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POINT-OF-VIEW

Fusions between dendritic cells and whole tumor cells

as anticancer vaccines
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Various strategies have been developed
to deliver tumor-associated antigens
(TAAs) to dendritic cells (DCs). Among
these, the fusion of DCs and whole can-
cer cells can process a broad array of
TAAs, including hitherto unidentified
molecules, and present them in complex
with MHC Class I and II molecules and
in the context of co-stimulatory signals.
DC-cancer cell fusions have been shown
to stimulate potent antitumor immune
responses in animal models. In early
clinical trials, however, the antitumor
effects of DC-cancer cell fusions are not
as vigorous as in preclinical settings.
This mini-review summarizes recent
advances in anticancer vaccines based on
DC-cancer cell fusions.

Dendritic cells (DCs) are potent antigen-
presenting cells (APCs) that have been
extensively used for the development
of anticancer vaccines.! Among various
strategies, vaccination with DCs pulsed
with specific tumor-associated antigen
(TAA)-derived peptides has been inten-
sively investigated.>®> However, a major
drawback of these approaches stems from
the limited number of known TAAs that
are available for multiple HLA molecules.
In addition, the downregulation of a spe-
cific TAA has been reported as an efficient
means whereby cancer cells evade TAA-
targeting immune responses. Thus, various
strategies have been developed to deliver as
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many whole TAAs as possible to DCs by
means of cancer cell-derived RNA, whole
cancer-cell lysates or apoptotic malignant
cells.>*¢ Alternatively, antitumor immune
responses have been obtained by fusing
DCs and whole neoplastic cells and using
the resulting DC/cancer cell chimera as
an anticancer vaccine. In this setting, all
TAAs—including known and unidenti-
fied molecules—are delivered to DCs, pro-
cessed and presented to T cells in complex
with MHC Class I and II molecules and in
the context of co-stimulatory signals.”

The fusion of a DC and a cancer cell by
chemical, physical or biological means cre-
ates a heterokaryon expressing DC-derived
co-stimulatory molecules, an efficient
antigen- processing and -presentation
machinery as well as TAAs.® Thus, at least
theoretically, this method allows DCs to be
exposed to the entire repertoire of TAAs
originally expressed by the malignant cell,
to process them endogenously and to pres-
ent TAA epitopes thought the MHC Class 1
and II pathways to activate both CD8* and
CD4* T cells” Upon exposure to polyeth-
ylene glycol (PEG), DCs and cancer cells
become hybrid cells sharing a unified cyto-
plasm but preserving the identity of their
nuclei’®! (Fig. 1). Such a configuration
allows TAAs and DC-derived MHC mol-
ecules to be co-expressed, resulting in the
processing of TAAs and their presentation
on the cell surface, where also DC-derived
co-stimulatory molecules are expressed.
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Figure 1. Antigen processing and presentation by a dendritic cell fused to a cancer cell. Dendritic cell (DC)-tumor cell fusions express MHC

Class | and Il molecules, co-stimulatory molecules as well as tumor-associated antigens. These cell fusions are hence able to process cancer cell-
derived peptides and form MHC Class I-peptide complexes in the endoplasmic reticulum, which are transported to the cell surface and presented to
CD8* T cells. Along similar lines, fused cells can synthesize MHC Class Il molecules, load them with tumor-derived peptides and present these complex
to CD4* T cells. Globally, this results in the activation of potent tumor-specific cytotoxic T lymphocyte (CTL) responses.

This approach offers several advan-
tages for the presentation of TAA-derived
peptides and the subsequent induction
of antitumor immune responses. First,
both known and unidentified TAAs are
expressed (at least theoretically), circum-
venting the daunting task of identify-
ing TAAs in an individualized fashion.
Second, multiple TAAs can be simulta-
neously processed and presented on the
surface of DC/cancer cell fusions, increas-
ing the frequency of responding cytotoxic
T lymphocytes (CTLs). Third, TAAs are
presented in the context of abundant co-
stimulatory signals, avoiding the potential
induction of tolerance and maximizing
Fourth,

antitumor immune responses.
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DCl/cancer cell fusions drive the simulta-
neous activation of polyclonal CD8* and
CD4" tumor-specific T cells, the latter of
which provide robust help for the induc-
tion and maintenance of CTLs.

A major limitation to the use of
DClcancer cell fusions is the availability
of adequate amounts of autologous tumor
cells, in turn stemming from the lim-
ited availability of viable tumor samples
and/or technical difficulties in the cul-
ture of cancer cells. To circumvent this
issue, established allogeneic cancer cell
lines have been used instead of autologous
tumor cells. The rationale underlying this
approach is that some TAAs are shared by
several tumors. We have reported that the
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fusion of autologous DCs with allogeneic
tumor cell lines can induce antigen-spe-
cific polyclonal CTLs exerting cytotoxic
activity against autologous tumor cells.”?
This strategy has numerous advantages.
First, allogeneic cancer cell lines that are
well characterized as a source of TAAs can
be massively propagated in vitro under
good manufacturing practice (GMP)
standards. Second, this approach does
not require the HLA typing of patients or
allogeneic tumor cells, as DC/cancer cell
fusions can process and present multiple
TAAs on MHC Class I and II molecules.
Therefore, the fusion of autologous DCs
with allogeneic tumor cells represents
a very simple approach to anticancer
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vaccination and—at least potentially—
can be administered in a direct fashion
rather than upon costly HLA typing
procedures.

The clinical responses to DC/cancer
cell fusion-based vaccines, however, have
not been as vigorous as those recorded in
animal models.*"> This deceiving result
reflects, at least in part, the poor immu-
nogenicity of DCs and whole cancer cells
(be them allogeneic or autologous), which
generally secrete several immunosuppres-
sive mediators including transforming
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