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Lymphatic endothelial regulation, lymphoedema, and lymph

node metastasis
Marika J. Karkkainen* and Kari Alitalo'

Vascular endothelial growth factor receptor-3 (VEGFR-3)
mediates  lymphatic  endothelial ~cell (LEC)  growth,
migration, and survival by binding VEGF-C and VEGF-D.
Recent studies have revealed new regulators of the lymphatic
endothelium, such as the transcription factor Proxl, and
the cell surface proteins podoplanin and lymphatic vessel
endothelial hyaluronan receptor-1 (LYVE-1). Furthermore,
the isolation of LECs now allows detailed molecular studies
of the factors regulating the lymphatic vasculature. These
studies are aimed at targeting the lymphatic vasculature in
the treatment of various diseases, such as tumour metastasis
and lymphoedema.

Key words: lymphangiogenesis / lymphatic vasculature /
metastasis / VEGF-C / VEGFR-3

© 2002 Elsevier Science Ltd. All rights reserved.

Formation and function of the lymphatic system

The blood circulatory system requires the adjacent
lymphatic system to collect extravasated protein-rich
fluid, macromolecules and lymphocytes, and trans-
port them back to the blood circulation. The traffic of
these molecules to the lymphatic capillaries is facili-
tated by large inter-endothelial gaps between adjacent
LEGCs and surrounding incomplete basement mem-
brane. From the capillaries, the lymph is transferred
to the collecting lymphatic vessels, and ultimately
into the venous circulation via the thoracic duct.
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The origin of lymphatic vessels has been
discussed for decades. According to Sabin,! the
foetal lymphatic sacs are formed from the large
central veins in the jugular and perimesonephric
regions. The lymphatic vessels arise from these sacs by
sprouting towards the periphery. Some other theories
postulate that the lymphatic vessels develop by in situ
differentiation from mesenchymal cells in different
tissues, >® or by a combination of sprouting and in situ
formation.? The lymphatic sac theory is supported
by the finding that the two lymphatic regulators,
VEGFR-3 and Proxl, are expressed in such structures
during mouse development.”~” On the other hand, it
has recently been shown that mesodermal lymphan-
gioblasts participate in the development of the avian
lymphatic system, supporting the theory that the pe-
ripheral lymphatic vessels develop by multiple mecha-
nisms. *~1” Whether lymphangioblasts also participate
in lymphangiogenesis in adults, remains to be seen.

The lymphatic system also has an important role
in immunological responses. Lymphatic vessels
take up foreign molecules and leukocytes which
have gained access to the tissue spaces. The lymph
is filtered through the lymph nodes, which trap
various antigens by attracting antigen presenting
cells, such as dendritic cells (DGCs) in various
epithelia or Langerhans cells in the epidermis.
These cells monitor the extracellular environment,
detect antigens, and trigger T cell activation.!!
Inflammatory chemokines and cytokines recruit DC
precursors and mediate DC activation. The DCs then
migrate from the periphery to the lymph nodes via
the lymphatic vessels.

As metastasis to the regional lymph nodes occurs via
the lymphatic vessels, current interests focus on the
interactions of LECs with tumour cells, the transloca-
tion of tumour cells through the endothelium, and
their entry into the lymph nodes. Knowledge of the
mechanisms regulating cell trafficking into the lym-
phatic vessels and lymph nodes could be helpful for
the inhibition of the metastatic process.






