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Novel therapeutic strategies are needed to counteract breast cancer-associated immunosuppression. Silencing the
expression of galectin-1in a breast carcinoma model inhibited tumor growth and prevented lung metastasis by reducing
the frequency and immunosuppressive activity of CD4*CD25* FOXP3* regulatory T cells.

Breast carcinoma is the primary cause of
cancer-related death in women. Mortality
mainly ensues the metastatic spread of
tumor cells to other organs, which involves
the acquisition of invasive features by
malignant cells as well as their ability to
elude antitumor immune responses.' Breast
tumors employ diverse strategies to thwart
the attacks of the immune system and
create a tolerogenic microenvironment,
including the production of immunosup-
pressive cytokines such as transforming
growth factor B (TGFP) and interleukin
(IL)-10* as well as the expression of pro-
apoptotic molecules including FAS ligand?
and TRAIL,* which may act in concert
to dampen the activity of effector T cells.
In addition, accumulating evidence high-
lights the importance of regulatory cell
populations,’ including myeloid-derived
suppressor (MDSCs),  regulatory
T cells (Tregs), tolerogenic (plasmacytoid
or myeloid) dendritic cells (DCs) and the
recently-discovered adipose-derived stem
cells (ASCs).® These immunosuppressive
mechanisms can either be pre-existing,

cells

arise through the outgrowth of escape
tumor variants, or be established in the
course of immunoediting, namely, the pro-
cess whereby the immune system “sculpts”
the tumor by eliminating some, but not
all, malignant cells.! It has been proposed
that the blockade of these immunosup-
pressive mechanisms might be effective in

combination with other immunotherapeu-
tic strategies to overcome immunological
tolerance, promote tumor regression and
prevent metastatic disease.! Thus, a clear
understanding of the strategies devised by
tumors to counteract immune responses
may contribute to the design of novel,
rational immunotherapeutic strategies.
Research over the past decade has iden-
tified key roles for lectin-glycan interactions
in cancer immunoediting and metastasis.”
Galectins are endogenous lectins character-
ized by their ability to recognize multiple
[GalB1-4NACcGlIc]
sequences, which may be displayed on both

N-acetyllactosamine

N- and O-glycans of cell surface glycocon-
jugates.” Galectin-1 (Gal-1), a prototypical
member of this family, has emerged as a
key regulator of immune cell homeostasis
owing to its ability to shape both the T-cell
and DC compartments.” Interestingly,
Gal-1 is abundantly expressed at sites of
tumor growth and influences disease pro-
gression by promoting angiogenesis and
favoring immune escape.”® However, in
spite of considerable progress, the contri-
bution of the Gal-1-glycan axis to breast
cancer-associated immunosuppression and
its link to metastasis have not yet been
carefully examined.

In a recent issue of Cancer Research,
we demonstrated that Gal-1 is highly
expressed by human and murine breast
carcinoma and significantly contributes
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to immunosuppression during the meta-
static progression of the disease. The
analysis of 55 human breast cancer biop-
sies revealed a positive correlation between
Gal-1 expression and the Scarff-Bloom-
Richardson clinical grade, suggesting that
this lectin is upregulated during mam-
mary carcinogenesis. Using RNA inter-
ference strategies, we specifically depleted
Gal-1 in highly metastatic 4T1 breast
tumor cells, generating Gal-1-deficient
tumors. As a consequence of Gal-1 silenc-
ing, tumor growth and lung metastasis
were substantially reduced. Moreover, a
careful analysis of tumor-associated CD4*
T cells revealed a lower frequency and
diminished immunosuppressive activ-
ity of CD4*CD25*FOXP3* Tregs in the
spleen, tumor-draining lymph nodes, pri-
mary malignant lesions and metastatic
lungs of mice bearing Gal-1-depleted
tumors, as compared with animals bear-
ing wild-type 4T1 cells. Silencing Gal-1
in tumor cells also blunted the synthesis
of T, 2 cytokines by the host immune
system, as shown in the spleen or tumor-
draining lymph nodes from mice bearing
4T1-depleted tumors, which produced
considerably lower amounts of IL-5 and
IL-10, while exhibiting a lower IL-10 to
interferon y (IFNy) ratio, than to their
wild-type counterparts.

The role of breast cancer-derived Gal-1

in  systemic immunosuppression was
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Figure 1. Galectin-1 contributes to the tumorigenic and metastatic potential of 4T1 breast tumors by promoting local and systemic immunosup-
pression. Tumor-derived galectin-1 (Gal-1) promotes the differentiation of highly suppressive FOXP3*LAT* regulatory T cells (Tregs), which migrate
from tumor-draining lymph nodes to the lung and facilitate the establishment of metastatic foci. The expression of Gal-1 by breast cancer cells favors
metastatic seeding by profoundly influencing the frequency and immunosuppressive capacity of Tregs.

further demonstrated in vivo in a series of
tumor transplantation experiments. When
mice were simultaneously challenged with
a wild-type (Gal-1-sufficient) and Gal-1-
deficient tumor, the presence of the former
was sufficient to imprint a dominant sys-
temic immunosuppressive effect that com-
promised the development of an effective
antitumor response against 411 cancer
cells lacking Gal-1. Moreover, the deple-
tion of Gal-1 in 4T1 cells restored the abil-
ity of BALB/c mice to reject an allogenic
B16 melanoma injected in the contralat-
eral flank, suggesting that targeting Gal-1
unleashes otherwise repressed systemic
T cell responses in vivo.
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sion by the primary tumor facilitates the
development of distant lung metastasis
through the induction of local and sys-
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lar via the modulation of FOXP3* Tregs
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