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Reconstructing a Human Limb

The vertebrate limb is a very complicated structure whose devel-
opment is extremely complex. Much has been learned in recent
years; however, most articles, even review articles, are not writ-
ten for clinicians. Bamshad and colleagues at the University of
Utah have now assembled a clinician-oriented review that pro-
vides many important insights into how human limbs develop
and how disturbances that lead to limb defects may arise.

TBX genes also encode transcription factors that share a DNA-bind-
ing domain called a T-box. At least 5 TBX genes are differentially
expressed in the developing limb. In the chick and mouse, Tbx5
and Tbx4 are exclusively expressed in the forelimb and hindlimb,
respectively, suggesting that they specify or at least influence limb
identity. GLI3 encodes a zinc-finger transcription factor. It seems
to have both transcriptional activator and repressor activities. The
clinical phenotypes that result from GL/3 mutations are thought to
reflect the combination of these activities that are disturbed. Finally,
the authors address the evolutionary aspects of limb development.

The review covers many areas. It describes how the limb origi-
nates in the early embryo and how it grows to its final form. It pre-
sents the major actors in the process, many of which have been
recently identified because mutations have been detected in
patients with limb defects. A few examples include Greig's
cephalopolysyndactyly and Pallister-Hall syndromes, which are
due to mutations of GL/3; ulnar-mammary and Holt-Dram syn-
dromes, which result from TBX3 and TBX5 mutations, respectively;
Hunter-Thompson and Grebe syndromes, which are caused by
CDMP1 mutations; and Aarskog syndrome due to FGD1 mutations.

Bamshad M, et al. Pediatr Res 1999;45:291-299.

Editor's comment: This is a very complete review of the last decade
of progress in vertebrate limb development. This review is for the
clinician and nonclinician alike and provides considerable insight
into the physiology and pathophysiology of limb embryogenesis.
The latter is key to understanding physical developmental defects.

One can divide limb development into 2 phases: an early phase
during which the essential elements of the limb are formed and
a later phase during which the limb grows to reach its final form.
This review focuses on the former. Hence, the genes that influ-
ence patterning produce the syndromes that reflect defective
patterning when mutations occur. In contrast, genes involved in
the growth phase are those mutated in osteochondrodysplasias
(growth phase defects).

Particular attention is given to 3 groups of genes. HOX genes
encode transcription factors that contain a 60 amino acid DNA-
binding domain called a homeodomain. There are 39 HOX
genes in humans; these are organized into 4 clusters. HOX
gene products partly control patterning of many different
embryonic structures, including the limbs, where they may
subdivide the limb into specific domains and activate down-
stream genes contingent upon the position of the domain along
different axes. William A. Horton, MD
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