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1  | INTRODUCTION

Lymphedema comprises a series of conditions character-
ized by impaired lymph transport, leading to lymph stagna-
tion in the interstitium, especially in subcutaneous tissues 
(Rockson,�2006). Fluid accumulation in tissues can manifest 
as swelling in specific parts of the body, mainly in the lower 
limbs, but also in the upper limbs, face, and genitals. Primary 
lymphedema is the term used when the lymphedema is not 
caused by another medical condition. Milroy disease (MD) 
is a congenital form of lymphedema with autosomal domi-
nant inheritance, characterized by painless unilateral edema, 
often present at birth, usually affecting the dorsum of the feet 
and extending to the lower limb. In about 70% of cases, MD 
is associated with missense point mutations of the FMS-like 
tyrosine kinase 4 gene, FLT4 (MIM 136352), which encodes 
the vascular endothelial growth factor receptor 3 (VEGFR-3) 
(Connell et�al.,�2009). Recent studies have shown that vari-
ants in VEGF-C (MIM 601528), the gene coding for one of 
the VEGFR-3 ligands, can lead to a MD-like phenotype; five 
families with dominantly inherited lymphedema have been 
so far described to present heterozygous VEGF-C variants 
(Balboa-Beltran et� al.,� 2014; FastrØ et� al.,� 2018; Gordon 
et�al.,�2013b; Nadarajah et�al.,�2018).

VEGF-C, important for lymph vessel development, is 
synthesized as precursor protein, which undergoes proteo-
lytic processing which increases its affinity for its receptors, 
VEGFR-2 and VEGFR-3, with the consequent activation of in-
tracellular signaling involved in lymphangiogenesis (Alitalo, 
Tammela, & Petrova,�2005; Tammela & Alitalo,�2010). The 
metalloproteinase ADAMTS3 has been shown to directly 
interact with VEGF-C and induce its proteolytic process-
ing. However, the processing of VEGF-C by ADAMTS3 
is enhanced by the collagen and calcium-binding EGF do-
main-containing protein 1 (CCBE1) (Bui et�al.,�2016).

Here, we report an interesting family case of a patient 
with a disease resembling MD that, by a sequencing anal-
ysis, showed biallelic variants in VEGF-C. To clarify the 
role of these variants, further investigations were carried out. 
Clinical examination of the family by lymphoscintigraphy as 
well as biochemical in vitro assays is supportive for a role of 
both variants in the development of the proband phenotype. 
Our experiments demonstrate that proteolytic processing of 
the novel VEGF-C Ser65Arg variant is decreased compared 
to wild-type VEGF-C. These data expand our understanding 
of the etiology of congenital Milroy-like lymphedema.

2 | METHODS

All studies on human subjects were performed according to 
the Declaration of Helsinki rules and after approval of the 
Ethical Committee of the San Raffaele Hospital.

2.1 | Lymphoscintigraphic assessment

All clinical diagnostics and tests were performed 
at the Department of Radiology of Cuneo hospital. 
Lymphoscintigraphic examination was based on 99mTc-albu-
min nanocolloid (NANOCOLL*0.5�Mg Kit, GE Healthcare 
S.r.l.), injected into the interdigital space in both feet. The 
dosing was: 41�+�41�MBq in the proband, 60�+�60�MBq in 
the father, 55�+�5�MBq in the mother, 60�+�60�MBq in the 
elder brother, and 40�+�40�MBq in the proband’s twin brother. 
The lymphoscintigrams were recorded in three phases ac-
cording to the protocol of Bourgeois et al. (Bourgeois, Leduc, 
Belgrado, & Leduc,�2009). Briefly, in phases 0�3, the images 
were acquired at the points of injection to verify tracer clear-
ance; in phase 1, the inguinal regions were evaluated at rest 
and a whole-body scan of ninety 20-s frames was acquired 
in 30�min; phase 2 consisted of dynamic scans centered on 
the groins and whole-body scan during moderate exercise 
(tip-toeing movement of feet and toes); phase 3 consisted of 
whole-body scan after 1�hr of walking or 30�min of stationary 
cycling. Lymphoscintigraphic images obtained from phases 
1 and 3 were analyzed offline by using the automatic area 
plugin of ImageJ software (NIH, http://rsb.info.nih.gov/ij/) to 
determine, in the frontal projection, the distribution area of 
the 99mTc-albumin nanocolloid within lymphatic structures.

2.2 | Sequencing

The genetic diagnosis was done in MAGI�s Lab. All subjects 
received genetic counseling to explain the risks and benefits 
of genetic testing and they signed a consent to make their 
clinical and genetic data available for research purposes. 
DNA was extracted using the Blood DNA kit E.N.Z.A. 
(Omega bio-tek) from blood samples of the proband and 
her four relatives. Genetic profile of the proband was ob-
tained using the next generation sequencing (NGS) approach 
and a panel designed to include the main genes involved 
in primary lymphedema (including MD, Emberger syn-
drome, lymphedema-distichiasis, and other syndromes). 
The coding and adjacent intron regions of the CCBE1 (MIM 
235510; NM_133459), FLT4 (MIM 153100; NM_182925, 
NM_002020), FOXC2 (MIM 153400; NM_005251), 
GATA2 (MIM 614038; NM_001145661), GJC2 (MIM 
613480; NM_020435), SOX18 (MIM 607823; NM_018419), 
VEGF-C (MIM 615907; NM_005429), KIF11 (MIM 
152950; NM_004523), HGF (MIM 142409; NM_000601, 
NM_001010934, NM_001010931), and MET [11] (MIM 
164860; NM_000245, NM_001127500, NM_001324401) 
were analyzed using Nextera Rapid Custom Capture 
Enrichment (Illumina) and NGS on Illumina MiSeq plat-
form (150�bp paired-end reads). To exclude polymorphisms, 
we also searched the public database of single nucleotide 












