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Vascular endothelial growth factor C (VEGF-C) is
required for proper lymphatic development

The cardiovascular system consists of a circula-
tory system, in which the heart pumps blood via
arteries, capillaries and veins, serving nutrients
and oxygen to all cells in the body. A less well
known lymphatic vascular system comprises a
separate vessel network that also permeates
most organs in the body. Lymphatic vessels
begin as blind-ended vessels from the periphe-
ry, and they have an important role in draining

the extravasated fluid and immune cells
through the lymph nodes back to the blood cir-
culation. Abnormal function of lymphatic ves-
sels is associated with several diseases, such as
tumor metastasis and lymphedema. Develop-
ment of methods for local and controlled induc-
tion or inhibition of lymphangiogenesis is thus
of major importance for the treatment of such
diseases.

VEGF-C and a related growth factor, VEGF-D
have been shown to stimulate the lymphatic
endothelium via their VEGFR-3 receptor. In our
latest project, we have analyzed embryonic
development of the lymphatic system in mice
deficient in VEGF-C. We were able to show that
VEGF-C is the paracrine factor that triggers the
sprouting of the lymphatic endothelial cells
from the embryonic veins. VEGF-C is indispen-
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sable in this process, and cannot be compensa-
ted by any another ligand of the VEGF family.
Our findings are consistent with the theory pro-
posed a century ago by Dr. Sabin, namely that
the lymphatic vessels originate from the venous
endothelium. Our results also provide novel
mechanistic insight into this basic biological
process whereby lymphatic endothelial cells are
separated from the blood vasculature. Strikin-
gly, mice heterozygous for Vegfc also showed
defects in the lymphatic vasculature and they
exhibited cutaneous lymphatic hypoplasia and
lymphedema. These results indicate that VEGF-
C is the factor requir-ed for embryonic lym-
phangiogenesis, and that it dose-dependently
sustains  normal lymphatic vasculature.
The importance of the VEGF-C/VEGFR-3 signal-

ing system in the proper formation of the lym-
phatic vasculature has also been implicated in
human disease. Recently, in collaboration with
Dr. Ferrell and Dr. Finegold (Pittsburgh), we have
shown that heterozygous inactivation of
VEGFR-3 tyrosine kinase activity leads to inher-
ited, congenital lymphedema (Milroy's disease).
The swelling of the extremities in these patients
is caused by a hypoplastic cutaneous lymphatic
network and insufficient lymphatic drainage.
Similar inactivating VEGFR-3 mutation also
results in lymphedema in the Chy mice, which
serve as a mouse model for Milroy's disease.

Currently, there is no known cure for lymphede-
ma, which has mainly been treated by physio-
therapy and by compression garments. We have
addressed the question whether VEGF-C over-

expression can be used to modulate the lym-
phatic vasculature in situations in which there
is insufficient lymphatic drainage. We have
shown that viral VEGF-C gene transfer to the
skin induces growth of cutaneous lymphatic
vessel network in the Chy lymphedema mice. In
collaboration with Dr. Rockson (Stanford), we
have also shown that VEGF-C protein therapy is
applicaple to secondary lymphedema in a rabbit
model. We are now continuing the work to
develop novel pro-angiogenic and pro-lym-
phangiogenic therapies for vascular disorders.
These therapeutic approaches will be developed
further in animal models and the first clinical
trials have been planned to be carried out in
near future.
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