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Fig 4. Pleiotrophin (PTN) immunostaining.  DAPI = nuclear stain, PTN = 
antibody staining for pleiotrophin, Merge = composite image merging Brightfield, 
DAPI, and PTN channels. A) No PTN is seen in pediatric subcutaneous adipose 
tissue from Patient 7. B) Large PTN aggregates are seen in macrodactyly 
patient 4.

Macrodactyly is characterized by the diffuse enlargement of 1 
or more digits (Fig. 1).1-3 It is a rare, congenital disease with 
no familial inheritance pattern, and usually presents as an 
isolated, non-syndromic condition. While all tissue elements 
are involved, including fat, skin, nerve, and bone, 
histopathologic analysis of macrodactyly tissue is usually 
remarkable for excess mature adipose tissue.

We currently possess no modern molecular insight into 
macrodactyly. No genes or loci have been implicated in the 
development of this disease. Neither transcriptional nor 
protein-level characterization of affected tissues is available. 
There are no cellular or animal models of macrodactyly.

In this study, we performed the first transcriptional profiling 
of macrodactyly tissue. We found that a developmental 
cytokine, pleiotrophin (PTN), was significantly overexpressed 
across all our macrodactyly samples. As a mitogen that has 
been implicated in nerve, bone, vascular, and tumor growth, 
the functions of PTN correlate closely with the clinical 
characteristics of macrodactyly. PTN thus represents a 
promising target for further investigation.
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Adipose tissue samples were obtained from pediatric 
macrodactyly patients and normal adults. RNA was extracted, 
synthesized into complementary DNA, and hybridized to 
Affymetrix Human Genome U133 Plus 2.0 Arrays. Raw 
expression values were analyzed with the Partek Genomics 
Suite. Prinicipal component analysis was performed, and 
linear models were used to identify statistically significant, 
differentially expressed probe sets. Hierarchical clustering was
performed across all samples using differentially expressed 
probesets.  Gene enrichment analysis was performed using 
FuncAssociate 2.0. Candidate gene expression levels were 
confirmed and quantified by qPCR. For immunohistochemical 
staining, tissues samples fixed in 4% paraformaldehyde were 
stained for PTN with goat polyclonal anti-pleiotrophin 
antibody (1:100 dilution, Abcam). Bound anti-PTN antibody 
was visualized using AlexaFluor® 546 donkey anti-goat IgG 
(H+L) secondary antibody (1:700). 
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To analyze these data, we performed principal component 
analysis (Fig. 2A) and showed clear separation between 
macrodactyly and SAT samples. When transcriptional profiles 
of macrodactyly and SAT were created, we found 3093 
overexpressed and 4202 underexpressed genes. The 10 
features with the highest fold-changes are shown in Table 1. 
When hierarchical clustering was performed using these 7295 
differentially expressed genes, the macrodactyly samples 
clustered distinctly and distantly from all SAT samples (Fig. 
2B).
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Fig 1. Clinical photos from patients undergoing surgical treatment of 
macrodactyly.  (A) 15 month-old boy with macrodactyly of the thumb, index 
and middle fingers. (B) The same patient during separation and first stage 
debulking of the digits. The yellow loops are around the digital nerves, which are 
enlarged. (C) 8 year-old girl with macrodactyly isolated to the middle finger. The 
excess fat and soft-tissue has been removed revealing enlarged digital nerves 
tagged with yellow loops.

Fig 2. Results of principal component analysis (PCA) and hierarchical 
clustering of gene expression date from macrodactyly samples.  (A) PCA of 4 
macrodactyly samples (in triplicate) vs. 345 subcutaneous adipose tissue (SAT) 
samples. The top 2 vectors account 32.3% of intersample variation. Macrodactyly 
samples cluster distinctly from SAT. (B) Hierarchical clustering of macrodactyly and 
SAT samples across differentially expressed genes with fold-change >1.5, p-value 
<0.05, and false discovery rate <0.05. Macrodactyly samples cluster distinctly and 
distantly from all SAT samples.

Table 1. Top 10 greatest fold-change probesets in macrodactyly and 
subcutaneous adipose tissue.

To confirm PTN overexpression, we performed quantitative 
real time polymerase chain reaction (qPCR) and found that in 
macrodactyly, PTN averaged 127.6-fold overexpression (p = 
0.049, Fig. 3).

Fig 3. Relative expression of PTN in macrodactyly vs. adult subcutaneous 
adipose tissue as determined by quantitative real time polymerase chain 
reaction. 

Results (cont’d)
To show that transcriptional upregulation of PTN resulted into 
protein overproduction, we analyzed macrodactyly adipose 
tissue and pediatric control fat for PTN immunoreactivity. We 
found no PTN staining in pediatric SAT (Fig. 4A). In contrast, 
macrodactyly sections were marked by widespread punctate 
expression of PTN (Fig. 4B). 

In this study, we performed the first transcriptional profiling of 
macrodactyly tissue. We found that pleiotrophin (PTN) was 
significantly overexpressed across all our macrodactyly 
samples. The mitogenic functions of PTN correlate closely 
with the clinical characteristics of macrodactyly.4-6 PTN thus 
represents a promising target for further investigation into the
etiology of overgrowth phenotypes.


