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A NOVEL FLT4 GENE MUTATION IDENTIFIED IN
A PATIENT WITH MILROY DISEASE
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ABSTRACT

Milroy disease is an autosomal dominant
disorder generally presenting with below the
knee lymphedema at birth. It is linked to
mutations in the tyrosine kinase domain of
the VEGFR3 protein which is encoded in the
FLT4 gene. Here we report a case of Milroy
disease in a patient with a dominant pattern
of inheritance, classical physical findings, and
lymphatic system imaging demonstrating lack
of tracer transport in the lower limbs. Genetic
analysis revealed a novel missense mutation
compared to a summary of reported mutations
causing Milroy Disease.
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Milroy Disease is a rare autosomal
dominant disorder caused by a mutation in
the FLT4 gene coding for VEGFR3 protein
(1-3). The tyrosine kinase domains of
VEGFR-3 are conserved units made up of
exons 17-20 and 22-26. The receptor tyrosine
kinase complex autophosphorylates after the
ligand, VEGF-C, binds to it, and mutations
in the tyrosine kinase domain can inhibit
the transmission of VEGF-C binding and its
downstream effects on lymphatic develop-
ment and maintenance (4). The result of
these mutations is seen clinically as Milroy
disease. Patients with Milroy disease
generally present with lymphedema at birth,
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and the swelling is confined below the knee
(5). Other associated signs and symptoms
include: hyperkeratosis, upslanting toenails,
and recurrent cellulitis (6).

Fifty-eight mutations in the receptor
tyrosine kinase of VEGRF3 are currently
reported in the FLT4-Leiden Open Variation
Database (7). Of the 58 mutations, 54 are
missense, 1 is a splicing variant, and 3 are
deletions. Presently, there have been no
mutations reported outside the two receptor
tyrosine kinase domains in exons 17-20
and 22-26.

Case Summary
Clinical

The patient presented as a 16 year old
male who was born with bilateral, below the
knee swelling. A family history of lower
extremity lymphedema at birth included the
patient’s mother, grandmother, brother, and
sister (Fig. 1).

Imaging

Lymphscintigraphy was performed using
filtered 99m technetium labeled human serum
albumin to examine the functioning of the
lymphatic system. Following bilateral single
intradermal injection (0.05 ml, 500 &Ci) into
each foot, early static and late whole-body
images were obtained using a collimated
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Fig. 1. Family pedigree displaying pattern of autosomal dominant inheritance (affected by history). Proband who

was examined, imaged, and sequenced is I11-3 (arrow).

gamma camera. Lymphscintigrams displayed
an absence of lymphatic vessels in the legs
with lack of tracer transport from the feet
(Fig. 2).

DNA Analyses

A blood sample was taken, DNA prepared
and PCR amplification of exons 17-20 and
22-26 of FLT4 (exons encoding the tyrosine
kinase domains) were submitted for Sanger
sequencing. Sequence analysis revealed that
the subject was heterozygous for a T>G
missense mutation at position 3243 in exon
24 of FLT4, changing amino acid #1081 from
methionine to arginine. This amino acid is
conserved in mouse and chicken, although it
is not in the rat. The rat, however, has about
10 extra amino acids in this stretch and is
not, therefore, homologous to other sequenced
species in this coding area. This base pair
change does not occur as a single nucleotide
polymorphism (SNP) on either the SNPper
(snipper.chip.org) or HapMap (hapmap.org)
SNP databases.
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Fig. 2. Lymphscintigram sequence (early after
massage on left and late on right) showing little to no
tracer uptake after intradermal injection into the
dorsum of the feet (arrow). Markers indicate the
sternum, xiphoid, pubis, and knee; arrowhead
indicates bladder.
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TABLE 1

Reported Mutations in VEGFR-3 Causing Milroy Disease

from Leiden Open Variation Database (7)
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Mutation (reference)

ARG844Pro (13) Arg943Pro (13) Ile1053Phe (8)
Gly852Ser (13) Ser1018Arg (8) Asp1055Ala (13)
Gly852Arg (13) Phe1019Ser (8) Asp1055Val (21)

Gly852Val (8) GIn1020Leu (19) Gly1057Asp (8)
Gly854Ser (14) Gly1024Arg (13) Glu1084Lys (8)
Gly854Arg (13) Gly1024Glu (13) 1le1086Thr (17)
Ala855Thr (15) Met1025Ile (8) Leu1103Pro (8)
Gly857Arg (4) Cys1033Gly (8) Leu1104Phe (8)
Ala877Thr (16) His1035Arg (20) Glu1106Lys (22)
Val878Met (17) His1035GlIn (17) Glu1106Asp (8)
Leu893Val (15) Asp1037His (13) Phe1108Ser (8)

Met894del (8) Asp1037Tyr (13) Phe1108del (14)
Leu913del (18) Asp1037Glu (8) Prol114Leu (1,4)
Gly914Arg (8) Ala1040Asp (8) Tyr1115Cys (13)
Ala915Pro 14) Argl1041Trp (14) Gly1131Arg (13)
Ala915Glu (8) Argl1041Gin (14) Prol1137Leu (14)

Cys916Trp (14) Arg1041Pro (4) Arg1145Cys (8)
Thr917Pro (8) Asn1042Ser (13)

Gly933Arg (14) Leu1044Pro (4)

Asn934Try (8) Val1051Met (13)

DISCUSSION for 1 copy of the gene (11) show lymphatic

The patient presented a classical picture
of Milroy disease by history, physical
examination, and imaging findings. He is
heterozygous for a novel mutation in
FLT4/VEGFR3 which is highly likely to be

dysplasia. The similarities of FLT4 kinase
domain mutations in Milroy to haploin-
sufficency in the mouse highlights the crucial
role of the tyrosine kinase domain in
phosphorylating downstream targets-possibly
including NF-kappaB (12).

inactivating as are other mutations in Milroy

disease (7) (Table 1) (8,9). It has been shown
that haploinsufficency of Vegfr3 results in
lymphedema by studies in mice and that mice
heterozygous for a loss-of-function mutation
in the tyrosine kinase domain (10) or deleted
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