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An important role of lymphatic endothelium in
cancer progression and metastasis

Michael Detmar
(Professor, Institute of Pharmaceutical Sciences,

ETH Zurich, Zurich, Switzerland)

The "originally controversial" concept that tumor-induced
lymphangiogenesis promotes cancer metastasis to lymph
nodes and likely beyond has today been generally
accepted.  Originally thought of as passive participants
that provide increased drainage and, thus, increased
opportunities for tumor cells to gain access to draining
lymph nodes, tumor-associated lymphatic vessels likely
play much more active roles in promoting cancer
metastasis.  Our recent studies, using new non-invasive
near-infrared in vivo imaging techniques, indicate
enhanced flow in tumor associated lymphatic vessels, as
well as re-routing of lymphatic tumor drainage after
sentinel lymph node metastasis.  Tumor-associated
lymphatic vessels also appear to inhibit the anti-tumoral
immune response by several mechanisms.  Tumor
draining lymphatic vessels, as well as the expanded
lymphatic vessels in tumor-draining lymph nodes ("lymph
node lymphangiogenesis"), appear to provide a pre-
metastatic niche for tumor cells and also a metastatic
niche for cancer stem cells, as evidenced by the occurrence
of in-transit metastasis and the persistence of cancer cells
in lymph node sinuses.  We have used several approaches
to  iden t i fy  inh ib i to r s  o f  t umor -as soc ia t ed
lymphangiogenesis, including phenotypic chemical
genetics screens and development of recombinant soluble
inhibitors.  Our recent studies indicate that lymphatic
endothelium, upon contact with cancer stem cells, secretes
chemokines that promote the "stemness" of these cells
that express the respective chemokine receptors.
Inhibition of these pathways inhibits sphere formation
and cancer cell invasion, and expression of the respective
chemokine receptors in human cancers is associated with
increased tumor stage.
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Prox1-Vegfr3 feedback loop maintains the
identity of lymphatic endothelial cell progenitors

Guillermo Oliver
(Professor, St. Jude Children's Research Hospital,

Tennessee, USA)

We have previously shown that Prox1 dosage is important
for the normal development of lymphatic vasculature.  In
the absence of Prox1, lymphatic endothelial cells are
absent.  In Prox1-heterozygous embryos, the number of
lymphatic endothelial cells is reduced due to a decrease
in the progenitor pool in the embryonic cardinal vein.
The pathway downstream of Prox1 that regulates the
normal formation of lymphatic endothelial cell
progenitors was previously unknown.  Here we show
that Vegfr3 is a dosage-dependent, direct target of Prox1.
Specifically, the dosage of Prox1 controls the level of
Vegfr3 expression.  Furthermore, using various mouse
models we determined that a feedback loop between
Prox1 and Vegfr3 is necessary to maintain the identity of
lymphatic endothelial cell progenitors and that Vegfc-
mediated activation of Vegfr3 signaling maintains Prox1
expression in lymphatic endothelial cell progenitors.
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Tumor-associated lymphangiogenesis
promotes pro-invasive and immune

suppressive stromal remodeling

Melody Swartz
(Professor, Institute of Bioengineering and Swiss Institute
for Experimental Cancer Research, Eole Polytechnique

Federale de Lausanne, Switzerland)

Lymphatic vessels and cancer metastasis have long been
correlated: the presence of the lymphatic vascular
endothelial growth factors VEGF-C/D in the tumor
microenvironment associates with increased metastasis
and poor prognosis, and function-blocking antibodies
against their main receptor VEGFR-3, which prevent
new lymphatic growth, are being tested in clinical trials
to prevent metastasis.  On the other hand, VEGF-C likely
plays complex roles in the tumor microenvironment; in
addition to driving lymphatic expansion locally and in
the draining lymph node (LN), it has also been shown to
increase lymphatic drainage, alter immune cell transport
to the LN, and increase levels of the lymphoid chemokine
CCL21, which attracts leukocytes, naïve T cells, and
regulatory T cells, among others.  VEGF-C can be
secreted by tumor-associated macrophages and even
tumor cells themselves.  In this study, we asked how
VEGF-C-driven lymphatic activation alters the tumor
microenvironment.  In addition to causing lymphatic
expansion, we found that VEGF-C stimulates multiple
and complex alterations in the tumor stroma that promote
immune suppression and invasion.  These include
lymphatic secretion of tenascin-C and TGF-b, driving
myofibroblast activation and pro-invasive stromal
remodeling, as well as secretion of immune suppressive
factors like IDO.  Furthermore, we found that VEGF-C
enhances lymphatic endothelial cell scavenging and
presentation of tumor antigens on MHCI and MHCII
molecules as well as PD-L1, in turn dampening anti-
tumor T cell responses. Together, these data suggest that
VEGF-C/VEGFR-3 targeting could potentially be
important not only for preventing lymphangiogenesis but
also in strategies that aim to alter the tumor
microenvironment to make traditional therapies and
immunotherapies more effective.
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Molecular parallels between neural and
vascular development

Anne Eichmann
(Professor, Cardiovascular Research Center,

Yale University School of Medicine, Connecticut, USA)

Anatomical parallels between the nervous and the
vascular system are readily apparent in peripheral body
tissues, where blood vessels and nerves ramify throughout
nearly all domains of the body and are usually aligned.
Alignment of nerves and blood vessels allows the
establishment of a physical relationship between them,
as larger nerves are vascularized by vasa nervorum to
ensure their oxygen and nutriment supply, while arteries
are innervated by autonomic nerve fibers that control
vascular tone.  To orchestrate the formation of their highly
branched, exquisitely wired networks, nerves and blood
vessels have developed shared cellular and molecular
principles.  At the cellular level, axons of developing
neurons and capillaries use specialized motile structures
to ensure their directional guidance.  In axons, a growth
cone is situated at the axon extremity and ensures axon
guidance towards its distant target.  In blood vessels,
specialized motile endothelial cells situated at the
capillary tips ensure capillary guidance during sprouting
angiogenesis.  Molecularly, common signaling molecules
guide vascular and axonal outgrowth.  Growth cones
project numerous filopodia that actively extend and retract
in response to four families of extracellular guidance
cues: Ephrins, Semaphorins, Netrins, and Slits.  Axonal
growth cones and tip cells express receptors for axon
guidance molecules, including Neuropilin receptors
(Nrps), Eph family receptor tyrosine kinases, PlexinD1,
Robo4, and UNC5B.  Loss-of-function of the genes
encoding these receptors leads to defects in vessel
formation and in most cases to embryonic death,
indicating a critical function of axon guidance receptors
in vascular development.  Their guidance properties and
vascular expression makes them attractive targets for
approaches directed at inhibiting tumor angiogenesis, or
conversely for guiding new vessels towards ischemic
tissue areas.  In addition to cues initially discovered for
their roles in axon guidance that play a role in vessel
formation, an increasing body of evidence shows that
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Overcoming tumor resistance to VEGF
blockade by co-targeting ANG2/TIE2 signaling

and macrophages

Michele De Palma
(Professor, Institute of Bioengineering and Swiss Institute
for Experimental Cancer Research, Eole Polytechnique

Federale de Lausanne, Switzerland)

Angiopoietin-2 (ANG2/ANGPT2) is a proangiogenic
factor that promotes endothelial-cell survival and growth
by activating the TIE2 receptor.  We and others have
shown that ANG2 blockade inhibits tumor angiogenesis
and progression in mouse models of cancer.  However, it
is unclear whether ANG2 may limit tumor sensitivity to
vascular endothelial growth factor (VEGF)-targeted
therapies.  By employing mouse tumor models that are
either sensitive or insensitive to VEGF inhibition, we
found that the efficacy of VEGF signalling blockade may
be limited by the adaptive upregulation of ANG2 in the
resistant tumors.  Indeed, combined ANG2/VEGF
signaling blockade suppressed tumor angiogenesis and
progression in anti-VEGF-resistant tumors, without
eliciting increased tumor invasion or metastasis.  These
findings clearly strengthen the clinical rationale for co-
targeting ANG2 and VEGF in tumors that develop
resistance to VEGF inhibition. Notably, a minority of
the tumors revascularized after VEGF/ANG2 blockade,
showing adaptive resistance to the double antiangiogenic
treatment.  Because we noted an increase of tumor-
associated macrophages (TAMs) in association with
resistance to dual VEGF/ANG2 blockade, we have
explored the utility of combining effective antiangiogenic
therapy with pharmacological TAM depletion.  The
results of these studies will be presented at the meeting.

vascular endothelial growth factors (VEGFs) and their
high-affinity tyrosine kinase VEGF receptors also
regulate development of the nervous system.
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Angiocrine signaling in tissue regeneration
and tumor progression

Hellmut G. Augustin
(Professor, Vascular Biology, Medical Faculty

Mannheim, Heidelberg University,
Heidelberg, Germany)

It is increasingly recognized that the vascular endothelium
does not just respond to exogenous cytokines (e.g.,
permeability-inducing agents, inflammation-inducing
agents, or angiogenesis-inducing agents).  Instead, the
endothelium itself serves as a rich source of cytokines
that act on the cells in the microenvironment and control
tissue responses.  The endothelium may through this
"angiocrine signaling" act as gatekeeper of organogenesis,
tissue regeneration, and tissue homeostasis.  We have
recently shown that the antagonistic angiopoietin/Tie
ligand angiopoietin-2 (Ang2) acts as critical regulator of
endothelial cell angiocrine signaling.  During partial
hepatectomy-induced liver regeneration, Ang2 acts as a
dynamically-regulated rheostat to spatiotemporally
orchestrate hepatocyte and Liver sinusoidal endothelial
cell proliferation through angiocrine- and autocrine-acting
Ang2.  Building on these findings, we hypothesized that
Ang2-controlled angiocrine signaling may similarly
regulate tumor metastasis.  Indeed, the experiments
revealed that endothelial Ang2 expression is induced by
tumor cells in the metastatic niche.  Endothelial cells
thereby recruit metastasis-associated macrophages that
enable the growth of seeded micrometastases.  Proof-of-
principle experiments will be presented exploiting such
angiocrine signaling in the tumor metastatic niche as
novel therapeutic targets.
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Surprising features of lymphatic vessels
learned from a model of pulmonary

lymphangiectasia

Donald M. McDonald
(Professor, Comprehensive Cancer Center, and

Department of Anatomy, Cardiovascular Research
Institute, University of California, San Diego, USA)

Pulmonary lymphangiectasia is a rare condition, usually
evident soon after birth, that is accompanied by respiratory
distress, cyanosis, pleural effusion or chylothorax, and
high mortality.  Widely dilated lymphatic vessels in
peribronchial and sub pleural regions of the lungs are
characteristic features.  The condition is usually sporadic
but can accompany congenital heart defects or other
congenital anomalies.  No effective treatment is available,
apart from supportive care, and no experimental model
has been developed for determining the possible causes,
underlying pathophysiology, and therapeutic strategies.
We created a doxycycline-inducible genetic mouse model
to gain insight into the mechanism and potential treatment
of pulmonary lymphangiectasia.  We asked whether the
lymphatic overgrowth in pulmonary lymphangiectasia
results from exaggerated signaling of vascular endothelial
growth factor (VEGF) receptors VEGFR-2 and VEGFR-
3 during a critical period in perinatal development, when
the vessels are especially sensitive to the lymphangiogenic
factor VEGF-C.  We also determined whether the
abnormal lymphatic growth can be blocked by selective
inhibition of VEGFR-2 and/or VEGFR-3 signaling.  Our
approach was to address these aims by using Clara cell
secretory protein (CCSP)-VEGF-C double-transgenic
mice in which VEGF-C is overexpressed by lung
epithelial cells under tetracycline regulation of the CCSP
promoter.  Using CCSP-VEGF-C double-transgenic
mice, we discovered that, when doxycycline was
administered to the mother in late gestation or to pups
during the early neonatal period, the pups rapidly
developed pulmonary lymphangiectasia and chylothorax.
Abundant, large, dilated lymphatic spaces lined by sheets
of lymphatic endothelial cells were present in the lung
around major airways and blood vessels and beneath the
visceral  pleura.   By comparison,  pulmonary
lymphangiectasia was not found when doxycycline was

Kitasato Medical Society Invitational Academic Lecture Series



205

The 638th Kitasato Medical Society

Invitational Academic Lecture Series Abstract

(H26.6.20)

Regulation of actin filament dynamics and
organization in C. elegans striated muscle

Shoichiro Ono
(Associate Professor, Department of Pathology,

Emory University School of Medicine)

Sarcomere in striated muscle is the basic unit of contractile
apparatuses.  Assembly and maintenance of organized
sarcomeric structure are essential for producing
contractile forces.  Actin is one of the major components
of sarcomeric thin filaments, and length and orientation
of the filaments are precisely regulated in striated muscle.
Our group uses the nematode Caenorhabditis elegans as
a model system to study the mechanisms of assembly
and maintenance of sarcomeric actin filaments.  Our
genetic and biochemical studies have demonstrated that
proteins that control actin polymerization and
depolymerization play essential roles in the organization
of actin filaments in sarcomeres.

given to adult double transgenic mice.  Further studies
revealed that the severity of the lymphangiectasia was
reduced by the treatment of newborn mice with a function-
blocking antibody to VEGFR-2 or to VEGFR-3.
However, lymphangiectasia was almost completely
prevented when the two antibodies were administered
together to block both VEGFR-2 and VEGFR-3.  A
critical period of sensitivity to development of
lymphangiectasia was evident in late prenatal
development and continued through the first 2 weeks of
postnatal life.  We conclude that conditional CCSP-
VEGF-C double-transgenic mice serve as a powerful
model for studying pulmonary lymphangiectasia.  The
findings are consistent with the existence of a critical
period of heightened sensitivity of lung lymphatics to
VEGF-C that begins in late gestation and persists through
the neonatal period.  In the presence of elevated VEGF-
C, signaling of VEGFR-2 and VEGFR-3 together drives
the formation of abnormal lymphatics in pulmonary
lymphangiectasia.
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