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Macrodactyly is a discrete congenital anomaly consisting of enlargement of all tissues localized to the ter-
minal portions of a limb, typically within a ‘nerve territory’. The classic terminology for this condition is ‘lipo-
fibromatous hamartoma of nerve’ or Type I macrodactyly. The peripheral nerve, itself, is enlarged both in
circumference and in length. It is not related to neurofibromatosis (NF1), nor is it associated with vascular
malformations, such as in the recently reported CLOVES syndrome. The specific nerve pathophysiology in
this form of macrodactyly has not been well described and a genetic etiology for this specific form of enlarge-
ment is unknown. To identify the genetic cause of macrodactyly, we used whole-exome sequencing to iden-
tify somatic mutations present in the affected nerve of a single patient. We confirmed a novel mutation in
PIK3CA (R115P) present in the patient’s affected nerve tissue but not in blood DNA. Sequencing PIK3CA
exons identified gain-of-function mutations (E542K, H1047L or H1047R) in the affected tissue of five addition-
al unrelated patients; mutations were absent in blood DNA available from three patients.
Immunocytochemistry confirmed AKT activation in cultured cells from the nerve of a macrodactyly patient.
Additionally, we found that the most abnormal structure within the involved nerve in a macrodactylous
digit is the perineurium, with additional secondary effects on the axon number and size. Thus, isolated con-
genital macrodactyly is caused by somatic activation of the PI3K/AKT cell-signaling pathway and is genetic-
ally and biochemically related to other overgrowth syndromes.

INTRODUCTION

Congenital-isolated limb enlargement or overgrowth is rare,
occurring in approximately 1 in 100 000 live births (1). The
specific form studied in this report is the most common, or
type I macrodactyly (Fig. 1A). It is a specific condition char-
acterized by fibrofatty tissue enlargement and bony over-
growth with resultant loss of function due to overgrowth of
a part of a limb. It is a benign condition, with no cases of ma-
lignant degeneration reported. Phenotypic heterogeneity has
been observed in the anatomic extent of involvement (e.g.
partial digit to entire hand or foot) and the rate of growth.
Some involved digits may be abnormally large yet grow in

proportion to the remainder of the limb. Other macrodactylous
digits may demonstrate rapid growth with increasing dispro-
portion to the uninvolved parts of the body. Type I macrodac-
tyly classically affects a ‘nerve territory’ and the individual
peripheral nerve is both enlarged and elongated (Fig. 1B).
The treatment of macrodactyly to date has been ablative, con-
sisting of debulking by excision of a portion of the involved
digit, epiphysiodesis to stop longitudinal skeletal growth and
amputation when the enlarged parts are no longer functional.
Macrodactyly has been described as an unsolved condition
by the International Federation of Societies for Surgery of
the Hand.
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In some cases, progression may extend proximally and
include the entire limb, a condition known as macrodystrophia
lipomatosa (2). Macrodystrophia lipomatosa, as clinically
described by Ho et al. (2), has recently been linked
to PIK3CA mosaicism (3). Unlike other syndromes with
limb hypertrophy, such as Klippel–Trenaunay (Fig. 2A) and
Parks–Webber syndromes, macrodactyly is not caused by
increased vascular supply during development (2). In type I
macrodactyly, the vessels are usually disproportionately
small in the involved tissues. Compared with neurofibroma-
tosis (NF1), congenital pseudoarthrosis and malignant degen-
eration do not occur in type I macrodactyly. In NF1, the
enlargement is typically related to more proximal sensory
nerves (rather than the distal nerves) and overgrowth of the
digits is rare (Fig. 2B). Another peculiar condition that

includes mildly enlarged syndactylized digits, though not in
a nerve territory, and a predictable propensity for keloid
scarring is clinically different from type I macrodactyly (4)
(Fig. 2C).

Next-generation sequencing provides a cost-effective
method to generate a genome-wide sequence in modest
patient populations. In particular, whole-exome capture and
sequencing have proved to be a powerful method to identify
new genes causing Mendelian disease. For rare and recessive
disorders, this approach can identify causal mutations in a
very few unrelated patients (5,6). Consequently, exome se-
quencing has enabled rapid identification of disease genes
for many Mendelian disorders (5). Exome sequencing strat-
egies are also proving effective for revealing causal muta-
tions for non-Mendelian diseases such as schizophrenia

Figure 1. Macrodactyly causes disproportionate overgrowth of affected digits. (A) Patient with type I macrodactyly affecting the index and middle fingers shown
at 5 months of age. (B) Macrodactyly affects a ‘nerve territory’, invariably affecting the median nerve of the affected hand.

Figure 2. Overgrowth is apparent in disorders distinct from type I macrodactyly. (A) The left hand of an infant with Klippel–Trenaunay Syndrome (KT). KT is
caused by increased vascularity causing severe overgrowth. Vascular markings are evident with soft tissue overgrowth characteristic of KT. (B) Overgrowth of
the left arm of a patient with Neurofibromatosis type I (NF1). Overgrowth of the hand or macrodactyly is rarely seen in NF1 patients. (C) Infant with a keloid-
forming overgrowth. This keloid-forming overgrowth is different from the overgrowth present in type I macrodactyly, which does not form keloid scars.
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(7,8), autism (9,10) and mental retardation (11) likely arising
from de novo mutations (12). Similarly, comparing exome
sequences of matched lesional tissue and blood samples has
yielded somatic disease mutations causing neoplastic condi-
tions, both malignant and benign. Somatic mosaic mutations
in the AKT1 gene encoding the v-AKT protooncogene (AKT)
were recently identified in patients with Proteus syndrome
(13). We, therefore, elected to apply next-generation sequen-
cing strategies to identify causal mutations in lesional tissues
of type I macrodactyly patients. In the course of our study,
similar investigations of other overgrowth syndromes identi-
fied somatic activating mutations that cluster in the
PI3K-AKT signaling pathway (3,14–16).

We find that somatic mutations in PIK3CA in the affected
nerve cause macrodactylous overgrowth. We also describe
the pathology of lesional nerve tissue in macrodactyly. Our
results support the concept that a highly localized overgrowth
condition can arise from the same genetic underpinnings as
generalized mosaic overgrowth syndromes, raising questions
about the timing and specific tissue localization of these
initial genetic events during development.

RESULTS

The proband (Patient 1) was a healthy 5-year-old girl who pre-
sented with enlarged index and middle fingers on one hand,
with other digits being normal in size compared with the un-
involved hand. The enlarged digits were noticed at birth;
however, the patient’s medical history was otherwise unre-
markable and no trauma was reported. No malformations
caused by vascular abnormalities were noted. The patient
was diagnosed with macrodactyly of the index and middle
fingers and the growth was monitored during subsequent
visits. She maintained the use of the digits; however, at �8
years of age, the affected digits were disproportionately
larger and required surgical debulking, epiphysiodesis and
osteotomy to correct the angular deformity of the digit.

We hypothesized that macrodactyly was caused by somatic
mutations promoting cell growth. DNA from the nerve tissue
of a macrodactylous digit was analyzed by whole-exome se-
quencing and compared with exome sequence of whole-blood
DNA from the same patient. The exome sequence of nerve and
blood samples provided a median 42- and 56-fold coverage
across RefSeq genes, respectively (Supplementary Material,
Figs. S1 and S2). Candidate gene analysis was performed
with the hypothesis that macrodactyly is caused by rare nonsy-
nonymous (NS) somatic mutations present in the affected
peripheral nerve tissues and not in the germline. Exome se-
quencing identified 11 338 and 9495 NS single nucleotide var-
iants (SNVs) in the affected nerve and germline samples,
respectively.

NS sequence variants were excluded as disease candidates
by their (a) presence in 28 control samples sequenced by our
group using a similar method, (b) presence in the exome se-
quence of the germline sample and (c) presence in dbSNP
135. In order to fully exclude the variants present in the
germline sample which were not identified during sequence
analysis, we excluded the variants present in at least one
read of the germline sample. Our analysis identified two

candidate variants. The first was a SNV in UBXN11
(C392G). Computational analyses using PhastCons (17) and
genomic evolutionary rate profiling (GERP) (18) produced
weak scores (0.012 and 22.83, respectively) for this SNV,
suggesting that UBXN11 was an unlikely candidate. The
exome sequence depth (d) at this SNV was low in both the
nerve (d ¼ 12) and blood samples (d ¼ 8), this variant was
clustered with four additional SNVs within 14 bp and all
reads at this position were unidirectional in both the blood
and tissue samples. As expected, Sanger sequencing both
blood and nerve samples confirmed that the UBXN11 SNV
was false positive in the nerve exome sequence alignment
(data not shown). The second candidate mutation was a mis-
sense (R115P) SNV in PIK3CA. The mutation was present in
13 of 46 (28%) reads in the nerve exome and absent from all
45 reads in the germline exome (Supplementary Material,
Figs. S3 and S4). Both the PhastCons (1.0) and GERP
(5.52) scores suggested that this mutation was potentially
deleterious. The PIK3CA mutation was not present in
�6500 exomes available in the Exome Variant Server (http
://evs.gs.washington.edu/EVS/). Sanger sequencing con-
firmed that the R115P mutation in PIK3CA was present
in DNA from lesional tissue but not in blood of Patient 1
(Table 1 and Supplementary Material, Table S1).

Additional evidence suggested that the R115P mutation in
PIK3CA (PI3K) was a likely candidate for macrodactyly.
First, somatic activation of AKT, a downstream target of
PI3K, was recently described in patients with Proteus
syndrome (13). Second, another mutation of the same amino
acid position (R115L) was annotated in the catalog of
somatic mutations in cancer database from a squamous cell
carcinoma (19,20), suggesting that mutations at p.Arg115
may be pathogenic.

To provide additional evidence for pathogenic PI3K
somatic mutations in macrodactyly, exons 2, 10 and 21 were
amplified from DNA extracted from the affected tissue of
seven additional unrelated macrodactyly patients as well as
nerve from an amputated polydactyly control digit and
sequenced by the Sanger method. PIK3CA exons 10 and 21
encode the helical and kinase domains, respectively, and
have been shown to be frequently mutated in cancer (21).
Exon 2 was mutated in the proband. Of the seven additional
macrodactyly patients, three known gain-of-function muta-
tions were identified in five patients; no mutation was identi-
fied in the polydactyly control (Table 1 and Supplementary
Material, Table S1). Complete PIK3CA sequencing in the

Table 1. PI3K mutations identified in type I macrodactyly patients

Patient PIK3CA Somatic

Patient 1 R115P Y
Patient 2 H1047L N/A
Patient 3 H1047R Y
Patient 4 E542K Y
Patient 5 E542K Y
Patient 6 H1047R N/A

The mutation in Patient 1 was identified by whole-exome sequencing; others
were identified by Sanger sequencing exons 2, 10 and 21. DNA from whole
blood was unavailable for Patients 2 and 6. N/A, not available.
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two negative patients failed to identify mutations, possibly due
to the limitations of Sanger sequencing in mixed cell popula-
tions. Alternatively, activating mutation in other genes of the
PI3K-AKT-mTOR pathway may cause type I macrodactyly;
genetic heterogeneity was observed among patients with
megalencephaly–polymicrogyria–polydactyly–hydroceph-
alus syndrome resulting from the activation of the same
pathway (16). Two macrodactyly patients shared somatic
mutations (E542K) in the helical domain. Three patients had
two different mutations at amino acid p.His1047 (H1047R &
H1047L) in the kinase domain. The H1047R mutation was
somatic in one patient; blood samples for comparison were un-
available for the remaining two patients. PI3K amino acids
p.Glu542 and p.His1047 are located in the helical and kinase
domains, respectively, and are known hotspots for somatic
gain-of-function mutations in cancer (22,23). The R115P mu-
tation identified by exome sequencing lies in a linker sequence
between the adaptor-binding and the Ras-binding domains
(24).

PIK3CA encodes the p110a catalytic subunit of the
phosphoinositide-3-kinase heterodimer. Upon activation,
PI3K phosphorylates phosphatidylinositol-4,5-bisphosphate
(PIP2) at the third position, generating PIP3 (25). PIP3 mole-
cules activate downstream signaling proteins, such as AKT
and the pyruvate dehydrogenase kinase, isozyme 1 (PDK1)
(26). Specifically, PIP3 binds the pleckstrin homology
domain of AKT, resulting in a conformational change that
allows PDK1 to phosphorylate Thr308 of AKT (27). AKT is
also phosphorylated by the mammalian target of rapamycin
complex 2 (mTORC2) at Ser473, resulting in greater AKT ac-
tivation (28). PI3K mutations at amino acids p.Glu542 and

p.His1047 increase intracellular AKT phosphorylation,
which promotes numerous cellular processes including cell
survival and proliferation (29). To test AKT activation in
macrodactylous tissue, we performed immunocytochemistry
using cultured cells derived from the affected nerve of
Patient 6 who harbored a H1047R mutation in affected
tissue. Compared with control, macrodactyly cells clearly
showed increased staining, indicating greater levels of Ser473-
phosphorylated AKT (Fig. 3).

To further define the morphological changes in macrodac-
tylous digits, resected nerve segments from Patient 6 were
evaluated at the light microscopic and ultrastructural
levels. Peripheral nerves from the macrodactylous digit
showed separation of individual nerve fascicles by dense
endoneurial connective tissue (Fig. 4A and B). Additionally,
macrodactylous nerve fascicles had thickened perineurial
sheaths. Nerve axons were also markedly different in the
macrodactylous nerve fascicle compared with polydactyly
control. The number of myelinated axons was markedly
decreased in the macrodactylous nerve (Fig. 4C) compared
with the nerve from a polydactyly specimen (Fig. 4D). Ultra-
structural evaluation of the nerves showed a decrease in the
number of myelinated axons; the remaining myelinated
axons were generally smaller than those in the polydactyly
control and were invested by disproportionately thinner
myelin sheaths (Fig. 4E and F). The macrodactylous nerve
also contained increased numbers of swollen, dissociated
Schwann cell processes compared with control nerve,
further indicative of axonal loss (Fig. 4E and F). It is possible
that the axonal changes in the macrodactyly nerve reflect
injury imposed by the dramatically increased amount of

Figure 3. Immunocytochemistry reveals increased AKT activation in cultured cells from the macrodactylous nerve of Patient 6. (A and B) Negative (no anti-
body) immunocytochemistry of cells cultured from the nerves of patients with polydactyly (A) and macrodactyly (B). (C and D) Representative immunocyto-
chemistry showing no significant increase of Ser473-phosphorylated AKT in cells from the nerve of a polydactylic digit (C) compared with a clear increase in
cells from the macrodactylous nerve (D). Scale bars, 200 mm.
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endoneurial connective tissue and interstitial fat, leading to
changes similar to those encountered in chronic entrapment
neuropathies (30).

DISCUSSION

Here, we report somatic activating mutations in PI3K in mul-
tiple patients with type I macrodactyly, a congenital over-
growth of peripheral nerve-supporting tissues of the digits.
PI3K is an upstream regulator of the AKT-mTOR cell-
signaling pathway. Upon activation by receptor tyrosine
kinases, G-protein-coupled receptors or by Ras, PI3K phos-
phorylates PIP2 and the resultant product (PIP3) promotes
the activation of AKT (31). The lipid kinase activity of
PI3K is balanced by the phosphatase activity of PTEN,
which dephosphorylates PIP3. Both activating mutations in
PI3K and AKT and loss-of-function mutations in PTEN
promote cell proliferation and are frequent in cancers. We
identified somatic mutations at p.Glu542 and p.His1047 of
PI3K in the lesional tissue of macrodactyly patients. Mutation
at these positions increase PI3K activity and are frequent in
cancer (21). Mutation of p.Glu542 disrupts binding at the
N-SH2 domain of the p85 regulatory subunit, while mutation
of p.His1047 likely causes a conformational change resulting
in Ras-independent activation (32–34).

Activation of the PI3K-AKT cell-signaling axis has been re-
cently linked to other overgrowth syndromes. Mosaic activating
mutations have been described for Proteus syndrome (13),

CLOVES syndrome (14), megalencephaly-capillary malforma-
tion (15,16) and fibroadipose hyperplasia (3). These overgrowth
disorders are variably accompanied with other malformations,
including musculoskeletal abnormalities (scoliosis, bone over-
growth) and vascular anomalies. However, unlike these other
somatic overgrowth syndromes, macrodactyly is a localized gi-
gantism without associated vasculopathy. Our patients pre-
sented with unilateral macrodactyly of the fingers and, to
date, no other comorbidities have been observed. The extent
to which somatic PI3K-AKT activation causes different con-
genital overgrowth syndromes is unclear.

The phenotypic variability of PI3K-AKT-associated over-
growth syndromes suggests that the timing of the mutational
event during development as well as tissue specificity leads
to distinctly different disease syndromes. Indeed, we noted
that one patient (Patient 4) who harbored an E542K somatic
mutation was diagnosed with overlap of both macrodactyly
of the index and middle fingers as well as true muscular hemi-
hypertrophy, which was not caused by pseudohypertrophy
from adipose infiltration. Muscular hemihypertrophy is a con-
genital, typically unilateral, progressive overgrowth of muscle
resulting in ectopic muscle formation in the affected limb and
dramatically hypertrophic muscle tissue. Similar to the macro-
dactylous nerve tissue, we identified the patient’s somatic
PI3K mutation (E542K) in muscle tissue, suggesting that
PI3K-AKT activation in this patient is the cause of both the
nerve macrodactyly and muscle hemihypertrophy (Supple-
mentary Material, Table S1).

Figure 4. Perineurial overgrowth of the peripheral nerve from the macrodactylous digit of Patient 6. (A and B) Hematoxylin and eosin (A) and Gomori trichrome
(B) stains of the paraffin section of peripheral nerve. Nerve fascicles (F) are separated by endoneurial connective tissue and have thickened, concentrically
arrayed perineurium (arrowhead). Scale bars, 250 mm. (C and D) Toluidine blue-stained resin sections from the macrodactylous digit of Patient 6 (C) and a
polydactylous control digit (D). Macrodactylous nerve has fewer myelinated axons (arrows) and thicker perineurial sheath (arrowhead). Scale bar, 250 mm.
(E and F) Uranyl acetate-lead citrate-stained sections from the macrodactylous digit (E) and a polydactyly control (F). Macrodactylous nerve has fewer mye-
linated axons with disproportionately thinner myelin sheaths (arrow). The macrodactylous nerve also has an increased number of swollen Schwann cell processes
(arrowhead). Scale bar, 20 mm.
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Characterizing the degree of tissue involvement for each
diagnosis will be important in defining any therapeutic poten-
tial of PI3K-AKT inhibitors, which are currently in clinical
trials for the treatment of various cancers (35). Patients with
localized overgrowth, such as in macrodactyly, may benefit
from targeted monotherapy directed at PI3K specifically or
the PI3K-AKT signaling pathway generally. It is worth
noting that small molecule inhibitors that limit AKT activation
are currently being investigated as a potential treatment for
neuroblastoma (36). Rapamycin indirectly targets PI3K and
also may be useful in treating macrodactyly. Oral administra-
tion of Rapamycin was effective in reducing the tissue over-
growth in patients with inactivating PTEN mutations (37,38).

We add type I macrodactyly to a growing list of overgrowth
syndromes caused by hotspot mutations in PI3K which were
previously thought to maintain oncogenic potential (39).
Whether macrodactyly patients, as well as others with
somatic PI3K-AKT-associated overgrowth disorders, are at
greater risk of developing malignant neoplasms is at present
unknown.

MATERIALS AND METHODS

Patient recruitment

This study was approved by the Research Advisory Panel of
Texas Scottish Rite Hospital for Children and the Institutional
Review Board of the University of Texas Southwestern
Medical Center. A written informed consent was provided
by all subjects. Blood and tissue samples were collected
during surgical debulking procedures performed as standard
of care for treatment of macrodactyly.

Whole-exome sequencing

DNA was extracted from whole blood and surgically removed
‘affected’ tissue using the QIAamp DNA Mini kit (Qiagen,
Valencia, CA, USA). Whole-exome capture and sequencing
were performed by the McDermott Center next-generation
Sequencing Core facility at the University of Texas South-
western Medical Center. Briefly, 1 mg of DNA was prepared
using the TruSeq DNA sample preparation kit v2 (Illumina,
San Diego, CA, USA), including sonication using a Covaris
S2. Samples were ligated with barcoded adapters and subse-
quently purified and size selected with Ampure XP beads to
an average size of �450 bp. Four barcoded samples were
pooled and exome capture performed using the TruSeq
Exome Enrichment kit (Illumina). The Truseq Exome kit
targets �62 Mb of protein-coding and regulatory untranslated
regions of the genome. Four samples were sequenced together
on a single lane of an Illumina HiSeq 2000 using the
paired-end sequencing protocol for 100 bp sequence frag-
ments.

Sequence reads were aligned to the reference genome (b37)
using the Burrows–Wheeler aligner (40). Alignments were
processed as follows: (a) poorly mapped and low-quality
reads were removed using Samtools (41), (b) duplicate reads
were removed using Picard, (c) base-quality score recalibra-
tion and local re-alignment near indels were performed
using the genome analysis toolkit (GATK) (42). Variants

were identified using the GATK and Samtools and annotated
using SeattleSeq Annotation 134 software (http://snp.gs.wa
shington.edu/SeattleSeqAnnotation134/index.jsp).

Sanger sequencing

The individual coding sequence and flanking introns of
PIK3CA (NM_006218.2) exons 2, 10 and 21 and UBXN11
(NM_183008.2) exon 16 were amplified by PCR from DNA
extracted from the affected tissue and whole blood (if avail-
able). PCR primer sequences are provided in Supplementary
Material, Table S2. Amplification products were treated
with Exo-Sap-IT (Affymetrix, Santa Clara, CA, USA) and
sequenced using Sanger sequencing. Individual chromato-
grams were manually inspected using FinchTV. The sequence
peak for the H1047R mutation in nerve tissue from Patient 3
was small (Supplementary Material, Table S1); therefore,
the amplification product was subcloned by conventional
TA-cloning into vector pcDNA3.1/V5-His (Life Technolo-
gies). Sequencing individual clones confirmed the heterozy-
gous H1047R mutation (data not shown).

Cell culture

Cells from the affected nerve tissue of Patient 6 were cultured in
Dulbecco’s modified Eagle medium supplemented with 10%
fetal bovine serum and 1% antibiotic (penicillin/streptomycin).
The cultured cells from the nerve tissue rapidly reached conflu-
ence with spindle-shaped morphology, consistent with fibro-
blasts. DNA was extracted from the cultured cells using the
QIAamp DNA Mini kit (Qiagen) and sequenced to confirm
the presence of the PI3K H1047R mutation.

Immunocytochemistry

The cells were cultured into Collagen I 4-well Culture Slides
(BD Biosciences, San Jose, CA, USA). The cells were fixed
with 4% paraformaldehyde in PBS for 20 min at room tem-
perature and washed with PBS. Universal IHC blocking solu-
tion was added for 30 min. Slides were incubated with a rabbit
monoclonal antibody specific for Ser473-phosphorylated AKT
(D9E) XP (1 : 50 dilution; Cell Signaling Technology,
Danvers, MA, USA) overnight at 48C and washed with PBS.
Slides were blocked with a polymer penetration enhancer for
30 min, then washed with PBS. The cells were incubated
with polyclonal HRP anti-mouse/rabbit IgG and washed with
PBS. DAB solutions were applied to the slide and the cells
counterstained with Mayer’s hematoxylin for 2 min and
washed in PBS. The cells were imaged using a DP70
Olympus microscope at ×200 magnification.

Paraffin histology

The segments of peripheral nerve designated for paraffin hist-
ology were fixed overnight in 10% neutral buffered formalin.
Following fixation, the nerve segments were dehydrated in se-
quentially graded ethyl alcohol and xylene, embedded in par-
affin and sectioned at 4 mm intervals in the transverse plane
with a Leitzw rotary microtome. The sections were rehydrated
through sequentially graded xylene and ethyl alcohol in water.
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The sequential sections were stained with hematoxylin and
eosin stain, Gomori trichrome, Masson trichrome, Verhoeff
van Giesen and periodic acid Schiff stains and evaluated by
light microscopy.

Resin histology and electron microscopy

The segments of peripheral nerve were fixed overnight in 3%
buffered glutaraldehyde. Following fixation, the nerve
segments were washed in phosphate buffer, fixed for 1 h in
1% osmium tetroxide, dehydrated in graded ethyl alcohol
and placed in propylene oxide for 10 min. The segments
were taken through graded incubations of propylene oxide to
pure resin and polymerized overnight at 658C. Following
resin embedding, the segments were sectioned in the trans-
verse plane at 1.5 mm intervals on a Leicaw Ultracut ultrami-
crotome, stained with toluidine blue and evaluated by light
microscopy. For ultrastructural evaluation, resin blocks were
sectioned in the transverse plane at 100 nm intervals, stained
sequentially with uranyl acetate and lead citrate and examined
with a Hitachiw 7500 transmission electron microscope
at 100 kV. In addition to digital nerves harvested from macro-
dactylous specimens, peripheral nerve from digits of patients
with polydactyly were prepared as controls.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at HMG online.
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