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Carpenter syndrome

Carpenter syndrome is a condition characterized by the premature fusion of certain
skull bones (craniosynostosis), abnormalities of the fingers and toes, and other
developmental problems.

Craniosynostosis prevents the skull from growing normally, frequently giving the head a
pointed appearance (acrocephaly). In severely affected individuals, the abnormal fusion
of the skull bones results in a deformity called a cloverleaf skull. Craniosynostosis

can cause differences between the two sides of the head and face (craniofacial
asymmetry). Early fusion of the skull bones can affect the development of the brain

and lead to increased pressure within the skull (intracranial pressure). Premature
fusion of the skull bones can cause several characteristic facial features in people with
Carpenter syndrome. Distinctive facial features may include a flat nasal bridge, outside
corners of the eyes that point downward (down-slanting palpebral fissures), low-set
and abnormally shaped ears, underdeveloped upper and lower jaws, and abnormal

eye shape. Some affected individuals also have dental abnormalities including small
primary (baby) teeth. Vision problems also frequently occur.

Abnormalities of the fingers and toes include fusion of the skin between two or more
fingers or toes (cutaneous syndactyly), unusually short fingers or toes (brachydactyly),
or extra fingers or toes (polydactyly). In Carpenter syndrome, cutaneous syndactyly

is most common between the third (middle) and fourth (ring) fingers, and polydactyly
frequently occurs next to the big or second toe or the fifth (pinky) finger.

People with Carpenter syndrome often have intellectual disability, which can range
from mild to profound. However, some individuals with this condition have normal
intelligence. The cause of intellectual disability is unknown, as the severity of
craniosynostosis does not appear to be related to the severity of intellectual disability.

Other features of Carpenter syndrome include obesity that begins in childhood, a

soft out-pouching around the belly-button (umbilical hernia), hearing loss, and heart
defects. Additional skeletal abnormalities such as deformed hips, a rounded upper back
that also curves to the side (kyphoscoliosis), and knees that are angled inward (genu
valgum) frequently occur. Nearly all affected males have genital abnormalities, most
frequently undescended testes (cryptorchidism).

A few people with Carpenter syndrome have organs or tissues within their chest and
abdomen that are in mirror-image reversed positions. This abnormal placement may
affect several internal organs (situs inversus); just the heart (dextrocardia), placing
the heart on the right side of the body instead of on the left; or only the major (great)
arteries of the heart, altering blood flow.



The signs and symptoms of this disorder vary considerably, even within the same
family. The life expectancy for individuals with Carpenter syndrome is shortened but
extremely variable.

The signs and symptoms of Carpenter syndrome are similar to another genetic
condition called Greig cephalopolysyndactyly syndrome. The overlapping features,
which include craniosynostosis, polydactyly, and heart abnormalities, can cause these
two conditions to be misdiagnosed; genetic testing is often required for an accurate
diagnosis.

Frequency

Carpenter syndrome is thought to be a rare condition; approximately 70 cases have
been described in the scientific literature.

Genetic Changes
Mutations in the RAB23 or MEGF8 gene cause Carpenter syndrome.

The RAB23 gene provides instructions for making a protein that is involved in a process
called vesicle trafficking, which moves proteins and other molecules within cells in
sac-like structures called vesicles. The Rab23 protein transports vesicles from the cell
membrane to their proper location inside the cell. Vesicle trafficking is important for

the transport of materials that are needed to trigger signaling during development. For
example, the Rab23 protein regulates a developmental pathway called the hedgehog
signaling pathway that is critical in cell growth (proliferation), cell specialization, and the
normal shaping (patterning) of many parts of the body.

The MEGF8 gene provides instructions for making a protein whose function is unclear.
Based on its structure, the Megf8 protein may be involved in cell processes such as
sticking cells together (cell adhesion) and helping proteins interact with each other.
Researchers also suspect that the Megf8 protein plays a role in normal body patterning.

Mutations in the RAB23 or MEGF8 gene lead to the production of proteins with little
or no function. It is unclear how disruptions in protein function lead to the features of
Carpenter syndrome, but it is likely that interference with normal body patterning plays
a role. For reasons that are unknown, people with MEGF8 gene mutations are more
likely to have dextrocardia and other organ positioning abnormalities and less severe
craniosynostosis than individuals with RAB23 gene mutations.

Inheritance Pattern

This condition is inherited in an autosomal recessive pattern, which means both copies
of the gene in each cell have mutations. The parents of an individual with an autosomal
recessive condition each carry one copy of the mutated gene, but they typically do not
show signs and symptoms of the condition.
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Other Names for This Condition
« ACPSII
» acrocephalopolysyndactyly 2
» acrocephalopolysyndactyly type Il
e acrocephalosyndactyly, type Il
* type Il acrocephalosyndactyly

Diagnosis & Management
These resources address the diagnosis or management of Carpenter syndrome:

*  Genetic Testing Registry: Carpenter syndrome 1
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1275078/

*  Genetic Testing Registry: Carpenter syndrome 2
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3554247/

*  Great Ormond Street Hospital for Children (UK): Craniosynostosis Information
http://www.gosh.nhs.uk/medical-information-0/search-medical-conditions/
craniosynostosis

» Johns Hopkins Medicine: Craniosynostosis Treatment Options
http://www.hopkinsmedicine.org/neurology_neurosurgery/centers_clinics/
pediatric_neurosurgery/conditions/craniosynostosis/treatment.html

*  MedlinePlus Encyclopedia: Craniosynostosis Repair
https://medlineplus.gov/ency/article/007364.htm

*  MedlinePlus Encyclopedia: Dextrocardia
https://medlineplus.gov/ency/article/007326.htm

These resources from MedlinePlus offer information about the diagnosis and
management of various health conditions:

» Diagnostic Tests
https://medlineplus.gov/diagnostictests.html

e Drug Therapy
https://medlineplus.gov/drugtherapy.html

e Surgery and Rehabilitation
https://medlineplus.gov/surgeryandrehabilitation.html

*  Genetic Counseling
https://medlineplus.gov/geneticcounseling.html

» Palliative Care
https://medlineplus.gov/palliativecare.html
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Additional Information & Resources
MedlinePlus

*  Encyclopedia: Craniosynostosis
https://medlineplus.gov/ency/article/001590.htm

*  Encyclopedia: Craniosynostosis Repair
https://medlineplus.gov/ency/article/007364.htm

*  Encyclopedia: Dextrocardia
https://medlineplus.gov/ency/article/007326.htm

*  Encyclopedia: Skull of a Newborn (image)
https://medlineplus.gov/ency/imagepages/1127.htm

*  Encyclopedia: Umbilical Hernia
https://medlineplus.gov/ency/article/000987.htm

*  Encyclopedia: Webbing of the Fingers or Toes
https://medlineplus.gov/ency/article/003289.htm

* Health Topic: Craniofacial Abnormalities
https://medlineplus.gov/craniofacialabnormalities.html

Genetic and Rare Diseases Information Center

»  Carpenter syndrome
https://rarediseases.info.nih.gov/diseases/6003/carpenter-syndrome

Additional NIH Resources

* National Institute of Neurological Disorders and Stroke: Craniosynostosis
Information Page
https://www.ninds.nih.gov/Disorders/All-Disorders/Craniosynostosis-Information-
Page

Educational Resources

*  American Society for Surgery of the Hand: Congenital Hand Differences
http://www.assh.org/handcare/hand-arm-conditions/Congenital-Differences

e Boston Children's Hospital: Craniosynostosis
http://www.childrenshospital.org/conditions-and-treatments/conditions/
craniosynostosis

e Boston Children's Hospital: Polydactyly
http://www.childrenshospital.org/conditions-and-treatments/conditions/polydactyly-
of-fingers
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Centers for Disease Control and Prevention: Facts about dextro-Transposition of
the Great Arteries (d-TGA)
https://www.cdc.gov/ncbddd/heartdefects/d-tga.html

Cincinnati Children's Hospital: Craniosynostosis
https://www.cincinnatichildrens.org/health/c/craniosynostosis

Cleveland Clinic: Craniosynostosis
http://my.clevelandclinic.org/health/articles/craniosynostosis

Disease InfoSearch: Carpenter Syndrome
http://www.diseaseinfosearch.org/Carpenter+Syndrome/1121

Kennedy Krieger Institute: Intellectual Disability
https://www.kennedykrieger.org/patient-care/diagnoses-disorders/intellectual-
disability

MalaCards: carpenter syndrome
http://www.malacards.org/card/carpenter_syndrome

National Birth Defects Prevention Network: Congenital Heart Defects
http://www.nbdpn.org/docs/CHD_Eng.pdf

Orphanet: Carpenter syndrome
http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=65759

Seattle Children's Hospital: Syndactyly
http://www.seattlechildrens.org/medical-conditions/bone-joint-muscle-conditions/
syndactyly/

Patient Support and Advocacy Resources

AboutFace
http://www.aboutface.ca/

American Association on Intellectual and Developmental Disabilities (AAIDD)
http://aaidd.org/

American Heart Association
http://www.heart.org/HEARTORG/

Children's Craniofacial Association
http://www.ccakids.com/other-syndromes.htmi

Children's Craniofacial Association: Craniosynostosis
http://www.ccakids.com/craniosynostosis.html

National Organization for Rare Disorders (NORD)
https://rarediseases.org/rare-diseases/carpenter-syndrome/
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* Resource List from the University of Kansas Medical Center: Facial Anomalies/
Craniofacial Conditions
http://mwww.kumc.edu/gec/support/craniofa.html

*  The Arc: for People with Intellectual and Developmental Disabilities
http://www.thearc.org/

Genetic Testing Registry

*  Carpenter syndrome 1
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1275078/

*  Carpenter syndrome 2
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3554247/

ClinicalTrials.gov

* ClinicalTrials.gov
https://clinicaltrials.gov/ct2/results?cond=%22Carpenter+syndrome%22+0OR+
%22acrocephalopolysyndactyly+type+119%22+OR+%22Acrocephalosyndactylia%?22

Scientific Articles on PubMed

* PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28carpenter+syndrome%5BTIAB
%5D%29+AND+english%5Bla%5D+AND+human%5Bmh%5D+AND+%22last
+3600+days%22%5Bdp%5D

OMIM

« CARPENTER SYNDROME 1
http://omim.org/entry/201000

« CARPENTER SYNDROME 2
http://omim.org/entry/614976
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