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Lymphangiogenesis: a new paradigm for cancer
progression and therapy

Angiogenesis and permeability of
blood vessels are regulated by vascu-
lar endothelial growth factor (VEGF)

via its two receptors VEGFR-1 and VEGFR-
2. The VEGFR-3 receptor does not bind
VEGF and its expression becomes restrict-
ed mainly to lymphatic endothelia during
development. We have found that homozy-
gous VEGFR-3 targeted mice die around
midgestation due to failure of cardiovascu-
lar development. We have also purified and
cloned the VEGFR-3 ligand, VEGF-C. Trans-
genic mice expressing VEGF-C show evi-
dence of lymphangiogenesis and VEGF-C
knockout mice have defective lymphatic
vessels. The proteolytically processed form
of VEGF-C binds also to VEGFR-2 and is
angiogenic. VEGF-D is closely related to
VEGF-C, similarly processed and binds to

the same receptors. Thus VEGF-C and VEGF-
D appear to be both angiogenic and lym-
phangiogenic growth factors. VEGF-C over-
expression led to lymphangiogenesis and
growth of the draining lymphatic vessels,
intralymphatic tumor growth and lymph
node metastasis in several tumor models.
Furthermore, soluble VEGFR-3, which
blocked embryonic lymphangiogenesis, also
blocked lymphatic metastasis in breast and
lung cancer models. These results together
with recent clinical cancer studies suggest
that paracrine signal transduction between
tumor cells and the lymphatic endothelium
may be involved in lymphatic metastasis of
human cancers. Lymphangiogenic signals
may also be intimately coupled to various
inflammatory processes.

Session IV • Endothelium targeting and anticancer therapies


