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Accumulating evidence suggests that high-endothelial venules (HEVs) represent major gateways for the infiltration
of lymphocytes within neoplastic lesions. However, the origin of these vessels in human neoplasms remains elusive. We
have recently discovered a link between lymphotoxin 3-producing dendritic cells and tumor-associated HEVs.

Tumor angiogenesis is usually thought
to contribute to disease progression and
metastasis, and the density of tumor-
associated vessels is generally associated
with poor prognosis in cancer patients.
Although these affirmations are globally
true, we recently proposed the concept that
tumor-associated blood vessels exhibit a
high degree of heterogeneity and that some
of them, notably, high-endothelial venules
(HEVs) might be associated with favorable
clinical outcomes.! HEVs are specialized
vessels normally found in lymph nodes
that mediate the extravasation of naive
and central memory lymphocytes from
the peripheral blood to lymphoid tissues.?
Recent studies suggest that, similar to their
counterparts within lymph nodes, tumor-
associated HEVs represent major gateways
for the infiltration of lymphocytes into
solid tumors. This hypothesis is supported
by retrospective studies showing that
high amounts of tumor-associated HEVs
correlate with elevated levels of tumor-
infilerating T lymphocytes (TILs) or with
favorable prognosis factors and prolonged
survival in patients affected with primary
and breast carcinoma, '

Tumor-associated HEVs

melanoma’®
respectively.

have also been described in murine
tumor models upon the administration
of lymphotoxin a (LTat)? or the depletion
of FOXP3* regulatory T cells (Tregs),’ in
both scenarios being associated with robust
T-cell infiltration and tumor regression.
Taken together, these findings suggest that
tumor-associated HEVs favor antitumor
responses by supporting a
influx of lymphocytes in
the tumor stroma. Therefore, a better

immune
constant

understanding of the signals that regulate
the formation of HEVs is warranted to
allow the therapeutic manipulation of
the phenotype of tumor-associated blood
vessels.

The endothelial cells that line up HEVs
are highly plastic and rapidly lose their
specialized characteristics outside their
natural microenvironment. Dendritic cells
(DCs)¢ as well as signals provided by the
lymphotoxin B (LTB) receptor (LTBR)
on endothelial cells’ have recently been
shown to constitute essential regulators
of the HEV phenotype in mouse lymph
nodes. However, despite these considerable
advances in the understanding of HEV
formation in lymphoid organs,® the
signals required for HEV formation in
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peripheral tissues, in particular neoplastic
We
recently provided novel insights into the
cells and signals that regulate HEVs in
We found
that LT is specifically overexpressed by

lesions, remained obscure. have

human breast carcinoma.?

breast cancers characterized by a high
density of HEVs and that DCs were the
major producers of LTP in the breast
tumor microenvironment. In addition, we
observed that clusters of mature DCs often
surround tumor-associated HEVs and the
abundance of DC-LAMP* DCs strongly
correlates with the density of tumor-
associated HEVs. Finally, the amounts
of DC-LAMP* DCs robustly

associated with favorable clinical outcome

were

in breast carcinoma patients. Therefore,
we proposed that in human breast cancer,
like in mouse lymph nodes,* the presence
of LTB-producing DCs is required for the
differentiation of HEVs (Fig. 1).
Interestingly, our results also revealed
that the density of HEVs in the breast
cancer stroma is associated with a
reduction in the ratio between FOXP3*
Tregs and CD3* T cells. This finding
complements evidence obtained in murine
models suggesting that Tregs may actually
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Figure 1. Role of lymphotoxin-producing dendritic cells in the regulation of tumor-associated high-endothelial venules. CCL19, chemokine (C-C motif)
ligand; CCL21, chemokine (C-C motif) ligand 21; CXCL13, chemokine (C-X-C motif) ligand 13; DC, dendritic cell; HEV, high-endothelial venule; LTa132,

inhibit the formation of tumor-associated
HEVs.S New therapeutic strategies could
emerge from a better understanding of
how Tregs influence HEV formation. In
particular, whether this process involves
DCs remains to be determined. Robust
evidence indicates that Tregs constantly
interact with DCs and inhibit their
functions in lymph nodes, hence reducing
the risk for the activation of autoreactive
T cells. It is attracting to speculate that
Tregs may regulate the differentiation of
HEVs by directly limiting the expression
of LTBR ligands on DCs. It is also possible
that auto- and tumor-reactive T cells
might directly promote the differentiation
of HEVs upon Treg depletion, since
activated T cells are known to produce
LTPR ligands.

The progression of breast carcinoma
is usually considered as a multistep and
multifactorial process. Invasive ductal
carcinoma (IDC) is thought to derive
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from a series of intermediate hyperplasic
and neoplastic stages including ductal
carcinoma in situ (DCIS). Importantly,
we have documented a reduction in the
density of HEVs in the IDC areas, as
compared with DCIS areas, of breast
carcinomas containing both a DCIS
and a IDC component. Interestingly,
such a reduction was associated with
a decline in DC-LAMP* DC clusters.
These findings are suggestive of a causal
association between DC infiltration,
HEV density and tumor invasiveness.
Further experiments using animal models
of breast carcinogenesis are required to
test this hypothesis.

HEVs are also found within the
ectopic lymphoid structures that develop
in chronically inflamed peripheral tissues
known as tertiary lymphoid structures
(TLSs). TLSs have been documented
in multiple human neoplasms and their
presence is correlated with improved
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survival in patients with lung cancer’
We found that the presence of HEVs in
human breast carcinomas is associated with
different levels of lymphoid organization,
including (in some cases) typical TLSs
characterized by large T-cell infiltrates,
mature DCs, and B-cell follicles. The
levels of lymphoid chemokines including
chemokine (C-X-C motif) ligand 13
(CXCL13), chemokine (C-C motif)
ligand 21 (CCL21) and CCL19, which are
characteristic of TLSs, were also highly
correlated with the presence of HEVs in the
breast cancer stroma. The differentiation of
HEVs most likely represents an early step
leading to the development of TLSs within
neoplastic lesions. Since both TLSs and
HEVs are associated with high levels of
DCs and TILs, it remains to be determined
which of these immunological parameters
is predominantly responsible for the gain in
survival they are associated with in cancer
patients. Whether the mere migration
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of effector lymphocytes into tumors is
the most critical parameter, as evidenced
in colon cancer patients,”” or whether a
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