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An immunotherapeutic intervention
against tumor progression
Targeting a driver of the epithelial-to-mesenchymal transition
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Targeting the epithelial-to-mesenchymal transition (EMT) is emerging as a novel intervention against tumor pro-
gression and metastatic dissemination, as well as the resistance to chemo- and radiotherapy displayed by multiple
carcinomas. We have recently developed an immunotherapeutic approach to target a major driver of EMT, the T-box
transcription factor T (also known as brachyury). This therapeutic paradigm is currently being tested in patients with
advanced carcinomas in the context of a Phase | clinical trial.

The process known as epithelial-to-
mesenchymal transition (EMT) has gained
much attention within the field of cancer
research as it plays a critical role in the pro-
gression of human carcinomas.! A normal
occurrence in the course of embryogenesis,
the EMT may aberrantly take place in epi-
thelial neoplasms, resulting in the loss of
cell polarity and cell-to-cell contacts. At
the level of the neoplastic cell, the EMT
manifests with several features, includ-
ing the loss of E-cadherin expression, an
increase in motility, invasive potential and
mesenchymal characteristics, as well as an
enhanced propensity to metastatic dis-
semination.” The EMT is also known to
increase the resistance of malignant cells to
multiple treatments, including chemother-
apy, radiation therapy, and some targeted
antineoplastic agents. It has been shown,
for example, that breast tumors recurring
upon conventional therapy contain an
increased proportion of cells exhibiting
EMT-associated features,” suggesting that
carcinoma cells with a mesenchymal-like
phenotype might be selected rather than
eliminated by standard therapeutic inter-
ventions (Fig. 1A).

Despite the widespread recognition of
the role of the EMT in tumor progres-
sion, specifically targeting the molecular

drivers of this phenomenon has not yet
been exploited as a means for preventing
metastasis and, possibly, eliminating can-
cer cells that would otherwise resist most
currently available therapies. This is not
surprising as most of the master regulators
of the EMT are transcription factors that
cannot be targeted with antibodies and are
difficult to inhibit with conventional phar-
macological approaches. One alternative
method to inhibit the EMT is to immunize
patients against one of the EMT-relevant
transcription factors. This approach is
expected to generate an effective T-cell
response that selectively eradicates tumor
cells expressing the EMT driver of choice
and undergoing the epithelial-to-mesen-
chymal switch. When employed in com-
bination with conventional therapeutics
that are capable of eliminating epithelial
tumor cells, the immunological targeting
of mesenchymal cancer cells may thus lead
to effective tumor eradication (Fig. 1B).
One of the molecules that orchestrates
the EMT in neoplastic lesions is the T-box
transcription factor T (also known as
brachyury). Brachyury is able to drive the
epithelial-to-mesenchymal switch of human
carcinoma cell lines in vitro and to promote
the metastatic dissemination of human
tumor xenografts in vivo.*> In addition, the
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levels of brachyury have been shown to pos-
itively correlate with the resistance of malig-
nant cells to various chemotherapeutic as
well as to irradiation,” and several studies
have demonstrated the association between
robust brachyury expression and poor clini-
cal outcome in patients with various types
of carcinomas. Brachyury has also been
extensively characterized as a tumor-asso-
ciated antigen (TAA). Indeed, brachyury
is highly expressed by various carcinomas,
including lung and breast (primary and
metastatic) cancer lesions, but not by the
majority of normal adult tissues, with the
exception of the testis and thyroid.*’ Being
predominantly associated with tumors and
playing a relevant role in disease progres-
sion as well as in chemo- and radioresis-
tance, brachyury represents as an attractive
target for anticancer interventions.

Because of its immunogenicity, brachy-
ury is also a viable molecule for immu-
notherapy. Brachyury-specific cytotoxic
CD8* T cells can be expanded in vitro
from the blood of cancer patients, as
shown by means of a nonameric brachy-
ury-derived peptide. In addition, these
brachyury-specific T cells are able to lyse
carcinoma cells that present epitopes of
brachyury in the context of MHC class I
molecules.®’ Another demonstration of the
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tive tumor eradication.

Figure 1. Targeting the epithelial-to-mesenchymal transition to block metastatic dissemination and alleviate resistance to therapy. (A) The epithelial-
to-mesenchymal transition (EMT) promotes the invasive potential of cancer cells, their propensity to generate distant metastases and their resistance
to chemo- and radiotherapy. (B) A vaccine directed against a driver of EMT could elicit an immune response that effectively targets malignant cells
undergoing the EMT. Combining this immunotherapeutic approach with conventional treatments targeting epithelial cancer cells might result in effec-

immunogenicity of brachyury came from
the observation that patients receiving a
prostate-specific antigen (PSA)-targeting
vaccine in combination with monoclonal
antibodies specific for cytotoxic T lym-
phocyte-associated protein 4 (CTLA4)
or a carcinoembryonic antigen (CEA)-
targeting vaccine can develop brachyury-
specific T cells postvaccination. Most
likely this originates from the cross-presen-
tation of TAAs released by malignant cells
succumbing to the antitumor immune
response elicited by the vaccine. These
studies demonstrated the immunogenicity
of brachyury in humans and its potential to
serve as a target for anticancer vaccination.

Based on these observations, we devel-
oped a brachyury-targeting  vaccine
based on a heat-killed recombinant strain
of  Saccharomyces

cerevisize  expressing
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full-length human brachyury. This vac-
cine has been successfully used to activate
and promote the maturation of human
dendritic cells in vitro. These cells could be
used to expand human brachyury-specific
CD8" and CD4* T cells from the periph-
eral blood of healthy donors and cancer
patients.”” The vaccine was also evaluated
in vivo. In particular, the administration of
heat-killed brachyury-expressing yeast to
mice was shown to elicit brachyury-specific
CD4* and CD8* T-cell responses that were
capable of reducing tumor burden in an
experimental model of brachyury-driven
metastasis.”’ In light of the role of the EMT
in tissue remodeling, wound healing and
embryonic development, mice vaccinated
with our recombinant vaccines were also
evaluated for signs of potential toxicity. Of
note, immune responses against brachyury
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developed in the absence of any interfer-
ence with wound healing, any effect on
pregnancy and birth rates, and any other
general side effect.”’ Based on these results,
a Phase I clinical trial was initiated to test
heat-killed brachyury-expressing yeast in
patients with advanced tumors. To our
knowledge, this is the first vaccine target-
ing a driver of the EMT that has success-
fully entered clinical development. It is
tempting to hypothesize that, if employed
at an early stage of disease, a brachyury-
targeting anticancer vaccine could prevent
or inhibit the establishment of metastatic
lesions and potentially limit the acquisition
of chemo- or radioresistance.
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