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ABSTRACT 

We have created a human chromosomal 
map of the location of known and candidate 
genes involved in primary lymphedema (PLE).
This should facilitate further discovery and 
provide a basis for understanding microdele-
tions which cause lymphedema.  
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Beginning in 2000, as an outgrowth of 
the Human Genome Project, multiple patho-
genic mutations and their transcribed proteins 
have been reported to underlie human familial 
lymphedema, lymphatic malformations, and 
pleiomorphic syndromic lymphatic disorders. 
These "lymphedema-lymphangiogenesis" fac-
tors have consisted of growth factor receptors 
and their ligands, transcription factors, endo-
thelial junctional components, among others 
that have been implicated in lymphatic system 
structure and function. In addition, many 
more candidate genes have been pinpointed in 
mouse models of these human lymphatic dis-
orders although the human counterparts have 
not yet been reported. To catalog and organize 
these disparate discoveries, we have created a 

human chromosome map from a comprehen-
sive review of the existing literature to date to 
record, locate, and explore interactions of cur-
rently identified lymphatic disease-causing 
mutations and provide a template for future 
discovery of lymphedema-lymphangiogenesis 
genes and proteins. 

MATERIALS AND METHODS 

We have searched several databases, 
each with the different terms: 1) Online Men-
delian Inheritance in Man (OMIM-97 entries 
for "lymphedema," finding many entries for 
case descriptions which have not been proven 
to be inherited, many entries for syndromes 
with only occasional lymphedema), and 2) 
Google Scholar with the terms "lymphedema 
and genes" (over 21,000 entries) and "lymphe-
dema and mutations" (about 16,000 entries)-in 
both cases with many repeats, many multiple 
papers on the same gene, and mostly papers 
which are not about inherited conditions. 

RESULTS 

The known human or mouse genes 
which are associated with primary lymphede-
ma, including complex lymphatic anomalies, 
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Human Chromosome Map depicting locations of gene variants and loci known to be associated with human 
primary lymphedema/lymphatic dysplasia syndromes, as well as candidate genes on the basis of murine studies. 
Black: location of confirmed human gene variants; grey: potential PLE genes awaiting further confirmation; 
orange: genes causing complicated lymphatic anomalies (CLAs); red: corresponding human location of mouse 
gene variants associated with lymphatic maldevelopment (i.e., "candidate genes" not yet identified in human 
primary lymphedema); *: pathogenic human gene variants with corresponding mouse models; green: location of 
genetic deletions; blue: chromosomal duplications associated with human PLE. See text and reference 1 for 
further details. 
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are presented in Fig. It comprises 26 con-
firmed genes and five confirmed loci (includ-
ing the two deletions on chromosome 22 and 
Turner syndrome's monosomy X), as well as 
18 potential PLE genes in which variants con-
sidered as potential mutations await confirma-
tion by identification of additional cases and/or 
functional validation in vitro or in vivo. Refer-
ences for the locations can be found in Brouil-
lard et al (1). Four recent additional potential 
PLE genes have been added. 

DISCUSSION 

Initially, because of closely linked genes 
in pathways in bacteria (Operons, e.g., Beta-
galactosidase), there were extensive generally 
unsuccessful searches for linkage of genes in-
volved in pathways in higher organisms. Ex-
ceptions were the many closely linked genes in 
the major histocompatibility genes, H-2 in 
mouse, HLA in man. It is interesting to note 
that whereas if the 74 loci depicted were ran-
domly dispersed, we would expect an average 
distance of about 49 megabases (mb) between 
them. However, there are 3 cases of much clos-
er linkage, although at distances compatible 
with hundreds of genes intervening: PROX1 
and PTPN14 at 0.3 mb, FOXC2 and PIEZO1 
at 2.2 mb, and FLT4 and NSD1 at 3.3 mb. It is 
interesting in this regard that a recent report 
described a large multigeneration family with 
highly penetrant primary lymphedema caused 
by various combinations of dominant FOXC2 
and recessive biallelic PIEZO1 mutations (2). 
There are 2 other linkages at about 5mb: 
GATA2 and PLXNA1 (3), and KIF11 and 
PTEN (4). These are likely to just be stochastic 
variations but might suggest further searches 
for chromatin configuration involvement in 
the expression of lymphedema genes. Due to 
close proximity of the two genes in these loci, 
and thus the low frequency of recombinations 
between them, the digenic variants could still 
follow dominant inheritance pattern. 
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