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The control of tumor vessels: what you would not
expect from a neural adhesion molecule
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The neural adhesion molecule L1 is involved in development and plasticity of the nervous system. We recently
reported aberrant expression of L1 in the vasculature of various human tumor types. Genetic and functional
inactivation of endothelial L1 in a mouse tumor model resulted in decreased tumor angiogenesis and promoted
vascular normalization. Thus, endothelial L1 might represent a novel therapeutic target for vessel-targeted treatments

of solid tumors.

The pioneering work of Judah Folk-
man' paved the way for several studies
that have conclusively established the
essential role of neovascularization in the
context of tumor progression. Indeed,
solid tumors cannot grow beyond a small
size without the formation of new blood
vessels that supply oxygen and nutrients to
neoplastic cells. In addition, tumor-associ-
ated vessels offer the main route for meta-
static dissemination of cancer cells to
distant organs.

These observations have provided a
strong rationale to dissect the cellular and
molecular mechanisms that govern tumor
angiogenesis, aimed at designing thera-
peutic strategies to interfere with the pro-
cess and therefore inhibit tumor growth
and metastasis. So far, the main output of
these efforts has been a series of com-
pounds that target the vascular endothelial
growth factor (VEGF) pathway, a major
player in tumor neovascularization. The
prototypic example of a VEGF-targeted
drug is provided by the anti-VEGF anti-
body bevacizumab, which has entered
clinical practice for different cancer types.
In addition, several compounds that inac-
tivate either VEGEF itself or its receptors
are under clinical evaluation.”

While VEGF-targeted therapy has
proven efficacious in the inhibition of
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tumor-associated angiogenesis, prolonging
progression-free survival in patients with
certain cancer types,” its beneficial effects
are often transient and modest. Further-
more, following the initial therapeutic
response, tumors often develop mecha-
nisms of resistance and/or evasion, result-
ing in disease recurrence and/or increased
aggressiveness.4 These findings highlight
the need to design novel therapeutic strat-
egies to interfere with tumor angiogenesis,
an objective that, in turn, strictly depends
on a deeper knowledge of the molecular
players and pathways involved in the for-
mation and function of tumor vasculature.

Our group has observed that the
immunoglobulin-like cell adhesion mole-
cule L1 (also known as LICAM or
CD171), previously characterized as a
neural Ig-CAM involved in brain develop-
and  plasticity,” is aberrantly
expressed in the vessels of different tumor

ment

types but almost absent from the normal
®7 To investigate whether L1
plays a functional role in cancer vessels,

vasculature.

we combined genetic ablation of L1 in
mouse endothelium with an orthotopic
syngeneic model of pancreatic carcinoma.
Endothelial deficiency of L1 resulted in
reduced tumor growth and metastasis and
longer mouse survival, accompanied by
reduced tumor angiogenesis and vascular
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normalization.”  Similar results were
obtained by treating tumor-bearing mice
with a neutralizing anti-L1 antibody.”

Overall, this study provides the ratio-
nale to test inactivation of L1 as a novel
antiangiogenic approach (Fig. 1). Of note,
vascular expression of L1 is induced by
different angiogenic and proinflammatory
stimuli including VEGF-A, tumor necro-
sis factor-a, interferon-y, and transform-
ing growth factor-B1 (our unpublished
results and Ref. 6) and L1, in turn, stimu-
lates the expression of several molecules
that promote neovascularization, includ-
ing VEGF-A, VEGEF-C, delta-like ligand-
4, and interleukin-6.” Thus, it is conceiv-
able that therapeutic inhibition of L1
would interfere with a broad spectrum of
proangiogenic pathways that are com-
monly  activated in  the tumor
microenvironment.

In addition to its functional role in
cancer vascularization, the surface expres-
sion of L1 on vascular endothelium repre-
sents another attractive feature with
potentially relevant therapeutic implica-
tions. Indeed, antibody-mediated delivery
of cytotoxic compounds (drugs, toxins,
radioisotopes, etc.) to cell surface-associ-
ated epitopes remains an actively explored
approach for targeted therapy,® and the

specific expression pattern of L1 implies
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Figure 1. Vascular L1 as a therapeutic target for cancer therapy. The specific expression of L1 in tumor vessels results in altered endothelial junctions,
deficient deposition of basement membrane, and poor pericyte coverage (A). Genetic ablation or the functional inactivation of L1 (B) prevents tumor
angiogenesis and/or promotes vascular normalization (C). In addition, antibody-drug conjugates based on anti-L1 antibodies could lead to the selective

that this strategy might result in the selec-
tive elimination of tumor vessels while
sparing their normal counterpart (Fig. 1).
Finally, it is noteworthy that L1 is fre-
quently expressed in tumor cells them-
selves, where it exerts a promalignant
function. In these tumor types, therefore,
L1-targeted therapies would offer the dual
advantage of disrupting cancer vessels and
killing neoplastic cells, possibly resulting
in a synergistic antitumor effect.
Unexpectedly, we found that inactivat-
ing endothelial L1, either genetically or
via antibody-mediated neutralization,
leads to vascular normalization in the
tumor as shown by increased pericyte cov-
erage and basement membrane deposi-
tion, resulting in reduced vessel
permeability.” It has long been proposed
that vascular normalization, achieved by
improving tumor perfusion, would facili-
tate the delivery of chemotherapies or tar-
geted drugs into the tumor mass, thus
enhancing the therapeutic response. This
theory has received support from a num-
ber of preclinical and clinical studies.’
Our findings point to L1 neutralization as
a novel strategy to induce vessel normali-
zation, providing the rationale for testing
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whether this increases the efficacy of anti-
cancer treatments (Fig. 1).
Mechanistically, the pleiotropic role of
L1 in the cancer vasculature entails control
of transcriptional activity in endothelial
cells, which underlies the L1-dependent
modulation of key gene networks and sig-
naling pathways, such as the IL6-JAK-
STATS3 axis. In particular, endothelial L1
induces the expression of both IL6 and
[L6-receptor-a, resulting in the constitu-
tive activation of signal transducer and
activator of transcription 3 (STAT3), and
blocking this pathway dramatically
reduces Ll-dependent endothelial cell
proliferation and migration.7 The 1L6-
JAK-STAT3 cascade has been implicated
in tumor angiogenesis, thus emerging as a
prominent effector of L1-induced neovas-
cularization. In addition, transcriptomic
data (corroborated by morphological and
functional findings in L1-deficient tumor
vessels) indicated that L1 induces the
endothelial-to-mesenchymal transition,” a
process that has been implicated in cancer
progression'® and, therefore, is likely to
contribute to the promalignant function
of L1. Of course, given the large number
of genes that are regulated by LI in
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endothelial cells, the relative impact of
other networks/pathways on the tumor
vasculature remains to be defined. Like-
wise, future studies should elucidate at the
molecular level how L1 exerts its control
on gene transcription, clarifying for exam-
ple whether this entails a direct effect on
specific promoters or rather depends on
other intracellular effectors.

On one hand, the novel role of L1 in
cancer-associated vessels sets the stage for
identification of additional pathways and
players involved in tumor angiogenesis
and vascular normalization. On the other
hand, these findings open new perspec-
tives for the design of alternative therapeu-
tic strategies aimed at selective targeting of
the tumor vasculature.
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