingers or toes).

Prenatal diagnosis may not be possible due to the
variability of the condition. However, prenatal ultrasound
can detect duplication of the digits (polydactyly) and
cerebral malformations. This may be especialy informa-
tive for a woman who aready has an affected child and
has a 25% risk of having another affected child.

Treatment and management

Beginning in infancy, physical therapy may assist in
the devel opment of motor skills and muscle tone. Surgery
to remove extra fingers and release fused fingers may
improve movement and grasp, though the muscle tone
may remain poor. Surgery to separate or remove affected
toes may assist in walking and the comfort of footwear.
Anti-epileptic therapy should be considered if a seizure
disorder develops. Specia education may be required,
depending on the level of mental impairment.
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Prognosis

At present, there are no preventative measures for
acrocallosal syndrome, and the severity of symptoms and
outcomes varies by individual. It has been found that the
lifestyle of an individual with acrocallosal syndrome is
dependent upon the degree of mental retardation and
reduced muscle tone, rather than the extent of facial and
limb malformations.
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Acrocephalopolysyndactyly type Il see
Carpenter syndrome

Acrocephalosyndactyly type | see Apert
syndrome

Acrocephalosyndactyly type Il see Saethre-
Chotzen syndrome

Acromatopsia see Color blindness

I Acromegaly
Definition

Acromegaly is a rare condition caused by abnor-
mally high amounts of human growth hormone (HGH).
An organ in the brain known as the pituitary gland, nor-
mally secretes this growth hormone. Normal amounts of
HGH are needed for normal growth and physical matu-
rity in children. However, in acromegaly, there is an
increased amount of HGH released, generally by atumor
that forms in the pituitary. Untreated, acromegaly can
lead to numerous disabling conditions, as well as a sig-
nificantly decreased life span.

Description

Acromegaly was first described in scientific detail
by the French physician, Pierre Marie. In 1886, Dr.
Marie, along with his assistant, Souza-L eite, described in
detail 48 patients with acromegaly. These patients all
exhibited a rapid growth in their height; significantly
enlarged hands and feet; change in appearance of their
faces; frequent headaches; and a high incidence of visual
problems. Dr. Marie believed all of these problems were
due to a defect in the patients' pituitary gland, a small
glandular structure located in the middle of the brain.

While Dr. Marie was the first to formally state that a
problem in the pituitary gland was responsible for the
condition of acromegaly, the link between pituitary
defects and acromegaly remained controversial for many
years. It was not until 1909, when Dr. Harvey Cushing
introduced the concepts of hyperpituitarism in reference
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to acromegaly, that the association became generally
accepted. Dr. Cushing believed acromegaly was dueto the
pituitary gland, asmall structure located deep in the brain
and known to be somehow involved in growth, over-
secreting some type of substance that caused patients to
become “giants.” Dr. Cushing also put forth the idea that
the over-activity of the pituitary gland was caused by a
tumor in the gland, an idea that was proven by autopsies
done on patients with acromegaly. At the time, however, it
still was not clear how atumor in the pituitary gland could
cause such changes in people afflicted with the tumor.

In the decades after World War 11, the structure and
function of the pituitary gland was further studied. Dr.
Herbert Evans at the University of California at Berkley
was the first to isolate many secretions, also known as
hormones, which were found to be made in and secreted
from the pituitary gland. One of these hormones was
found to be human growth hormone, or HGH. It was also
discovered that certain tumors can form in the pituitary
gland and secrete high levels of HGH, resulting in abnor-
mal growth and, as time progresses, acromegaly.

Acromegaly is a rare condition, with only about
1,000 cases per year in the United States among a total
population of 250 million. Its striking consequence of
excessive height has caused it to remain afascinating dis-
ease among both scientists, doctors, and the public.
Besides causing great height and unusual facial features,
it isnow known that acromegaly also causes serious con-
ditions that can be life threatening, such as heart disease,
respiratory disease, arthritis, neuromuscular problems,
and diabetes. With early detection and treatment, the con-
seguences of acromegaly can be minimized and patients
afflicted with the condition can lead mainly healthy, pro-
ductive lives.

Genetic profile

The genetics behind the majority of cases of
acromegaly is still poorly understood. The most common
cause of acromegaly is a benign (non-cancerous) tumor
in the pituitary gland that secretes HGH. It is known that
the benign tumor arises from cells in the pituitary gland,
possibly due to a defect in the pituitary gland itself. The
gene responsible for this tumor formation is unknown.

Even though the genetics of tumor formation in the
pituitary gland leading to most cases of acromegaly is not
yet known, there are other conditions that lead to
acromegaly in which the genetic causes of the conditions
are known. In a very rare condition, called familia
acromegaly, there is a gene on chromosome 11 believed
to cause the formation and growth of an HGH-secreting
tumor in the pituitary gland. Familial acromegaly is
transmitted in an autosomal dominant pattern—which
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Acromegaly

KEY TERMS

Dopamine—A neurochemical made in the brain
that is involved in many brain activities, including
movement and emotion.

Hormone—A chemical messenger produced by
the body that is involved in regulating specific
bodily functions such as growth, development,
and reproduction.

Somatostatin—A body chemical, known as a
cyclic peptide, involved in the release of human
growth hormone from the pituitary gland.

means that it has an equal chance of affecting both boys
and girlsin asingle family. This condition can also cause
tumors in other areas of the body besides the pituitary,
including the parathyroid gland, which controls the
amount of calcium in the bloodstream, and the pancreas,
which regulates insulin needed for the body to process
sugars.

Another uncommon condition causing HGH-secret-
ing tumors in the pituitary gland is called multiple
endocrine neoplasia-1, or MEN-1. This is an autosomal
dominant condition characterized by a combination of
pituitary, parathyroid, and pancreatic tumors. The gene
for this condition has also been found on chromosome 11
and is known asthe MEN-1 gene. About half the patients
with this abnormal gene will eventually develop
acromegaly.

Carney syndrome is a rare autosomal dominant dis-
order that can cause HGH-secreting pituitary tumors and
acromegaly in about 20% of patients who have the syn-
drome. Carney syndrome is associated with a defective
gene on chromosome 2. Besides acromegaly, people with
Carney syndrome also frequently have abnormal skin
pigmentation, heart tumors, and tumors of the testicles
and adrenal glands.

McCune-Albright syndrome is avery rare disorder
that can cause acromegaly through HGH-secreting
tumors in the pituitary. Other conditions associated with
this syndrome are polycystic fibrous dysplasia (affecting
bone growth, especially in the pelvis and long bones of
the arms and legs), abnormal skin pigmentation, early
puberty, and thyroid problems. The gene for the syn-
drome, named GNASL, is located on chromosome 20.

Demographics

Acromegaly is a very rare condition. It is estimated
to occur in about 30-60 individuals per million people.
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Both males and females seem to be affected equally.
There also does not seem to be any difference in second-
ary complications of acromegaly between males and
females. The condition has been recorded at all ages of
life, from early childhood into old age. The frequency of
chronic complications increases with age in both men
and women.

Most cases of acromegaly are detected on an initial
visit to a family physician, although some early or mild
cases may be missed, causing a delay in the diagnosis.
Some patients with acromegaly are initially diagnosed in
specialty clinics, such as cardiology clinics and diabetic
clinics when they present with secondary problems
caused by the condition.

There is very little data on the differences of the
occurrence of acromegaly among various ethnic and
racial lines. The few studies that have been done show no
real difference among racial or ethnic groups, with
acromegaly showing up equally in Caucasians, African-
Americans, and Asian-Americans.

Signs and symptoms

The signs and symptoms of acromegaly can range
from striking to almost unseen. The most visible signs of
the condition are greatly increased height and coarse
facial features. People with acromegaly who have not
received treatment early in the course of their condition
have grown to be well over seven feet tall. Almost always
with this spurt in height there is coarsening of facial fea-
tures due to abnormal growth of the facial bones. Another
very noticeable feature is enlargement of both the hands
and feet, which, like the abnormal facial features, is the
product of hormones and results in increased bone
growth.

Other, less visible signs of acromegaly are increased
swesating, constant and at times dehilitating headaches,
visual disturbances, and increase in hair growth. Loss of
sexual desire is often seen in both men and women.
Amenorrhea, the stopping of menstruation, is often a
secondary condition associated with acromegaly in
women.

There are further secondary complications of
acromegaly that are not visible but can be life threaten-
ing. People with acromegaly are at greater risk for devel-
oping high blood pressure, cardiac disease, high
cholesterol levels, arthritis and other degenerative dis-
eases of the joints and spine, and diabetes. Acromegly
also increases the risk of other tumors, some of them can-
cerous, in other areas of the body, especially the breast,
colon, and to a lesser degree, prostate.

With adequate treatment, especially early in the
course of the condition, many of the secondary symp-
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toms of acromegaly can be halted or even reversed. Less
life-threatening complications, such as headaches, visua
problems, and increased sweating can be almost elimi-
nated after adequate and timely treatment. More serious
conditions such as heart disease, high blood pressure, and
diabetes can be brought under control with treatment,
although many times not totally eliminated.

Diagnosis

For most forms of acromegaly, there are no genetic
tests yet available to diagnosis the condition in newborns
or before birth. Diagnosis is made by recognizing the
clinical signsand symptoms previously described. In cer-
tain very rare conditions such as multiple endocrine neo-
plasia=1 and Carney syndrome, the genetics of the
conditions are known and can theoretically be tested for.
However, the conditions are so seldom encountered that
unless a family member has the condition, genetic test-
ing is usually not done until clinical signsand symptoms
are apparent.

Treatment and management

The treatment and management of acromegaly has
evolved over the past one hundred years from crude sur-
gery to genetically engineered medications. Today,
through precise surgery and medications, alarge percent-
age of patients with acromegaly can have their symptoms
brought under control, and in some cases totally cured.

The goa of al therapies, be it surgery or medica
tions, is areduction in the level of HGH to levels seenin
people without acromegaly. This goal can be achieved
either through the removal or destruction of the tumor
secreting the hormone, inhibition of HGH from the
tumor, or blocking the effects of increased HGH on
organs and other body systems outside the pituitary.

Surgical removal of the pituitary tumor is still the
first treatment of choice for acromegaly. The rate at
which acureisachieved is determined by several factors,
including the size of the tumor, whether or not it has
spread outside the pituitary, and the level of HGH before
the surgery. In patients with small tumors confined to the
pituitary and exhibiting only moderately high HGH
levels, the cure rate can be as high as 80-90%. In patients
with larger tumors, especialy those extending out of the
pituitary, cure rates with surgery can be reduced to
40-60%.

Radiation therapy is often a second line choice of
treatment for acromegaly, especially in patients who have
not achieved a cure with surgery. The treatment of
acromegaly with radiation was used early on in the his-
tory of the condition, with thefirst report being written in

GALE ENCYCLOPEDIA OF GENETIC DISORDERS

Comparison of hand size between a patient with
acromegaly (left) and that of an unaffected adult (right).
(Custom Medical Stock Photo, Inc.)

1909. Careful application of radiation can significantly
reduce the size of pituitary tumors, subsequently decreas-
ing high HGH levels. However, this decrease is often
very slow, and it can take over ten yearsfor the HGH lev-
els to drop to normal. Treatment with radiation can also
have significant side effects, including damage to the
pituitary gland itself, visual loss, and brain damage.
Some studies have also suggested that treatment with
radiation can lead to tumor formation in other areas of the
brain.

The use of medications in the treatment of
acromegaly has gained importance over the past few
decades in the treatment of the condition. Medications
available today include Bromocriptine, octreotide and
lanreotide, and a genetically engineered HGH receptor
antagonist known as Pegvisomant. All of these medica-
tions are generaly used in combination with surgery or
radiation, although there is debate whether or not the
medications could or should be used as first-line agents.

Bromocriptine is known as a dopamine agonist, and
was one of the first pharmaceutical agents to be used to
lower HGH levels in acromegaly. However, bromocrip-
tine is not effective in a majority of cases, and the med-
ications octreotide and lanreotide have supplemented its
use. These medications are also known as somatostatin
analogues. They decrease both the size of HGH-secreting
pituitary tumors and the secretion of HGH itself. In mul-
tiple studies, they have been shown to normalize HGH
levels in about 50% of cases and show significant tumor
shrinkage in 45% of cases. The drawbacks to using both
octreotide and lanreotide include multiple weekly dosing
over a12-month period, as well as acute side effects such
as nausea, stomach pain, and diarrhea. Also, long term
use of these medications results in an increased risk of
developing gallstones.
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Pegvisomant is a unique, recently developed geneti-
cally engineered HGH receptor antagonist. This medica-
tion does not decrease the amount of HGH secreted from
pituitary tumors; rather, it desensitizes other organs of the
body to the effects of the increased HGH circulating in
the body. In medical trials, Pegvisomant was well toler-
ated and resulted in significant symptomatic improve-
ment. It is hoped that with a combination of surgery to
decrease the tumor size and the use of a HGH antagonist
like Pegvisomant, both the acute and chronic debilitating
symptoms of acromegaly can be greatly diminished, if
not totally eliminated.

Prognosis

The prognosis for patients with acromegaly who
receive prompt treatment is good, although there are still
complications. Patients who do not receive treatment, or
those who receive it late in the course of the condition,
have frequent and debilitating secondary complications
aswell as a greater chance for early death.

There are only a few reliable studies examining the
overal health benefits of treatment versus no treatment
for patients with acromegaly. One study showed that
those receiving treatment before the age of 40 years had
a much better chance of not developing serious compli-
cations then those who were treated after 40 years of age.
Those receiving earlier treatment had less chance of
developing heart disease, high blood pressure, and dia-
betes, as well as other secondary complications of the
condition.
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Even with treatment, mortality rates for people with
acromegaly are increased when compared to the rest of
the population. The principal causes of early death are
cardiac disease, strokes, cancer, and respiratory failure.
Thelevel of HGH after treatment appearsto offer the best
statistics for predicting early mortality, with higher levels
of post-treatment HGH corresponding to agreater, earlier
mortality risk.
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I Adams-Oliver syndrome
Definition

Adams-Oliver syndrome (AOS) is a condition
involving the combination of congenital scalp defects
(called aplasia cutis congenita) and a specific type of
limb defect.

Description

Adams-Oliver syndrome is a genetic condition char-
acterized by aplasia cutis congenita, most commonly of
the scalp and skull, and terminal transverse limb defects.
Congenital heart disease has also been reported in indi-
viduals with this condition. The exact cause of the condi-
tion is not well-understood. There is extreme variability
in the severity of problems between families with AOS.

Genetic profile

There have been both familial and non-familial cases
of Adams-Oliver syndrome reported. The majority of
genetic cases have been inherited in an autosomal domi-
nant manner, but autosomal recessive and sporadic
inheritance have also been reported. A difference in the
presentation of AOS in the dominant versus recessive
form has not been documented.

Autosomal dominant inheritance means that only
one abnormal gene copy is required for the disease to
occur. For persons with a copy of the gene, the risk of
passing it to their offspring is one in two or 50%.

Autosomal recessive inheritance means that two
defective gene copies must be inherited, one from each
parent, for the disease to manifest itself. Persons with
only one gene mutation are carriers for the disorder.
Individuals who are a carrier for the recessive type of
Adams-Oliver syndrome do not have any symptoms
(asymptomatic) and do not know they are acarrier unless
they have had a child with the syndrome. Carrier testing
is not available since the gene location is not known at
this time. The liklihood that each member of a couple
would be a carrier for a mutation in the same gene is
higher in people who are related (called consan-
guineous). When both parents are carriers for the reces-
sive type of Adams-Oliver syndrome, there is a one in
four chance (25%) in each pregnancy for a child to have
the disease. There is atwo in three chance that a healthy
sibling of an affected child is a carrier.

Sporadic occurrences of AOS may be caused by a
dominant gene with variable expressivity (no one else in
the family has symptoms, but some are actually gene car-
riers), a new (dominant) mutation occuring during the
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formation of the embryo where neither parent isacarrier,
or the existence of both genetic and non-genetic causes
for the same syndrome.

Different mechanisms have been postulated to
explain how Adams-Oliver syndrome occurs. They
include trauma, uterine compression, amniotic band
sequence (a condition resulting from strands of the
amnion membrane causing amputation of parts of the
fetus), vascular disruption (blockage of blood flow to a
developing part or parts of the fetus), and a large blood
clot in the placenta which blocks certain important blood
vessels and interrupts blood supply to developing struc-
tures. Recently, Adams-Oliver syndrome has been
hypothesized to occur as a result of abnormalities in
small vessel structures that occur very early in embryo
formation. The vascular anomaly could be the result of a
genetic defect causing decreased stability of embryonic
blood vessels in the presence of specific forces.

Demographics

Adams-Oliver syndrome was first described in 1945.
As of 2000, there have been over 125 cases reported in
the medical literature. There does not appear to be any
ethnic difference in prevalence of this condition.

Signs and symptoms

Limb defects are the most common occurrence in
Adams-Oliver syndrome, affecting about 84% of
patients. The type of limb defect is usually asymmetrical
(not the same on both sides), with a tendency to involve
both sides of the body (bilateral), more often the lower
limbs than the upper limbs. There is a wide range of
severity in the limb defects, from something minimal
like small or missing finger or toenails (caled nall
hypoplasia), to the more severe absence of hands, feet, or
lower legs. Other more moderate limb defects that have
been reported include webbing (syndactyly) of the skin
(cutaneous syndactyly) or bones (bony syndactyly) of
the fingers or toes, claw-hand malformation (ectro-
dactly), and brachydactyly (shortened fingers or toes).
Brachydactyly is the most common limb defect in AOS.

Congenital cutis aplasiais the second most common
problem and is present in about 75% of patients with
Adams-Oliver syndrome. In 64% of patients with con-
genital cutis aplasia, there is also an underlying scull
defect. More rarely, scull defects can be seen without
scalp defects and may be mistaken for an enlarged soft
spot (fontanelle).

Congenital heart defects have been reported to
occur in between 13-20% of patients with Adams-Oliver
syndrome.

33

SWO.IPUAS JIAI|O-SWepY



Adams-Oliver syndrome

KEY TERMS

Aplasia cutis congenita (ACC)—A group of disor-
ders with different causes whose common charac-
teristic is absence of skin in a defined area.

Congenital—Refers to a disorder which is present
at birth.

Genetic heterogeneity—The occurrence of the
same or similar disease, caused by different genes
among different families.

Incomplete penetrance—Individuals who inher-
ited an abnormal gene for a disorder, but do not
exhibit symptoms of that disorder.

Variable expression—Instances in which an iden-
tical genetic mutation leads to varying traits from
affected individual to affected individual. This
variance may occur between members of two sep-
arately affected families or it may occur between
affected members of the same family.

Many different types of vascular (involving the
blood vessels) and valvular (involving heart valves) prob-
lems have been reported in these patients.

Other clinical features seen with AOS, include short
stature, kidney (renal) malformations, cleft palate, small
eyes (micropthalmia), spina bifida occulta, extra (acces-
sory) nipples, undescended testes, skin lesions, and neu-
rological abnormalities. Mental retardation is present in a
few cases.

Diagnosis

Aplasia cutis congenitais a physical finding that has
many causes. To determine whether a patient has Adams-
Oliver syndrome clinically, all individuals with aplasia
cutis congenita should have a complete pregnancy and
family history taken, as well as a complete medical eval-
uation. When possible, relevant family members should
be examined for evidence of the condition. When aplasia
cutis congenitais discovered at birth, the placenta should
be evaluated. Physical exam of the affected infant
includes evaluation of other related structures, specifi-
cally teeth, hair, and other areas of skin, nails, and central
nervous system. Once this eval uation has been completed
and a specific diagnosis of Adams-Oliver syndrome has
been established or refuted, genetic counseling can be
provided.

Prenatal diagnosis by ultrasound of the limb defects
and possibly some other abnormalities associated with
AOS is possible, but clinical confirmation of the diagno-
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sis occurs after birth. Since the gene (or genes) causing
AOS have not been isolated, prenatal diagnostic proce-
dures such as amniocentesis or chorionic villus sam-
pling are not indicated.

Treatment and management

The treatment for AOS is different for each individ-
ual and istailored to the specific symptoms. If leg-length
discrepancy is present, corrective shoes that increase the
sole for the unaffected leg to prevent scoliosis and ambu-
lation difficulties can be worn. Orthopedic devices such
as prostheses are sometimes recommended. Patients
should be referred to a physician specializing in treating
patients with limb defects early in life. Surgery for con-
genital defects and skin grafting for scalp defects may be
necessary (about 30% of patients required skin grafting
in one study).

Special devicesfor writing or other activities may be
necessary if hand malformations are present.

About 30% of patients in one study suffered major
hemmorrhage from the scalp defect. Twenty percent of
patients had local infection of the scalp defect. Treatment
such as transfusion or antibiotic therapy may be required
in these cases.

Appropriate special education services are necessary
for those with mental retardation. Counseling and sup-
port related to limb defeciency issues are essential for
coping. Support groups can provide valuable peer refer-
rals and information.

Prognosis

AOS does not usually alter lifespan, athough com-
plications from associated abnormalities such as mental
retardation can cause problems. About 5% of the scalp
defects that hemorrhaged severly were fatal. Rare cases
of meningitis as a result of infection of the scalp defect
have been reported. Asymmetry of the limbs can interfere
with their proper function and cause pain. Psychological
issues relating to disfigurement are possible.
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ORGANIZATIONS

Cherub Association of Families & Friends of Limb Disorder
Children. 8401 Powers Rd., Batavia, NY 14020. (716)
762-9997.

REACH—Association for Children with Hand or Arm
Deficiency. 12 Wilson Way, Earl’s Barton, Northamp-
tonshire, United Kingdom, NN6 9NZ. 01 604 811041.

WEBSITES
OMIM—Online Mendelian inheritance in Man
<http://www.ncbi.nim.nig.gov>.

Amy Vance, MS, CGC

Addison disease see Adrenoleukodystrophy
(ALD)

Adenomatous polyposis of the colon (APC)
see Familial adenomatous polyposis

I Adrenoleukodystrophy
Definition

Adrenoleukodystrophy is a progressive condition
that affects the adrenal glands, the glands atop the kid-
neys responsible for the production of adrendin, and
myelin, which insulates the nervesin the brain and spinal
cord.

Description

Adrenoleukodystrophy (ALD) was first described in
the early 1900s and was originaly caled Schilder-
Addision disease. It is named for the different parts of the
body that are affected; “adreno” refers to the adrenal
glands, “leuka” is the Greek word for white (myelin is
often called the white matter in the brain and spina
cord), and “dystrophy” meaning impaired growth.
Therefore, this disease affects the adrenal glands and the
growth of the myelin in the brain and spinal cord. There
isawide range in the severity of symptoms. ALD mainly
affects males, but occasionally females have mild or
moderate symptoms.

Causes and effects

ALD is caused by problemsin the peroxisomes. The
peroxisomes are tiny structures in cells that help break
down large molecules of fats into smaller ones so that
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they can be used by the body. In ALD the peroxisomes
cannot break down a type of fat called very long chain
fatty acids (VLCFA). There are two types of problems
that occur because the VLCFA are not broken down.
First, because the VLCFA cannot be broken down, they
accumulate throughout the body, especialy in the brain
and the adrena glands. Very high levels of VLCFA are
also seen in the blood. The second type of problem
occurs because the fats that are usualy made when
VLCFA are broken down are not produced. Thisisin part
what happens in the adrenal glands and in the myelin.

The adrenal glands are located on top of each kidney
in the abdomen. Part of the job of the adrenal glandsisto
use cholesterol (a type of fat made in the body when
VLCFA are broken down) to make a few different
steroids—chemical combinations that form the basis of
hormones, body acids, and anabolic agents. The steroids
are used to help the body properly use sodium and potas-
sium and to break down proteins, carbohydrates, and
other fats. Some of these steroids are aso involved with
sexual development and function.

The insulation that surrounds the nerves is called
myelin and is also affected by the VLCFA not being bro-
ken down. Myelin is made up of a number of different
proteins and fats. Normally the VLCFA break down and
produce fats that make up part of the myelin. When the
VLCFA cannot break down, the fats necessary to makethe
myelin are not made and the myelin is abnormal. In addi-
tion, for reasons not well understood, there is also active
breakdown of myelin, also known as demyelination.

Genetic profile

ALD is caused by a mutation in a gene called the
ALD gene. Genes contain the instructions for how the
body grows and develops before and after a person is
born. The ALD gene makes aprotein called ALDP (ALD
protein). Different proteins put together make the tissues
and organs in the body such as myelin. ALDP is impor-
tant because it helps VLCFA get into the peroxisomes.
When there is a mutation in the ALD gene, the ALDP is
abnormal or not present at all. As a result, the VCLFA
cannot get into the peroxisomes and the VLCFA accu-
mulate in other places in the body.

Genes are organized on structures caled chromo-
somes. Hundreds to thousands of genes are found on
each chromosome. There are 46 chromosomes in each
cell of the body. These are grouped into 23 pairs. Thefirst
22 pairs are the same in both males and females. The
23rd pair is called the sex chromosomes; having one X
chromosome and one Y chromosome causes a person to
be male; having two X chromosomes causes a person to
be female. People get one member of each pair from the
mother’s egg and one member from the father’s sperm.

35

AydoaysApoxnajouaspy



Adrenoleukodystrophy

The ALD gene is located on the X chromosome.
Since males only have one X chromosome, they only have
one copy of theALD gene. Thus, when amale has amuta-
tion in his ALD gene, he will have ALD. However,
females have two X chromosomes and therefore have two
copies of the ALD gene. If they have a mutation in one
copy of their ALD genes, they may only have mild symp-
toms of ALD or no symptoms at al. Thisis because their
normal copy of the ALD gene does make normal ALD
protein. Females who have one copy of the ALD gene
with a mutation and one normal copy are caled carriers.

Inheritance

ALD is passed on through families by X-linked
recessive inheritance. This meansthat affected malesare
related through females in the family and there are no
malesin the family that have passed ALD onto their sons.
Females pass on one of their X chromosomes to their
children—sons or daughters. For a female carrier, if her
normal X chromosome is passed on, her son or daughter
will be unaffected and cannot pass ALD onto their chil-
dren. However, if the X chromosome with the ALD muta-
tion is passed on, a daughter will be a carrier and the son
would have ALD. Therefore, a female carrier has a 50%
or one in two chance of having an unaffected child (son
or daughter), a 25%, or one in four, chance of having a
carrier daughter, and a 25% or one in four chance of hav-
ing an affected son.

When males pass on an X chromosome, they have a
daughter. When they passon aY chromosome, they have
ason. Since the ALD mutation is on the X chromosome,
an affected male will always passthe ALD mutation on to
his daughters. However, when he has a son, he passes on
theY chromosome, and the son is not affected. Therefore,
an affected male passesthe ALD gene mutation onto all
of his daughters, but none of his sons.

Demographics

ALD has been described in people from all different
ethnic groups. Approximately one in 20,000 to one in
42,000 people have ALD.

Signs and symptoms

Adrenal insufficiency

Almost al individuals affected with ALD have prob-
lemswith their adrenal glands not working properly. This
is called adrenal insufficiency. These problems include
sluggishness, weakness, weight loss, hypoglycemia, nau-
sea, vomiting, darkening of the skin color, and mental
changes. Because adrenal insufficiency can cause prob-
lems with regulating the balance of sodium and potas-
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sium in the body, a person can go into shock and a coma,
which can be potentially life threatening. Since this
aspect of ALD isreadily treatable, it isimportant to iden-
tify these patientsin order to prevent these complications.

Types of ALD

There is a wide range in the severity of symptoms
and age of onset of ALD. All different severities have
been seen within the same family. Therefore, a family
who has many mildly affected members could still have
a more severely affected member. ALD is roughly
divided into three different types according to severity
and age of onset. However, some patients do not fall
neatly into one of these categories and instead fall some-
where in between. Each type is given a different name,
athough all have mutations (changes in the genetic code)
in the same gene and the same type of inheritance.

The most severe form of ALD is called childhood
ALD. About 35% of people with ALD have this type.
These children usually have normal development in the
first few years of life. Symptoms typically begin between
four and eight years of age. Very rarely isthe onset before
the age of three or after the age of 15. In some boys, the
first symptom may be seizures. In other children, they
become hyperactive and have behavioral problems that
may initially be diagnosed as attention deficit disorder.
Early signs may aso include poor school performance
due to impaired vision that is not correctable by eye-
glasses. Although these symptoms may last for a few
months, other more severe problems develop. These
include increasing problems with schoolwork and deteri-
oration in handwriting and speech. They usually develop
clumsiness, difficulty in reading and comprehension of
written material, aggressive or uninhibited behavior, and
various personality and behavioral changes. Most of
these boys have problems with their adrenal glands by
the time their first symptoms are noticed.

A milder form of ALD called adrenomyeloneuro-
pathy (AMN) usually has a symptom onset at the age of
20 or later. Approximately 40-45% of people with ALD
have thistype. Thefirst symptoms are typically aprogres-
sive stiffness and weaknessin the legs. Problems with uri-
nation and sexua function may aso develop. Symptoms
slowly progress over many years. Less than 20% of men
with AMN will develop significant brain involvement
that leads to cognitive and behavioral problems that are
severe and may cause a shortened life span. About 70%
of men with AMN will have problems with their adrenal
glands when other symptoms are first noticed.

A third type of ALD is called Addison disease and
affects about 10% of all of those with ALD. In this con-
dition, people do not have the neurol ogic symptoms asso-
ciated with ALD and AMN, but do have problems
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resulting from adrenal insufficiency. Symptoms typically
begin between two years of age and adulthood. The first
symptoms are often vomiting, weakness, or coma. People
with Addision disease may or may not have darker skin.
Many who are initialy diagnosed with Addison disease
will later develop symptoms of AMN.

In female carriers, about 20% will develop mild to
moderate progressive stiffness and weakness in the legs
and sometimes problems with urination. Rarely do they
develop adrenal insufficiency. Symptoms in women gen-
eraly do not begin before middle age.

Diagnosis

When the diagnosis of ALD is suspected, a test
called magnetic resonance imaging (MRI) is usualy
required. In this test, pictures of the brain are taken and
the amount of white matter (myelin) in the brain is meas-
ured. In people with symptoms of ALD, there are usually
characteristic changes in the white matter. An MRI can
be helpful in making the diagnosis of ALD, but if
changes are seen on MRI, it does not confirm the diag-
nosis of ALD. Changes in the white matter may only be
seen after 1-2 years of age when the brain has matured.

A definitive diagnosis of ALD can be made by meas-
uring the level of the VLCFA in the blood. In 99.9% of
males with all types of ALD, the level of the VLCFA in
blood is very high. Thisis diagnostic of ALD.

When ALD is suspected, testing should also be per-
formed to measure the adrenal function. In 90% of boys
with symptoms of ALD and 70% of men with AMN, the
adrena glands are affected.

Approximately 85% of female carriers will have
higher than normal levels of VLCFA in their blood.
However, 15-20% of female carriers will have normal
levels of VLCFA in their blood, which gives a“false neg-
ative” result. If a woman wants to be certain about her
carrier status, genetic testing to look for a specific muta-
tioninthe ALD gene can be performed. This testing usu-
ally involves drawing a small amount of blood. Before a
woman could have testing to determine her carrier status,
a mutation in the ALD gene must have aready been
found in an affected member of the family. If a mutation
in the ALD gene has aready been found in another fam-
ily member, testing on another child suspected on having
ALD would be done to look at the mutation known to
cause ALD in the family.

Treatment and management

When the diagnosis of ALD is made, an important
first step is to measure the level of adrenal function. If
there is adrenal insufficiency, treatment should be given
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KEY TERMS

Adrenal insufficiency—Problems with the adrenal
glands that can be life threatening if not treated.
Symptoms include sluggishness, weakness, weight
loss, vomiting, darkening of the skin and mental
changes.

Central nervous system (CNS)—In humans, the
central nervous system is composed of the brain,
the cranial nerves and the spinal cord. It is respon-
sible for the coordination and control of all body
activities.

Leukodystrophy—A disease that affects the white
matter called myelin in the CNS.

Myelin—A fatty sheath surrounding nerves in the
peripheral nervous system, which helps them con-
duct impulses more quickly.

Peroxisomes—Tiny structures in the cells that
break down fats so that the body can use them.

Very long chain fatty acids (VLCFA)—A type of fat
that is normally broken down by the peroxisomes
into other fats that can be used by the body.

by steroid replacement, which can prove to be life saving.
Adrenal function should be tested periodically.

Early on, it was thought that reducing the VLCFA in
aperson’s diet would help reduce the symptoms of ALD.
Although some VL CFA does come from the diet, most of
it is produced in the body. Therefore, altering the diet
alone does not cure ALD.

Lorenzo’s oil

Inthe early 1990s, afilm called Lorenzo’s Qil told an
embellished account of a real life family who had a
young son with ALD and their search to find a cure for
him. A possible treatment was found and was named
Lorenzo’s oil, after their son, Lorenzo. The Lorenzo’s ail
therapy worked to reduce the level of VLCFA in the
blood. The ideawas that if the level of VLCFA could be
reduced, perhaps it would cure or help the symptoms.
After a number of years of use, Lorenzo's oil unfortu-
nately does not seem to be an effective treatment, at least
in those with advanced signs and symptoms. Although it
does reduce the level of VLCFA in blood, it does not
seem to alter a person’s symptoms.

Bone marrow transplant

One promising treatment is bone marrow transplant.
However, this is a potentially dangerous procedure that
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has a 10-20% rate of death. As of early 2001, informa-
tion is available on a limited number of patients. In the
very small number of patients who have had a bone mar-
row transplant, a few have had their condition stabilize
and a few have even made slight improvements.
However, all of these people had the bone marrow trans-
plant at an early stage of their disease. This treatment
does have drawbacks including the fact that there are lim-
ited numbers of donors who are a suitable “match” and a
significant chance that complications will develop from
the transplant. Early data suggests that bone marrow
transplant is most effective when performed at an early
stage of the disease when abnormalities are first seen
through MRI. Additional long-term studies are necessary
to determine the overall success of these procedures.

Other treatments

Research is being done with other treatments such as
lovastatin and 4-phenylbutyrate, both of which may help
lower VLCFA levelsin cells, but more work is necessary
to determine their effectiveness. Gene therapy, a possi-
ble method of treatment, works by replacing, changing,
or supplementing non-working genes. Although different
gene therapy methods are being testing on animals, they
are not ready for human trials.

Other types of therapy and supportive care are of
benefit to both affected boys and their families. Physical
therapy can help reduce stiffness and occupational ther-
apy can help make the home more accessible. Support
from psychologists and other families who have been or
are in a similar situation can be invaluable. Many men
with AMN lead successful personal and professional
lives and can benefit from vocational counseling and
physical and occupational therapy.

Prenatal diagnosis

Prenatal testing to determine whether an unborn
child is affected is possible if a specific ALD mutation
has been identified in a family. This testing can be done
at 10-12 weeks gestation by a procedure called chorionic
villus sampling (CVS) which involves removing a tiny
piece of the placenta and examining the cells. It can aso
be done by amniocentesis after 14 weeks gestation by
removing a small amount of the amniotic fluid surround-
ing the baby and analyzing the cells in the fluid. Each of
these procedures has a small risk of miscarriage associ-
ated with it and those who are interested in learning more
should check with their doctor or genetic counselor.
Couples interested in these options should have genetic
counseling to carefully explore al of the benefits and
limitations of these procedures.

An experimental procedure, called preimplantation
diagnosis, allows a couple to have a child that is unaf-
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fected with the genetic condition. This procedure is only
possible for those families in which a mutation in the
ALD gene has been identified. Those interested in learn-
ing more about this procedure should check with their
doctor or genetic counselor.

Prognosis

The prognosis for people with ALD varies depend-
ing on the type of ALD. Those diagnosed with childhood
ALD usually have avery rapid course. Symptoms usually
progress very fast and these children typically become
completely incapacitated and die within three to five
years of the onset of symptoms.

The symptoms of AMN progress slowly over
decades. Most affected individuals have anormal lifespan.
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A-gammaglobulinemia tyrosine kinase see
Bruton A-gammaglobulinemia tyrosine
kinase (BKT)

Aganglionic megacolon see Hirschsprung
disease

Agenesis of clavicales and cervical
vertebral and talipes equinovarus see
Crane-Heise syndrome

I Aicardi syndrome
Definition

Aicardi syndrome is a rare genetic disorder that
causes defects of the eyes and brain. It is believed to be
an X-linked dominant genetic trait. Aicardi syndrome is
named after Dr. Jean Aicardi, who first described this
syndrome in 1965.

Description

Aicardi syndrome is an X-linked dominant genetic
condition primarily found in females because males with
the disease do not survive to hirth. It is aternately called
Agenesis of Corpus Callosum (ACC) with Chorioretinal
Abnormality because of the associated abnormal forma
tion of the connection between the right and left hemi-
spheres of the brain (the corpus callosum) and abnormal
development of the choroid and retina sections of the
eye.

The eye is composed of three layers: the sclera, the
choroid, and the retina. The sclera is the tough white
outer coat of the eyeball; it is unaffected in individuals
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with Aicardi syndrome. The choroid is the middle layer
of the eye. It servesto nourish the retina and absorb scat-
tered light. Theretinaisthe inner, light-sensitive, layer of
the eye. The retina receives the image produced by the
lens and contains the rods and cones that are responsible
for color vision. Both the choroid and the retina are
abnormally formed in individuals affected with Aicardi
syndrome.

Genetic profile

The location of the gene mutation responsible for
Aicardi syndrome has been localized to Xp22.3. At or
near this same locus is the gene responsible for
micropthalmia with linear skin defects (MLS) and the
generesponsible for Goltz syndrome. Because only one
male has ever been diagnosed with Aicardi syndrome, it
is assumed that Aicardi syndrome is dominant and X-
linked with near 100% fetal mortality in males. Nearly all
of the cases of Aicardi syndrome are believed to result
from de novo mutations (new mutations that occur after
conception) since parents of affected individuals have
normal chromosomes.

Demographics

Approximately 300 to 500 individuals, al femae
except for one, have been diagnosed with Aicardi syn-
drome worldwide. Aicardi syndrome is not associated
with any particular sub-populations. It appears with equal
frequency in all races and across all geographies.
Because it is an X-linked dominant trait, it is observed
almost exclusively in females.

Signs and symptoms

Aicardi syndrome is characterized by abnormalities
of the connection between the left and right hemispheres
of the brain (the corpus callosum), infantile spasms in
affected infants and seizuresin older affected individuals,
developmental delays, lesions and other abnormalities of
the eye, and possible other defects in the brain such as
holes where healthy brain tissue should be (brain cysts)
and an enlargement of the connecting cavities (ventri-
cles) of the brain. It is these abnormalities of the brain,
including the corpus callosum, that lead to the observable
symptoms of seizures and developmental delays. Aicardi
syndrome may aso be complicated by brain tumors,
benign tumors of the scalp (lipomas) and cancer of the
blood vessels (angiosarcoma).

The onset of infantile spasms in individual s affected
with Aicardi syndromeis generally observed between the
third and fifth months of life. It is at this time that the
final connections (neural synapses) are made in the
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Aicardi syndrome

KEY TERMS

Absence seizure—A brief seizure with an accom-
panying loss of awareness or alertness.

Choroid—A vascular membrane that covers the
back of the eye between the retina and the sclera
and serves to nourish the retina and absorb scat-
tered light.

Corpus callosum—A thick bundle of nerve fibers
deep in the center of the forebrain that provides
communications between the right and left cere-
bral hemispheres.

De novo mutation—Genetic mutations that are
seen for the first time in the affected person, not
inherited from the parents.

Focal seizure—A seizure that causes a brief and
temporary change in movement, sensation, or
nerve function.

Grand mal seizure—A seizure that causes a loss of
consciousness, a loss of bladder control, general-
ized muscle contractions, and tongue biting.

Infantile spasms—The form of grand mal or focal
seizures experienced by infants prior to the devel-
opment of many voluntary muscular controls.

Post-ictal state—A period of lethargy, confusion,
and deep breathing following a grand mal seizure
that may last from a few minutes to several hours.

Retina—The light-sensitive layer of tissue in the
back of the eye that receives and transmits visual
signals to the brain through the optic nerve.

Retinal lacunae—Small abnormal cavities or holes
in the retina.

developing human brain. These infantile spasms are a
form of the full seizures that are experienced by older
affected individuals. A seizure is the result of sudden
abnormal electrical activity in the brain. This electrical
activity can result in awide variety of clinical symptoms
including muscle twitches; tongue biting; fixed, staring
eyes, a loss of bladder control resulting in involuntary
urination; total body shaking (convulsions); and/or loss
of consciousness.

There are several types of seizures. Focal, or partial,
seizures are characterized by a brief and temporary
change in movement, sensation, or nerve function.
Examples of this type of seizure include drooling, head
turning, eye movements, lip biting, or rhythmic twitch-
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ing of muscles. Focal seizures usually cause no change
in awareness or aertness. An absence seizure is a brief
seizure with an accompanying loss of awareness or
alertness such as a staring spell. Focal and absence
seizures are types of petit mal seizures. A grand mal
seizure is characterized by a loss of consciousness, a
loss of bladder control, generalized muscle contractions,
and tongue biting. Grand mal seizures are also followed
by a period of lethargy, confusion, and deep breathing
(post-ictal state) that may last from afew minutes to sev-
eral hours.

Individuals affected with Aicardi syndrome also
have vision problems including blindness. These vision
problems are the result of abnormal development of the
two inner layers of the eye (the choroid and the retina).
The most common type of malformation in the eyes of
individuals with Aicardi syndrome is the appearance of
small cavities or holes in the retina (retina lacunag).
Instances of small eyes (micropthalmia) and missing
structures of the eye (coloboma) are also common.

Diagnosis

Aicardi syndrome is generaly first diagnosed in
affected individuals between the ages of three and five
months. It is at this age that the final connectionsin the
brain are completed. Once these connections are com-
pleted in an affected individual, this individual will
begin to have infantile spasms. These spasms are akin
to seizures in older children. Infantile spasms com-
bined with defects of the retina and choroid of one eye
or both eyes is sufficient evidence for the diagnosis of
Aicardi syndrome. Magnetic resonance imaging (MRI)
can confirm the brain malformations including the
absence of the corpus callosum. Prenatal diagnosis is
not yet available, but connection to the Xp22.3 locus
makes genetic testing for this dominant trait poten-
tially possible.

Treatment and management

Treatment of an individual with Aicardi syndrome
generally consists of seizure management, vision treat-
ment for those individuals born with sight or partial
sight, and early and continuing intervention programs
for developmental delays. Because of the severe neuro-
logical damage, many individuals are unable to chew
and swallow and must be fed with pureed food. The
most common medications for affected individuals are
anticonvulsive drugs such as val proic acid (brand names:
Depakene, Vaproate, Varelease); clonazepam (brand
names. Klonopin and Rivotril); phenobarbitol (available
as a generic drug); and phenytoin (brand name:
Dilantin).
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Patients diagnosed with Aicardi syndrome may develop
tumors in the tiny blood vessel masses found in the third,
lateral, and fourth ventricles of the brain. The tumors,

refered to as choroid plexus papillomas, are green in the
images above. (Gale Group)

Prognosis

Aicardi syndrome is lethal in males prior to birth.
The prognosis in females varies on a case-by-case basis.
The estimated survival rate is 76% at six years and 40%
at 14 years of age. There has been areport of a surviving
individual with Aicardi syndromein her late forties. Most
individuals with Aicardi syndrome are either born blind
or will become blind. Developmenta delays and mental
retardation are seen in al individuals affected with
Aicardi syndrome ranging from mild to severe.
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I Alagille syndrome
Definition

Alagille syndrome is a genetic condition character-
ized by liver disease, typical facia features, heart mur-
murs or defects, vertebral changes, and eye changes as
well as a variety of less frequently noted features. Ala-
gille syndrome is aso called arteriohepatic dysplasia,
cholestasis with peripheral pulmonary stenosis, syndro-
matic hepatic ductular hypoplasia, and Alagille-Watson
syndrome.

Description

Alagille syndrome is a rare condition occurring
either sporadically or in an autosomal dominant pattern
of inheritance. Approximately 70% of cases are caused
by changes in the Jaggedl gene on chromosome 20.
However, the diagnosis of Alagille syndromeis based on
clinical features and family history. Obtaining medical
information about family members can be difficult as
some people with Alagille syndrome are so mildly
affected or have variable symptoms that the condition
may go unrecognized. Prognosis depends on the extent of
major organ involvement, especialy of the liver, heart,
and kidneys. Liver transplantation is needed in some
cases. Prenatal testing is available to familiesin which a
genetic change has been identified. The interpretation of
this testing is limited by the variability of clinical fea
tures, even within the same family. People with the same
genetic change can have a wide range of medical prob-
lems with varying degrees of severity.

Genetic profile

Alagille syndrome occurs sporadically in 15-56% of
cases, but has been noted to follow an autosoma domi-
nant pattern of inheritance in some families. In sporadic
cases, the gene change occurred for the first time in the
affected individual, and neither parent has the same gene
change. In autosomal dominant inheritance, multiple
generations of afamily are affected with the condition. In
either case, people who have the genetic change have a
50% chance to pass the altered gene on to each of their
children. Since the gene is dominant, passing on one
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Alagille syndrome

KEY TERMS

Amniocentesis—A procedure performed at 16-18
weeks of pregnancy in which a needle is inserted
through a woman'’s abdomen into her uterus to
draw out a small sample of the amniotic fluid from
around the baby. Either the fluid itself or cells from
the fluid can be used for a variety of tests to obtain
information about genetic disorders and other
medical conditions in the fetus.

Chorionic villus sampling (CVS)—A procedure
used for prenatal diagnosis at 10-12 weeks gesta-
tion. Under ultrasound guidance a needle is
inserted either through the mother’s vagina or
abdominal wall and a sample of cells is collected
from around the fetus. These cells are then tested
for chromosome abnormalities or other genetic
diseases.

First-degree relative—A parent, child or sibling is
a first degree relative. First-degree relatives have
one half of their genes in common.

Hemivertebra—A disorder in which one side or
half of a vertebra fails to form.

Proband—The person in the family who is
affected by a genetic disorder and who brings the
family to the attention of a health care provider.

Second-degree relative—Aunts, uncles, nieces,
nephews, grandparents, grandchildren and half
siblings are second-degree relatives. These indi-
viduals have one fourth of their genes in common.

Spina bifida occulta—The failure of vertebrae to
close into the neural tube without nerves protrud-
ing. This is most often asymptomatic.

copy of the gene is enough to cause symptoms. However,
the condition exhibits variable expressivity. This means
that different people with the condition may experience
different features of the disease or levels of severity. One
explanation for thisis that different changes in the gene
may cause different features of the syndrome. However,
even in families that al have the same genetic change,
different features and degrees of severity can occur. In
addition, the condition is not fully penetrant. Some peo-
ple who have the gene change, due to an affected parent
and child, do not show any features of the disease.

Changes in agene called the Jagged1 (Jagl) gene on
the short arm of chromosome 20 have been shown to be
the underlying defect in many patients. The Jagl gene
encodes a cell surface protein that playsarolein the reg-
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ulation of development. The protein isactivein many cell
types and directs cells to their proper place in the
embryo. Seventy to 75% of Alagille syndrome probands
have had an identifiable change within this gene. Of that
70%, 6% have been shown to have a small deletion of a
piece of the short arm of chromosome 20 (20p), which
includes the Jagl gene, using a laboratory technique
called fluorescent in situ hybridization. There are a vari-
ety of other molecular changes in the gene that have been
detected by sequencing the gene. Thirty percent of peo-
ple with the condition do not have an identifiable change
in this gene. It is possible that there are other genes that
cause the disease in these families.

Demographics

Alagille syndrome is rare, occurring in one in
70,000-100,000 live births. The condition affects males
and females equally. Most patients with Alagille syn-
drome come to medical attention in the first four months
of life with jaundice, an enlarged liver, severe itching of
skin, or multiple raised nodular areas on the skin.

Signs and symptoms
Liver manifestations

One of the most common and most serious symp-
toms of Alagille syndrome is liver disease. Liver disease
occurs in 90-100% of patients and often leads to growth
delay or failure as aresult of malnutrition. Because there
is a reduction in the number of bile ducts in the liver,
there are elevated bile acids in the blood and an arrest of
bile excretion from the body. This results in jaundice,
pruritus (severe skin itching), and xanthomas (raised nod-
ules on the skin, especially at skin creases or areas of fric-
tion). Some patients have mild or no liver problems,
while others have progressive liver failure.

Cardiac manifestations

Heart defects and murmurs have been noted in 85-
95% of patients with Alagille syndrome. The most com-
mon type of defect is pulmonary artery stenosis, although
other types of defects also occur. Many of these defects
do not have clinical significance to the patient. However,
complex and severe heart defects occur and are one of the
more common causes of mortality in patients with
Alagille syndrome.

Eye manifestations

An important diagnostic feature of Alagille syn-
dromeis a particular eye finding called posterior embry-
otoxon. This is an anterior chamber defect of the eye
caused by a prominent, centrally positioned Schwalbe
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ring. This feature can be seen through a split lamp exam-
ination and does not affect vision. Since 56-90% of
patients have this or other changes in the eye, including
retinal pigmentary changes, an eye examination can aid
in diagnosis.

Skeletal manifestations

A particular finding called a butterfly vertebra is
associated with Alagille syndrome. The term butterfly
vertebrarefersto the appearance of the space around the
vertebrae due to clefting or disruption of formation of a
vertebra. There are usually no physical problems
associated with this radiological finding. The frequency
of butterfly vertebrae in this syndrome is uncertain,
with estimates from 33-87% in different studies. Other
skeletal malformations are also noted in these patients,
such as spina bifida occulta and hemivertebrae.
Therefore, radiological examination of the spine may
aid in diagnosis.

Facial manifestations

The occurrence of particular facial features has been
noted in 70-95% of patients with Alagille syndrome. The
facial features include a prominent forehead, deep-set
and widely spaced eyes, a pointed chin, and a straight
nose with a bulbous tip. These features are more sub-
jective, but one of the most consistent features of the
diagnosis.

Other manifestations

Problems with the structure and function of kidneys
have been noted with an occurrence of 40-70%. Most
often symptoms are mild, but renal disease has caused
mortality in severe cases. Mild delays in gross motor
function have been noted in 16% of children. Most of
these children were those with severe organ disease.
Intracranial bleeding has also been noted with increased
frequency and is associated with mortality in this syn-
drome.

Diagnosis

The diagnosis of Alagille syndromeis based on clin-
ical features and can be made by the presence of liver
disease plus two of the other major features. An ultra-
sound of the liver can rule out other causes of liver dis-
ease and a liver biopsy can determine if there is a
reduction in the number of bile ducts. However, this find-
ing occurs in other conditions as well as Alagille syn-
drome, and the timing of the biopsy is important. Older
patients are more likely to have fewer hile ducts than
patients under five years of age. An echocardiogram for
heart defects, a radiological examination of the spine,
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blood tests for renal function, an ophthalmologic exami-
nation, and an examination of facial features are impor-
tant diagnostic tools. A careful family history is aso
important in diagnosis. When a first- or second-degree
relative has already been diagnosed with Alagille syn-
drome, the presence of even one feature of the condition
may constitute a diagnosis.

Once adiagnosis has been madein an individual, the
parents should undergo an evaluation for subtle features
of the condition. If a parent is diagnosed, then evaluation
for appropriate extended family members would be
offered. A correct diagnosis is important since there are
other syndromes that exhibit similar liver disease, heart
defects, and eye findings. These syndromes are inherited
in different ways, so the recurrence risk for offspring and
other family members may be different.

Two different types of testing are used: flourescence
in situ hybridization (FISH), which detects the small per-
centage of patients who have a deletion of the entire
gene; and sequencing, which looks at changes within the
gene. Sequencing is not clinically available. New tech-
nologies may make gene sequencing for mutations more
readily available in the near future. If agenetic changeis
identified in the family, prenatal testing would be avail-
able through chorionic villus sampling or amniocente-
sis. However, the interpretation of this testing is difficult
since the presence of a gene change does not allow oneto
predict the severity of the condition or which medical
problems may occur.

Treatment and management

Liver transplantation is needed in 15-20% of
patients. Other treatments depend on which of the other
features of the condition are present and the degree of
severity. Repair of heart defects is another surgical treat-
ment needed in some cases.

Prognosis

Prognosis for Alagille syndrome is quite variable
and depends on the degree of liver, heart, and kidney dis-
ease and the presence of intracranial bleeding. Overall,
survival rates are 72-85%. The survival rate of those
undergoing liver transplantation is 60-80%. There is cur-
rently no method to determine which patients will reach
end-stage liver disease.
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I Albinism
Definition

Albinism is an inherited condition that causes alack
of pigment in the hair, skin, or eyes.

Description

People with albinism typically have white or pale
yellow hair, pale skin, and light blue or gray eyes. Since
their irises have little pigment, their eyes may appear
pink or violet in different types of light. Thisis because
light is being reflected from the reddish part of the retina
in the back of the eye. Their skin usually does not tan
and their eyes are often sensitive to light. Many have
trouble with vision. Some children may be born with
abinism, but develop some pigmentation as they grow
older.

In albinism, the body does not produce enough of a
pigment called melanin, which creates hair, skin, and eye
color. Melanin protects the body by absorbing the sun’s
ultraviolet light. There are severa types of albinism:
some affect only the eyes, while others affect the skin and
hair or other parts of the body.
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KEY TERMS

Hermansky-Pudlak syndrome (HPS)—A rare form
of albinism, most common in the Puerto Rican
community, which can cause pigment changes,
lung disease, intestinal disorders, and blood disor-
ders.

Iris—The colored part of the eye, containing pig-
ment and muscle cells that contract and dilate the

pupil.

Melanin—Pigments normally produced by the
body that give color to the skin and hair.

Nystagmus—Involuntary, rhythmic movement of
the eye.

Ocular albinism—A type of albinism that affects
the vision.

Oculocutaneous albinism—Inherited loss of pig-
ment in the skin, eyes, and hair.

Platelets—Small disc-shaped structures that circu-
late in the blood stream and participate in blood
clotting.

Retina—The light-sensitive layer of tissue in the
back of the eye that receives and transmits visual
signals to the brain through the optic nerve.

Strabismus—An improper muscle balance of the
ocular muscles resulting in crossed or divergent
eyes.

Types of albinism

Ocular: A form of abinism that mainly affects the
eyes. People with ocular albinism have some pigmenta-
tion, but may have lighter skin, hair, and eye color than
other family members. Scientists have identified five dif-
ferent types of ocular albinism.

X-linked ocular: Thistype of albinism occurs mostly
in males, who inherit the gene from their mothers. It
causes visual disabilities.

Oculocutaneous: A type of abinism that affects the
hair, skin, and eyes. Researchers have classified 10 dif-
ferent types of oculocutaneous albinism.

Tyrosinase-negative oculocutaneous: Also known as
Type 1A, this is the most severe form of abinism,
marked by a total absence of pigment in hair, skin, and
eyes. People with this type of albinism have vision prob-
lems and sensitivity to sunlight. They aso are extremely
susceptible to sunburn.
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Tyrosinase-positive oculocutaneous. People with
this type of albinism have light hair, skin, and eye col-
oration and fewer visual impairments.

Hermansky-Pudlak syndrome (HPS): This rare
type of albinism is common in the Puerto Rican commu-
nity. Approximately one person in every 1,800 peoplein
Puerto Rico will be affected by it. The lack of pigmenta-
tion can vary widely. People with HPS may have white,
pale yellow, or brown hair, but it always is lighter than
the rest of the population. Their eyes range from blue to
brown, and their skin can be creamy white, yellow, or
brown. HPS also often causes visual changes, along with
other physical symptoms.

Chediak-Higashi syndrome: A rare type of
albinism that interferes with white blood cells and the
body’s ability to fight infection.

Black Locks Albinism Deafness syndrome (BADS):
Another rare form of albinism identified by a black lock
of hair on the forehead. BADS causes deafness from
birth.

Piebaldism: Also known as partial abinism, this
condition is marked by patches of white hair or lighter
skin blotches on the body.

Genetic profile

Children inherit the genes for albinism from their
parents. The parents may have normal pigmentation, but
if both the mother and father carry arecessive gene, there
isaonein four chance their child will have abinism.

A specific genetic abnormality causes tyrosinase-
negative oculocutaneous abinism (Type 1A). In this
type, aso called “ty-neg albinism,” the body is unable to
convert the amino acid tyrosine into pigment. The genes
for producing the enzymes related to ty-neg abinism are
located on chromosome 11 and chromosome 9.

Similarly, scientists believe the gene that causes
Hermansky-Pudlak syndrome is on chromosome 10.
They are studying two other genes that appear to be
involved in melanin pigment formation: the P gene on
chromosome 15 and the ocular albinism gene on the X
chromosome.

Women who carry the gene for X-linked ocular
albinism may have normal vision, but they have aone in
two chance of passing it on to their sons. This type of
albinism occurs mainly in males because the gene that
causes it is located on the X chromosome. Since males
only have one X chromosome, genetic abnormalities on
this chromosome will almost always be expressed.

Demographics

Albinism affects one in every 17,000 people. All
racial groups, including African-Americans and Latinos
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A man with albinism stands beside his normally pigmented
father. (Photo Researchers, Inc.)

are affected by abinism. Asians have the lowest inci-
dence of this condition.

Signs and symptoms
Eye problems

The lack of pigment in abinism causes abnormal
development in the eye. For example, theiris (the colored
ring around the center of the eye), which normally acts as
a filter, may let too much light into the eye.
Communication between the retina (the surface inside
the eye that absorbs light) and the brain may also be
atered in people with abinism, causing a lack of depth
perception. These changes can lead to visual impair-
ments, such as sensitivity to sunlight, near-sightedness,
far-sightedness, or astigmatism (a curvature in the lens
that makes it difficult to focus on objects). Other com-
mon affects of albinism on the eyesinclude nystagmus, a
constant, involuntary shifting of the eyes from side to
side; and strabismus, adisorder of the musclesin the eyes
that causes a wandering eye or crossed eyes. Strabismus
can interfere with depth perception.

Skin conditions

People with abinism burn easily in the sun. Since
they have no pigmentation, or very little, they typically
do not tan. Without adequate protection, they are more
likely to develop skin cancer. Some people with albinism
will have freckles, or large blotches of pigmentation, but
they still will not develop a suntan.

Other rare symptoms

People with HPS may experience a variety of health
problems related to their unique form of abinism. For
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example, HPS can cause scarring of the lungs, or fibro-
sis, which leads to restrictive lung disease and causes
fatigue and problems with breathing. Some people with
HPS have trouble healing when they cut their skin
because the disorder interferes with normal platelet func-
tion. Platelets are a component of blood needed for clot-
ting. This complication may cause people with HPS to
bruise easily, have frequent nosebleeds or trouble with
bleeding gums when brushing their teeth. It also could
cause heavy menstrual bleeding and excessive bleeding
when a pregnant woman with HPS delivers a child.
Intestinal difficulties also are associated with HPS. It can
cause a condition called granulomatous colitis, which
causes abdominal cramps, intestinal bleeding and diar-
rhea. People with HPS may aso have kidney disease.
Other rare forms of abinism may cause deafness or
decrease the body’s ability to fight infection.

Diagnosis

Physicians are able to diagnose albinism by carefully
examining a person’s hair, skin, eyes, and family history.
Diagnostic testing usually is not necessary, but a genetic
test is now available for parents who want to find out if
they are carriers of ty-neg albinism. The test also can be
performed on an infant by amniocentesis at 16 to 18
weeks gestation.
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In the past, doctors used to examine a sample of the
root of a person’s hair, in a procedure known as a hair-
bulb pigmentation test. They also tested hair for the pres-
ence of tyrosine, a substance in the body that produces
melanin, to determine the type of abinism a person had.
Today, however, most physicians believe these tests are
not reliable and they are not often used.

To find out if a person has HPS, physicians can take
asample of their blood and examine the platelets under a
microscope to look for alack of clotting ability.

Eye doctors may be able to identify subtle eye
changes in women who carry the gene for X-linked ocu-
lar albinism. While their eye color may appear normal,
female carriers of thistype of albinism often have adight
lack of pigment in their retinas.

Treatment and management

People with albinism must shield their sensitive eyes
from the sun with UV protected sunglasses. Some find
bifocals and other corrective lenses to be helpful. For
those with severe forms of albinism, however, corrective
lenses may not be able to overcome problems caused by
developmental changes in the retina. Children with
albinism may require special accommodations, such as
large-print textbooks, for reading in school. If visual
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impairment is severe, it may affect the individual’s abil-
ity to drive.

For those with strabismus, surgery can alter their
appearance, although the procedure may not significantly
improve their vision. Before trying surgery, some doctors
have children wear an eye patch in an attempt to
strengthen the weaker eye. Eye surgery may also help
reduce the involuntary eye movements associated with
nystagmus, but vision will not always improve.

To prevent sun-related health problems, people with
albinism must cover up with a sunscreen of SPF 20 or
higher. Protective clothing, hats or visors are essential.
Physicians also recommend keeping a careful watch for
any changes in birth marks or moles that could become
Cancerous.

People with HPS should be careful to avoid aspirin,
which can reduce clotting, and notify their dentist before
having any dental work done. Women with HPS should
alert their gynecologist or obstetrician. Some physicians
recommend wearing a medical aert bracelet for the
bleeding disorder. To avoid exacerbating the lung dis-
ease, people with HPS should not smoke.

Children with albinism may need extra support from
family or a counselor if they are exposed to teasing or
hurtful comments at school. Many families also find sup-
port groups to be helpful.

Prognosis

People with albinism can easily adapt to this condi-
tion and live healthy, productive lives. Albinism does not
affect a person’s lifespan, athough it may lead to an
increased risk of skin cancer if protective measures are
not taken.

Resources

BOOKS

Larry. National Association for the Visually Handicapped, New
York.

Wiley, Jean. To Ride the White Rainbow. National Organization
for Albinism and Hypopigmentation (NOAH), 1998.

PERIODICALS

“NOAH News’ Newsletter of the National Organization for
Albinism and Hypopigmentation, Philadelphia.

Wilson, Tracy. “The paler side of beauty.” Heart and Soul. Vol.
6, Issue 1 (February 1999): 30-33.
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ORGANIZATIONS

American Academy of Dermatology. PO Box 4014, 930 N.
Meacham Rd., Schaumburg, IL 60168-4014. (847) 330-
0230. Fax: (847) 330-0050. <http://www.aad.org>.

American Council of the Blind. 1155 15th St. NW, Suite 1004,
Washington, DC 20005. (202) 467-5081 or (800) 424-
8666. <http://www.ach.org>.

American Nystagmus Network. PO Box 45, Jenison, MI
49429-0045. <http://www.nystagmus.org>.

Hermansky-Pudlak Syndrome Network. 39 Riveria Court,
Malverne, NY 11565-1602. (800) 789-9477 or (516) 599-
2077. <http://lwww.medhel p.org/web/hpsn.htm>.

International Albinism Center. University of Minnesota, PO
Box 420, Delaware St. SE, Minneapolis, MN 55455.
<http://www.cbc.umn.edu/iac>.

National Association for Parents of Children with Visua
Impairment (NAPVI). PO Box 317, Watertown, MA
02472. (617) 972-7441 or (800) 562-6265. <http://www
.spedex.com/napvi>.

National Organization for Albinism and Hypopigmentation.
1530 Locust St. #29, Philadelphia, PA 19102-4415. (215)
545-2322 or (800) 473-2310. <http://www.albinism
.org>.

WEBSITES

“Images of abinism in pop culture” Lunaeterna.
<http://www.lunaeterna.net/popcult/intro.htm>.

“International Albinism Center fact sheet” University of
Minnesota. <http://www.cbc.umn.edu/iac/facts.htm>.

“Positive Exposure: Albinism and photography.”
<http://www.rickguidotti.com>.

OTHER
Albinism: The People, The Challenge. Videotape. Chrysalis Films.

Melissa Knopper

Albright syndrome see McCune-Albright
syndrome

I Alcoholism
Definition

Alcoholismisachronic physical, psychological, and
behavioral disorder characterized by excessive use of
alcohalic beverages; emotional and physical dependence
on them; increased tolerance over time of the effects of
alcohol; and withdrawal symptoms if the person stops
drinking.
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Alcoholism

Description

Alcoholism is a complex behavioral aswell as med-
ical disorder. It often involves the criminal justice system
as well as medicine and other helping professions. Its
emergence in an individual’s life is affected by a number
of variables ranging from age, weight, sex, and ethnic
background to his or her family history, peer group, occu-
pation, religious preference, and many other categories.
Moreover, persons diagnosed with alcoholism may
demonstrate considerable variety in their drinking pat-
terns, age at onset of the disorder, and the speed of its
progression.

The Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-1V), distinguishes between
Alcohol Dependence and Alcohol Abuse largely on the
basis of a compulsive element in Alcohol Dependence
that is not present in Alcohol Abuse. Some psychiatrists
differentiate between so-called primary acoholism, in
which the patient has no other major psychiatric diagno-
sis; and secondary alcoholism, in which the problem
drinking is the patient’s preferred way of medicating
symptoms of another psychiatric disorder, such as
depression, schizophrenia, post-traumatic stress disor-
der, or one of the dissociative disorders. Experts in other
branches of medicine tend to emphasize patterns of and
attitudes toward drinking in order to distinguish between
nonproblematic use of acohol and acohol abuse or
dependence. Classification is typically based on the fol-
lowing five categories:

» Socia drinkers. Individuals who use alcohol in minimal
to moderate amounts to enhance meals or other social
activities. They do not drink alone.

* Situational drinkers. These people rarely or never drink
except during periods of stress. They are far more likely
to drink alone than social drinkers.

« Problem drinkers. These individuals drink heavily, even
when they are not under overwhelming stress. Their
drinking causes some problemsin their lives (e.g., DUI
arrests), but they are capable of responding to warnings
or advice from others.

« Binge drinkers. This type of drinker uses alcohol in an
out-of-control fashion at regular intervals. The binges
may be planned in advance. This pattern is a growing
problem on many college campuses.

« Alcoholic drinkers. These are drinkers who have no
control of any kind over their intake, and find that their
lives are unmanageable.

Other factors have complicated definitions of alco-
holism in the United States, including: 1) the increasing
tendency to combine alcohol with other drugs of abuse,
sometimes called cross-addiction; and 2) the rising rates
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of alcohol abuse and dependence among children under
12 years of age.

Genetic profile

Alcoholism was one of the first behavioral disorders
tackled by genetic research, partly because it is a wide-
spread problem and partly because the cost to society is
so high. It has been known since the 1960s that & co-
holism has a genetic component. A family history of
alcoholism is presently considered the strongest risk fac-
tor for developing alcoholism. Therisk increases with the
number of alcoholic relatives in a person’s family, the
genetic closeness of the relationships, and the severity of
the acohol problemsin the affected relatives. As of 2000,
researchers estimate that 40%-60% of a person’s vulner-
ability to alcoholism is genetically based. About 20% of
the sons and 5% of the daughters of alcoholic parents
develop the disorder, compared to 5% of men and 1% of
women in the general North American population.

Alcoholism is thought to be a polygenic disorder;
that is, more than one gene appears to be involved in its
transmission. The Collaborative Study on the Genetics of
Alcoholism (COGA) has pinpointed severa areas in the
brain that may contain genes for alcoholism. Begun in
1989, COGA has compiled a database from over 300
alcoholic families at six research sites (SUNY-
Downstate, University of Connecticut, Indiana Univer-
sity, Washington University, University of lowa, and
University of California at San Diego). The completed
mapping of the human genome is also expected to help
researchers identify the specific genes that affect an indi-
vidual'’s vulnerability to acohol abuse.

Recent COGA findings suggest that a gene or genes
on human chromosome 1 may influence vulnerability to
affective disorders as well as to alcoholism. The
researchers found that first-degree relatives of subjects
diagnosed with depression as well as alcoholism had a
higher prevalence of both disorders than relatives of sub-
jects diagnosed with alcoholism aone.

Earlier genetic studies

MULTIGENERATIONAL STUDIES The first studies of
the genetics of alcoholism were performed in the 1960s.
One investigator noted that the brain wave patterns in
alcoholics are lower in height (amplitude) than those of
normal people and studied children of alcoholics to
determine whether this brain wave pattern might be
hereditary. He used two groups of boys between the ages
of six and 18, one group comprised of sons of acoholic
men. More than 35% of the sons of acohoalics had the
brain wave pattern characteristic of alcoholism, whereas
fewer than 1% of the boys in the control group had it.
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Another multigenerational brain wave study involved
type 2 acoholism, a variant of the disorder in which the
alcoholic’'s father is aways an alcoholic. This study
found that 89% of the sons of type 2 alcoholics had the
characteristic brain wave pattern.

Other studies of children of alcoholics have focused
on the effects of alcohol on the body. A study published
in 1991 reported that the sons of alcoholics perform bet-
ter on tests of hand-to-eye coordination after drinking a
specified amount of acohol than the sons of nonalco-
holics who had consumed the same amount. The
researchers hypothesized that low sensitivity to the
effects of alcohol may point to higher levels of acohol
consumption in adult life.

TWIN STUDIES Studies of twins performed in
Finland and the United Statesindicate that people with an
alcoholic monozygotic (identical) twin have a signifi-
cantly higher risk of becoming alcoholics than people
with alcoholic dizygotic (fraternal) twins.

STUDIES OF ADOPTED CHILDREN A longitudinal
Swedish study known as the Stockholm Adoption Study
was performed on children of type 2 alcoholics reared by
adoptive parents. The researchers reported in the mid-
1980s that 34% of these children became alcoholics in
adult life, even when they had been reared by adoptive
parents who abstained from alcohal.

Another longitudinal study of adopted children done
at the University of Kansas Medical School found that
sons of alcoholic parents were four times as likely to
become alcohoalics as sons of nonalcohalics, even if they
had been separated from their parents shortly after birth
and reared by nonrelatives with no history of problem
drinking. On the other hand, the sons of nonalcoholic
parents had a low rate of alcoholism in later life even if
their adoptive parents were alcohalics. Studies of adopted
daughters yielded less clear-cut results.

STUDIES OF GENDER AND ETHNIC VARIABLES |t has
been known for several decadesthat different nations and
ethnic groups have widely varying rates of alcoholism,
with Ireland, the countries of the former Soviet Union,
and the Baltic countries having relatively high rates. Far
Eastern and Mediterranean countries (with the exception
of France) have relatively low rates. With regard to
Asians, researchers have found that a large proportion of
the general population—as high as 50% among the
Japanese and Koreans—has an aldehyde dehydrogenase
deficiency, related to a variation in a gene known as the
ALDH?2 gene. People with this deficiency experience a
disulfiram-like reaction to small amounts of acohol,
which appearsto protect them from becoming alcoholics.
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KEY TERMS

Acamprosate—An anti-craving medication used
in Europe to reduce the craving for alcohol. It is
presently undergoing tests for approval in the
United States.

Disulfiram—A medication that has been used
since the late 1940s as part of a treatment plan for
alcohol abuse. Disulfiram, which is sold under the
trade name Antabuse, produces changes in the
body’s metabolism of alcohol that cause
headaches, vomiting, and other unpleasant symp-
toms if the patient drinks even small amounts of
alcohol.

Ethanol—The chemical name for beverage alco-
hol. It is also sometimes called ethyl alcohol or
grain alcohol to distinguish it from isopropyl or
rubbing alcohol.

Knockout experiment—A type of genetic experi-
ment in which researchers are able to deactivate,
or knock out, a gene that may influence a particu-
lar trait, such as vulnerability to alcohol.

Longitudinal study—A type of research project in
which the same subjects are interviewed repeat-
edly at intervals over a period of time.

Microarray—An ordered arrangement of many
different genes on a glass slide or silicon chip.
Microarrays allow researchers to study large num-
bers of genes simultaneously in determining differ-
ent levels of gene activity in such complex
processes as the body’s response to alcohol.

Naltrexone—A medication originally developed
to treat addiction to heroin or morphine that is also
used to treat alcoholism. It works by reducing the
craving for alcohol rather than by producing vom-
iting or other unpleasant reactions.

Polygenic—A trait, characteristic, condition, etc.
that depends on the activity of more than one gene
for its emergence or expression.

Telescoping—A term sometimes used to describe
the relatively rapid progression of alcoholism in
women, even though women usually begin to
drink heavily at later ages than men do.

Transgenic experiment—A genetic experiment in
which a gene can be added to a laboratory ani-
mal’s genetic material. The behavior of the altered
animal can be compared with the behavior of an
unaltered animal to help pinpoint the role of the
gene in affecting it.
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Studies of women indicate that Caucasian women in
the United States have a higher rate of aldehyde dehy-
drogenase deficiency than men. It is not known, however,
how important this factor is in explaining the overall
lower rate of acoholism among women. One study of
Australian twins found that the variation in the ALDH2
gene that decreases the risk of alcoholism in men does
not have this protective effect in women. Race and eth-
nicity affect both patterns of alcohol consumption in
women and physical vulnerability to the effects of alco-
hol. Although African American women and Caucasian
women are equally likely to be heavy drinkers, African
American women are more likely than Caucasians to
abstain from alcohol (46% versus 34%). Among
Hispanic women, American-born Hispanics are more
likely to be moderate or heavy drinkers than Hispanic
immigrants.

Another important variable in assessing the role of
ethnicity in alcohol dependence is educational attain-
ment. According to one 2000 study, low levels of educa-
tional attainment are correlated with alcohol dependence
among African Americans, while high levels of education
are associated with alcohol dependence among
Caucasians. Another 2000 study found that dropping out
of high school was associated with an increased risk of
acohol abuse among both groups, while entering college
without completing the course of studies was associated
with a higher rate of alcohol abuse only in Caucasians.
The long-term effects of educational level on acohol
dependence in different subcultures, however, reguire
further study.

STUDIES OF BRAIN TISSUE In 1990, researchers at
UCLA and the University of Texas studied tissue samples
from the brains of 70 deceased persons (men and women
from a variety of ethnic groups); half the samples were
from known alcohoalics. Of the tissue samples from aco-
holics, 69% had an abnormal gene for dopamine recep-
tion whereas 80% of the nonalcoholics' samples had a
normal gene. Dopamine is a neurotransmitter associated
with a sense of pleasure; its receptor gene is located on
human chromosome 11. The researchers speculated that
the atypical form of the gene may direct the formation of
defective dopamine receptors in the brain, which in turn
may cause the person to crave alcohol and other sub-
stances that increase the body’s dopamine production.

Newer genetic engineering techniques

The introduction of newer techniques developed in
the 1990s has contributed to a greater understanding of
the complexity of the genetic transmission of acoholism
in humans.
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KNOCKOUT AND TRANSGENIC EXPERIMENTS Newer
genetic engineering techniques that were developed in
the 1990s allow researchers to deactivate, or knock out, a
gene that is thought to be involved in sensitivity to or
desire for alcohol. Alternately, researchers can insert a
gene into an animal’s genetic material, thus producing
transgenic offspring. Several knockout experiments have
produced strains of mice with a craving for alcohol that
can be traced to specific proteins in the brain. Both
knockout and transgenic experiments on mice have con-
firmed the hypothesis that low sensitivity to the effects of
alcohol appearsto be related to ahigh preference for con-
suming acohol.

MICROARRAYS Microarrays are glass dides or sili-
con chips with selected genes—as many as 10,000—
arranged on them for scanning by an automated system.
Because alcoholism is a polygenic disorder, and because
genes often change their levels of activity in response to
the effects of alcohol, microarrays allow researchers to
track the activity levels of alarge number of genes simul-
taneoudly. As of 2001, it is thought that changes in gene
function may be a factor in the human brain’s long-term
adaptations to heavy drinking.

Demographics

Health professionals estimate that 70% of the adult
population of the world’s devel oped countries drink al co-
hol, with aslightly higher rate (75%) in the United States.
Of those who drink, about 10% will become alcohalics.
This group of heavy drinkers spends more time in the
doctor’s office or the ER than most other adults; it is esti-
mated that 20% of hospital inpatients and 15% of outpa-
tients have alcohol problems. There is a definite gender
imbalance in acoholism, with males predominating by a
ratio of 4:1 or 3:1. According to a 2000 report from the
Centers for Disease Control, 22.3% of men are binge
drinkers, compared to 6.7% of women. On the other
hand, evidence accumulating in the 1990s suggests that
the gender ratio is dropping among younger drinkers. A
1997 U.S. Department of Health and Human Services
(DHHS) survey found that the current use of alcohol
among women is highest in the 26 to 34 age group, and
that binge and heavy drinking are highest among 18- to
25-year-olds. The smallest sex differences in heavy
drinking are for youths aged 12 to 17 (2% of boys and
1% of girls in 1993; 2% of boys and 1.5% of girls
younger than 12 in 1999).

Studies of women alcohalics indicate that women
are at higher risk than men for serious health problems
related to al coholism. Because women tend to metabolize
alcohol more slowly, have a lower percentage of body
water and a higher percentage of body fat than men, they
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develop higher blood acohol levels than men at a given
amount of alcohol per pound of body weight. Thus, even
though women typically begin to drink heavily at a later
age than men, they often become dependent on alcohol
much more rapidly. Thisrelatively speedy progression of
alcoholism in women is called telescoping.

At the other end of the age distribution, alcoholism
among the elderly appears to be on the increase as well
as underdiagnosed. Confusion and other signs of intoxi-
cation in an elderly person are often misinterpreted as
side effects of the patient’s other medications. In addi-
tion, many older people turn to alcohol to medicate feel-
ings of depression. It is estimated, as of 1999, that 15%
of older women in treatment for depression are alco-
holics. The elderly are at higher risk for becoming
dependent on acohol than younger people because their
bodies do not absorb alcohol as efficiently; a 90-year-old
who drinks the same amount of acohol as a 20-year-old
(of the same sex) will have a blood alcohol level 50%
higher.

Signs and symptoms

The symptoms of alcohol intoxication often include
talkativeness and a positive mood while the drinker’'s
blood alcohol level is rising, with depression and mental
impairment when it is falling. Blood acohol concentra-
tion (BAC) produces the following symptoms of central
nervous system (CNS) depression at specific levels:

* 50 mg/dL: feelings of calm or mild drowsiness

 50-150 mg/dL: loss of physical coordination. The legal
BAC for driversin most states is 100 mg/dL or lower.

* 150-200 mg/dL: loss of mental faculties
* 300-400 mg/dL : unconsciousness
* Over 400 mg/dL: may be fatal.

The symptoms of long-term heavy consumption of
alcohol may take a variety of different forms. In spite of
along history of use for “medicinal” purposes, alcohol is
increasingly recognized to be toxic to the human body. It
is basically a CNS depressant that is absorbed into the
bloodstream, primarily from the small intestine. Regular
consumption of large amounts of alcohol can cause irre-
versible damage to a number of the body’s organ sys-
tems, including the cardiovascular system, the digestive
tract, the central nervous system, and the peripheral nerv-
ous system. Heavy drinkers are at high risk of developing
stomach or duodenal ulcers, cirrhosis of the liver, and
cancers of the digestive tract. Many alcoholics do not eat
properly, and often develop nutritional deficiency dis-
eases as well as organ damage.
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Women are at higher risk for serious alcohol related health
problems then men. Because women tend to metabolize
alcohol more slowly, have a lower percentage of body
water and a higher percentage of body fat than men, they
develop higher blood alcohol levels than men at a given
amount of alcohol per pound of body weight. (Custom
Medical Stock Photo, Inc.)

In addition to physical symptoms, most alcoholics
have a history of psychiatric, occupational, financial,
legal, or interpersonal problems as well. Alcohol misuse
is the single most important predictor of violence
between domestic partners as well as intergenerational
violence within families. In 1994 (the latest year for
which statistics are available), 79% of drivers over age 25
involved in fatal automobile accidents were intoxicated.
In the states that provided data in 1994 for arrests for
driving while impaired (DWI) by alcohol, about one-
third of the arrested drivers had previous DWI citations.
Since the early 1990s, most states have passed stricter
laws against alcohol-impaired driving. These laws
include such provisions as immediate license suspension
for thefirst DWI arrest and lowering the legal blood alco-
hol limit to 0.08 g/dL for adults and 0.02 g/dL for drivers
under 21. Penalties for repeated DWI citations include
prison sentences; house arrest with electronic monitor-
ing; license plates that identify offending drivers; auto-
mobile confiscation; and putting a special ignition
interlock on the offender’s car.
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Diagnosis

The diagnosis of alcoholism is usually based on the
patient’s drinking history, a thorough physical examina-
tion, laboratory findings, and the results of psychodiag-
nostic assessment.

Patient history and physical examination

A physician who suspects that a patient is abusing or
is dependent on alcohol should give him or her a com-
plete physical examination with appropriate laboratory
tests, paying particular attention to liver function and the
nervous system. Physical findings that suggest alco-
holism include head injuries after age 18; broken bones
after age 18; other evidence of blackouts, frequent acci-
dents, or fals; puffy eyelids; flushed face; acohol odor
on the breath; shaky hands; slurred speech or tongue
tremor; rapid involuntary eye movements (nystagmus);
enlargement of the liver (hepatomegaly); hypertension;
insomnia; and problems with impotence (in males).
Severe memory loss may point to advanced alcoholic
damage to the CNS.

Diagnostic questionnaires and checklists

Since some of the physical signs and symptoms of
a coholism can be produced by other drugs or disorders,
screening tests can also help to determine the existence of
adrinking problem. There are several assessment instru-
ments for a coholism that can be either self-administered
or administered by a clinician. The so-called CAGE test
is abrief screener consisting of four questions:

» Have you ever felt the need to cut down on drinking?

» Have you ever felt annoyed by criticism of your drink-
ing?
« Have you ever felt guilty about your drinking?

» Have you ever taken a morning eye opener? One “yes’
answer should raise a suspicion of alcohol abuse; two
“yes’ answers are considered a positive screen.

Other brief screeners include the Alcohol Use
Disorder Identification Test, or AUDIT, which also high-
lights some of the physical symptoms of alcohol abuse
that doctors look for during a physical examination of the
patient. The Michigan Alcoholism Screening Test, or
MAST, is considered the diagnostic standard. It consists
of 25 questions; a score of five or higher is considered to
idicate alcohol dependency. A newer screener, the
Substance Abuse Subtle Screening Inventory, or SASSI,
wasintroduced in 1988. It can be given in either group or
individual settingsin a paper-and-pencil or computerized
format. The SASSI is available in an adolescent as well
as an adult version from the SASS| Ingtitute.
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According to one 1998 study, some brief screeners
may be inappropriate for widespread use in some sub-
populations because of ethnic and sex bias. The CAGE
questionnaire often yielded inaccurate results when
administered to African American men and Mexican
American women. The AUDIT does not appear to be
affected by ethnic or gender biases. Another study of the
use of alcohol screening questionnaires in women found
that the AUDIT was preferable to the CAGE question-
naire for both African American and Caucasian women.

Laboratory tests

Severa laboratory tests can be used to diagnose
alcohol abuse and evaluate the presence of medical prob-
lems related to drinking. These tests include:

« Full blood cell count. Thistest indicates the presence of
anemia, which iscommon in alcoholics. In addition, the
mean corpuscular volume (MCV) is usually high in
heavy drinkers. An MCV higher than 100 fL suggests
alcohol abuse.

e Liver function tests. Tests for serum glutamine
oxaloacetic transaminase (SGOT) and akaline phos-
phatase can indicate acohol-related injury to the liver.
A high level (>30 units) of gamma-glutamyltransferase
(GGT) isauseful marker becauseit is found in 70% of
heavy drinkers.

* Blood alcohol levels.

 Carbohydrate deficient transferrin (CDT) tests. Thistest
should not be used as a screener, but is useful in moni-
toring alcohol consumption in heavy drinkers (those
who consume >60 grams of alcohol per day). When
CDT is present, it indicates regular daily consumption
of alcohal.

The results of these tests may not be accurate if the
patient is abusing or dependent on other substances.

Treatment and management

Because acoholism is a complex disorder with
social and occupational as well as medical implications,
treatment plans usually include a mix of several different
approaches.

Medications

Most drugs that are now being used to treat aco-
holism fall into one of two groups: those that restrain the
desire to drink by producing painful physical symptoms
if the patient does drink; and those that appear to reduce
the craving for alcohol directly. Several medications in
the second category were originally developed to treat
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addiction to opioid substances (e.g., heroin and mor-
phine).

ALCOHOL-SENSITIZING MEDICATIONS The most
commonly used alcohol-sensitizing agent is disulfiram
(Antabuse), which has been used since the 1950s to deter
alcoholics from drinking by the threat of avery unpleas-
ant physical reaction if they do consume alcohol. The
severity of the disulfiram/ethanol reaction, or DER,
depends on the amount of alcohol and disulfiram in the
blood. The symptoms of the reaction include facial flush-
ing, rapid heart beat, pal pitations, difficult breathing, low-
ered blood pressure, headaches, nausea, and vomiting.

A DER results when the drinker consumes alcohol
because disulfiram inhibits the functioning of an enzyme
called aldehyde dehydrogenase. This enzyme is needed
to convert acetaldehyde, which is produced when the
body begins to oxidize the alcohol. Without the aldehyde
dehydrogenase, the patient’s blood level of acetaldehyde
rises, causing the symptoms associated with DER.

Another alcohol-sensitizing agent is calcium car-
bimide, which is marketed in Canada under the brand
name Temposil. Temposil has been used clinically
although it has not been approved by the FDA for use in
the United States as of 2001. Calcium carbimide pro-
duces physiological reactions with alcohol similar to
those produced by disulfiram, but the onset of action is
far more rapid and the duration of action is much shorter.

ANTI-CRAVING MEDICATIONS One medication that
has been studied in recent years for the treatment of alco-
holism is naltrexone, which appears to reduce the craving
for acohal. In addition, naltrexone, which is sold under
the brand names Trexan and ReVia, appears to cause few
side effects. One 1992 study suggested that naltrexone-
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treated alcoholics who did have one or two drinks were
less likely to continue drinking. Naltrexone has been the
subject of anumber of clinical trialsin the United States,
as of August 2000, 10 out of 30 NIH-sponsored clinical
trials were studies of natrexone. On the other hand, a
review of medications presented to the National Institute
on Alcohol and Alcohol Abuse (NIAAA) in November
1999 concluded that the effectiveness of naltrexonein the
treatment of alcoholism appears to be limited.

An anti-craving drug that is presently approved for
use in the European Community, acamprosate (calcium
acetyl-homotaurinate), has no psychotropic side effects
nor any potential for abuse or dependence. Although
acamprosate is being used in clinical trials in the United
States as of 2000, its effects are unclear. It appears to
reduce the frequency of drinking, but its effects on
enhancing abstinence from alcohol are no greater than
those of naltrexone. In addition, acamprosate does not
appear to enhance the effectiveness of naltrexone if the
drugs are given in combination.

Psychosocial treatment options

Most acoholics are treated with a variety of psy-
chosocia approaches, including regular attendance at
Alcoholics Anonymous (AA) meetings, group therapy,
marital or family therapy, so-called community-based
approaches, socia skillstraining, relapse prevention, and
stress management techniques. Insight-oriented individ-
ual psychotherapy by itself is ineffective with the major-
ity of alcoholics.

The most effective psychosocia treatments of alco-
hol dependence incorporate a cognitive-behavioral
approach. Relapse prevention utilizes cognitive-behav-

53

wis1joyod|y



Alcoholism

ioral approaches to identifying high-risk situations for
each patient and restructuring his or her perceptions of
the effects of alcohol as well as of the relapse process.
Network therapy, which combines individual cognitive-
behavioral psychotherapy with the involvement of the
patient’s family and peers as a group support network, is
a newer approach to alcohol dependence. One recent
study found that while cognitive-behavioral therapy is
effective in treating al cohol dependence, the reasons that
are usually offered to explain its effectiveness should be
reexamined.

Prognosis

The prognosis for recovery from alcoholism varies
widely. The usual course of the disorder is one of
episodes of intoxication beginning in adolescence, with
full-blown dependence by the mid-20s to mid-30s. The
most common pattern is one of periodic attempts at absti-
nence alternating with relapses into uncontrolled drink-
ing. On the other hand, it is thought that as many as 20%
of persons diagnosed as al cohol-dependent achieve long-
term sobriety even without medical treatment. As of
2001, it is difficult to compare the outcomes of the vari-
ous treatment approaches to alcoholism, in part because
their definitions of “success’ vary. Some researchers
count only total abstinence from alcohol as a successful
outcome, while others regard curtailed drinking and bet-
ter social adjustment as indicators of success. Therole of
genetic factorsin the prognosisis still disputed. Available
evidence suggests that such factors as the presence of a
spouse, partner, or close friend in the alcohalic’s life, or
religious commitment, can outweigh genetic vulnerabil-
ity to the disorder.
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I Alkaptonuria
Definition

Alkaptonuriais arare, inherited disorder character-
ized by urine that turns dark when exposed to air, dark
pigmentation of the cartilage and other tissues, and
arthritis.

Description

Alkaptonuria (AKU) (sometimes spelled alcap-
tonuria) is a disorder in which a substance called
homogentisic acid (HGA) accumulates in cells and con-
nective tissues throughout the body. Large amounts of
HGA also are excreted in the urine. In a process known
as ochronosis, deposits of HGA form dark pigments in
the skin, joints, and other tissues of the body. Over the
long term, ochronosis leads to ochronotic arthritis, which
is a painful inflammation and stiffening of the joints.
AKU is aso known as homogentisic acid oxidase
deficiency, ochronosis, akaptonuria ochronosis, or
ochronotic arthritis.

History

The black urine that characterizes AKU has been
recognized throughout history. It sometimes was consid-
ered to be a bad omen. The dark pigmentation of
ochronosis has been identified in an Egyptian mummy
from 1500 B.cC.

AKU was one of the first inherited disorders to be
identified as a deficiency in asingle enzyme in one path-
way of the body’s metabolism. In 1902, Sir Archibald
Garrod, after consultation with the famous geneticist
William Bateson, proposed that the inheritance of AKU
could best be described by Gregor Mendel’s theory of the
inheritance of recessive characteristics. These are inher-
ited traits expressed in some of the offspring of parents
who both carry the trait. The parents may or may not
expressthetrait. In 1908, Garrod coined the term “inborn
error of metabolism” to describe AKU and three other
metabolic disorders. Furthermore, he suggested that
AKU was due to a deficiency in a specific enzyme, apro-
tein that catalyzes one step of a metabolic pathway.

Homogentisic acid

During normal metabolism, the 20 common amino
acids, that are the building blocks of enzymes and other
proteins, are broken down into simpler substances. This
process provides energy for the body. The amino acids
phenylalanine and tyrosine are converted to simpler sub-
stances in a series of eight steps. Each step in this path-
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way occurs through the action of a different enzyme. The
first step in the pathway converts phenylalanine to tyro-
sine. The inherited disorder known as phenylketonuria
results from a deficiency in the enzyme that carries out
this first step.

AKU results from a deficiency in an enzyme called
homogentisate 1,2-dioxygenase (HGD). This enzyme
alsois called homogentisic acid oxidase. It isresponsible
for the fourth step in the breakdown of phenylalanine and
tyrosine, the conversion of HGA to 4-maleylacetoacetic
acid. When there is a deficiency in active HGD, as in
AKU, HGA cannot be broken down further. It accumu-
lates in cells and tissues throughout the body, and large
amounts of HGA are excreted in the urine.

Oxygen causes HGA moleculesto combine with each
other to form avery large molecule called apolymer. This
polymer isadark pigment similar to melanin, the pigment
responsible for skin color. This pigment is formed in the
tissues of the body, aswell asin urine exposed to the oxy-
genin air. Oxygen can aso convert HGA into atoxic sub-
stance called benzoquinone acetic acid.

HGA is excreted very quickly. In general, levels of
HGA are kept quite low inindividuals with AKU. Never-
theless, over time, large quantities of HGA, either asindi-
vidual molecules or as a polymer, are deposited in the
cartilage (the flexible tissue of the joints and other bony
structures) and in other connective tissues of the body.

Granules of HGA pigment collect around collagen.
This is the protein that makes up the fibers of connective
tissues. Collagen is the most abundant protein in the
body. It is a major structural component of cartilage,
bone, tendons, ligaments, and blood vessels. Collagen
also forms an important structural layer beneath the skin,
and it holds together the cells of various tissues. The
accumulation of HGA in connective tissues interferes
with the body’s ability to make new collagen. As aresullt,
collagen fibers throughout the body are weakened. In
particular, HGA weakens the collagen fibers in the carti-
lage of the joints.

Ochronosis

Initially, an ochre or yellowish-colored HGA pig-
ment is deposited in the tissues of individuals with AKU.
Over a period of years, the cartilage, bones, and skin
begin to turn a slate-blue or blue-black color. This pig-
mentation, or ochronosis, of the tissues eventually leads
to a serious form of arthritis. Furthermore, as the HGA
polymer accumulates, inflammation occurs. This causes
calcium to be deposited in the joints in a process called
cacification.
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Genetic profile

AKU is an autosomal recessive disorder. It is auto-
somal because the gene encoding the HGD enzyme is
located on chromosome 3, rather than on either of the X
orY sex chromosomes. AKU isarecessive trait because
it only occurs when an individual has two copies of the
defective gene, one inherited from each parent. The two
defective HGD genes do not need to carry the same
mutations. If the two mutations are identical, the indi-
vidual is a homozygote. If the two mutations are differ-
ent, the affected individual is called a compound
heterozygote.

In individuals with a single defective HGD gene, at
least 50% of the HGD enzyme has normal activity. These
individuals have no symptoms of AKU. However, they
are carriers of AKU and can pass the gene on to their off-
spring.

All of the offspring of two parents with AKU will
inherit the disorder. All of the offspring of one parent
with AKU and one parent with a single defective HGD
gene will inherit at least one defective HGD gene. These
offspring have a 50% chance of inheriting two defective
genes and developing AKU. The offspring of one parent
with AKU and one parent with normal HGD genes will
inherit a defective gene from the affected parent, but will
not develop AKU. The offspring of parents who both
carry one defective HGD gene have a 50% chance of
inheriting one defective HGD gene. They have an addi-
tional 25% chance of inheriting two such genes and
developing AKU. Finally, the children of one parent with
asingle defective HGD gene and one parent with normal
HGD genes have a 50% chance of inheriting the defec-
tive gene, but will not develop AKU.

A large number of different mutations have been
identified in the HGD gene. These changes reduce or
destroy the activity of the HGD enzyme. Mutational hot
spots have also been identified in the gene. These are
regions of the gene in which mutations are particularly
likely to occur.

Demographics

As arecessive disorder, AKU requires two copies of
the defective gene, one inherited from each parent. Thus,
AKU is much more common in the offspring of couples
who are related to each other, such as first or second
cousins. As an autosomal disorder, AKU occurs equally
among males and females. However, in genera, the
symptoms of arthritis appear at an earlier age in males
and tend to be more severe than in females. The reason
for this difference is not known.
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AKU occurs with equal frequency among various
races, however, the frequency varies substantially among
different populations. It ismost common in geographically
isolated populations. Theworldwide prevalence of AKU is
estimated at between one in 100,000 and one in 250,000
individuals. However, some estimates are aslow asonein
amillion individuas and, in the United States, AKU fre-
guency is estimated to be only one in four million.

AKU occurs with particularly high frequency in the
Dominican Republic, Slovakia, and the Czech Republic.
The frequency has been reported to be as high as one in
19,000 live births in Slovakia. The frequency of AKU is
particularly low in Finland. Certain mutations occur only
in HGD genes from Slovakia. Two specific mutations
occur in 50% of all Slovakians with AKU. Other
mutations in HGD appear to be unique to the Finnish
popul ation.

Signs and symptoms
Early symptoms

Often, thefirst sign of AKU isthe dark staining of an
infant’s diapers from the HGA in the urine. However, a
significant number of AKU-affected individuals do not
have blackened urine, particularly if their urineis acidic.
Other than darkened urine, AKU generally has no symp-
toms throughout childhood and early adulthood. Never-
theless, pigment is being deposited in the tissues
throughout the early years. Occasionally, black ear wax
and pigmentation under the arms may develop before the
age of 10.

Ochronosis

Ochronosis, the pigmentation of the cartilage, usu-
ally does not become apparent until the fourth decade of
life. Small rings or patches of slate-blue, gray, or black
discoloration of the white, outer membranes of the eye-
balls are one of the first visible symptoms. This usualy
begins when affected individuals are in their 30s.
Thickening and discoloration of the cartilage of the ear
usually begins in the following decade. Thisisindicative
of the widespread staining of cartilage and other tissues.
The ear cartilage may become tiff, irregularly shaped,
and calcified (hardened with deposits of calcium).

Discoloration of the skin is due to the depositing of
ochronotic pigment granulesin the inner layer of the skin
and around the sweat glands. The outer ear and nose may
darken with a bluish tint. Pigmentation also may be visi-
ble on the eyelids, forehead, and armpits. Where the skin
is exposed to the sun, and in the regions of the sweat
glands, the skin may become speckled with blue-black
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KEY TERMS

Alkaline—Having a basic pH; not acidic.

Amino acid—Organic compounds that form the
building blocks of protein. There are 20 types of
amino acids (eight are “essential amino acids”
which the body cannot make and must therefore
be obtained from food).

Autosomal recessive—A pattern of genetic inheri-
tance where two abnormal genes are needed to
display the trait or disease.

Benzoquinone acetic acid—Toxic compound that
is formed when oxygen reacts with homogentisic
acid.

Calcification—A process in which tissue becomes
hardened due to calcium deposits.

Collagen—The main supportive protein of carti-
lage, connective tissue, tendon, skin, and bone.
Compound heterozygote—Having two different
mutated versions of a gene.

Homogentisate 1,2-dioxygenase (HGD)—Homo-
gentisic acid oxidase, the fourth enzyme in the
metabolic pathway for the breakdown of pheny-
lalanine.

Homogentisic acid (HGA)—2,5-Dihydroxyphe-
nylacetic acid, the third intermediate in the
metabolic pathway for the breakdown of phenyl-
alanine.

Homozygote—Having two identical copies of a
gene or chromosome.

Melanin—Pigments normally produced by the
body that give color to the skin and hair.

Mendel, Gregor—Austrian monk who discovered
the basic principals of hereditary.

Ochronosis—A condition marked by pigment
deposits in cartilage, ligaments, and tendons.
Phenylalanine—An essential amino acid that must
be obtained from food since the human body can-
not manufacture it.

Polymer—A very large molecule, formed from
many smaller, identical molecules.

Tyrosine—An aromatic amino acid that is made
from phenylalanine.

discoloration. Sweat may stain clothes brown.
Fingernails may become bluish.

The ochronoatic effects of AKU on the cartilage and
tendons are most visible on parts of the body where the
connective tissues are closest to the skin. Pigmentation
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may be visible in the genital regions, the larynx (voice
box), and the middle ear. Dark-stained tendons can be
seen when the hand is made into afist.

Arthritis

The symptoms of ochronotic arthritis are similar to
those of other types of arthritis. However, the large,
weight-bearing joints usually are the most affected in
ochronotic arthritis. These include the joints of the hips,
knees, and shoulders, and between the vertebrae of the
spine. The joints become stiff and difficult to move. This
arthritis devel ops at an unusually early age. In unaffected
individuals, similar arthritis usually does not develop
before age 55. Men with AKU develop arthritis in their
30s and 40s. Women with AKU usually develop arthritis
in their 50s.

AKU can |lead to osteoarthrosis, a degenerative joint
disease, and ochronotic arthropathy, which is character-
ized by the swelling and enlargement of the bones.
Ankylosis, the adhesion of bones in the joints, also may
occur. The pigment deposits may cause the cartilage to
become brittle and susceptible to fragmenting.
Individuals with AKU may be at risk for bone fractures.

Calcium deposits can lead to painful attacks similar
to those of gout. This calcification may occur in the ear
cartilage and in the lumbar disks of the lower back. The
disks between vertebrae may become narrowed and even-
tually may collapse.

Organ damage

The coronary artery of the heart can become dis-
eased as a result of AKU. The aortic valve of the heart
may harden and narrow from calcification. Similar prob-
lems may develop with the mitral or left atrioventricular
valve of the heart (mitral valvulitis). Deposits of pigment
can lead to the formation of hard spots of cholesterol and
fat (atherosclerotic plaques) in the arteries. This can put
aperson at risk for a heart attack.

Complications from the deficiency of the HGD
enzyme arise primarily in the kidneys and the liver. HGD
normally is most active in the kidneys, liver, small intes-
tine, colon, and prostate. The calcification of the genital
and urinary tract may lead to blockages in as many as
60% of individuals with ochronosis. Kidney stones and
other kidney diseases may develop. Stones in the urine
may occur in middle to late adulthood. Increasingly
though, this condition is seen in children with AKU
under the age of 15 and even as young as two. In men,
pigment deposits may lead to stones in the prostate.

The teeth, the brain and spinal cord, and the
endocrine system that produces hormones also may be
affected by ochronosis. Breathing may become restricted
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due to the effects of ochronosis on the joints where the
ribs attach to the spine. Deposits of pigment on the ear
bones and on the membrane of the inner ear may lead to
tinnitus, or ringing of the ears, and hearing problems.

Diagnosis
Visual diagnosis

AKU is often detected in early childhood because of
the characteristic dark-staining of the urine. In adults,
diagnosis usually is made on the basis of joint pain and
skin discoloration. Most individuals with AKU have pig-
ment visible in the whites of their eyes by their early 40s.

A family history of AKU helps with the diagnosis.
Since many individuals with AKU have no symptoms,
siblings of affected individuals should be tested for the
disorder.

Identification of HGA

An individua with AKU may excrete as much as 4-
8 g of HGA per day in the urine. There are several sim-
ple methods to test for HGA in the urine: the addition of
sodium hydroxide (an alkali) to the urinewill turn it dark;
urine with HGA turns black when reacted with iron chlo-
ride; and akaline urine containing HGA blackens photo-
graphic paper. In the laboratory, HGA can beidentifiedin
the urine using a technique called gas chromatography-
mass spectroscopy. This technique separates and identi-
fies the components of a mixture.

There are anumber of methods for identifying HGA
in the blood and tissues. These include procedures for
separating HGA from other components of the blood and
instruments that can detect the characteristic color of
HGA. With AKU, the concentration of HGA in the blood
is approximately 40 micromolar, or 40 micromoles of per
liter.

Microscopic examination

With AKU, there usually is visible black staining of
cartilage in various body regions, particularly the larynx,
trachea (windpipe), and cartilage junctions. Heavy
deposits of pigment also occur in the bronchi (the air pas-
sages to the lungs). Pigment on the inside and outside of
the cells of these tissues can be seen with a microscope.

A skin biopsy, the removal of a small piece of skin,
may be used to obtain tissue for examination. The tissue
is stained with dyes to reveal the yellowish-brown pig-
ment deposits on the outside of skin cells. Pigment
deposits also occur in cells of the endothelium (the thin
layer of cellsthat line blood vessels and other tissues), in
the sweat glands, and in the membranes below the skin.
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These pigments will not fade, even after three daysin a
solution of bleach.

Skeletal x rays

X-ray examination is used to detect calcification of
thejoints. Since many individuals with AKU do not have
dark-staining uring, x-ray evidence of osteoarthritis
may indicate a need to test for the presence of HGA in
the urine. However, osteoarthritis usually affects the
smaller joints; whereas ochronosis most often affects the
large joints of the hips and shoulders. Spinal x rays may
show dense calcification, degeneration, and fusion of the
disks of the vertebrae, particularly in the lumbar region of
the lower back. Chest x rays are used to assess damage to
the valves of the heart.

Other procedures

Physicians may order computerized tomography
(CT) scans of the brain and chest or magnetic resonance
imaging (MRI) of affected joints. An electrocardiogram
(ECG or EKG) may reveal signs of heart complications
resulting from AKU. Kidney problems may be diagnosed
by ultrasound, the use of sound waves to obtain images
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of an organ. Lung function tests and hearing tests may be
performed to assess additional complications.

Acquired ochronosis

In addition to being a complication of AKU,
ochronosis can be acquired. In the past, ochronosis devel-
oped from the repeated use of carbolic acid dressings for
treating chronic skin ulcers. The prolonged use of the
drug quinacrine (atabrine) can cause ochronosis, with
pigmentation occurring in many of the same sites aswith
AKU. Ochronosis can aso result from the use of bleach-
ing creams containing hydroquinone. Certain other sub-
stances, including phenal, trinitrophenol, quinines, and
benzene, can cause ochronosis. However, these forms of
ochronosis do not lead to joint disease and, unlike
ochronosis from AKU, are reversible.

Treatment and management

The binding of HGA to collagen fibers is irre-
versible. Treatment of AKU is directed at reducing the
deposition of pigment and thereby minimizing arthritis
and heart problemsin later life.
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Vitamin C

Often, high doses (about 1 gm per day) of ascorbic
acid (vitamin C) are administered to older children and
adults with AKU. Ascorbic acid appears to slow the for-
mation of the HGA polymer and decrease the binding of
the polymer to connective tissues. Vitamin C reduces the
amount of toxic benzoquinone acetic acid in the urine.
However, the amount of HGA in the urine does not
decrease. Furthermore, vitamin C does not appear to
interrupt the progress of the disease.

Dietary restrictions

Sometimes individuals with AKU are placed on low-
protein diets. This limits the intake of phenylalanine and
tyrosine from proteins. If the body has lower amounts of
phenylalanine and tyrosine to break down, less HGA will
be formed. However, both of these amino acids are nec-
essary for making proteins in the body. Furthermore,
phenylalanine is an essential amino acid that must be
obtained from food, since the human body cannot pro-
duce it. Adult males require approximately 2 gm per day
of phenylalanine. Phenylalanine also is present in some
artificial sweeteners.

Restricting protein intake to no more than the daily
protein requirement may be beneficial for children with
AKU. Such diets appear to substantially reduce the
amount of benzoquinone acetic acid in the urine. In chil-
dren under the age of 12, low-protein diets significantly
reduce the amount of HGA in the urine, as well.
However, these diets seem to have little effect on older
children and young adults with AKU, and low-protein
diets are difficult to maintain. When low-protein diets are
prescribed, the levels of amino acids in the blood must be
monitored, to assure that there is no deficiency in pheny-
lalanine.

Ochronosis

Most treatment of AKU is directed at the diseased
joints. The treatment for ochronosis is the same as for
other forms of degenerative arthritis. Treatments include
painkillers, physical therapy, rehabilitation, orthopedic
supports, and rest. Chiropractic manipulations and exer-
cise regimens also are utilized.

Treatment of ochronotic arthritis eventualy may
require hip and/or knee joint replacements with artificial
materials. In older individuals, fusion of the lumbar discs
of the lower spine may be necessary. Aortic valve
replacement may be necessary to treat heart disease.
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Future drug treatment

The National Institutes of Health are undertaking
clinical research studies to better understand the clinical,
biochemical, and molecular aspects of AKU. These stud-
ies are in preparation for clinical trials of a new drug to
treat AKU. It is hoped that this drug will block the pro-
duction and accumulation of HGA.

Prognosis

Thereisno cure for AKU. Essentially al individuals
with AKU eventually experience arthritic symptoms, par-
ticularly arthritis of the hips, knees, and spine. The bone
and joint disease may become debilitating by the sixth to
eighth decades of life. Furthermore, cardiovascular
involvement and ochronotic skin abnormalities are to be
expected with AKU.

Despite these difficulties, individuals with AKU
have normal life expectancies. Although there is an
increased risk of heart attack in later life, most individu-
alswith AKU die of causes unrelated to the disorder.
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I Alpha-1 antitrypsin
Definition

Alpha-1 antitrypsin is one of the most common
inherited diseases in the Caucasian population. The most
common symptom is lung disease (emphysema). People
with alpha-1 antitrypsin may aso develop liver disease
and/or liver cancer. The disease is caused by a deficiency
in the protein apha-1 antitrypsin, which is why the con-
dition is sometimes called alpha-1 antitrypsin deficiency.
Other names include anti-elastase, antitrypsin, and ATT.
The development of lung disease is accelerated by harm-
ful environmental exposures, such as smoking tobacco.
Alpha-1 antitrypsin is inherited. The age of onset, rate of
progression, and type of symptoms vary both between
and within families.

Description

The protein alpha-1 antitrypsin is a protease
inhibitor, which means that it inactivates other proteins
called proteases. This is an important function, as pro-
teases themselves disable proteins. In our bodies the lev-
els of proteases and their inhibitors are balanced so that
proteases can perform their functions but not over-per-
form, which leads to problems.

A protease called elastase is the most important tar-
get of aphal antitrypsin. Elastase protects the lungs
against bacteria and other foreign particles. However, if
the action of elastase is not kept in check, elastase
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destroys lung tissue. Alpha-1 antitrypsin ensures that
elastase is not overactive.

Individuals with alpha-1 antitrypsin have inadequate
levels of the protein apha-1 antitrypsin. Thus, certain
proteases (especially in the lungs) are overactive, which
leads to emphysema and sometimes to liver disease.
Alpha-1 antitrypsin is made mostly in the liver.

Some apha-1 antitrypsin proteins are abnormal in
addition to being deficient. These abnormal proteins may
not move from the liver to the blood stream correctly. The
build-up of the proteins in the liver may lead to liver dis-
ease. Also, the abnormal proteins may not neutralize
elastase as effectively. Thus, people with alpha-1 anti-
trypsin have fewer proteins, those that they do have do
not work as effectively.

Genetic profile

The genetics of apha-1 antitrypsin are complicated.
Scientists have identified many different forms of the
gene that codes for the alpha-1 antitrypsin protein. This
protein is often called Pi and the gene called PI, for pro-
tease inhibitor. One form of the gene, which scientists
cal z, or PI Z, greatly reduced the amount of the active
Pi protein. Because every person inherits one of each
gene from his or her mother, and another copy of each
gene from his or her father, everyone has two copies of
every gene. People who have two copies of the Pl Z gene
have 85% less apha-1 antitrypsin protein. These people
have only 15% of the normal level of protein. The protein
that they do have does not function as well as the normal
protein. People who have one Pl Z gene and one normal
Pl gene have about 60% of the normal level Pi protein.
Other forms of the apha-1 antitrypsin gene are associ-
ated with more or less severe deficiencies in protein.

Two other common forms of the Pi protein are
caled Sand M. Pi M isthe normal protein and Pl M is
the normal gene. The Pi M protein has many subtypes
within the population, designated M1, M2, etc. A few
abnormal alpha-1 antitrypsin genes also have unique
names. The Pl S gene is dlightly abnormal, but not as
abnormal as Pl Z. Individualswith one Pl S gene and one
Pl Z gene have approximately 38% functioning of the Pi
protein (Pi SZ).

The inheritance of alpha-1 antitrypsin is autosomal
recessive. This means that a person with apha-1 antit-
rypsin has inherited one abnormal gene from each of his
or her parents. The parents are most likely carriers,
meaning they each have one normal gene and one abnor-
mal gene. Two carriers have aonein four chance to have
an affected child with each pregnancy. However, not all
people with apha-1 antitrypsin develop symptoms.
Whether and when a person with two abnormal apha-1
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antitrypsin genes develops symptoms is related to the
degree of harmful exposures, such as tobacco smoke. A
person who is affected with alpha-1 antitrypsin isonly at
risk to have an affected child if the child’s other parent is
acarier.

Although the inheritance of apha1 antitrypsin is
autosomal recessive, the activity of the protein is equally
determined by the gene inherited from either parent. For
example, if a gene inherited from one parent codes for a
protein with 100% activity, and the gene inherited from
the other parent codes for a protein with 0% activity, the
offspring would have 50% protein activity. The physical
expression of the genes is autosomal recessive, but each
gene has an equal effect on the protein activity—neither
geneisdominant over the other gene. The genefor alpha-
1 antitrypsin is on chromosome 14. More than 90 differ-
ent forms of the gene have been identified.

Demographics

Alpha-1 antitrypsin is most common in Caucasians,
especialy those of Northern European descent. Alpha-1
antitrypsin is less common in populations of Asian,
African, and American Indian descent. Approximately
one in 2,500 Caucasians have two Z genes. These indi-
viduals account for 1% of al emphysema patients.
Because people with one Pl Z gene and one other delete-
rious Pl gene may also have symptoms, the number of
people at risk to have alpha-1 antitrypsin associated lung
disease is greater than one in 2,500. Approximately one
in 20 Caucasians has one Z gene and one normal gene.
The number of Caucasians with one S gene and one nor-
mal gene is even higher. Approximately one in 1,000
Caucasians of Northern European descent have two S
genes (and no normal apha-1 antitrypsin gene).

Signs and symptoms

The main symptom of alpha-1 antitrypsin is a risk
for early-onset, rapidly progressive emphysema. People
with apha-1 antitrypsin who smoke tobacco are at espe-
cialy high risk. Emphysemais chronic lung disease that
begins with breathlessness during exertion and pro-
gresses to shortness of breath at al times, caused by
destructive changes in the lung tissue. The risk for liver
diseasein adultsisincreased, asisthe risk for hepatocel -
lular carcinoma (liver cancer). Some children with
alpha-1 antitrypsin develop liver disease as well.
Individuals with alpha-1 antitrypsin are also at risk for
chronic obstructive lung disease and reactive airway dis-
ease (asthma). Chronic obstructive lung disease is
decreased breathing capacity, which may be caused by
emphysema but aso has other underlying causes.
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Lung disease

Approximately 60—-70% of the people with two PI Z
genes develop chronic lung disease. Shortness of breath
with exertion may begin before the age of 40 years and
progress rapidly to incapacitating emphysema. Life
expectancy may be reduced by 10-15 years and is
reduced further if people with two Pl Z genes smoke
tobacco. A portion of the people with two Pl Z genes
never develop chronic lung disease.

The age of onset and severity of symptoms associ-
ated with apha-1 antitrypsin are quite variable, even
within the same family. Environmental exposures signif-
icantly effect whether a person will develop symptoms.
Smoking puts individuals with alpha1l antitrypsin at
much greater risk to develop emphysema. The already
abnormal and deficient Pi Z protein functions 1,000
times less effectively in smokers. Researcher Ronald
Crystal states, “Cigarette smoking renders an already
poorly defended lung completely defenseless” People
with alpha-1 antitrypsin who are not exposed to harmful
environmental factors are less likely to develop emphy-
sema. If people with two Pl Z genes stop smoking before
they develop lung disease, their life expectancy increases
and the risk of lung disease decreases.

Individuals who have one abnormal gene with very
little protein function and one gene with somewhat
reduced protein function may also at risk for chronic
obstructive lung disease. It is possible that people with
one Z gene and one normal gene are also at risk to
develop chronic lung disease if they are exposed to harm-
ful environmental factors such as tobacco smoke. The
age symptoms begin in this group would be later than
that seen in people with two abnormal genes. Some
researchers disagree, stating that people with Pl SZ and
Pl MZ genes are not at significant risk for lung disease.

Liver disease

The risk of liver disease and liver cancer are
increased in individuals with alpha-1 antitrypsin. Babies
and children with alpha-1 antitrypsin may have abnormal
liver function and inflammation. The abnormal liver
function they develop is called cholestasis, which iswhen
the liver stops secreting a digestive fluid called bile. A
build-up of bile causes cholestatic jaundice (yellowing of
the skin). These abnormalities sometimes progress to
liver disease and liver failure, which is fatal without a
liver transplant. In other babies and children, liver func-
tion returns to normal.

A small number of adults with alpha-1 antitrypsin
develop liver disease, and some develop liver cancer. The
age at which the liver disease begins, the rate at which it
progresses, and the stage at which it is usually diagnosed
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are quite variable. Adults with alpha-1 antitrypsin who
had liver abnormalities as children may be at increased
risk to develop liver disease or liver cancer. People with
one normal Pl gene and one Pl Z gene may be at
increased risk for liver disease.

The likelihood that a child or adult with apha-1
antitrypsin will develop liver disease can be predicted to
some degree based on which change in the gene (muta-
tion) they have as well as their family history. The risk
that a baby with two Z genes will develop significant
liver disease is approximately 10%. However if a person
has afamily history of alpha-1 antitrypsin with liver dis-
ease, this risk may be higher. Males (both adult and chil-
dren) develop liver disease more often than females.
Alpha-1 antitrypsin is the most common genetic cause of
liver disease in infants and children. Researchers do not
know why some people with apha-1 antitrypsin develop
progressive liver disease and many others do not. The
liver disease appears to be related to abnormal anti-
trypsin protein remaining in the liver instead of being
secreted.

Diagnosis

Alpha-1 antitrypsin may be suspected in a newborn
with cholestatic jaundice, swollen abdomen, and poor
feeding. In later childhood or adulthood, fatigue, poor
appetite, swelling of the abdomen and legs, or abnormal
liver tests may trigger the need for testing. The diagnosis
of alpha-1 antitrypsin is based on measurement of antit-
rypsin (Pi) in the blood. If levels of Pi are deficient,
genetic studies may be performed to determine which
abnormal forms of the gene are present. The Pi protein
can also be studied to determine which type a person has.
Prenatal diagnosis is available, however, it is recom-
mended that parental genetic studies precede prenatal
testing to ensure accurate interpretation of results.

Levels of antitrypsin protein in the blood may be
normal in individuals who have one Pl Z gene and one
normal gene, and in individuals who have one Pl S gene
and one Pl Z gene. Studying the Pi protein will more
accurately diagnose these individuals.

Lung disease in people with alpha-1 antitrypsin is
diagnosed by the same methods used to diagnose lung
disease in people who do not have alpha-1 antitrypsin.
These studies include breathing tests such as total lung
capacity and pulmonary function tests. Total lung capac-
ity is measured with a device called a spirometer.
Pulmonary function tests measure oxygen/carbon diox-
ide exchange by determining the amount of air exhaled,
thetime to exhale, and the efficiency of oxygen transport.
X rays and other studies may also be performed.
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KEY TERMS

Autosomal—Relating to any chromosome besides
the X and Y sex chromosomes. Human cells con-
tain 22 pairs of autosomes and one pair of sex
chromosomes.

Emphysema—A chronic lung disease that begins
with breathlessness during exertion and progresses
to shortness of breath at all times, caused by
destructive changes in the lungs.

Gene—A building block of inheritance, which
contains the instructions for the production of a
particular protein, and is made up of a molecular
sequence found on a section of DNA. Each gene is
found on a precise location on a chromosome.

Protein—Important building blocks of the body,
composed of amino acids, involved in the forma-
tion of body structures and controlling the basic
functions of the human body.

Liver disease in children and adults with apha-1
antitrypsin is diagnosed by the same methods used to
diagnose liver disease in people who do not have apha-1
antitrypsin. Liver function studies include tests measur-
ing two liver proteins called serum glutamic oxaloacetic
transaminase (SGOT) and serum glutamic pyruvic
transaminase (SGPT). SGOT is sometimes called aspar-
tate transaminase (AST), and SGPT is sometimes called
alanine aminotransferase (ALT). Studies may also be
performed looking for deposits within the cells of the
liver called inclusions.

Once the diagnosis of alpha-1 antitrypsin has been
made, it is important to share this information with rela-
tives related by blood, especially parents and children.
These relatives may also have alpha-1 antitrypsin. If they
know that they have it before they develop lung disease,
they can take preventative measures such as avoiding
exposure to smoke and other lung toxins. Some organi-
zations have recommended that individuals with asthma
be tested for alpha-1 antitrypsin.

Treatment and management

Although alpha-1 antitrypsin cannot be prevented,
many of the condition’s consequences can be prevented.
People with apha-1 antitrypsin should not smoke ciga-
rettes and should not be exposed to smoke or other lung
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irritants. Respiratory infections should be treated
promptly because they increase the level of harmful elas-
tase in the lungs. Some doctors recommend avoiding
alcohol and oxidants; keeping hepatitisA and B vaccina-
tions, pneumococca vaccinations, and influenza shots
up-to-date; and preventing hepatitis C exposure.

Protein augmentation

Treatment is available if individuals with alpha-1
antitrypsin develop lung disease. Infusion of alpha-1
antitrypsin protein into the bloodstream may halt or slow
progression of respiratory problems. The protein is put
into a blood vein weekly, biweekly, or monthly.
Treatment with the replacement protein may not be effec-
tive if tissue damage to the lungs is severe. This is often
called augmentation therapy. This therapy is safe and
people who receive it have few adverse reactions.
However, some researchers are not convinced that it isan
effective treatment.

People with alpha-1 antitrypsin who have dimin-
ished lung air capacity but no other symptoms may be
given prophylactic replacement antitrypsin infusions.
In the year 2000, the success of prophylactic treatment
has not been confirmed. The controversy over augmen-
tation therapy may be resolved in 2001. A task force
currently addressing this issue and others is scheduled
to publish treatment and standard of care recommenda-
tions at that time.

Treatments in development

People who have two abnormal Pl genes have reason
to be hopeful that effective treatments may be available
by 2010. The Pi protein may be available in an inhaled
form in the first few years of the new millennium.
Biotechnology based treatments such as aerosols that
deliver the normal gene to lung tissue are being studied.
Lung transplant may be an option in the future.

Liver disease treatments

Some doctors advocate regular monitoring of liver
function in elderly patients with alpha-1 antitrypsin. In
most people with apha-1 antitrypsin, aninitial liver func-
tion evaluation will be performed but it will only be
repeated if the person has symptoms. Augmentation ther-
apy (replacing the protein in the blood) does not effec-
tively treat the liver disease. In 2001, gene therapy for
liver disease is not possible.

The treatment for children with apha-1 antitrypsin
who develop liver disease is a liver transplant. Alpha-1
antitrypsin is a common reason for liver transplant in the
pediatric population. If the new liver isfrom a donor with
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normal apha-1 antitrypsin, the new liver will have nor-
mal, functional protein after the transplant.

Prognosis

Individuals with alpha-1 antitrypsin who have never
smoked nor been exposed to other respiratory irritants
have the best prognosis. They may never develop lung
disease. If they do develop lung disease, the age of onset
is usualy later than that of smokers—10 or more years
later. Prognosisisimproved if people with alpha-1 antit-
rypsin stop smoking before the onset of lung disease.

The lung disease people with alpha-1 antitrypsin
develop typically progressesrapidly. Affected individuals
may progress from decreased respiration during exertion
to incapacitation in five years. Smoking cessation and
prompt treatment are critical. Prompt treatment with
replacement protein improves prognosis. Some scientists
recommend delaying treatment until the affected person
has quit smoking.

Prognosis of infants with liver disease is poor. If a
donor is found and transplant successful, the new liver
has the alpha-1 antitrypsin gene of the donor. Therefore,
if the liver transplant is successful the prognosis related
to apha-1 antitrypsin is very good.

A great deal of research is done on the prevention
and cure of aphal antitrypsin. In 1996, the World
Health Organization sponsored a meeting of experts who
study the disease. The experts outlined specific topics to
be researched, which included studying treatments. In
1997, 12 countries with registries of apha-1 antitrypsin
patients formed an international registry. This will make
it easier for researchers to complete studies involving
large numbers of patients, which are absolutely necessary
to answer research questions (especially treatment ques-
tions). Pharmaceutical companies are also studying new
treatment options. Researchers are hopeful about new
treatments that may become available. Even with new
medicines, the most important treatment for apha-1
antitrypsin will probably be prevention.
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I Alzheimer disease
Definition

Alzheimer disease is a form of dementia caused by
the destruction of brain cells. Dementia is the loss, usu-
ally progressive, of cognitive and intellectual functions.
Alzheimer type dementia can be characterized by initial
short-term memory |oss, which eventually becomes more
severe and finally incapacitating.

Diagnosis before death is based upon clinical find-
ings of unexplained slowly progressive dementia and
neuroimaging studies that show gross cerebral cortex
atrophy (changes in the structure of the brain, usually in
the form of shrinkage). Neuroimaging refers to the use of
positron emission tomography (PET), magnetic reso-
nance imaging (MRI), or computed topography (CT)
scans. These are special types of pictures that allow the
brain or other interna body structures to be visualized.
Professor AloisAlzheimer of Germany first described the
condition is 1907.

Description

Sporadic Alzheimer's accounts for over 75% of
cases of Alzheimer disease. Sporadic Alzheimer patients
do not have a family history of Alzheimer disease and
may develop the disease at any time during their adult
life. A family history is positive for Alzheimer’s if three
or more generations of a family exhibit signs of the dis-
ease. Patients are diagnosed with sporadic Alzheimer dis-
ease after all other causes of dementia are excluded.
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KEY TERMS

Dementia—A condition of deteriorated mental
ability characterized by a marked decline of intel-
lect and often by emotional apathy.

Plaques—Abnormally deposited proteins that
interfere with normal cell growth and functioning
and usually progresses to cell death.

There are five common causes of dementia If a
patient has a history of strokes (blood clot in the brain)
and stepwise destruction of mental capacities, multi-
infarct vascular (arteries) dementia must be considered.
Diffuse white matter disease is another form of vascular
dementia that must be excluded as a possible cause of
dementia. Diagnosis of diffuse white matter disease is
made by MRI, which shows generalized death of large
parts of the brain.

Parkinson disease is a brain nerve disease, which
causes abnormalities in movement and functioning.
Parkinson's can be excluded by clinical presentation
because most patients experience tremors and rigidity of
arms and legs.

Alcoholism can aso lead to dementia because
patients who ingest increased quantities of alcohol over
many years may have digestive problems that lead to
nutritional deficiencies. These patients may experience
malnutrition and possible lack of absorption of vitamins
such as thiamine (B,), cobalamin (B,,) and niacin (nico-
tinic acid). These vitamins are essential for proper func-
tion of the body and brain. Continued use of certain drugs
or medications such as tranquilizers, sedatives, and pain
relievers can also cause dementia. It is important to note
that alcoholism and over use of medications are poten-
tially reversible causes of dementia.

The less common causes of dementia that must be
excluded as possible contributors are endocrine abnor-
malities (abnormalities in the hormones of the body).
Thyroid dysfunction is the leading abnormality. The thy-
roid gland produces hormones that are essentia for the
basic functions of the body such as growth and metabo-
lism. Abnormalities of the thyroid can be diagnosed by a
blood test. Chronic infections, trauma or injury to the
brain, tumors of the brain, psychiatric abnormalities such
as depression, and degenerative disorders should also be
ruled out as causes of dementia. (A degenerative disorder
is a condition that causes a decrease in mental or physi-
cal processes).

Familial Alzheimer disease accounts for approxi-
mately twenty-five percent of cases of Alzheimer disease.
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Alzheimer disease

Diseased brain tissue from a patient with Alzheimer disease
showing senile plaques, seen as darker spots surrounded
by lighter haloes, center and center right, located in gray
matter of the brain. (Photo Researchers, Inc.)

Familial Alzheimer’'s is diagnosed if other causes of
dementia are ruled out and if there is afamily history of
the disease. Familial Alzheimer’s is further subdivided
into early and late onset. Early onset indicates that the
patients exhibit unexplained dementia before the age of
65. Late onset refers to the development of unexplained
dementia after the age of 65. Late onset is two to four
times more prevalent than early onset.

Alzheimer disease associated with Down syn-
drome accounts for the remaining less than one percent
of Alzheimer cases. Studies have shown that Down syn-
drome patients over the age of forty al develop the brain
cell changes that are characteristic of Alzheimer disease.
Because the function of the brain is already impaired in a
Down syndrome patient it is difficult to determine if
changes in outward actions are related to Down syn-
drome or to the progression of Alzheimer disease.

Genetic profile

The gene that causes sporadic Alzheimer disease has
not been identified. Currently sporadic Alzheimer's is
believed to be the result of a combination of multiple
environmental influences and genetic mutations. This
view is supported by research involving identical twins.
Both twins develop Alzheimer disease only one third of
the time. This supports the view that something besides
genetic predisposition has an affect on whether sporadic
Alzheimer disease develops. Females who have the
Apolipoprotein E (ApoE) gene on chromosome 19 have
been shown in certain cases to have an increased risk for
developing sporadic Alzheimer disease. A mutation in
the ApoE gene has been shown to cause an increasein the
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amount of A-beta Amyloid. A-beta Amyloid is a protein
that is deposited in increased amounts in the brain of
patients with Alzheimer’s. Deposits of this protein in the
brain are thought to interfere with another protein, which
maintains nerve cell shape. A genetic test is available that
detects the defect in ApoE.

Familial early onset Alzheimer’s has been associated
with several genetic mutations. Identification of several
genetic mutations has led to the further subdivision of
early onset disease into three categories. AD3 refersto a
genetic defect in the presenilin 1 (PSEN1) gene located
on chromosome 14. AD1 is a genetic defect in the
Amyloid precursor protein (APP) gene located on chro-
mosome 21. AD4 is a genetic defect in the presenilin 2
(PSEN2) gene located on chromosome 1. The three
genetic mutations account for approximately 50% of
early onset familia Alzheimer's. All three of these
genetic mutations result in an increased amount of A-beta
Amyloid. AD3 has a genetic test currently available that
has been shown to detect the AD3 mutation with 20-27%
accuracy. Genetic tests for AD1 and AD4 are in the
research stage of development. Familial early onset
Alzheimer’sis most commonly transmitted by autosomal
dominant inheritance. Autosomal dominant means that
either affected parent has a 50% chance of transmitting
the disease to their male or female children.

The gene for familial late onset Alzheimer disease
(AD2) has not been identified. An association has also
been found with mutations in ApoE.

The normal person has two copies (one from each
parent) of each of the 22 chromosomes. Down syn-
drome patients have three copies of chromosome number
21. Brain changes that are similar to those that occur in
sporadic and familial Alzheimer’s patients are attributed
to the gene defect in chromosome 21. Down syndrome
patients also experience additional brain related changes
that are similar to Alzheimer's patients, but the gene
defect for these changes has not been determined.

Demographics

Alzheimer disease is the most common form of
dementia in North America and Europe. Alzheimer dis-
ease occurs most often in people over age 60 and affects
5% of individuals over the age of 70. It is estimated that
four million people in the United States are afflicted with
Alzheimer disease and this number is expected to
increase as the estimated life expectancy of Americans
increases. Females may be at greater risk than males.
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Computer graphic compairing the brain affected by Alzheimer disease (right) to that of a normal brain (left). Due to
degeneration and death of nerve cells, the affected brain is considerably smaller. (Photo Researchers, Inc.)

Signs and symptoms

Patients with Alzheimer disease progress at different
rates. Progression of memory loss will vary from person
to person. Impaired memory will eventually begin to
interfere with daily activities. Patients may not be aware
that they are experiencing failure in memory, a condition
referred to as agnosognosia. Other patients are keenly
aware of their memory loss and may become anxious and
frustrated. Early phase manifestations of Alzheimer's
often include anxiety and frustration. Patients may also
begin to experience disorientation to place and become
confused by changes of environment.

During the middle phase of the disease, an individ-
ual may not be able to be left unattended. The patient can
become easily confused and lost. Difficulty in many
aspects of language appears at this time. Patients experi-
ence problems with comprehension and remembering the
names of things in their environment. Their speech may
not flow smoothly when they talk and they may experi-
ence difficulties repeating previously explained informa-
tion. Simple mathematical calculations or performing
tasks such as dressing or preparing a meal at the correct
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time may also become impaired. Because there is indi-
vidual variation in the progression of the disease, some
patients may still be able to continue routine behavior
and engage in a generalized type of conversation during
this phase of the disease. A small nhumber of patients may
experience difficulties seeing. Changes in vision are fre-
quently denied and only confirmed by autopsy results
after death that indicate destruction in the areas of the
brain, which process visual images.

If apatient remains able to get out of bed in the late
phase of Alzheimer disease they may wander aimlessly.
Wandering must be monitored at night because sleeping
patterns may become altered. Walking may become diffi-
cult in the late phase of Alzheimer's because some
patients experience stiffening of muscles that causes their
movement to be awkward and slow. Patients will require
constant supervision. Rationalizing with patients
becomes very difficult at this time because they experi-
ence severe mental changes. They are often unableto rea
son or demonstrate appropriate judgment. Patients may
become uninhibited and confrontational. They may expe-
rience delusions, which are false beliefs despite ample
evidence to the contrary. This can be manifested in ways
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such as not recognizing a family member or accusing a
spouse of infidelity. A patient with Alzheimer’'s may also
perceive objects in their environment that do not actually
exist.

In the final stage of Alzheimer’s, patients may need
assistance with the simplest activities of daily living such
as feeding ones self and changing clothes. A majority of
patients will be bedridden and their muscles will be stiff
to the point where they cannot bend. Many are unable to
talk and have lost total control of their bowel and urinary
functions. Abnormal jerking movements of the body may
occur for no reason. Touching a patient or certain noises
may precipitate these abnormal body movements. When
reflexes such as the knee (tapping of the leg below the
knee) are tested, there are frequently exaggerated
responses. Some patients additionally experience whole
body contractions, known as a generalized seizure.

Diagnosis

Diagnosis is established based upon exclusion of
other possible causes for dementia. Obtaining an accurate
medical history is essential in this process. An accurate
family history including a history of family members
who have had Alzheimer disease and age of onset must
be obtained.

The earliest changes in the structure of the brain are
seen using PET scans. MRI and CT scans are most use-
ful inthe early phase of the disease to exclude other brain
abnormalities that may be causing dementia. As the dis-
ease progresses, use of MRI and CT scans will show
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changes in the structure of the brain tissue that indicate
brain cell death. As of 2000, studies indicate that MRI is
statistically accurate in predicting who may or may not
develop Alzheimer disease in the future.

Diagnosisis not confirmed unless an autopsy is pre-
formed after death. The brain of a patient with Alzhei-
mer’s will have A-beta amyloid neuritic plagues (senile
plaques) and intraneuronal neurofibrillary tangles. These
are changes in specific proteins and nerve structures of
the brain that occur normally as an individual ages but are
greatly increased in patients with Alzheimer disease.
These brain changes are similar in sporadic, familial
early onset, familial late onset, and patients with Down
syndrome related Alzheimer disease. It is also noted that
the longer the disease process for an individua lasts, the
smaller their brain is upon death.

Treatment and management

Because the course of Alzheimer disease has great
individual variation, treatment is aimed at being support-
ive of both patient and caretakers. Neurological and
behavioral problems are treated as needed.

Alzheimer disease is associated with decreased lev-
els of specific chemicals called acetylcholine and norep-
inephrine. Acetylcholine and norepinephrine are
chemicals important in many processes in the body
including digestion, blood vessel dilation and constric-
tion (usualy refers to blood vessel diameter becoming
smaller), and regulation of heart beat. Acetylcholinester-
ase is an enzyme in the body that breaks down acetyl-
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choline. One class of drugs is currently available in the
United States that inhibits this process. Use of these med-
ications has been shown to increase levels of acetyl-
choline in the brain, resulting in improved brain function
in patients who are in the early phase of the disease.

Many early phase patients with Alzheimer’s experi-
ence depression. Antidepressants such as selective sero-
tonin reuptake inhibitors are the most commonly used
class of drugs for treatment of depression. This class of
drugs helps to stabilize certain chemicals in the brain.
Seizures, anxiety, agitation, defiant behavior, inability to
deep, and hallucinations are treated on an as needed
basis. Patient and caregiver should establish a relation-
ship with a primary care provider. Nutritional intake
needs monitoring since patients will eventually lose
capabilities required for maintaining their diet and also
because advancing age itself results in decreased
appetite. The home environment must be made as safe as
possible and the patient should be monitored closely for
the point at which they are no longer able to drive safely.
Because disorientation is frequently experienced, it is
important to maintain the patient within a stable and
familiar environment.

Caregivers need to remain calm and offer reassur-
ance. Community organizations that offer help should be
sought. Support groups for caretakers offer places to
express feeling and help in anticipating future problems.
The patient must be monitored closely during the times
when they are unable to determine their own care.
Financial assets and plans for the ongoing management
of the disease should be addressed before this advanced
stage is reached. Nursing home placement is an option
for patients with Alzheimer disease without caretakers or
for patients who become unmanageable in the home
environment.

Individuals who have ahistory of familial Alzheimer
diseasein their family should consider genetic counsel-
ing. Genetic counseling will help to clarify possible risk
factors and determine the appropriate useful ness of avail-
able genetic tests. The test for the ApoE genetic defect is
not considered to be useful for prediction of sporadic
Alzheimer disease in patients who do not currently have
signs or symptoms of the disease.

Research treatment

Patients with Alzheimer disease have abnormal
amounts of A-beta Amyloid deposited in their brain as
plaques. Research involving mice in 1999 demonstrated
that immunizing the animals with certain protein compo-
nents of amyloid prevented the development of Alzhei-
mer’s related changes, such as plaque formation, in the
brains of the mice. Immunization was also shown to slow
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down the brain changes in older mice. Future benefits for
human use are still under investigation.

Several other drugs and combinations of drugs are
currently in the beginning and end stage of research stud-
ies. Drugs affecting severa different chemicals in the
brain are being investigated in addition to the use of non-
steroidal anti-inflammatory drugs (drugs that reduce
inflammation in the body), estrogen, and vitamin E in the
prevention and alleviation of Alzheimer disease.

InApril of 2001 thefirst use of human gene therapy
for the treatment of Alzheimer disease was undertaken.
Scientists isolated the gene of a protein found in healthy
brains called nerve growth factor. This gene was trans-
planted into the brain of a woman with early stage
Alzheimer disease. Because nerve growth factor has been
shown to increase the amounts of acetylcholine in the
brain, hopeisthat thiswill delay the Alzheimer’s process.
Further studiesin this area are ongoing.

Prognosis

On average, the duration of the disease process asso-
ciated with Alzheimer disease lasts eight to ten years.
Death is most frequently related to malnutrition, second-
ary infection (infection that is not theinitial medical prob-
lem) or heart disease. Malnutrition is a state when not
enough calories are taken in to support the normal func-
tions of the human body. An individua is additionally
more susceptible to infections when they are malnour-
ished. Having Alzheimer disease does not mean a patient
is more likely to have heart disease. The correlation that
occurs between heart disease and Alzheimer diseaseisthe
fact that both increase in incidence as patients age.
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I Amelia
Definition

Ameliais an extremely rare birth defect marked by
the absence of one or more limbs. The term may be mod-
ified to indicate the number of legs or arms missing at
birth, such as tetra-amelia for the absence of all four
limbs. A related term is meromelia, which is the partial
absence of alimb or limbs. Several older terms are no
longer in use in international nomenclature because of
their imprecision: phocomelia, peromelia, dysmelia,
ectromelia, and hemimelia.

Description

The complete absence of an arm or leg in amelia
occurs when the limb formation process is either pre-
vented or interrupted very early in the developing
embryo: between 24 and 36 days following fertilization.
Nearly 25% of all congenital limb defects are amelia. A
single limb is involved about 60% of the time and sym-
metrical amelia is uncommon. The likelihood for upper
versus lower limb absence varies with the syndrome.

Amelia may be present as an isolated defect, but
more than 50% of the time it is associated with major
malformations in other organ systems. The malforma-
tions most frequently seen with amelia include cleft lip
and/or palate, body wall defects, malformed head, and
defects of the neural tube, kidneys, and diaphragm. Facial
clefts may be accompanied by other facia anomalies
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such as abnormally small jaw, and missing ears or nose.
The body wall defects allow internal organs to protrude
through the abdomen. Head malformations may be minor
to severe with anear absence of the brain. The diaphragm
may be herniated or absent and one or both kidneys may
be small or absent.

Other abnormalities associated with amelia include
severe defects of the lungs, vertebrae, heart, internal and
external genital system, and anus. There is usudly a
severe growth deficiency, both before and after birth, and
mental retardation may be present in survivors. Benign
facia tumors made up of clusters of blood vessels
(hemangiomas) may be present.

Amelia was traditionally thought to be a sporadic
anomaly with little risk of recurrence, or evidence of
genetic origins. However, an estimated 20% of amelia
cases can now be traced to probable genetic causes.
These genetic conditions may be due to recessive or
dominant mutations, or involve chromosomal aberra-
tions where entire sections of chromosomes are
deleted, duplicated, or exchanged. The best defined of
these genetic diseases is known as Roberts SC pho-
comelia or Pseudothalidomide syndrome, caused by an
autosomal recessive mutation of unknown location.
There is a great variability of expression of the disease,
even within families. Classic signs of Roberts SC pho-
comelia include symmetrical defects of all four limbs
including amelia, severe growth deficiency, head and
face (craniofacial) abnormalities such as small head and
cleft lip or palate, sparse, silvery blond hair, and facial
hemangiomas.

A very small group of genetically based amelia cases
isreferred to as“autosomal recessive tetra-amelia’ which
consists of an absence of al four limbs, with small or
absent lungs, cleft lip or palate, malformed head and
other anomalies. A similar “X-linked tetra-amelia’ is
highly letha to the fetus and involves the same set of
abnormalities. The abnormal gene for X-linked tetra-
amelia is assumed to be located on the X chromosome.
Very few cases have been documented for either of these
inherited conditions but the defective gene seems to be
more prevalent in Arab populations of the Middle East or
in small isolated cultures where consanguineous rel ation-
ships (intermarriage within extended families) is more
common. Thereis disagreement as to whether these con-
ditions represent new syndromes or are severe cases of
Roberts SC phocomelia.

Ameliais associated with various other genetic syn-
dromes. It is seen in the autosomal recessive Baller-
Gerold syndrome and Holt-Oram syndrome, an
autosomal dominant condition that sometimes involves
amelia. It has been proposed that many of the new, iso-
lated cases of amelia are due to autosomal dominant
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mutations where only one copy of a defective gene on a
non-sex chromosome is powerful enough to cause amelia
to be displayed. Absent limbs have also been seen in
chromosomal aberrations such as Trisomy 8 (three copies
of chromosome 8) and a deletion of region 722 found on
the long arm of chromosome 7.

Sporadic amelia may be the end result of various
types of disturbances of limb development in the embryo.
These disturbances can be vascular, mechanical, due to
teratogens (substances that cause birth defects), or
accompany other disease processes such as diabetes. An
example of vascular disturbance would be hemorrhage in
the embryo causing lack of blood and oxygen flow to sur-
rounding tissue. The type and number of resulting defects
would depend on the location of the hemorrhage and the
point of embryo development when the bleed took place.
Defects in limbs and the body wall tend to result from
this type of disturbance.

Mechanical disruption can be seen following rupture
of the amnion (the thin but tough membrane surrounding
the embryo) due to infection, direct trauma such as
attempted abortion or removal of IUD, or familial predis-
position to rupture. Strands of the collapsed amnion and
adhesions (fibrous bands which abnormally connect tis-
sue surfaces) may entangle and amputate developing
limbs and cause avariety of other defectsincluding facial
clefts.

Various teratogens are well-established causes of
amelia. A well-documented historic instance was due to
thalidomide use by pregnant women from 1958 to 1963.
Thalidomide was used as a sedative and anti-nausea
drug but was found to cause a wide array of limb defi-
ciencies, including amelia. It is estimated to have caused
5,800 cases of malformed fetuses, mostly in Europe, but
also in North America and wherever it was available
worldwide. The mechanism by which thalidomide
causes hirth defects is still not known but may involve
disruption of nerve processes. Although thalidomide is
again in use today to treat certain cancers, infections,
and arthritis, it should not be used by women of child-
bearing age.

Alcohol (ethanol) consumption by pregnant women,
especialy in the first trimester, has been documented by
several surveysto cause limb deformities. The abnormal-
ities range from frequent, minor defects such as short-
ened fingers to the much rarer amelia. It is hypothesized
that alcohol interrupts the blood supply to the developing
limb resulting in malformation or non-growth. Additional
teratogens known to cause amelia include methotrexate,
other chemotherapeutic agents and potent vasoconstric-
tive drugs such as epinephrine and ergotamine.
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KEY TERMS

Amnion—Thin, tough membrane surrounding the
embryo and containing the amniotic fluid.

Autosomal dominant mutation—An abnormal
gene on one of the 22 pairs of non-sex chromo-
somes that will display the defect when only one
copy is inherited.

Autosomal recessive mutation—A pattern of
genetic inheritance where two abnormal genes are
needed to display the trait or disease.

Consanguineous—Sharing a common bloodline
or ancestor.

Craniofacial —Relating to or involving both the
head and the face.

Hemangioma—Benign tumor made up of clusters
of newly formed blood vessels.

Homeotic genes—Developmental control genes
active in the embryo.

Homozygous—Having two identical copies of a
gene or chromosome.

Teratogen—Any drug, chemical, maternal disease,
or exposure that can cause physical or functional
defects in an exposed embryo or fetus.

X-linked mutation—An abnormal gene transmit-
ted on the X chromosome.

Maternal diabetes mellitus (non-gestational) has
long been associated with congenital anomalies, rarely
including amelia. Thereisatwo to threefold risk for con-
genital abnormalities in children of diabetic mothers and
limb defects of various types occur in about one percent
of infants of these mothers. It isthought that either abnor-
mal maternal carbohydrate metabolism, or vascular dis-
ease resulting in decreased oxygen flow to the fetus,
might play arole in causing malformations.

Genetic profile

Amelia is generally considered to be sporadic with
scattered cases occurring infrequently. These rare events
are presumably influenced by environmental factors,
such as teratogenic drugs, maternal factors such as dia-
betes mellitus, and vascular accidents in the uterus. The
role of genetics in causing this condition is still undeter-
mined but two large epidemiological studies estimate that
nearly 20% of amelia cases are of genetic origin.
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Amelia

Mutations in more than one gene with different modes of
transmission can lead to this severe limb deficiency.

Recurrence of amelia within families is the excep-
tion. When this occurs, it is most often associated with
other malformations in autosomally recessive syndromes
such as Raoberts SC phocomelia, autosomal recessive
amelia, and X-linked amelia. Roberts SC phocomelia has
aclearly identifiable genetic abnormality that can be seen
during chromosome analysis. The abnormality is called
either Premature Centromeric Separation (PCS) or
Heterochromatin Repulsion (HR). The darkly staining
heterochromatin of the chromosome can be seen puffing
and splitting. The PCS test is positive in about 80% of
patients with Roberts SC phocomelia

Demographics

The rarity of amelia makes the study of it on a pop-
ulation level speculative. A few large-scale studies pool-
ing decades of information from malformation registries
in several countries do provide preliminary data. Amelia
has an incidence of 11-15 cases per million live births
and 790 cases per million stillbirths. The condition is
probably under reported due to lack of documentation of
some miscarriages, stillbirths, and neonatal deaths.

Thereisno significant difference between number of
males and females affected except in the select,
extremely rare cases of X-linked amelia, which are all
male. Only men would be affected since the abnormal
gene is inherited on the X chromosome and men only
receive one copy of an X chromosome. Since females
inherit two copies of the X chromosome, the normal copy
of the gene on the second X chromosome can usually
mask the more severe complications that would result if
only the abnormal gene was expressed.

The disorder occurs worldwide and there are no geo-
graphic clusters except for two. Amelia resulting from
the use of thalidomide occurred primarily in Europe and
other areas where the drug was available. Autosomal
recessive and X-linked amelia has mostly occurred in
Arabic and Turkish families. This suggests ethnic differ-
ences for an abnormal recessive gene but is based on less
than 20 cases. Such a recessive gene is likely to be
homozygous (meaning two copies of the abnormal gene
need to be inherited for amelia to result), and thus
expressed in malformation more often in any culture that
tends to be isolated and has more intermarriage from a
limited gene pool.

Signs and symptoms

Prior to clinical observation of absent limbs, certain
signs in the pregnant mother may indicate a greater like-
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lihood of amelia. Abnormal vaginal bleeding, diabetes
mellitus, and toxemia (disturbed metabolism during
pregnancy characterized by high blood pressure, swelling
and protein in the urine) are all associated with ameliain
the fetus. Alpha fetoprotein is a protein normally pro-
duced by the liver of the fetus which then circulatesin the
mother’s blood. An increased apha fetoprotein in the
maternal blood may indicate neural tube defects that can
accompany limb defects. Besides seeing missing limbs
by ultrasound, signs in the fetus accompanying amelia
include breech and other non-cephalic presentations at
birth (where the baby is not in the norma head-first,
face-down delivery positon), an increased frequency of
only a single artery in the umbilical cord, low placental
weight and extremely low birth weight, not accounted for
by the lack of limbs. The average birth weight for an
infant with ameliais less than the third percentile for its

age.

Diagnosis

Detection of an absent limb is generaly simple.
Clinical observation of the missing limb is either made
at birth or prenatally by ultrasonography. However,
more than 50% of amelia cases are accompanied by
malformations of other organ systems, and in these
cases, determination of a specific syndrome can be dif-
ficult. Defects overlap greatly between conditions. A
family history including a pedigree chart to map other
affected family members can be very helpful in detect-
ing genetic causes. A prenatal history should include
determination of maternal exposure to alcohol, thalido-
mide, and other teratogenic drugs. Materna diabetes
mellitus should be considered arisk factor for congeni-
tal abnormalities.

Raoberts SC phocomelia must be differentiated from
other autosomal recessive or X-linked amelias. Genetic
testing for PCS should be performed on cells from amni-
otic fluid. Darkly staining heterochromatin of the chro-
mosome puffs out abnormally and splitsin a positive test.
The PCS test will be positive in nearly 80% of Roberts
SC phocomelia cases but negative in the other syn-
dromes. A positive PCS test along with some of the signs
listed above, is diagnostic for Roberts SC phocomelia.
Further chromosome studies should be done to detect
gross chromosomal aberrations such as deletions or
Trisomy 8.

Treatment and management

Preventive measures to avoid serious limb defects
such as amelia include avoidance of thalidomide and
other teratogens in women of childbearing years, avoid-
ance of alcohol during pregnancy, and comprehensive
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management of diabetes mellitus throughout pregnancy.
A prenatal ultrasound that detects an absence of limbs
can be followed by chromosome analysis and genetic
counseling to make informed decisions regarding termi-
nation.

Children with amelia can be fitted with a prosthesis
to substitute for the missing limb. Surgery is often per-
formed to repair craniofacial defects. Minimal to full
time care may be needed depending on the degree of
mental retardation.

Prognosis

When amelia occurs as an isolated abnormality,
prognosis is good. However, when amelia is combined
with multiple other defects, the prognosis is grim.
Abnormalities accompanying amelia may include cleft
lip and/or palate, body wall defects, malformed head,
and abnormalities of the neural tube, kidneys, and
diaphragm. Many infants die prior to birth. Sixty percent
of newborns die within the first year, with half not sur-
viving the first day. Mild cases of Roberts SC pho-
comelia are likely to survive past the first few years and
reach adulthood. Infants with severe growth deficiency
and craniofacial defects from Roberts SC phocomelia
and amelia do not live past the first few months.
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I Amniocentesis
Definition

Amniocentesis is an optional procedure offered to
women during pregnancy in order to obtain more infor-
mation about a developing fetus. A doctor uses a thin,
hollow needle to remove a small sample of amniotic fluid
from around the devel oping baby. An ultrasound exam is
usually performed at the same time to help guide the nee-
die. The fluid sample is used to look for specific types of
medical problems in the fetus. Tests done on amniotic
fluid obtained by amniocentesis cannot evaluate the fetus
for every potential kind of problem. The information it
does provide, however, isvery accurate. The procedureis
associated with a slightly increased chance for pregnancy
loss. Women who undergo amniocentesis typically do so
either to obtain reassurance about fetal well-being or, if
the results are abnormal, to plan for the remainder of
their prenatal care.

Description

Amniocentesis is the most common invasive prena
tal diagnosis technique offered to pregnant women. A
sample of amniotic fluid can be used to detect chromo-
somal abnormalities in a fetus, certain other types of
congenital disorders, or other medical indicators. Its
safety and accuracy are well-established, and it is gener-
ally considered the “gold standard” by which other pre-
natal diagnosis techniques are measured.

The word amniocentesis is derived from the Greek
words, amnion and kentesis, meaning “lamb” and “punc-
ture” respectively. In order to perform the procedure, a
doctor inserts a thin needle into the mother’s uterus and
the amniotic sac. A continuous ultrasound evaluation is
typically used so that the doctor can avoid touching both
the baby and the umbilical cord with the needle. The
amniotic sac is made up of two membranes. the inner
amnion and the outer chorion. The amnion and chorion
both develop from the fertilized egg. They are initially
separate but begin to fuse early in pregnancy. Thisfusion
is usually completed by approximately the fourteenth to
fifteenth week of pregnancy.

Amniocentesis is usually performed in the second
trimester, usually during weeks 16-18 (mid-trimester).
The amniotic sac holds the fetus suspended within the
amniotic fluid, an ailmost colorless fluid that protects the
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fetus from harm, helps maintain a consi stent temperature,
and prevents the fetus, or parts of it, from becoming
attached to the amnion. The amniotic fluid is produced
and absorbed by the fetus throughout pregnancy. Fetal
cells, primarily derived from the skin, digestive system,
and urinary tract, are suspended within the fluid. A
smaller number of cells from the amnion and placentaare
also present. Finaly, the fetus produces a number of dif-
ferent chemical substances that also pass into the amni-
otic fluid. These substances may be used, in some
higher-risk pregnancies, either to assess fetal lung matu-
rity or to determineif thefetushasaviral infection. Inthe
second trimester of pregnancy, one particular protein,
called alpha-fetoprotein, is commonly used to screen for
certain structural birth defects.

It is possible to perform amniocentesis in a twin
pregnancy. Amniocentesis in some higher-order pregnan-
cies, such as triplets, has also been reported. In a multi-
ple pregnancy, it is important to ensure that a separate
sample of amniotic fluid is obtained from each fetus. To
accomplish this, adoctor injects asmall amount of harm-
less blue dye into the amniotic sac of the first baby after
a sample has been withdrawn. The dye will temporarily
tinge the fluid blue-green. A second needle is inserted
into the next amniotic sac with ultrasound guidance. If
the fluid withdrawn is pale yellow, a sample from the
next fetus has been successfully obtained. In the case of
monoamniotic (in one amniotic sac) twins or triplets, the
genetic material in each fetus is identical, so only one
sample needs to be taken.

Indications for amniocentesis

Amniocentesis has been considered a standard of
obstetrical care since the 1970s. It is not, however,
offered to all pregnant women. The American College of
Obstetricians and Gynecologists (ACOG) recommends
that amniocentesis be offered to all expectant mothers
age 35 and older. This age cut-off has been selected
because advancing maternal age is associated with an
increasing risk of having a baby with a numerical chro-
mosome abnormality. At age 35, this risk is approxi-
mately equivalent to the risk of pregnancy loss associated
with amniocentesis.

A person normally has a total of 46 chromosomes
in each cell of his or her body, with the exception of
sperm or egg cells, which each have only 23. As women
get older, there is an increased risk of producing an egg
cell with an extra chromosome. This leads to an egg cell
with 24 chromosomes rather than the normal 23.
Pregnancies with an abnormal number of chromosomes
are referred to as aneuploid. Aneuploidy resultsin acon-
ceptus (product of conception) with either too much or
too little genetic material. This, in turn, leads to abnormal
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development. Common effects of aneuploidy include an
increased risk for pregnancy loss or, in live borns, for
mental retardation and physical abnormalities.

Down syndrome is the most common form of ane-
uploidy in live born infants, occurring in approximately
one in 800 hirths, regardless of maternal age. In women
who are 35 years old, the risk of having a child with
Down syndrome s higher, or roughly onein 385 at deliv-
ery. It isimportant to realize that Down syndrome is not
the only chromosome abnormality that may occur. Other
numerical abnormalities are possible, yielding genetic
conditions that may be either more or less severe than
Down syndrome. Thus, a woman is often given a risk,
based solely on her age, of having a child with any type
of chromosome abnormality. At age 35, this total risk is
approximately one in 200. By age 40, this risk has
increased to one in 65, and, at age 45, thisrisk isonein
20. These numbers reflect therisk at the time of delivery.

Women younger than 35 years may aso have chil-
dren with chromosomal or other genetic disorders.
Therefore, other indications for amniocentesis or other
formsof prenatal diagnosisinclude afamily history of, or
a previous child with, a known genetic condition; abnor-
mal prenatal screening results, such as ultrasound or a
blood test; or one parent with a previously identified
structural chromosome rearrangement. All of the above
may make it more likely for a couple to have a child with
agenetic condition.

Side effects

Women who have had an amniocentesis often
describe it as uncomfortable, involving some mild pres-
sure or pain as the needle is inserted. Fewer women
describe it as extremely painful. A local anesthetic may
be used to numb the upper layer of the mother's skin
prior to testing. This medicine has no effect on the fetus,
but may help the mother feel more comfortable during
the procedure. An experienced physician can, on average,
perform amniocentesis in approximately one to two
minutes.

Common complaints after amniocentesis include
mild abdominal tenderness at the site of needle insertion
or mild cramping. These usually go away within one to
two days. More serious complications are significantly
less common but include leakage of amniatic fluid, vagi-
nal bleeding, or uterine infection. These complications
are estimated to occur in fewer than 1% of pregnancies.
In some women, complications after amniocentesis may
lead to a miscarriage, or loss of the pregnancy. A
woman'’s background risk of having a miscarriage, with-
out amniocentesis, is approximately 2—3% in her second
trimester. When performed by an experienced physician
or technician, the risk for an amniocentesis-related preg-
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Amnion—Thin, tough membrane surrounding the
embryo and containing the amniotic fluid.

Anesthetic—Drug used to temporarily cause loss of
sensation in an area of the body. An anesthetic may
either be general, associated with a loss of con-
sciousness, or local, affecting one area only without
loss of consciousness. Anesthetics are administered
either via inhalation or needle injection.

Chorion—The outer membrane of the amniotic sac.
Chorionic villi develop from its outer surface early
in pregnancy. The villi establish a physical connec-
tion with the wall of the uterus and eventually
develop into the placenta.

Chromosome—A microscopic thread-like structure
found within each cell of the body and consists of a
complex of proteins and DNA. Humans have 46
chromosomes arranged into 23 pairs. Changes in
either the total number of chromosomes or their
shape and size (structure) may lead to physical or
mental abnormalities.

Conceptus—The products of conception, or the
union of a sperm and egg cell at fertilization.

Cystic fibrosis—A respiratory disease characterized
by chronic lung disease, pancreatic insufficiency
and an average age of survival of 20 years. Cystic
fibrosis is caused by mutations in a gene on chro-
mosome 7 that encode a transmembrane receptor.

Down syndrome—A genetic condition character-
ized by moderate to severe mental retardation, a
characteristic facial appearance, and, in some indi-
viduals, abnormalities of some internal organs.
Down syndrome is always caused by an extra copy
of chromosome 21, or three rather than the normal
two. For this reason, Down syndrome is also known
as trisomy 21.

nancy lossis estimated to be an additional 0.25%—0.50%,
or roughly one in every 200400 pregnancies.

Much attention is often paid to the physical side
effects of amniocentesis. However, it isimportant to also
emphasize some of the emotional side effects of amnio-
centesis. Many of these are applicable to other forms of
prenatal diagnosis.

The offer of prenatal testing is associated with
increased anxiety. This appears to be true whether a
woman knew prenatal testing would be offered to her
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Fetus—The term used to describe a developing
human infant from approximately the third month
of pregnancy until delivery. The term embryo is
used prior to the third month.

Fibroid—A non-cancerous tumor of connective tis-
sue made of elongated, thread-like structures, or
fibers, which usually grow slowly and are contained
within an irregular shape. Fibroids are firm in con-
sistency but may become painful if they start to
break down or apply pressure to areas within the
body. They frequently occur in the uterus and are
generally left alone unless growing rapidly or caus-
ing other problems. Surgery is needed to remove

fibroids.

Sickle cell anemia—A chronic, inherited blood dis-
order characterized by sickle-shaped red blood
cells. It occurs primarily in people of African
descent, and produces symptoms including
episodic pain in the joints, fever, leg ulcers, and
jaundice.

Tay-Sachs disease—An inherited biochemical dis-
ease caused by lack of a specific enzyme in the
body. In classical Tay-Sachs disease, previously nor-
mal children become blind and mentally handi-
capped, develop seizures, and decline rapidly.
Death often occurs between the ages of three and
five years. Tay-Sachs disease is common among
individuals of eastern European Jewish background
but has been reported in other ethnic groups.

Trimester—A three-month period. Human pregnan-
cies are normally divided into three trimesters: first
(conception to week 12), second (week 13 to week
24), and third (week 25 until delivery).

Uterus—A muscular, hollow organ of the female
reproductive tract. The uterus contains and nour-
ishes the embryo and fetus from the time the fertil-

during the pregnancy or if it comes about unexpectedly,
as is usualy the case following abnormal screening
results. Women to whom genetic amniocentesis is pre-
sented must consider the perceived benefits of testing,
such as the reassurance that comes when results are nor-
mal, and compare them to the possible risks. Potential
risksinclude not only complications after testing but also
learning of having a child with a serious disability or
chronic medical condition. The nature of the child’s pos-
sible diagnosis is also important. For example, could it
lead to an early death, be more subtle and cause few out-
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ward signs of a problem, or be somewhere in between?
There are few treatments available to correct the hun-
dreds of genetic disorders so far described. Couples may
consider whether or not they would consider early termi-
nation of the pregnancy if a serious abnormality were
detected. The definition of “serious’ is often a matter of
personal opinion. A couple's value system and family
history, including that of other pregnancies and their out-
comes, al influence their decision regarding amniocen-
tesis. Ideally, a woman and her partner will have
discussed at least some of these issues with each other
and with either the woman’s doctor or a genetic coun-
selor prior to testing. The choice to have amniocentesis
depends on many factors and should remain a personal
decision.

Results

Genetic testing is available on amniotic fluid
obtained by amniocentesis. The most common test result
is a complete analysis of the fetal chromosomes. After a
sample of amniotic fluid is obtained, the genetic labora-
tory isolates the cells, referred to as amniocytes, out of
the fluid. The cells are placed into two or more contain-
ersfilled with liquid nutrients, establishing different cul-
tures in which the cells will continue to grow. The cells
are cultured anywhere between one to two weeks before
the actual analysis begins. This is done in order to syn-
chronize the growth of the cells within a culture. Also,
chromosomes are only microscopically visible at a spe-
cific point during cell division.

Once there appears to be an adequate number of
cells to study, the cultures are harvested. Harvesting pre-
vents additional cell growth and stops the cells at what-
ever point they were in their division process. A careful
study of the total number and structure of the chromo-
somes within the cells may now be performed. Typically,
chromosome results are available within 7-14 days after
amniocentesis. Results may be delayed by slow-growing
cultures. This rarely reflects an abnormal result but does
extend the time until final results are ready.

Many laboratories are beginning to incorporate a
special technique called fluorescence in situ hybridiza-
tion (FISH) into their chromosome studies. This adjunct
testing provides limited information about certain chro-
mosomes within one to two days after amniocentesis. It
does not replace a complete chromosome study using
amniocyte cultures. In fact, FISH results are often
reported as preliminary, pending confirmation by cul-
tured results. They can, however, be very useful, particu-
larly when there is already a high level of suspicion of a
fetal chromosome abnormality.
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FISH is performed using a small sample of uncul-
tured amniotic fluid cells. Special molecular tags for par-
ticular chromosomes are used. These tags attach
themselves to the chromosome. Under specific labora-
tory conditions, they can be made to “light up” or fluo-
resce. Their signals can then be counted using a special
kind of microscope. FISH is most often used to quickly
identify a change in the number of chromosomes from
pairs 13, 18, 21, and the two sex chromosomes, X and Y.
Abnormalities of these chromosomes account for nearly
95% of all chromosomal abnormalities. Other chromoso-
mal abnormalities will be missed since FISH cannot
identify structural rearrangements of the chromosomes or
abnormalities involving other pairs. A full chromosome
evaluation on cultured cells is a necessary follow-up to
interphase FISH results.

A sample of amniotic fluid may be used to measure
a pha-fetoprotein (AFP). AFP is a protein made by the
fetal liver. It passes out of the fetus and enters both the
amniotic fluid and the mother’s blood. Screening for
open neural tube defects, abnormal openingsin the fetal
head or spinal cord, or ventral wall defects, openings
along the belly wall, can be done by measuring AFP
during the fifteenth to twentieth weeks of pregnancy.
AFP levels normally show a gradual increase during
this time. An unusually high level of serum AFP does
not necessarily indicate a problem with fetal develop-
ment, but is cause for some concern. A high AFP level
in amniotic fluid will detect up to 98% of all openings
on the fetal body that are not covered by skin. Further
studies may be suggested if the AFP is high. Most ini-
tial AFP results are available within two to three days
after amniocentesis.

Finally, amniotic fluid samples obtained by amnio-
centesis may also be used for more specialized genetic
studies, such as biochemical or DNA testing. Both
often require cell cultures and additional time to com-
plete. These studies are not done on every sample.
Rather, they are offered to those couples who, based on
their family history or other information, are at
increased risk of having a child with a single gene, or
Mendelian, disorder. Hundreds of such disorders have
been described. Examples include Tay-Sachs disease,
cystic fibrosis, and sickle cell anemia. If biochemical
or DNA studies are performed, all of the results may
not be ready until three to four weeks after testing,
although for each patient, the waiting time may be
dlightly different.

It isimportant to emphasize that normal results from
tests done on amniotic fluid do not necessarily guarantee
the birth of a normal infant. Each couple in the general
population faces arisk of roughly 3-4% of having achild
with any type of congenital birth defect. Many of these
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Amniocentesis may be performed to detect several types of genetic disorders. Here, a physician uses an ultrasound
monitor (left) to position the needle for insertion into the amnion during the amniocentesis procedure. (Photo Researchers,

Inc.)

will not be detected with tests done on amniotic fluid
samples obtained by amniocentesis. Babies with birth
defects are often born into families with no history of
genetic disorders.

Chorionic villus sampling

Mid-trimester amniocentesis has been available for
nearly thirty years. Chorionic villus sampling (CVS) has
been available in the United States since the 1980s. CVS
is usualy performed between ten to twelve weeks of
pregnancy. It involves the removal of a small sample of
the developing placenta, or chorionic villi. It has been an
attractive alternative to amniocentesis, particularly for
those women who desire both testing and results earlier
in their pregnancies. Some of the benefits of earlier test-
ing include reassurance sooner in pregnancy and fewer
physical complications following first trimester preg-
nancy termination, for those couples who choose this
option after testing. CVS is, however, associated with a
higher risk of miscarriage than mid-trimester amniocen-
tesis. At experienced centers, this risk is approximately
1% (or, 1 in 100).
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Early amniocentesis

Early amniocentesis is performed before the thir-
teenth completed week of pregnancy. It has been consid-
ered experimental for many years. The results of the
largest early amniocentesis trial, published in 1998, have
caused physicians worldwide to reconsider the benefit
and risks of this procedure.

The Canadian early and mid-trimester amniocentesis
trial (CEMAT) is the largest multi-center, randomized
clinical trial of early amniocentesis to date. The purpose
of the trial was to examine and compare the safety and
accuracy of early (EA) versus mid-trimester amniocente-
sis (MTA). In order to accomplish this, 4,374 pregnant
women were identified and enrolled in the study.
Ultrasound was performed in the first trimester to con-
firm the gestational age of all pregnancies. Computer ran-
domization was used to evenly divide the women into
either the EA or MTA groups. Ultimately, 1,916 women
underwent EA and 1,775 women had MTA. Follow-up
was obtained on nearly all pregnancies. Two striking con-
clusions were reached: EA is associated with an
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increased incidence of clubfoot and an increased risk of
procedure-related pregnancy |oss.

Clubfoot, aso referred to as talipes equinovarus,
occurs in approximately one in 1,000 live births (0.1%)
in the general population. It may involve either one foot
(unilateral) or both feet (bilateral). Males are affected
slightly more often than females. There are several pro-
posed mechanisms by which clubfoot could occur: dueto
the interaction of several genes during development, as a
direct consequence of environmental factors, such as an
abnormal position in the uterus, or as a physical compo-
nent of a single gene disorder. Any such disorder would
be expected to also cause other abnormalities.

Overdl, the CEMAT study found an incidence of
clubfoot in the EA group of 1.3% (29 infants). None of
the affected infants had other abnormalities. This is
nearly ten times higher than the risk in the general popu-
lation. The frequency of clubfoot in the MTA group was
the same as in the general population (0.1%). Prior stud-
ies of mid-trimester amniocentesis did not reveal an
increased frequency of infants with clubfoot or other
birth defects.

Clubfoot was more common when testing was per-
formed during the eleventh, rather than the twelfth, week
of pregnancy. This suggests that there may be a specific
window sometime in the eleventh to twelfth weeks dur-
ing which the fetus may be particularly vulnerable to
developing clubfoot. It is possible that EA causes a tem-
porary, but still significant, loss of amniotic fluid. This
loss may go unrecognized. However, it could, in turn,
affect the flow of blood to the foot or cause direct pres-
sure on the developing limb, either of which could lead to
clubfoot. It is difficult to know which potential mecha-
nism could be correct since the number of affected
infants born after EA isrelatively small.

Of note, a separate, much smaller, study aso demon-
strated an increased incidence of clubfoot (1.7%) among
the set of women who underwent EA. The study con-
sisted of patients randomized between EA and CV'S and
examined the risk of miscarriage after EA. Enrollment in
the study was stopped once the association between EA
and clubfoot was identified. There were no birth defects
identified after CVS.

An additional concern recognized from CEMAT was
a higher rate of miscarriage after EA. A procedure-
related loss was defined as one that occurred either
shortly after the testing or before twenty weeks of preg-
nancy. Fifty-five women (2.5%) experienced a miscar-
riage after EA. In contrast, miscarriage occurred in
seventeen (0.8%) of the MTA patients. An increased rate
of loss appeared to more often follow technically chal-
lenging procedures. Difficult procedures included those
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pregnancies in which bleeding occurred prior to amnio-
centesis or in which uterine fibroids were present.
Tenting of the membranes also made early amniocentesis
difficult. Tenting occurs when the amnion and chorion
are not yet completely fused, asistrue for the mgority of
first trimester pregnancies. The separation between the
membranes makes insertion of the amniocentesis needle
more difficult.

In the absence of a difficult EA procedure, a higher
rate of loss was also observed among those pregnancies
in which the mother experienced obvious leakage of
amniotic fluid or vaginal bleeding after testing. The level
of physician experience with EA did not influence the
rate of 10ss.

Finally, EA was also linked to an increased number
of laboratory culture failures (no growth of cells and no
results) compared to MTA. The total waiting time for
results was slightly longer in the EA group. This is not
entirely a surprise, since a smaler amount of fluid is
obtained when EA is performed. Hence, there are fewer
cells, and culturing takes longer.

Demographics

According to the National Center for Health
Statistics (NCHS), 112,776 amniocentesis procedures
were performed in the United States in 1998, the most
recent year for which data is available. The annual birth
rate that year was approximately 3.9 million infants.
Thus, approximately 3% of pregnant women in the
United States had this procedure performed. It is likely
that thisis an underestimate, however. The NCHS obtains
information from birth certificates registered in each state
and the District of Columbia. Although almost all deliv-
eries are registered in the United States, records are still
submitted with incomplete information. It is also not pos-
sible to know how many amniocentesis procedures were
performed for genetic testing, as compared to other indi-
cations, as this information is not requested.

Summary

Amniocentesis is a reliable procedure for prenatal
diagnosis in the second trimester of pregnancy. It is pri-
marily offered to pregnant women who are at increased
risk, based on their age, family history, or other factor, of
having a child with a genetic condition. Amniocentesis
provides accurate information about fetal chromosomes
or the likelihood of certain physica abnormalities.
Additional specialized studies may be performed on an
as-needed basis. Despite these benefits, amniocentesisis
associated with a dlightly increased chance of pregnancy
loss. Each woman should discuss the potential risks and
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benefits of amniocentesis with a doctor or genetic coun-
selor to make a decision about whether or not she hasthis
testing. Early amniocentesis, or procedures performed
before the thirteenth week of pregnancy, has been associ-
ated with an increased risk of clubfoot and of procedure-
related pregnancy loss.
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I Amyotrophic lateral sclerosis
Definition

Amyotrophic lateral sclerosis (ALS) is a fatal dis-
ease that affects nerve cells in the brain and spinal cord
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KEY TERMS

Aspiration—Inhalation of food or saliva.

Bulbar muscles—Muscles that control chewing,
swallowing, and speaking.

Degeneration—Nerves progressively withering.

Fasciculations—Involuntary twitching of patient’s
muscles.

Voluntary muscle—A muscle under conscious
control, such as arm and leg muscles.

that are responsible for movement. The motor neurons
(nerve cells which send an impulse to illicit muscular
contraction or movement) in an ALS patient die as a
result of rapid degeneration. Voluntary muscles, con-
trolled by motor neurons, lack proper nourishment and
will weaken and atrophy (shrink) as aresult. Examples of
voluntary movement include stepping off of a curb or
reaching for the top shelf. These activities rely on the
muscles of the arms and legs. Paralysis setsin at the end-
stages of ALS and leaves the patient unable to function
physically, despite remaining mentally intact. There are
no known causes or cures for amyotrophic lateral sclero-
sis, and the disease can afflict anyone. The usual cause of
death is paralysis of the respiratory muscles which con-
trol breathing.

Description

Amyotrophic lateral sclerosis is a progressive dis-
ease of the central nervous system. “A” means “no,’
“myo” implies muscle cells, and “trophic” refersto nour-
ishment. The nerve cellsthat extend from the brain to the
spinal cord (upper motor neurons), and from the spinal
cord to the peripheral nerves (lower motor neurons), for
unexplained reasons, degenerate and die. “Lateral” refers
to the areas of the spinal cord that are affected, and “scle-
rosis’ occurs as hard tissue replaces the previoudly orig-
inally healthy nerve.

The parts of the body that are not affected by ALS
are those areas not involved in the use of motor neurons.
The mind remains very sharp and in control of sight,
hearing, smell, touch and taste. Bowel and bladder func-
tions are generally not affected. Amyotrophic lateral scle-
rosis rarely causes pain, yet leaves patients dependent on
the care of others during advanced stages.

At any given time there are about 30,000 people in
the United States with amyotrophic lateral sclerosis, and
about 5,000 new cases are reported each year. ALS pro-
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Amyotrophic lateral sclerosis

NORMAL SPINAL NEURON

Normal nerve fiber

Normal skeletal muscle

DISEASED SPINAL NEURON

Wasted skeletal muscle

The degeneration and death of motor neurons in the spinal cord and brain results in amyotrophic lateral sclerosis (ALS).
These neurons convey electrical messages from the brain to the muscles to stimulate movement in the arms, legs, trunk,
neck, and head. As motor neurons degenerate, the muscles are weakened and cannot move as effectively, leading to

muscle wasting. (Gale Group)

gresses rapidly and paralyzed patients are usually under
the intensive care of nursing facilities or loved ones. This
can have a devastating psychological effect on the family
members and the patient. In most cases, ALS is fatal
within two to five years, athough approximately 10%
live eight years or more.

Amyotrophic lateral sclerosis is not a rare disease.
ALS affects approximately seven people out of every
100,000. Most people with ALS are between 40 and 70
years of age. Approximately 5-10% of cases show a
heredity pattern.

ALS, or Lou Gehrig's disease, is named after the
great New York Yankee's first basemen. Lou Gehrig,
known as the “lronman” of baseball, died two years
after he was diagnosed with amyotrophic lateral scle-
rosis.
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Genetic profile

In 1991 ateam of ALSA researchers linked familial
ALS to chromosome 21. In 1993 it was found that there
were structural defects in the SOD1 (superoxide dismu-
tase) gene on chromosome 21. The SOD1 gene is an
enzyme that protects the motor neurons from free radical
damage. There is a high incidence of ALS on the island
of Guam, in the Western New Guinea and on Kii penin-
sula of Japan leading some theorists to believe that
genetic makeup may be susceptible to an environmental
cause, such as the high levels of mercury and lead in
these areas.

The inheritance pattern is autosomal dominant,
which means that children of an affected parent have a
50% chance of inheriting the disorder. The majority of
cases are due to a sporadic gene mutation, which means
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the mutation ocurrs only in the affected person. It is
thought that sporadic mutations result from both biologi-
cal and environmental causes. In rare cases, amutation in
NFH, the gene encoding for neurofilament (a structure
that maintains cell shape) is apparent. Familia amy-
otropic lateral sclerosis has been linked to other chromo-
somal locations but the exact genes involved have not
been identified. The Institutional Review Board at
Thomas Jefferson University in Philadelphia recently
approved the ALS gene therapy project. The goal of the
project is to inject an adeno-associated virus carrying a
normal copy of an EAAT2 gene into an ALS patient’s
spinal cord where the motor neurons are dying. The hope
is that the cellsin that area will not die off.

Demographics

Amyotrophic lateral sclerosis affects anyone and
both men and women are at equal risk. ALS may occur at
any age, and the odds of developing it increase with age.
There have been reported cases of teenagerswith ALS. A
person only needs to inherit a defective gene from one
parent to cause the disease.

Signs and symptoms

The disease starts slowly, affecting just one limb,
such asthe hands or feet, and steadily progresses to more
limbs and muscles. When muscles lack the proper nour-
ishment they require, they begin to thin and deteriorate.
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This condition is the hallmark of amyotrophic lateral
sclerosis. Muscle wasting is due to the inability of degen-
erating motor neuronsto elicit asignal to the musclesthat
allow them to function and grow. Common examples of
symptoms for ALS are muscle cramps and twitching,
weakness in the hands, feet, or ankles, speech dlurring,
and swallowing difficulties. Other early symptoms
include arm and leg stiffness, foot drop, weight loss,
fatigue, and difficulty making facial expressions.

One of the earliest symptoms of ALS isweaknessin
the bulbar muscles. These muscles in the mouth and
throat assist in chewing, swallowing, and speaking.
Weakness of these muscle groups usually cause problems
such as slurred speech, difficulty with conversation and
hoarseness of the voice.

Another symptom of ALS that usually occurs after
initial symptoms appear is persistent muscle twitching
(fasciculation). Fasciculation is almost never the first
sign of ALS.

As the disease progresses the respiratory muscles
(breathing muscles) weaken, resulting in increased diffi-
culty with breathing, coughing, and possibly inhaling
food or saliva. The potential for lung infection increases
and can cause death. Many patients find it more comfort-
able and extend their lives when assisted by ventilators at
this stage of the disease. Communication becomes very
difficult. One way to accomplish feedback with othersis
to make use of the eyes. Blinking is one mode that
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Amyotrophic lateral sclerosis

patients of amyotrophic lateral sclerosis will be forced to
utilize, in order to continue communication.

As the disease progresses, victims gradually lose the
use of their feet, hand, leg, and neck muscles, and paral-
ysis results in affected muscle groups. They are able to
speak and swallow only with great struggle. Sexual dys-
function is not affected. Breathing will become increas-
ingly difficult and the patients of ALS may decide to
prolong life with the use of assisted ventilation, which
may decrease the risks of death from infections such as
pneumonia.

Diagnosis

ALSisdifficult to diagnose. Thereis no one set way
to test for the disease. A series of diagnostic tests will
rule out and exclude other possible causes and diseases
that resemble ALS. Electro diagnostic tests such as elec-
tromyography (EMG) and nerve conduction velocity
(NCV) are used to help diagnose ALS. Blood and urine
tests, spinal taps, x rays, and muscle and/or nerve biopsy
are performed, as well as magnetic resonance imaging
(MRI), myelograms of the cervical spine and a complete
neurological exam.

A second opinion is frequently recommended if ALS
is suspected since it is afatal neurological disease. After
a complete medical exam and family history check has
been administered, other tests such as a CT (computed
tomography) scan may be done to continue ruling out
other causes. Many symptoms mimic ALS such as
tumors of the skull base or upper cervical spina cord,
spinal arthritis, thyroid disease, lead poisoning, and
severe vitamin deficiency. Other possibilities to rule out
are multiple sclerosis, spina cord neoplasm, polyarteri-
tis, syringomyelia, myasthenia gravis, and muscular
dystrophy. Amyotrophic lateral sclerosis is hardly ever
misdiagnosed after this intensive series of diagnostic
tests.

Treatment and management

Currently, there is no treatment for ALS. Manage-
ment aims to control the symptoms that patients experi-
ence. Emational, psychological, and physical support are
provided to ease the difficulty associated with this
disorder.

Moderate activities are recommended in the early
stages of the disease. Physical therapy can help muscles
stay active and delay the resulting weakness. ALS
patients are encouraged to maintain a healthy diet and
exercise regularly for as long as possible. Education of
AL S isvery important in developing an understanding of
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the disease, and is vital for family members as well as
patients.

Although there are no set treatments for ALS there
are still many special considerations that can assist in the
quality of lifestyle for the patient. Implementing a physi-
cal therapy program, providing a wheelchair or walker,
assistance when bathing, and suction machines to help
evacuate accumulated secretions all help the ALS patient.
Other considerationsinclude providing foodsthat are soft
and easy to swallow, skin maintenance, feeding tubes,
ventilation maintenance and emotional support.

Researchers have developed a drug approved by the
Food and Drug Administration (FDA) called Rilutek
(riluzole). The drug was the first to have a positive effect
in that it appears to extend the life of ALS patients by
about three months.

Another drug, Myotrophin (somatomedin C),
appears to prevent neuron loss and enhance neuron gen-
eration in animal studies.

Prognosis

Amyotrophic lateral sclerosis normally progresses
rapidly and leads to death from respiratory infection
within three to five years. If the person involved is young
and the initial symptoms appear in the limbs, the disease
tends to develop more slowly. Improved medical care has
prolonged the lives of ALS patients and shows promise
for more effective treatments in the future.
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I Androgen insensitivity
syndrome

Definition

Androgen insensitivity syndrome is a genetic condi-
tion where affected people have male chromosomes and
male gonads (testicles). The external genitals, however,
have mild to complete feminization.

Description

Normal sexual development

In normal development, the chromosome sex deter-
mines the gonadal sex, which in turns determines the
phenotypic sex. The chromosome sex is determined at
conception; amale has the sex chromosome pair XY and
a female has the chromosome pair XX. During the first
40 days of gestation, a male and female embryo appear
the same and have undifferentiated gonads, which have
the potential of becoming testes or ovaries. The presence
of theY chromosome in the male directs the undifferen-
tiated gonads to become testicles. If noY chromosomeis
present, such as in the female chromosome pair, the
undifferentiated gonads become ovaries.

In males, the phenotypic sex, including the internal
male structures and the external male genitalia, arises as
aresult of the hormones secreted from the testicles. The
two main hormones secreted by the testicles are testos-
terone and mullerian duct inhibitor. Testosterone acts
directly on the wolffian duct, which give rise to the inter-
nal male structures including the epididymides, vasa def-
erentia, and seminal vesicles. Testosterone is converted
into dihydrotestosterone, the hormone responsible for the
development of the male urethra and prostate, and the
external genitalia of the penis and the scrotum. The mul-
lerian duct inhibitor is the hormone that suppresses the
mullerian ducts and prevents the development of fallop-
ian tubes, upper vagina, and uterus in males.

If no testicles are present, as with females, no mul-
lerian duct inhibitor is formed and the mullerian ducts
become the falopian tubes, the upper vagina, and the
uterus. The wolffian ducts regress. Due to the lack of
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KEY TERMS

Androgens—A group of steroid hormones that stu-
mulate the development of male sex organs and
male secondary sexual characteristics.

Chromosome—A microscopic thread-like struc-
ture found within each cell of the body and con-
sists of a complex of proteins and DNA. Humans
have 46 chromosomes arranged into 23 pairs.
Changes in either the total number of chromo-
somes or their shape and size (structure) may lead
to physical or mental abnormalities.

Mullerian ducts—Structures in the embryo that
develop into the fallopian tubes, the uterus, the
cervix and the upper vagina in females.

Wolffian ducts—Structures in the embryo that
develop into epididymides, vasa deferentia, and
seminal vesicles in males.

dihydrotestosterone, the external genitals are not mas-
culinized and become female. Studies have shown that an
ovary is not required for the formation of the internal
female structures or the feminization of the genitals. If a
testicle is not present, the development of the embryo
will default to female development.

In most cases, the chromosomal sex, the gonadal
sex, and the phenotypic sex arein agreement. Males have
46,XY chromosomes, testicles, and male internal struc-
tures and genitals. Females have 46,XX chromosomes,
ovaries, and internal female structures and genitals.

Androgen insensitivity syndrome

Androgen insensitivity syndrome (AlS), also known
as testicular feminization, is one of the most common
conditions where the chromosome sex and gonadal sex
do not agree with the phenotypic sex. Affected people
have normal male chromosomes, 46,XY and testicles.
The testicles secrete both testosterone and mullerian duct
inhibitor as norma and no internal female structures
form. However, due to defective androgen receptors, the
wolffian ducts and genitals cannot respond to the andro-
gens testosterone and dihydrotestosterone. As aresult, no
male internal structures are formed from the wolffian
ducts and the external genitals are feminized.

The amount of feminization depends on the severity
of the androgen receptor defect and is often characterized
as complete androgen insensitivity (CAIS), partial andro-
gen insensitivity (PAIS), and mild androgen insensitivity
(MALIS). In complete androgen insensitivity, the alter-
ation in the androgen receptor resultsin complete female
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Androgen insensitivity syndrome

TABLE 1

Type

Classification of AIS Phenotypes

External genitalia (synonyms)

Findings

CAIS

Female (“testicular feminization”)

CAIS or PAIS  Predominantly female (incomplete AlS)

Absent or rudimentary wolffian duct derivatives

Inguinal or labial testes; short blind-ending vagina

Little or no pubic and/or axillary hair

Inguinal or labial testes

Labial fusion and enlarged clitoris

Distinct urethral and vaginal openings or a urogenital sinus

Microphallus (<1 cm) with clitoris-like underdeveloped glans; labia majora-like bifid scrotum

Perineoscrotal hypospadias or urogenital sinus

Excessive development of the male breasts during puberty

Simple (glandular or penile) or severe (perineal) “isolated” hypospadias with a normal-sized penis and
descended testes or severe hypospadias with micropenis, bifid scrotum, and either descended or

Excessive development of the male breasts during puberty

Impaired sperm development and/or impaired masculinization
Overdevelopment of the male breasts during puberty

PAIS Ambiguous
Descended or undescended testes
Predominantly male
undescended testes
MAIS Male (undervirilized male syndrome)

external genitals. In partial androgen insensitivity, also
called Reifenstein syndrome, partial androgen insensitiv-
ity results in female genitalia with some masculinization,
ambiguous genitalia, or male genitalia with partial femi-
nization. With mild androgen insensitivity, mild andro-
gen resistance results in normal male genitals or a male
with mild feminization.

In both CAIS and PAIS, affected individual s are ster-
ile (can not have a child). In MAIS, the affected male
may have fertility problems because of oligospermia, low
sperm production, or azoospermia, no sperm production.
In all types of AIS, secondary sex characteristics such as
body and pubic hair can be abnormal. Mental impairment
isnot found in any of the types of androgen insensitivity
syndromes, though poor visual-spatial ability has been
observed. People with AlS can also be rather tall, though
bone age is usually normal.

Genetic profile

Androgen insensitivity syndrome is a genetic condi-
tion that results from mutations (alterations) of the gene
for the androgen receptor. The androgen receptor is
located on the long arm of the X chromosome (Xqgl1-
g12). As women have two X-chromosomes, they also
have two androgen receptor genes. Men have only one X
chromosome and aY chromosome; hence they only have
one copy of the androgen receptor gene.

When women have one copy of the androgen recep-
tor altered, they are considered carriers of AlS. In most
cases, the second, normal copy of the androgen receptor
can compensate for the altered copy. However, in approx-
imately 10% of women who are carriers for the altered
androgen receptor gene, clinical signs such as sparse
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pubic hair and armpit hair or a delay to the start of their
first menstrual period is observed.

46,XY conceptions that have alterations in the
androgen receptor gene do not have a second copy to
compensate for the altered copy. Hence, these people will
have AIS. If the androgen receptor is severely altered,
they will have CAIS. If not severely altered, they will
have PAIS or MAIS.

All forms of AIS are inherited in an X-linked reces-
sive pattern. This means women who are carriers have a
25% chance of having an affected child. If a carrier
woman has a 46,XY conception, there is a 50% chance
the child will have AIS. If a carrier woman has a 46,XX
conception, there will be a 50% chance the daughter will
also be acarrier.

When a person has AlS and has no other family his-
tory of the condition, approximately 2/3 of the time the
affected person inherited the gene alteration from his or
her mother. The other 1/3 of the time, the alteration of the
androgen receptor was a new event (new mutation) in the
affected person and was not inherited.

Cases of both gonadal mosaicism and somatic
mosaicism have been reported with AlS. Gonadal
mosaicism occurs when the ateration in the androgen
receptor occurred not at conception, but in one of the
gamete cells (sperm or egg). The rest of the cells of the
body do not have the altered androgen receptor. With
AIS, this can occur when one of awoman’s early gamete
cell has the new alteration in the androgen receptor but
the rest of the cells in her body do not. All the eggs that
come from the early gamete cell will also have the alter-
ation. Her risk for having a child with AIS is increased.
Somatic mosaicism occurs when the alteration in the
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androgen receptor occurs after conception but not in a
gamete cell. Some of the person’s cells will have the
altered androgen receptor and other cells will not. The
amount of cellswith altered receptors and the location of
those cells within the body will determine how severely
affected a person will be.

Mutations within the androgen receptor gene are
also responsible for the neuromuscular condition spinob-
ulbar muscular atrophy or Kennedy disease. See sepa-
rate entry for more information.

Demographics

Complete androgen insensitivity syndrome occurs
in approximately 1/64,000 46,XY births or 2-5/100,000
births overall. Partial AIS is at least as common as
complete AIS. The incident of mild AIS is unknown,
but is estimated to account for approximately 40%
of male infertility due to severe oligospermia or azo-
ospermia.

Signs and symptoms

Complete androgen insensitivity

Individuals with CAIS are born looking like normal
female babies. Often, the condition is discovered in one
of two ways. The child can have an inguinal hernia that
upon repair is found to contain testicles. The most com-
mon presentation is during puberty with primary amen-
orrhea, or lack of the onset of the menstrual period.
Affected individuals have a short, blind ending vagina
and no uterus, cervix, fallopian tubes, or ovaries. During
puberty, some girls will have absent or decreased sexual
hair. Breasts develop normally and can be large in size
with pale and immature nipples and areola. People with
CAIS are usualy raised as females and have normal
female sexua orientation. All women with CAIS are ster-
ile. Infamilieswith CAIS, al affected memberswill have
complete androgen insensitivity and similar physica
features.

Partial androgen insensitivity syndrome

Children with PAIS usually present at birth due to
ambiguous genitalia. The genitalia can look like female
genitals with some masculinization, completely
ambiguous genitals where the sex of the baby cannot be
immediately determined, or male genitals with some
feminization. The degree of severity is adirect result of
the degree of severity of the genetic alteration in the
androgen receptor and resulting amount of functional
androgen receptor. The internal structures of PAIS are
the same as CAIS, with absent fallopian tubes, cervix,
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uterus, and ovaries. Testes are present but do not pro-
duce sperm. Hence, people with PAIS are aso sterile.
People with PAIS also have primary amenorrhea, and
breast development occurs in puberty. Unlike CAIS,
affected individuals in the same family with presum-
ably the same genetic alteration can have varying
degrees of masculinization. As a result, some affected
people may be raised as femal es whereas others may be
raised as males. Sex assignment is made based upon the
structure of the genitals, the surgical correction needed,
and the predicted response to androgens during
puberty.

Mild androgen insensitivity

Males with mild androgen insensitivity usualy have
normal male genitals and internal male structures. During
puberty, males with MAIS may have breast enlargement,
gparse facial and body hair, and small penis. Some
affected males may also have impaired sperm production
resulting in oligospermia or azoospermia, decreased or
absent sperm. As with CAIS, affected men within the
same family usually have similar features.

Diagnosis

Diagnosis is usually made based upon clinical fea
tures, chromosome analysis, hormone levels, and analy-
sis of androgen receptor function in skin fibroblasts.
Clinical features are listed above for CAIS, PAIS, and
MAIS. Chromosome analysis reveals norma male chro-
mosomes. Affected individuals can have elevated
luteinizing hormone, normal to slightly elevated testos-
terone, and high estradiol for men. Follicle stimulating
hormone may also be norma to elevated. Reduced
androgen receptor function in skin fibroblast cellsis also
used to aid in adiagnosis.

As of 2001, direct genetic testing for molecular
defects in the androgen receptor gene is being done on a
research basis only.

Treatment and management
Complete androgen insensitivity

Treatment of CAIS requires the removal of the testi-
cles from the pelvis or inguinal canal to decrease risk of
testicular malignancy. Because the overall risk of malig-
nancy is approximately 5% and rarely occurs before age
25, the testicles are usually removed after the develop-
ment of the secondary sex characteristics, as the testes
are needed for estrogen formation. After the removal of
the testes, estrogen supplementation is started to aid in
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Anemia, sideroblastic X-linked

the development of secondary sex characteristics and to
help prevent osteoporosis. Surgery to lengthen the vagina
may be necessary.

Partial androgen insensitivity syndrome

For those affected individuals raised as females,
treatment is similar to CAIS except the removal of the
testicles is done earlier because it may cause enlarge-
ment of the clitoris during puberty. Reconstructive sur-
gery of the genitals and lengthening of the vagina may
be necessary.

People with PAISraised as boys may need surgery to
improve the appearance of the genitals. Androgen sup-
plementation may be implemented, though long-term
affects of androgen therapy are not known. Breast reduc-
tion surgery may be necessary after puberty.

Mild androgen insensitivity

Males with MAIS may require no treatment at al or
breast reduction surgery after puberty. Males who are
infertile may benefit from assisted reproductive tech-
nologies.

Prognosis

For CAIS and MAIS, the prognosis is excellent.
Generally, gender assignment is not difficult and sexual
orientation is female for CAIS and mae for MAIS.
Treatment usually involves minimal surgery and hor-
mone supplementation. For individuals with PAIS, the
prognosisis very dependent upon the severity of the con-
dition. Assignment of gender can be difficult and genital
surgery can be more involved. Recently, some individu-
alswith PAIS and other intersex conditions have encour-
aged the delay of assigning gender until the child is old
enough to express a preference. As of 2001, thisidea has
not been readily embraced in the medical community of
the United States.
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I Anemia, sideroblastic
X-linked

Definition

X-linked sideroblastic anemia is a hereditary
enzyme disorder in which the body has adequate iron but
is unable to incorporate it into hemoglobin.

Description

X-linked sideroblastic anemia is the hereditary form
of sideroblastic anemia, also known asiron overload ane-
mia or sideroblastosis. Another, more common type of
sideroblastic anemia is called acquired sideroblastic
anemia.

In sideroblastic anemia, iron enters a developing red
blood cell and is not incorporated properly into the hemo-
globin molecule (the cell’s oxygen carrier). This causes
iron to accumulate in the mitochondria and sideroblasts.
The defective hemoglobin then transports oxygen poorly,
resulting in decreased tissue oxygenation.

Thisbuild—up of iron givesthe cell nucleusitsringed
appearance, called ringed sideroblast, which is the pri-
mary sign of siderblastic anemia.

Sideroblastic anemia is often mistaken for iron defi-
ciency anemia, but tests usually reveal normal or
increased levels of iron.

X-linked sideroblastic anemia

The hereditary form of the disorder israre. The pri-
mary type of inherited sideroblastic anemia was first
described in 1945 by Thomas Cooley. He identified
cases of X-linked sideroblastic anemia in two brothers
from a family with a six-generational history of the
inherited disease. The genetic abnormality that causes
X-linked sideroblastic anemia was identified almost 40
years later. ldentification has aided diagnosis of this
disorder.
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X-linked sideraoblastic anemia nearly always mani-
festsin infancy or childhood.

Other inherited forms of sideroblastic anemia

There are other inherited forms of sideroblastic ane-
mia, which are also rare. A rare autosomal recessive form
of inherited sideroblastic anemia occurs in both males
and females of affected families. Autosomal dominant
inheritance has also been reported. The abnormalities
that cause these anemias are not yet identified. Also,
Pearson’s syndrome, an inherited disorder caused by
abnormal mitochondria, is sometimes called sideroblas-
tic anemia with marrow cell vacuolization and exocrine
pancreatic dysfunction.

Acquired sideroblastic anemia

Acquired sideroblastic anemia often results from
prolonged exposure to toxins (such as acohal, lead, or
drugs), or nutritional imbalances (such as deficiency in
folic acid or copper or excess in zinc). Other causes may
be inflammatory disease, cancerous conditions, or kid-
ney, endocrine, or metabolic disorders. Acquired siderob-
lastic anemia sometimes surfaces in the context of a
myelodysplastic syndrome.

Removal of the toxin or treatment of the underlying
disease will reverse this type of sideroblastic anemia.

Acquired anemia is usually seen in patients over 65,
particularly in those cases associated with myelodyspla-
sia. The disorder can appear as early as the mid-fifties.

Genetic profile

Hereditary sideroblastic anemia is most commonly
inherited as an X-linked recessive trait.

Typical X-linked genetics

The following concepts are important to understand-
ing the inheritance of an X-linked disorder. All humans
have two chromosomes that determine their gender:
females have XX, males have XY. X-linked recessive,
also caled sex-linked, inheritance affects the genes
located on the X chromosome. It occurs when an unaf-
fected mother carries a disease-causing gene on at |east
one of her X chromosomes. Because femal es have two X
chromosomes, they are usually unaffected carriers. The
X chromosome that does not have the disease-causing
gene compensates for the X chromosome that does. For a
woman to show symptoms of the disorder, both X chro-
mosomes would need to have the disease-causing gene.
That is why women are less likely to show such symp-
toms than males.
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Heme—The iron-containing molecule in hemo-
globin that serves as the site for oxygen binding.

Hemochromatosis—Accumulation  of large

amounts of iron in the tissues of the body.

Hemoglobin—Protein-iron compound in the
blood that carries oxygen to the cells and carries
carbon dioxide away from the cells.

Mitochondria—Organelles within the cell respon-
sible for energy production.

Myelodysplasia—A bone marrow disorder that
can develop into aplastic anemia requiring bone
marrow or stem cell transplantation.

Nucleus—The central part of a cell that contains
most of its genetic material, including chromo-
somes and DNA.

Red blood cells—Hemoglobin-containing blood
cells that transport oxygen from the lungs to tis-
sues. In the tissues, the red blood cells exchange
their oxygen for carbon dioxide, which is brought
back to the lungs to be exhaled.

If a mother has a female child, the child has a 50%
chance of inheriting the disease gene and being a carrier
who can pass the disease gene on to her sons. On the
other hand, if a mother has a male child who inherits the
disease-causing gene, he will be affected and has a 100%
chance of passing the disease gene on to his children.
Since the geneis defective and in the XY state thereisno
normal gene, the singular flawed gene is expressed.

Genetics of X-linked sideroblastic anemia

The genetic abnormality that causes X-linked sider-
oblastic anemia is a mutation in the erythroid (red blood
cell) specific form of deltaaminolevulinate synthase
(ALAS2). ALAS2 isthefirst enzymein the heme biosyn-
thetic pathway and the mutation, when present, resultsin
the inability to transport the heme (iron) into the hemo-
globin, making it ineffective.

The ability to test for this genetic disorder has
improved diagnosis.

Demographics

X-linked sideroblastic anemia occurs in young men.
It may be seen in maternal uncles and male cousins of
men with the disorder.
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Anemia, sideroblastic X-linked

Autosomal transmitted forms of the disease may
occur in both men and women.

Hereditary sideroblastic anemia generally occurs
during the first three decades of life especialy during
adolescence, but it has been diagnosed in patients over 70
years old.

Signs and symptoms

General weakness, fatigue, dizziness, and difficulty
breathing are associated with the disorder. Exertion may
cause chest pains similar to angina.

The mucous membranes and skin of hands and arms
may be pale, possibly with a lemon-yellow cast.
Subcutaneous bleeding may occur, causing a brownish-
red effect.

Excess iron accumulation, known as hemochro-
matosis, accumulates over years in the bone marrow,
liver, heart, and other tissues. This progressive deposition
of toxic iron may result in an enlarged spleen or liver,
liver disease, diabetes, impotence, arthritic signs, and
heart disease, particularly cardiac arrhythmia.

Diagnosis
Using Prussian blue staining, sideroblasts are visible
under microscopic examination of bone marrow.

A blood test can indicate sideroblastic anemia.
Indicative laboratory results of an iron panel test include:

* High levels for serum iron, serum ferritin, and transfer-
rin iron saturation percentage.

e Low levels for total iron binding capacity and trans-
ferrin.

* Normal to high levels for serum transferrin receptor.

Additionally, other signs of sideroblastic anemia
include:

* Hemoglobin is generally less than 10.0g/dL.

« Hypochromic (reduced color) cells coexist with normal
cells.

« Stainable marrow and hemosiderin is increased.

* Ringed sideroblasts are visible with Prussian blue stain-
ing and observable under microscopic examination of
bone marrow.

* Red cell distribution width is increased.
« White blood cells and platelets are normal.

Treatment and management
The main objectivein treatment of X-linked siderob-

lastic anemia is to prevent the development of diabetes,
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cirrhosis, and heart failure from iron overload

(hemochromatosis).

X-linked sideraoblastic anemia often improves with
pyridoxine (vitamin Bg) therapy. Dosage is 50—-200 mg,
however, pregnant or nursing mothers may wish to limit
intake to 100 mg daily.

In cases of extreme anemia, whole red blood cell
transfusion may be required. Repeated whole red blood
cell transfusion, however, will contribute significantly to
existing iron burden in sideroblastic anemia patients. It
will likely require chelation therapy with desferrioxam-
ine (Desferal), a drug with iron chelating properties.
Desferrioxamine binds excess body iron and promotes
excretion by the liver and kidneys. It is administered by
intravenous infusion from a small portable pump. The
pump is worn nine to twelve hours daily, usualy at night
while sleeping. Side effects vary and include pain and
swelling at injection site.

Certain drugs are sometimes associated with
acquired sideroblastic anemia: progesterone (found in
oral contraceptives and hormone replacement therapy);
copper chelating drugs like trientine, which is used in
treating Wilson disease; and anti-tuberculosis drugs like
isoniazid (a type of antibiotic), among others. In other
cases, acquired sideroblastic anemiamay be secondary to
another disorder or disease. Other predisposing causes
may be inflammatory disease such as rheumatoid arthri-
tis, cancerous conditions such as leukemia and lym-
phoma, kidney disorders causing uremia, endocrine
disorders such as hyperthyroidism, and metabolic disor-
ders such as porphyria cutanea tarda. In these cases, it is
important to treat the primary disease or disorder in order
to reverse the anemia.

Development of leukemia is associated with the
acquired form of the disease, often first showing up in the
form of a myeloproliferative disorder. These disorders
are characterized by abnormal growth of bone tissue and
related cells

Prognosis

The disorder can often be kept in check with regular
medical supervision. Many individuals with X-linked
sideroblastic anemia require chronic transfusion to
maintain acceptable hemoglobin levels. Over alifetime,
problems related to iron overload, including congestive
heart failure and cirrhosis, can become life-threatening
issues.

Death can result from hemochromatosis (iron-over-
load) if the disease is untreated or if blood transfusions
are inadequate to account for the iron overload.
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1998.
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WEBSITES

Iron Disorders Institute. <http://www.irondisorders.org>.

National Center for Biotechnology Information.
<http://www.ncbi.nim.nih.gov>.
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I Anencephaly
Definition

Anencephaly isaletha birth defect characterized by
the absence of all or part of the skull and scalp and mal-
formation of the brain.

Description

Anencephaly is one of a group of malformations of
the central nervous system collectively called neural
tube defects. Anencephaly is readily apparent at birth
because of the absence of the skull and scalp and with
exposure of the underlying brain. The condition is also
called acrania (absence of the skull) and acephaly
(absence of the head). In its most severe form, the entire
skull and scalp are missing. In some cases, termed
“meroacrania’ or “meroanencephaly,” a portion of the
skull may be present. In most instances, anencephaly
occurs as an isolated hirth defect with the other organs
and tissues of the body forming correctly. In approxi-
mately 10% of cases, other malformations coexist with
anencephaly.
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KEY TERMS

Alpha-fetoprotein (AFP)—A chemical substance
produced by the fetus and found in the fetal circu-
lation. AFP is also found in abnormally high con-
centrations in most patients with primary liver
cancer.

Genetic profile

As an isolated defect, anencephaly appears to be
caused by a combination of genetic factors and environ-
mental influences that predispose to faulty formation of
the nervous system. The specific genes and environmen-
tal insults that contribute to this multifactorial causation
are not completely understood. It is known that nutri-
tional insufficiency, specifically folic acid insufficiency,
is one predisposing environmental factor and that muta-
tions of genes involved in folic acid metabolism are
genetic risk factors. The recurrence risk after the birth of
an infant with anencephaly is 3-5%. The recurrence may
be anencephaly or another neural tube defect, such as
spina bifida.

Demographics

Anencephaly occurs in al races and ethnic groups.
The prevalence rates range from less than one in 10,000
births (European countries) to more than 10 per 10,000
births (Mexico, China).

Signs and symptoms

Anencephaly is readily apparent at birth because of
exposure of al or part of the brain. Not only is the brain
malformed, but it is also damaged because of the
absence of the overlying protective encasement. In about
10% of cases of anencephaly, other malformations are
also present.

Diagnosis

Anencephaly is diagnosed by observation.
Prenatal diagnosis may be made by ultrasound exami-
nation after 12 to 14 weeks gestation. Prenatal diag-
nosis of anencephaly can also be detected through
maternal serum alpha-fetoprotein screening. The level
of alpha-fetoprotein in the maternal blood is elevated
because of the leakage of this fetal protein into the
amniotic fluid.

89

Ajeydasuauy



Angelman syndrome

NORMAL INFANT

Brain Stem

Diagram of Anencephaly

ANENCEPHALIC INFANT

Brain Stem

Infants born with anencephaly have either a severly underdeveloped brain or total brain absence. A portion of the brain
stem usually protrudes through the skull, which also fails to develop properly. (Gale Group)

Treatment and management

No treatment is indicated for anencephaly.
Affected infants are stillborn or die within the first few
days of life. The risk for occurrence or recurrence of
anencephaly may be reduced by half or more by the
intake of folic acid during the months immediately
before and after conception. Natural folic acid, a B
vitamin, may be found in many foods (green leafy veg-
etables, legumes, orange juice, liver). Synthetic folic
acid may be obtained in vitamin preparations and in
certain fortified breakfast cereals. In the United States,
all enriched cereal grain flours have been fortified with
folic acid.

Prognosis

Anencephaly is uniformly fatal at birth or soon
thereafter.

Resources

PERIODICALS

Czeizel,A. E., and |. Dudas. “ Prevention of the first occurrence
of neural tube defects by preconceptional vitamin supple-
mentation.” New England Journal of Medicine 327 (1992):
1832-1835.

Medica Research Council Vitamin Study Research Group.
“Prevention of neural tube defects: results of the Medical
Research Council vitamin study.” Lancet 338 (1991): 131-
137.
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Defects” Mental Retardation and Developmental
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March of Dimes Birth Defects Foundation. 1275 Mamaro-
neck Ave., White Plains, NY 10605. (888) 663-4637.
resourcecenter@modimes.org.  <http://www.modimes
.org>.

National Birth Defects Prevention Network. Atlanta, GA (770)
488-3550. <http://www.nbdpn.org>.

Roger E. Stevenson, MD

I Angelman syndrome
Definition
Angelman syndrome (AS) is agenetic condition that

causes severe mental retardation, severe speech impair-
ment, and a characteristic happy and excitable demeanor.

Description

Individuals with AS show evidence of delayed
development by 6-12 months of age. Eventually, this
delay isrecognized as severe mental retardation. Unlike
some genetic conditions causing severe mental retarda-
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tion, AS is not associated with developmental regres-
sion (loss of previously attained developmental mile-
stones).

Severe speech impairment isastriking feature of AS.
Speech is amost always limited to a few words or no
words at all. However, receptive language skills (listen-
ing to and understanding the speech of others) and non-
verbal communication are not as severely affected.

Individualswith AS have a balance disorder, causing
unstable and jerky movements. This typically includes
gait ataxia (a slow, unbalanced way of walking) and
tremulous movements of the limbs.

AS s also associated with a unique “happy” behav-
ior, which may be the best-known feature of the condi-
tion. This may include frequent laughter or smiling, often
with no apparent stimulus. Children with AS often appear
happy, excited, and active. They may a so sometimes flap
their hands repeatedly. Generally, they have a short atten-
tion span. These characteristic behaviors led to the origi-
nal name of this condition, the “Happy Puppet”
syndrome. However, this name is no longer used as it
is considered insensitive to AS individuals and their
families.
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Genetic profile

The genetics of AS are complex. There are at least
five different genetic abnormalitiesthat can cause the con-
dition, al of which involve a specific region of the chro-
mosome 15 inherited from the mother. This region is
designated 15g11-13 (bands 11 through 13 on the long
arm of chromosome 15). The fact that AS occurs only
when there are abnormalities in this region of the mater-
nal copy of chromosome 15 reflects a unique phenome-
non known as imprinting. Imprinting is a chemical
modification of DNA which acts as an “identification tag”
indicating which parent contributed the chromosome.
Imprinted genes or chromosome regions are expressed or
not expressed depending on which parent transmitted the
chromosome. Abnormalities in the paternaly inherited
15g11-13 region (from the father) cause a different
genetic condition caled Prader-Willi syndrome.

Chromosome deletion

The most common cause of AS is a small deletion
(missing piece) in the maternally inherited chromosome
15. Specifically, the deletion occurs within 15q11-13.
Approximately 70% of ASindividuals have this deletion.
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UBE3A mutation

In approximately 11% of AS cases, there is a muta-
tion within the maternally inherited UBE3A gene. All
the genetic mechanisms leading to AS appear to compro-
mise expression of this gene, which is located within the
15g11-13 region. This gene is considered to be the “crit-
ical gene’ responsible for AS, although its specific func-
tion is unknown.

Uniparental disomy

Some cases of AS result from inheritance of both
chromosomes in the 15 pair from the father, an unusual
genetic phenomenon known as uniparental disomy. In
this circumstance, there is no chromosome 15 from the
mother. Approximately 7% of AS cases result from this
mechanism.

Imprinting defect

Approximately 3% of AS cases result from an
imprinting defect on the maternally inherited chromo-
some 15. As noted above, imprinting is a chemical mod-
ification to the DNA which serves as a marker indicating
the parent of origin and controls gene expression. If there
is defective imprinting on the maternally inherited 15,
then the genes in the 15g11-15g13 region may not be
expressed, leading to AS.

Chromosome rearrangement

Rarely, AS may be caused by chromosomal breaks
that occur in the maternal inherited 15q11-13 region. The
breaks may occur as the result of a translocation (in
which two chromosomes break and exchange material)
or an inversion (in which a piece of achromosome breaks
and rejoins in the opposite orientation), or other distur-
bance of the chromosome structure involving the mater-
nal 15g11-15g13. This mechanism is responsible for
about 1% of AS cases.

Unknown mechanism(s)

In about 8% of individualswith AS, no genetic cause
can be identified. This may reflect misdiagnosis, or the
presence of additional, unrecognized mechanisms lead-
ing to AS.

Demographics

AS has been reported in individuals of diverse ethnic
backgrounds. The incidence of the condition is estimated
at 1/10,000 to 1/30,000.
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Signs and symptoms

Thefirst abnormalities noted in an infant with AS are
often delays in motor milestones (those related to physi-
cal skills, such as sitting up or walking), muscular hypo-
tonia (poor muscle tone), and speech impairment. Some
infants seem unaccountably happy and may exhibit fits of
laughter. By age 12 months, 50% of infants with AS have
microcephaly (asmall head size). Tremulous movements
are often noted during the first year of life.

Seizures occur in 80% of children with AS, usually
by three years of age. No mgjor brain lesions are typi-
cally seen on crania imaging studies.

The achievement of walking is delayed, usually
occurring between two-and-a-half and six years of age.
The child with AS typically exhibits a jerky, stiff gait,
often with uplifted and bent arms. About 10% of individ-
uals with AS do not walk. Additionally, children may
have drooling, protrusion of the tongue, hyperactivity,
and a short attention span.

Many children have a decreased need for sleep and
abnormal sleep/wake cycles. This problem may emerge
in infancy and persist throughout childhood. Upon awak-
ening at night, children may become very active and
destructive to bedroom surroundings.

The language impairment associated with AS is
severe. Most children with ASfail to learn appropriate and
consistent use of more than a few words. Receptive lan-
guage skills are less severely affected. Older children and
adults are able to communicate by using gestures or com-
muni cation boards (special devices bearing visual symbols
corresponding to commonly used expressions or words).

Some individuals with AS caused by a deletion of
the 15g11-g13 chromosomal region may have a lighter
skin complexion than would be expected given their fam-
ily background.

Diagnosis

The clinical diagnosis of AS is made on the basis of
physical examination and medical and developmental
history. Confirmation requires specialized laboratory
testing.

Thereisno single laboratory test that can identify all
cases of AS. Severd different tests may be performed to
look for the various genetic causes of AS. When positive,
these tests are considered diagnostic for AS.

DNA methylation studies

DNA methylation studies determine if the normal
imprinting pattern associated with the maternal

GALE ENCYCLOPEDIA OF GENETIC DISORDERS



(mother’s) copy of the number 15 chromosome is pres-
ent. The 150911-g13 region is differently methylated (or
“imprinted”) depending on which parent contributed the
chromosome. If an individual has adeletion of thisregion
on the maternal chromosome 15, paternal uniparental
disomy of the number 15 chromosomes (with no number
15 chromosome from the mother), or a defective imprint-
ing mechanism, DNA methylation studies will be abnor-
mal and indicate AS. This test detects the majority
(approximately 78%) of cases of AS. Additional studies
arethen required to determine which of these three mech-
anisms lead to AS development.

UBE3A mutation analysis

Direct DNA testing of the UBE3A gene is necessary
to detect cases of AS caused by mutations in this gene.
Cases of AS caused by UBE3A mutations usualy have a
normal imprinting pattern.

Fluorescent in situ hybridization (FISH)

FISH studies may be necessary to detect chromo-
some rearrangements that disrupt the 15911-g13 region
on the maternal copy of chromosome 15. The FISH
method is a special way of checking for the presence,
absence, or rearrangement of very small pieces of chro-
mosomes. FISH testing can also readily detect AS caused
by chromosome deletions, which account for approxi-
mately 70% of AS cases. FISH testing is often performed
following an abnormal methylation study to determine if
a chromosome deletion accounts for the abnormal
methylation pattern.

Treatment and management

There is no specific treatment for AS. A variety of
symptomatic management strategies may be offered for
hyperactivity, seizures, mental retardation, speech
impairment, and other medical problems.

The typical hyperactivity in AS may not respond to
traditional behavior modification strategies. Children
with AS may have a decreased need for sleep and a ten-
dency to awaken during the night. Drug therapy may be
prescribed to counteract hyperactivity or aid sleep. Most
families make special accommodations for their child by
providing a safe yet confining environment.

Seizures in AS are usually controllable with one or
more anti-seizure medications. In some individuas with
severe seizures, dietary manipulations may be tried in
combination with medication.
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Children with AS appear to benefit from targeted
educational training. Physical and occupational therapy
may improve the disordered, unbalanced movements typ-
ical of AS. Children with a severe balance disorder may
require special supportive chairs. Speech therapy is often
directed towards the development of nonverbal commu-
nication strategies, such as picture cards, communication
boards, or basic signing gestures.

Individuals with AS may be more likely to develop
particular medical problemswhich are treated accordingly.
Newborn babies may have difficulty feeding and specid
bottle nipples or other interventions may be necessary.
Gastroesophageal reflux (heartburn) may lead to vomiting
or poor weight gain and may be treated with drugs or sur-
gery. Constipation isafreguent problem and is treated with
laxative medications. Many individuals with AS have stra-
bismus (crossed eyes), which may require surgical cor-
rection. Orthopedic problems, such as tightening of
tendons or scoliosis, are common. These problems may
be treated with physical therapy, bracing, or surgery.

Prognosis

Individuals with AS have significant mental retarda-
tion and speech impairment that are considered to occur
in all cases. However, they do have capacity to learn and
should receive appropriate educational training.

Young people with AS typically have good physical
health aside from seizures. Although life span data are
not available, the life span of people with AS is expected
to be normal.

Resources
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American Academy of Child and Adolescent Psychiatry
39, no. 7 (July 2000): 931.

ORGANIZATION
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209, Westmont, IL 60559. (800) IF-ANGEL or (630)
734-9267. Fax: (630) 655-0391. Info@angelman.org.
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Ankylosing spondylitis

KEY TERMS

Ankylosis—Immobility of a joint due to the forma-
tion of new bone at the site of inflammation.

Cervicitis—Inflammation of the cervix.

Enthesitis—Inflammation at the place where the lig-
aments insert into the bone.

Enthesopathy—Disorder of the ligament attachment
to the bone.

HLA-B27—Stands for a specific form of human
leukocyte antigen, the proteins involved in immune
system function. Strongly associated with ankylos-
ing spondylitis.

Human leukocyte antigens (HLA)—Proteins that
help the immune system function, in part by help-
ing it to distinguish ‘self’ from ‘non-self’.

Magnetic resonance imaging (MRI)—A technique
that employs magnetic fields and radio waves to
create detailed images of internal body structures
and organs, including the brain.

Osteoporosis—Loss of bone density that can
increase the risk of fractures.

Psoriasis—A common, chronic, scaly skin disease.

Rheumatoid arthritis—Chronic, autoimmune dis-
ease marked by inflammation of the membranes
surrounding joints.

Rheumatoid factor—Antibodies present in the
majority of individuals with rheumatoid arthritis. A

I Ankylosing spondylitis
Definition

Ankylosing spondylitis (AS) is arelatively common
disease that causes inflammation of the area where liga-
ments and tendons insert into the bone. The inflamma-
tory process eventually leads to reduced mobility or
immobility of affected joints. Specific joints are charac-
teristically involved, notably in the spine and pelvis.

Description

Ankylosing spondylitis belongs to a group of disor-
ders called the seronegative spondyloarthropathies. Each
disease in this group is characterized by arthritis affect-
ing the spine, as well as the absence of rheumatoid fac-
tor, a diagnostic marker that is present in rheumatoid
arthritis and helps distinguish it from the group of dis-
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diagnostic marker for rheumatoid arthritis that is
absent from ankylosing spondylitis and other
seronegative spondyloarthopathies.

Sacroiliac joint—The joint between the triangular
bone below the spine (sacrum) and the hip bone
(ilium).

Sacroiliitis—Inflammation of the sacroiliac joint.

Sensitivity—The proportion of people with a dis-
ease who are correctly diagnosed (test positive
based on diagnostic criteria). The higher the sensi-
tivity of a test or diagnostic criteria, the lower the
rate of ‘false negatives,” people who have a disease
but are not identified through the test.

Specificity—The proportion of people without a
disease who are correctly classified as healthy or
not having the disease (test negative based on diag-
nostic criteria). The higher the specificity of a test or
diagnostic criteria, the lower the number of ‘false
positives,” people who don’t have a disease but who
‘test’ positive.

Spondyloarthritis (spondylitis)—Inflammatory dis-
ease of the joints of the spine.

Urethritis—Inflammation of the urethra.

Uveitis—Inflammation of all or part of the uvea,
which consists of the middle vascular portion of the
eye including the iris, ciliary body, and choroid.

easesthat includesAS. AS affects primarily the spine and
the sacroiliac joint where the spine meets the hips.
Progressive symptoms eventually result in fusion of these
joints, pain, and markedly decreased joint mobility. ASis
considered an autoimmune disease, meaning that symp-
toms are the result of the action of the immune system of
the body against its own tissues. Although the exact mode
of action is unknown, there is a strong association of AS
with a specific type of human leukocyte antigen, HLA-
B27. HLA are genetically-determined proteins that play
an important role in the functioning of the immune
response of the body, in that they enable the immune sys-
tem to distinguish between its own cellsand foreign cells.
Therefore, HLA typeisimportant in immunity, aswell as
organ and tissue transplantation.

Genetic profile

AS is considered a multifactorial disorder, or one
that is the result of both genetic and environmenta fac-
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tors interacting. Two genes have been identified that con-
fer susceptibility to AS, both of which are forms of an
HLA gene on chromosome 6. Some HLA types have
been implicated in various autoimmune diseases, mean-
ing diseases in which the immune system attacks the
body’s own cells and tissues.

The association of HLA B-27 and AS has been clearly
established. Ninety-five percent of individualswith AS are
B-27 positive, and since AS appears to be a dominant trait,
the presence of at least one B-27 dlele (aform of the gene)
confers a greatly increased chance of developing symp-
toms. While this population risk may seem relatively high,
it isimportant to realize that only about 9% of the popula-
tion carries the B-27 allele. Of these individuals who are
B-27 positive, only 2-8% will develop AS.

Other environmental and genetic factors most cer-
tainly contribute to development of the disease. This
becomes more evident when considering that B-27 posi-
tive individuals with an affected first-degree relative have
asignificantly higher chance of developing AS than a B-
27 positive individual with no family history. In families
with multiple affected members, studies estimate that no
more than half of AS recurrence is explained by HLA
type. Additionally, there are several B-27 subtypes that
have been studied; some confer susceptibility and some
do not. Importantly, about 5% of people with AS are B-
27 negative. Other environmental and/or genetic factors
must certainly be associated with disease in these indi-
viduals. Another HLA type—B-60—has also been
shown to confer susceptibility, although the association
appears to be much weaker and is not seen in all studies.
Certain infections are suspected as being necessary for
triggering AS in some individuals. In the future, addi-
tional susceptibility genes and environmental factors can
be expected to be identified.

Demographics

Approximately 0.25% to 1.5% of the population is
affected with AS. Prevalence of the disease is compara
ble to the frequency of the HLA B-27 allele in the popu-
lation, which varies among ethnic groups. Native North
Americans, Alaskan Eskimos, and Norwegian Lapps all
have relatively high levels of B-27 and AS. Low levels of
B-27 and AS occur among individuals of most types of
African ancestry, Australian aborigenes, and Native
South Americans. Generally, for every affected female,
there are 2-3 affected males.

GALE ENCYCLOPEDIA OF GENETIC DISORDERS

This 68-year old man has developed an outward curvature
of his spine as a result of ankylosing spondylitis. Decreased
mobility results as pain and stiffness of the joints between
spinal vertebrae progresses. (Photo Researchers, Inc.)

Signs and symptoms

The signs of ASvary, but atypical caseinvolves pro-
gressive lower back pain and morning stiffness. The
immune response at the point where the ligaments or ten-
dons insert into the bones initially causes bone inflam-
mation and fragility, followed by fibrosis, meaning the
formation of fiber tissue. The area reacts by forming new
bone, which eventualy fuses, limiting motion. AS can
also affect peripheral joints in a manner similar to other
types of arthritis. The vertebral joints of everyone with
AS are affected, and 50% of people will also have signif-
icant hip arthritis. Osteoporosis in advanced AS com-
monly results in fractures of the spine.

AS aso affects areas other than the bones and joints.
An eye complication called anterior uveitis, whichiseas-
ily treated and generally does not affect vision, develops
in 5-35% of people with AS. Rarely, the disease may
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Ankylosing spondylitis

affect the heart or aorta. Kidney failure is a rare compli-
cation. Lung function can be affected due to bone
changes that affect the mechanics of breathing.
Therefore, individuals with AS should refrain from
smoking to avoid early respiratory failure. Ninety percent
of affected individuals experience the first symptoms
before age 45. Males are more commonly affected than
females, who tend to be diagnosed later partly due to
milder symptoms.

Diagnosis

Diagnostic criteriawere established by the European
Spondyloarthropathy Study Group in the early 1990s. A
clinical diagnosis of AS requires the presence of spinal
pain caused by inflammation or inflammation of the
membrane surrounding the joints, which can be either
asymmetric or involving primarily the lower limbs. One
or more of the following conditions must also be present:

* Family history of AS

« Sacrailitis (inflammation of the sacroiliac joint) demon-
strated by x ray

« Acute diarrhea within one month before the appearance
of symptoms

* Inflammatory bowel disease

* Psoriasis (a scaly skin disease)

* Urethritis (inflammation of the urethra)
* Cervicitis (inflammation of the cervix)
« Alternating buttock pain

« Enthesopathy (disorder of the ligament attachment to
the bone)

This diagnostic description has close to an 87% sen-
sitivity, meaning that 87% of those with AS are picked up
using this description. Conversely, 13% of those with AS
will not be identified as having the disease based on this
description. The description has a specificity that is also
approximately 87%, meaning that 87% of the time a per-
son classified as having AS actually hasAS, as opposed to
another disease or no disease. Conversely, about 13% of
the time this description will incorrectly classify someone
who actually has a different disease as having AS.

This is a challenging diagnosis to make correctly.
Testing for HLA B-27 can improve diagnosis by
confirming specificity. In other words, when it looks
like someone has AS based on the above description of
conditions, a positive B-27 test will make the physician
more certain that person is a true positive for AS. As
imaging of the sacroiliac joint improves through the use
of a technology called magnetic resonance imaging
(MRYI), diagnosis of AS may also improve. Although,
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diagnosing a person with AS prior to the development
of signs seen on x ray or MRI will continue to be very
difficult.

Treatment and management

Phyical therapy plays a major role in maintaining
flexibility, range-of motion, posture, and ultimately
mobility. Surgery can improve joint function, as well as
minimize associated pain, which may be treated with
nonsteroidal anti-inflammatory medications. Other med-
ications—sulfasalazine and methotrexate—can provide
some relief for periphera arthritis. Cycloplegics (med-
ications that paralyze the ciliary muscle of the eye) and
local steroids are effective at treating anterior uveitis.
Rare complications are treated depending on their symp-
toms. Avoidance of smoking is encouraged to maintain
lung function.

Prognosis

For most affected individuals, treatment and man-
agement is successful at maintaining quality of life.
Quality can be significantly impacted, however, for the
occasional individual with a severe, progressive course of
the disease. Vision can be affected in some individuals
with anterior uveitis that is not responsive to treatment,
but this is rare. The rare complication of kidney failure
can limit life-expectancy, as can respiratory failure that
may result from smoking.
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KEY TERMS

Amniocentesis—A procedure performed at 16-18
weeks of pregnancy in which a needle is inserted
through a woman’s abdomen into her uterus to
draw out a small sample of the amniotic fluid from
around the baby. Either the fluid itself or cells from
the fluid can be used for a variety of tests to obtain
information about genetic disorders and other med-
ical conditions in the fetus.

Cleft palate—A congenital malformation in which
there is an abnormal opening in the roof of the
mouth that allows the nasal passages and the mouth
to be improperly connected.

Craniofacial —Relating to or involving both the
head and the face.

Dermatologist—A physician that specializes in dis-
orders of the skin.

Fontanelle—One of several “soft spots” on the skull
where the developing bones of the skull have yet to
fuse.

Hypoplasia—Incomplete or underdevelopment of a
tissue or organ.

Mandible—Lower jaw bone.

Mutation—A permanent change in the genetic

Anxiety neurosis see Panic disorder

I Apert syndrome
Definition

Premature closure of the skull bonesleading to facial
distortion with an usually tall skull and fusion of the fin-
gers and toes, known as syndactyly, are the major fea-
tures of Apert syndrome (AS). Another name for this
disorder is acrocephalysyndactyly.

Description

A French physician, E. Apert, first reported in 1906
the syndrome that bears his name. He detailed the skull
malformation, midface hypoplasia (underdevelopment)
and the hand abnormalities. The hand appears mitten-
shaped because of the finger fusion. Intelligence varies
from normal to severe mental retardation.

GALE ENCYCLOPEDIA OF GENETIC DISORDERS

material that may alter a trait or characteristic of an
individual, or manifest as disease, and can be trans-
mitted to offspring.

Ophthalmologist—A physician specializing in the
medical and surgical treatment of eye disorders.

Orthodontist—Dentist who specializes in the cor-
rection of misaligned teeth.

Otolaryngologist—Physician who specializes in the
care of the ear, nose, and throat and their associated
structures.

Psychologist—An individual who specializes in the
science of the mind.

Sleep apnea—Temporary cessation of breathing
while sleeping.

Speech therapist—Person who specializes in teach-
ing simple exercises to improve speech.

Suture—"Seam” that joins two surfaces together.

Syndactyly—Webbing or fusion between the fingers
or toes.

Ultrasound—An imaging technique that uses sound
waves to help visualize internal structures in the
body.

Genetic profile

Apert syndrome (AS) is an autosomal dominant dis-
order, meaning a person only has to inherit one non-
working copy of the gene to manifest the condition. In
most cases, AS is sporadic, meaning that the parents are
usually unaffected but a fresh mutation or gene change
occurring in the egg or sperm was passed onto the
affected child. For these families the chance to have
another affected child is very low. An affected parent has
a 50% chance of passing on the abnormal gene to their
child, who will then also have Apert syndrome.

Two unique mutations in the fibroblast growth factor
receptor 2 (FGFR2) gene located on chromosome 10
were discovered in 1995. This gene directs the develop-
ment of bone formation. When parental studies were per-
formed, genetic researchers determined that the father
passed on the gene causing AS and was usually older
than 30 years. No explanation has been found for this
unusual finding.

After comparing the physical findings with gene
mutations causing AS, researchers noted that one muta-
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Apert syndrome

Webbing of the feet is a characteristic sign of Apert
syndrome. (Custom Medical Stock Photo, Inc.)

tion resulted in a much more improved facial appearance
after corrective surgery. The other mutation produced a
more severe form of syndactyly.

Demographics

Apert syndrome has been estimated to occur in one
of every 60,000 to 160,000 births. All races and both
sexes are equally affected.

Signs and symptoms

At birth the craniofacia (pertaining to the skull and
face) appearance is striking. Early or premature closure
of the skull sutures (layer of fibrous tissue connecting the
skull bones) makes the skull grow taller than normal with
a short distance from the front to the back of the head.
Alwaysit isthe coronal suture connecting the frontal and
parietal bonesthat fuses early. The buildup of pressure on
the brain is minimal because the fontanelles, or soft
spots, and midline of the skull remain open. Due to the
small space within the eye sockets, the eyeballs bulge
outwards and to the side. Also, the eyelids have a down-
ward slant and cannot completely close.

From the middle of the eye sockets to the upper jaw,
the face is sunken in or concave when viewed from the
profile. Thismidfacial hypoplasia causes the upper jaw to
slope backward pushing the lower teeth in front of the
back teeth.

The mouth area has a prominent mandible (lower
jaw), down-turned corners, high arched palate, cleft
palate (an opening in the roof of the mouth), crowded
upper teeth, poor contact between the upper and lower
teeth, and delayed tooth eruption.

Syndactyly of the fingers and toes involves not only
soft tissues but aso the bones, nerves, and tendons.
Flexing of the fingers and toes after the first digit is not

98

usualy possible. The thumb can be unattached or fused
to the other fingers. Also, the other fingers may or may
not be fused to each other in varying degrees. Fusion of
the toesis less worrisome. Correction only becomes nec-
essary when walking is difficult.

Most children with AS are noisy breathers. The nose
and airways leading to the lungs are smaller than usual.
These narrow passageways probably make breathing
more difficult. At night if breathing is troublesome, sleep
apnea can occur. This stoppage of breathing while sleep-
ing deprives the brain and body of oxygen. Mental
impairment can occur as aresult of oxygen deprivation.

Excessive sweating is often seen. Researchers do not
know why the sweat glands are overactive. As the chil-
dren reach puberty, they develop excessive acne. A skin
specialist or dermatologist can help to control it.

The height and weight of children with ASisusually
normal. However, their learning ability can be affected. A
small number of children with Apert syndrome will have
a normal level of intelligence while the majority will
have some degree of mental retardation.

Diagnosis

During the newborn period most babies will be diag-
nosed after a geneticist examines them. This doctor spe-
cializes in diagnosing and explaining hereditary
conditions. The unusua facial features and hand syn-
dactyly are unique to AS. Testing for the mutations
known to cause AS should be arranged. If a mutation is
found, then the diagnosis can be made. When a mutation
is not found, the physical findings aone can support the
diagnosis.

Occasionaly during an ultrasound examination a
fetus shows characteristics suggesting AS. This examina-
tionisbest done after 16 weeks of pregnancy. Ultrasound
is the use of sound waves to create a real time image of
the fetus. Unlike x rays, ultrasound is not dangerous and
the fetus can be examined for size, viability, and birth
defects.

An experienced physician or ultrasound technician
performing the examination may detect the caved in pro-
file and syndactyly. More than one examination may be
necessary to confirm the findings. If ASis suspected then
genetic testing can be offered during the pregnancy. The
pregnant woman can undergo an amniocentesis to
obtain fetal cells that can be analyzed for the mutations
causing AS. Amniocentesis is the removal of amnictic
fluid that surroundsthe fetus by a needle inserted through
the uterus. Results may take aslong as 4 weeks.
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Treatment and management

The best treatment for AS begins at birth with the
correct diagnosis. To provide better care, a craniofacial
team should be involved. With the team approach all the
specialists are in one center to minimize the number of
appointments and corrective surgeries. More important,
this team consists of specialists who understand the
complex problems of AS and the family’s concerns.
Included on this team are a craniofacial surgeon, neuro-
surgeon, otolaryngologist (specialist of the ears, nose,
and throat), ophthalmologist (eye specialist), orthodon-
tist, speech therapist, and psychologist. A pediatric
nurse, geneticist or genetic counselor, and social worker
may also be part of the team during the first few years
of the child’s life. Many major medical centers will
have a craniofacial team or the family can be referred to
one.

Working together the craniofacial surgeon and neu-
rosurgeon perform the multiple surgeries to reshape the
tower skull. They reopen the prematurely closed sutures
between the skull bones and then pull the front of the
skull forward to create space within it and enlarge the eye
orbits. Average age for these operations is about 4-8
months.

From ages five to nine the child will undergo a sur-
gical procedure caled a midface advancement. This
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technique will correct the concave profile that becomes
pronounced because the upper and lower face grow nor-
mally while the middle of the face grows slowly.
Corrective facial surgeries continue until the early adult
years when growth is finally completed.

The neurosurgeon may perform the operations to
unfuse and straighten the fingers. However, a completely
normal hand cannot be created.

Frequent ear infections can decrease a child's hear-
ing level. The otolaryngologist can monitor the hearing.
Sometimestiny plastic tubes are placed in the ears to pre-
vent hearing loss from repeated infections.

The abnormal placement of the eyes and its muscles
can sometimes prevent a child from looking straight
ahead with both eyes. An ophthalmologist should exam-
ine the eyes regularly and correct a muscle imbalance of
the eyes with surgery.

An orthodontist (dentist who specializes in correct-
ing misaligned teeth) monitors the teeth because the
abnormal jaw structure causes poor development and
placement. An oral surgeon may correct the misalign-
ment of the teeth. Proper positioning of the teeth
improves speech and facial appearance.

Speech and language delay can result from
decreased hearing and an unusua jaw shape. A speech
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Arginase deficiency

therapist works with the child to develop language skills
through simple exercises.

The facia appearance of Apert syndrome can have a
devastating emotional effect on the child and family.
Support from apsychologist (aspecialist in science of the
mind) can help the child develop a positive self-image
and help parents cope with feelings of guilt. Often par-
ents will blame themselves for a child’s condition even if
they in no way caused it or could have prevented it. The
multiple doctors' visits and surgeries can create undue
stress as well.

During the many hospitalizations, a pediatric nurse
will care for the child. This nurse has received special-
ized training in the treatment of children with craniofa-
cial disorders. Also, the nurse may introduce the child to
the hospital.

Diagnosis of Apert syndrome will usualy be made
by the geneticist. The family will discuss with the genetic
counselor how AS is inherited and the chance for future
children to be affected.

Having a child with AS can place a tremendous
financial strain on the family. A social worker gives the
family important information about medical coverage.
This person can aso help coordinate medical care and
special education services.

Prognosis

Many factors affect the prognosis of a child withAS.
The age at which the first surgery takes place to create
spaces between the skull bones is important. Mental
retardation can result from the buildup of pressure on the
brain. Having a supportive, loving family environment
increases the chances for normal development. Children
with complex medical problems who lack a supportive
setting often have delayed mental, social, and emotional
development.

Although the hands will never be completely nor-
mal, surgeries to separate and straighten the fingers can
be done. Tasks such as writing and manipulating buttons
will be difficult. Adaptive devices in school and home
will alow for more independence. Separation of the toes
usually does not improve walking but may improve the
child’s self image.

Persons with AS who have a normal intelligence
level can have full, productive lives. Vocational training
will help those with borderline intelligence.
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I Arginase deficiency
Definition

Arginase deficiency isan inborn error of metabolism
that results from a defect in the urea cycle. Thiscycleis
aseries of hiochemical reactionsthat occur inthe body in
order to remove ammonia from the bloodstream.

Description

During normal cellular function, proteins are broken
down into nitrogen waste products and put into the blood
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stream as ammonia. The urea cycle transforms this toxin
into urea, which can be safely removed by the kidneys as
urine. Lack of an enzyme from the urea cycle, such as
arginase, can result in the buildup of toxins in the body.
There are six diseases that belong in the group of urea
cycle disorders. Arginase is thought to be the rarest of
these disorders.

The enzyme arginase is the last step of the urea
cycle, where it turns arginine into ornithine and urea. If
aperson is born with arginase deficiency then they build
up arginine in their blood. This is called argininemia.
Since earlier steps in the urea cycle are left intact,
patients may or may not build up ammoniain the blood.
Commonly, the build up of arginine presents as a central
nervous system disease or developmental delay in young
children.

Genetic profile

Arginase deficiency is an autosomal recessive trait.
Thus, both parents of an affected child would have to be
carriers of the gene. There are two genetically distinct
arginases in the human body. The arginase that is
expressed in the liver and in red blood cellsisthe one that
islost in arginase deficiency. This gene has been mapped
to the long arm of chromosome 6, specifically 6¢23.
Twenty different mutations have been found in patients
with the disease.

Demographics

Like other autosomal recessive diseases, arginase
deficiency remains rare. The first signs of this disease
tend to occur while the patient is still very young. A child
may have a normal birth, infancy, and may not show any
signs of the disease for quite afew years. Thereisno gen-
der or racia difference (men and women are both as
likely to have the disease), but its absolute incidence rate
cannot be known, due its rarity and the lack of statistics.
Its incidence is well below one per 200,000.

Signs and symptoms

The onset of this disease tends to be subtle. While
the first symptoms of this disease show up while the
patient is still a baby, some infants are said to be normal
before beginning to have the symptoms. In many cases,
the disease is not found at first, and the child islabeled as
having ‘cerebral palsy’ (a genera term for neurologic
problems that result in atered devel opment—often start-
ing a birth). The symptoms include: loss of normal
developmental milestones (the child does not perform
tasks at the usual age—walking and speaking, for exam-
ple); poor feeding; not being able to eat proteins (i.e. a
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KEY TERMS

Autosomal recessive—A pattern of genetic inheri-
tance where two abnormal genes are needed to
display the trait or disease.

Urea cycle disorder—A disease caused by a lack
of the enzyme that removes ammonia from blood.

high protein meal makes symptoms worse); fussy behav-
ior; lessened alertness, choreoathetotic movements
(strange, uncontrollable writhing movements of limbs);
spasticity of lower limbs (weakness and stiffness of legs);
incoordination; tremors; selzures; and mental retardation.
Affected children may also have an enlarged liver from
the buildup of toxins.

Diagnosis

Diagnosis is made after children present with symp-
toms. The illness should be thought for children who
have both a developmental delay and stiffness of the
ankles and legs that interfere with walking. It should also
be thought of anytime that other urea cycle disorders are
considered. The lab test of choice isto measure arginase
activity in red blood cells. If patients are truly deficient
then they will have below normal activity levels. In
patients in which there is a high chance of disease and
only mildly elevated levels of arginine in the blood, more
testing should be done. In other urea cycle disorders,
patients tend to have hyperammonemia (a high amount of
ammonia in the blood), but in arginase deficiency the
ammonialevelsarerarely raised. No prenatal diagnosisis
currently done. If patients have one child with this dis-
ease, then they can be counseled about risk of disease in
future children. Since this disease is inherited in an auto-
somal recessive pattern, each time carrier parents have a
child there is a 25% chance that they will have an
affected child.

Treatment and management

Treatment of arginase deficiency is similar to treat-
ment methods for other urea cycle disorders. One would
want to decrease, as much as one could, the amount of
arginine that is building up. This is done through control
of protein intake in foods. Arginine is one of the twenty
amino acids that make up proteins, and if its intake is
stopped, then the amount that can build up in a patient
will be lessened. Supplements of essential amino acids
(amino acids that cannot be made by the body and must

101

Aouayap aseuiiy



Arnold-Chiari malformation

be obtained through food) are given so that children do
not become ill from malnourishment.

Other symptoms can also be controlled. For exam-
ple, patients who have seizures should be treated with
an anti-seizure medication. Also, physical therapy can
be helpful for patients with stiff legs and problems
walking.

Prognosis

The long-term effects of arginase deficiency are bet-
ter than that for other urea cycle disorders. With proper
food intake, children can have much milder symptoms.
Often, though, the disease is not found until after severe
problems have occurred. Data about patients that live
until they are adultsislimited, but many cases of patients
living through teenage years have been reported. Hence,
prognosis is clearly related to how early the disease can
be found. This means that it is a very good idea for chil-
dren to get tested when this group of symptoms are
present.
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Metabolic Disease” eMedicine. <http://www.emedicine
.com/ped/GENETICS AND_METABOLIC_DISEASE
.htm.>.

Benjamin M. Greenberg

Arginiemia see Arginase deficiency

I Arnold-Chiari malformation
Definition

Arnold-Chiari malformation is a rare genetic disor-
der. In this syndrome, some parts of the brain are formed
abnormally. Malformations may occur in the lower por-
tion of the brain (cerebellum) or in the brain stem. As of
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2001, doctors are not sure of the cause of Arnold-Chiari
malformation.

Description

A German pathologist named Chiari was thefirst to
describe Arnold-Chiari malformation in 1891.
Normally, the brain stem and cerebellum are located in
the posterior fossa, an area at the base of the skull
attached to the spinal cord. In Arnold-Chiari malforma-
tion, the posterior fossa does not form properly.
Because the posterior fossa is small, the brain stem,
cerebellum, or cerebellar brain tissues (called the cere-
bellar tonsils) are squeezed downward through an open-
ing at the bottom of the skull. The cerebellum and/or the
brain stem may extend beyond the skull or protrude into
the spinal column. The displaced tissues may obstruct
the flow of cerebrospinal fluid (CSF), the substance that
flows around the brain and spinal cord. CSF nourishes
the brain and spinal cord.

Although this malformation is present at birth, there
may not be any symptoms of a problem until adulthood.
For this reason, Arnold-Chiari malformation is often not
diagnosed until adulthood. Women have a higher inci-
dence of this disorder than men.

Other names for Arnold-Chiari malformation are
Chiari malformation, Arnold Chiari syndrome, herniation
of the cerebellar tonsils, and cerebellomedullary malfor-
mation syndrome. When doctors diagnose Arnold-Chiari
malformation, they classify the malformation by its
severity. An Arnold-Chiari | malformation is the least
severe. In an Arnold-Chiari | maformation, the brain
extends into the spinal canal. Doctors measure the length
of brain stem located in the spinal canal to further define
the malformation.

An Arnold-Chiari 1l maformation is more severe
than an Arnold-Chiari |. It is almost always linked with a
type of spina bifida. A sac protrudes through an abnormal
opening in the spinal column. The sac is cdled a
myelomeningocele. It may be filled with part of the spinal
cord, spinal membranes, or spinal fluid. Unlike many
cases of Arnold-Chiari | maformation, Arnold-Chiari I
malformation is diagnosed in childhood. Doctors have
identified Arnold-Chiari Il and 1V maformations, but
they are very rare.

Arnold-Chiari malformations may occur with other
conditions. There may be excessive fluid in the brain
(hydrocephalus), opening in the spine (spina bifida), or
excessive fluid in the spinal cord (syringomyelia), but
many people with Arnold-Chiari malformations do not
have other medical problems.
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Genetic profile

As of 2001, doctors had not yet found the gene
responsible for Arnold-Chiari malformations. There has
not yet been a study that shows whether or not this dis-
order is inherited, but there are reports of several fami-
lies where more than one family member has a
Arnold-Chiari malformation.

Scientists do not know what causes Arnold-Chiari
malformations. One hypothesis is that the base of the
skull is too small, forcing the cerebellum downward.
Another theory focuses on overgrowth in the cerebellar
region. The overgrowth pushes the cerebellum downward
into the spinal canal.

Demographics

Arnold-Chiari malformations are rare. As of 2001,
there is no datathat shows the incidence of Arnold-Chiari
malformations. Arnold-Chiari malformations are the
most common type of maformation of the cervico-
medullary junction, the area where the brain and spine
connect. About one percent of live newborns have a mal-
formation in the cervico-medullary junction.

Signs and symptoms

Some people with Arnold-Chiari | maformations
have no symptoms. Typically, with an Arnold-Chiari |
malformation symptoms appear as the person reaches the
third or fourth decade of life. Symptoms of this disorder
vary. Most symptoms arise from the pressure on the cra-
nial nerves or brain stem. The symptoms may be vague or
they may resemble symptoms of other medical problems,
so diagnosis may be delayed.

One of the most common symptoms of Arnold-
Chiari malformations is a headache. The headache gen-
eraly begins in the neck or base of the skull and may
radiate through the back of the head. Coughing, sneezing,
or bending forward may bring on these headaches. The
headaches can last minutes or hours and may be linked
with nausea.

There may be pain in the neck or upper arm with
Arnold-Chiari malformations. Patients often report more
pain on one side, rather than equal pain on both sides.
There may also be weakness in the arm or hand. Patients
may also report tingling, burning, numbness, or pins and
needles. Balance can be affected as well. A person may
be unsteady on their feet or lean to one side.

Some people with Arnold-Chiari malformation may
have difficulty swallowing. They may say that food
‘catches’ in their throat when they swallow. Another
common complaint linked with Arnold-Chiari malforma-
tions is hoarseness.
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Cerebrospinal fluid—Fluid that circulates through-
out the cerebral ventricles and around the spinal
cord within the spinal canal.

Cervico-medullary junction—The area where the
brain and spine connect.

Hydrocephalus—The excess accumulation of
cerebrospinal fluid around the brain, often causing
enlargement of the head.

Magnetic Resonance Imaging (MRI)—A technique
that employs magnetic fields and radio waves to
create detailed images of internal body structures
and organs, including the brain.

Myelomeningocele—A sac that protrudes through
an abnormal opening in the spinal column.

Posterior fossa—Area at the base of the skull
attached to the spinal cord.

Spina bifida—An opening in the spine.

Syringomyelia—Excessive fluid in the spinal cord.

People with Arnold-Chiari malformations may have
visua problems, including blurred vision, double vision,
or blind spots. There may be bobbing of the eyes.

Diagnosis

A Arnold-Chiari maformation is diagnosed with
magnetic resonance imaging (MRI). An MRI uses mag-
netism and radio waves to produce a picture of the brain
and show the crowding of the space between the brain
and spina cord that occurs with Arnold-Chiari malfor-
mations. In addition to an MRI, patients will also have a
thorough neurologic examination.

Treatment and management

The recommended treatment for an Arnold-Chiari |
malformation is surgery to relieve the pressure on the
cerebellar area. During the surgery, the surgeon removes
asmall part of the bone at the base of skull. This enlarges
and decompresses the posterior fossa. This opening is
patched with a piece of natural tissue. In some people
with Arnold-Chiari malformation, displaced brain tissue
affects the flow of cerebrospinal fluid. Doctors may eval-
uate the flow of cerebrospinal fluid during surgery for
Arnold-Chiari malformation. If they find that brain tissue
is blocking the flow of cerebrospinal fluid, they will
shrink the brain tissue during surgery.

103

uonjew.iojew Liely)-pjouty



Arthrogryposis multiplex congenita

Normal

Downward displacement
and hypoplasia of
cerebellum

Obliteration of
cisterna magna

Affected

A characteristic change that occurs in patients with Arnnold-Chiari syndrome, type Il, is the downward positioning of the
cerebellum. This displacement destroys the area of the cisterna magna. (Gale Group)

Prognosis

Long-term prognosis for persons with Arnold-Chiari
I malformations is excellent. Full recovery from surgery
may take several months, during that time, patients may
continue to experience some of the symptoms associated
with Arnold-Chiari malformations. Prognosis for Arnold-
Chiari 1l malformations depends on the severity of the
myelomeningocele and will be equivalent to that of spina
bifida.
Resources

ORGANIZATIONS

American Syringomelia Project. PO Box 1586, Longview,
Texas 75606-1586. (903)236-7079.

National Organization for Rare Disorders (NORD). PO Box
8923, New Fairfield, CT 06812-8923. ((203) 746-6518 or
(800) 999-6673. Fax: (203) 746-6481. <http://www
.raredisease.org>.

World Arnold-Chiari Malformation Association. 31 Newton
Woods Road, Newton Square, Philadelphia, PA19073.
<http://presenter.com?~wacma/milhorat.htm>.

LisaA. Fratt

Arteriohepatic dysplasia (AHD) see Alagille
syndrome

104

I Arthrogryposis multiplex
congenita

Definition

Arthrogryposis multiplex congenita (AMC) isaterm
used to describe the presence of two or more (multiplex)
joint contractures (arthrogryposis) present at birth (con-
genita). A joint contracture is a limitation of the normal
range of motion of ajoint.

Description

Thereare at least 21 recognized forms of AMC. Ten of
these fall into a category called the distal arthrogryposes.
Four of these are syndromes that include AMC as a set of
symptoms. Each involves at least two joint contractures
evident from birth. None of the AMC disorders are pro-
gressive, meaning the symptoms do not worsen with age.

Distal arthrogryposes (DAS) are all characterized by
contractures of the fingers and toes. Each type can be dis-
tinguished by specific characteristics:

* Type 1la DA: club feet that point inward and down (tal-
ipes equinovarus).

* Type 2 DA: down slanting of the opening between the
upper and lower eyelids (palpebral fissures), a small
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mouth with pursed lips and malformations of the nose
that cause awhistling appearance upon breathing, a cur-
vature of the spine (scoliosis), and some instances of
mild developmental retardation. Type 2b DA, is charac-
terized by those characteristics of type 2 DA accompa-
nied by earlobes that are attached to the skin of the face
and a permanent bending (flexion) of one or more fin-
gers (camptodactyly).

» Type 3 DA: talipes equinovarus, camptodactyly, short
stature, and vertebral abnormalities.

e Type 4 DA: short stature, an abnormally short neck,
immobile facial expressions, camptodactyly, and the
lack of the normal prominent creases (flexion creases)
on the palms of the hands.

» Type 5 DA: contractures of the arms and legs, limited
eye movement, deep set eyes, and abnormal coloring of
the retina of the eye.

» Type 6 DA: camptodactyly, an abnormally small head
(microcephaly), and hearing loss caused by an abnor-
mality of the auditory nerve (sensorineural hearing 10ss).

* Type 7 DA: camptodactyly when an affected individual
attempts to open the hand, short stature, abnormally
short muscles in the legs, and an inability to open the
mouth completely (trismus).

» Type 8 DA: contractures of the wrist and/or ankles,
short stature, and scoliosis.

* Type 9 DA: lack of muscle tone and development,
abnormally low shoulder-to-shoulder width to body
height ratio (marfanoid habitus), severe outward curva
ture of the spine in the neck and upper back (kyphosco-
liosis), and contractures of the hips and shoulders.

The most serious forms of DA are types 6 and 9.

Signs and symptoms

The four syndromes that include arthrogryposis as a
set of symptoms are cerebroocul ofacioskeletal syndrome,
adducted thumb-clubfoot syndrome, Saethre-Chotzen
syndrome, and arthropathy-camptodactyly-pericarditis
syndrome. Cerebroocul ofacioskeletal (COFS) syndromeis
characterized by an abnormally small head (micro-
cephaly), a lack of muscle tone (hypotonia), eye defects,
abnormally large ears and nose, a receding chin (microg-
nathia), and kyphoscoliosis. Adducted thumb-clubfoot
syndrome is characterized by clubfoot (equinovarus tal-
ipes), clasped (adducted) thumbs, abnormally long fingers
and toes (arachnodactyly), a prominent forehead, and psy-
chomotor delay. Saethre-Chotzen syndrome is character-
ized by flattened facia features, wide set eyes
(hypertelorism), abnormalities of the skull (craniosyno-
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KEY TERMS

Amniotic fluid—The fluid which surrounds a
developing baby during pregnancy.

Amyoplasia—The mildest form of arthrogryposis
muliplex congenita, characterized by sporadic
and recurrent contractures of the wrists, elbows,
and knees; club feet, and an abnormal internal
rotation of the shoulders.

Arthrogryposis—Abnormal joint contracture.

Camptodactyly—An abnormal permanent bend-
ing of one or more fingers or toes.

Cell—The smallest living units of the body which
group together to form tissues and help the body
perform specific functions.

Contracture—A tightening of muscles that pre-
vents normal movement of the associated limb or
other body part.

Distal arthrogryposis—A disorder characterized
by contractions of the muscles in the hands.

Flexion—The act of bending or condition of being
bent.

Flexion creases—The lines present on the palms of
the hands and the soles of the feet from normal
bending of these body parts. Some individuals
affected with arthrogryposis lack these characteris-
tic lines.

Inheritance pattern—The way in which a genetic
disease is passed on in a family.

Marfanoid habitus—An abnormally low weight to
height ratio that is sometimes seen in extremely
tall and thin people.

Neurologic—Pertaining the nervous system.

Palpebral fissures—The opening between the
upper and lower eyelids.

Scoliosis—An abnormal, side-to-side curvature of
the spine.

Talipes equinovarus—A type of clubfoot charac-
terized by a downward and inward pointing foot.

Trisomy 18—A chromosomal alteration where a
child is born with three copies of chromosome
number 18 and as a result is affected with multiple
birth defects and mental retardation.

Ultrasound evaluation—A procedure which
examines the tissue and bone structures of an indi-
vidual or a developing baby.
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Arthrogryposis multiplex congenita

stosis), abnormalities of the eyes, partially fused fingers or
toes (syndactyly), congenital heart defects, and contrac-
tures of the elbows and knees. Arthropathy-camptodactyly-
pericarditis syndrome is characterized by contractures of
the elbows, wrists, and fingers, an abnormally elevated
generdized dtiffness upon waking; arthritis of the hips,
shoulders, elbows, and knees; and, inflammation of the
membranous sac that protects the heart (pericarditis).

The other forms of AMC include three relatively
common forms: X-linked arthrogryposis, neurogenic
arthrogryposis, amyoplasia; and four extremely rare
forms that may or may not represent distinct disorders:
spondylospinal thoracic dysostosis, Jarcho-Levin syn-
drome, prenatal growth retardation with pelvic hypolasia
and arthrogryposis in the lower limbs, and lethal congen-
ital contracture syndrome.

X-linked arthrogryposisis generally mild and affects
only the legs. Neurogenic arthrogryposisisalso relatively
mild and affects only the elbows and the knees.
Amyoplasia is the mildest form of arthrogryposis; it is
generally sporadic in appearance. Amyoplasia is charac-
terized by contractures of the wrists, elbows, and knees;
club feet, and an abnorma interna rotation of the
shoulders.

Spondylospina thoracic dysostosis is characterized
by a short, curved spine; a short neck; malformations of
the bones of the mouth; abnormal ribs, and congenital
heart defects. Jarcho-Levin syndrome is characterized by
many of the same characteristics of spondylospina tho-
racic dysostosis. These two disorders differ only in the
presence of afusion of certain spina vertebrae in spondy-
lospinal thoracic dysostosis that has not been observed in
Jarcho-Levin syndrome. Prenatal growth retardation with
pelvic hypoplasia and arthrogryposis in the lower limbs
has only been described in apair of sisters and four males
and one female, al of whom were siblings. It seems
likely that this disorder is one of the distal arthrogry-
poses. Lethal congenital contracture syndrome almost
inevitably leads to prenatal death prior to week 32 of ges-
tation. It appears to be a unique variant of AMC.

Genetic profile

Various forms of arthrogryposis have been traced to
avariety of gene mutations. Type 1a DA has been linked
asanon-sex linked (autosomal) dominant trait caused by
amutation on the short arm of chromosome 9 at location
9p21-g21. Type 2 DA has not been localized to a partic-
ular chromosome and it is not clear how this disorder is
transmitted. Type 2b DA has been linked to an autosomal
dominant trait caused by a mutation on a gene localized
to the short arm of chromosome 11, specifically 11p15.5.
Types 3, 4,5, 6, 7, and 8 DA have also not been localized
to specific genes, but are presumed to be autosomal dom-
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inant traits. Type 8 DA may also be transmitted as a
recessive or an X-linked disorder. Type 9 DA has been
linked to an autosomal dominant gene on the long arm of
chromosome 5, localized to 5023-g31.

Cerebrooculofacioskeletal syndrome is an autoso-
mal recessive trait caused by a mutation on a gene that
has been localized to the long arm of chromosome 10,
10q11 specifically. Adducted thumb-clubfoot syndrome
has DA that has not been localized to a particular chro-
mosome but it is transmitted through a recessive trait.
Saethre-Chotzen syndrome has been linked to an auto-
somal dominant trait caused by a mutation in the
TWIST gene that has been localized to 7p21 on the
short arm of chromosome 7. Arthropathy-campto-
dactyly-pericarditis syndrome has been linked to an
autosomal recessive trait caused by a mutation on a
gene that has been localized to the long arm of chromo-
some 1 at 1925-q31.

X-linked arthrogryposis is an X-linked trait caused
by a mutation on a gene that has been localized to
Xp1l.3-p11.2. Neurogenic arthrogryposis has been
linked to both an X-linked trait and a trait caused by a
gene mutation on the long arm of c