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Cancer cell reprogramming: turning the enemy into an ally
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In a recent study published in Science, Ascic and colleagues’
present a novel approach to reprogram tumor cells in vivo into
immunogenic, conventional dendritic cell (cDC)-like cells, directly
triggering an immune response within the tumor microenviron-
ment (TME). Their findings provide a promising novel strategy
conquering the challenges of ex vivo cell modification.

For many years, the approach to cancer treatment has shifted
from solely destroying cancer cells with chemotherapy or
radiation to focusing on activating the patient’s immune system
or providing it with the tools needed to effectively eliminate
cancer on its own. The success of these immunotherapies relies on
the priming of tumor specific T cells within the TME or the tumor
draining lymph nodes (tdLN). This is achieved by presentation of
tumor antigens by specialized antigen-presenting cells (APCs) on
major histocompatibility complex (MHC) molecules to the T cells.
APCs not only activate T cells but also recruit them to the site of
action being the TME or tdLN where the T cells get in contact with
their enemies and kill them by the release of cytotoxic effector
molecules like interferon-y (IFN-y) and Granzyme B.

In recent years there has been increasing evidence that type |
cDCs (cDC1) are required to prime tumor-reactive T cells within the
TME, especially in patients treated with immune checkpoint
inhibitors> cDC1s are a rare type of dendritic cells that, once
mature, display high levels of MHC-l, MHC-Il, CD40, and lineage-
specific markers XCR1 and CLEC9A. In tumors, they are essential for
attracting and activating T cells by secreting chemokines and cross-
presenting antigens, which helps to drive an immune response
against cancer. Despite these key functions, cDC1s have not yet
been widely utilized in immunotherapy. However, this concept was
already addressed in a publication of Salmon and colleagues, where
they enhanced the tumor immunogenicity by the targeted
manipulation of ¢cDC1 precursors in the tumor.* Providing cDC1s
to cancer patients from alternative sources, rather than relying on
their own precursors, could help overcome the limitations of
immune checkpoint blockade. This strategy may address challenges
such as insufficient T cell priming in an immune-suppressed TME,
where APCs and their precursors are lacking.

To address this need, the authors developed an adenoviral
platform to deliver the transcription factors PU.1, IRF8, and BATF3,
collectively termed PIB, directly into tumor cells. These factors could
reprogram tumor cells in vivo into c¢DCl-like cells with antigen-
presenting functions (Fig. 1). By this approach they were able to
transform cancer cells into a source of immune activation directly
within the TME. To assess immune responses and tumor regression
after reprogramming, murine cancer models (YUMM1.7, LLC, and B16)
and human cancer models (e.g., glioblastoma, melanoma, and breast
cancer spheroids, as well as xenografts) were used. In vivo, PIB
adenoviruses transformed tumor cells into cDCl-like cells, which
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expressed immunogenic markers (MHC I/l CLEC9A, XCR1) and
attracted T cells to the TME. This “reprogramming” induced tertiary
lymphoid structures containing T and B cells, boosting polyclonal
cytotoxic T cell infiltration and promoting tumor regression. Systemic
immunity was also triggered, eliminating tumor cells injected on the
opposite flank. In the B16 melanoma model, reprogramming even
provided long-term immunity, with melanoma-specific CD8" central
and effector memory cells detected months later. Reprogramming of
human glioblastoma spheroids also successfully generated CD45™
HLA-DR" ¢DC1s, despite the presence of immunosuppressive cells
like cancer-associated fibroblasts, myeloid-derived suppressor cells
(MDSCs), or pericytes. However, this approach may not fully overcome
tumor-driven immune evasion mechanisms, such as the production
of prostaglandin E2 or transforming growth factor-f3, recruitment of
MDSCs, secretion of interleukin-10, and the increase of regulatory
T cells and tumor-associated macrophages, all of which warrant
further investigation.

By reprogramming tumor cells to actively present antigens and
recruit immune cells in vivo, Ascic and colleagues offer an
innovative solution to one of the major limitations of current
immunotherapy approaches: the lack of functional APCs within
many tumors. Building up on the concept that was already
introduced by Spranger et al. in 2017, this in situ reprogramming
strategy could theoretically boost all types of immunotherapies.
Their data suggest that, in general, patients receiving immune
checkpoint blockade (ICB) could benefit from the treatment, and it
may also help improve outcomes for patients who respond poorly
to ICB. Since this therapy is entirely new, more data is required to
assess its potential applications. This includes investigating the
methods of vector administration, possible side effects, toxicity,
and its potential use in combination with other immunotherapies,
like CAR T cell therapy, to improve efficacy against solid tumors.
Furthermore, additional research into the mechanisms of tumor
cell-mediated antigen cross-presentation in vivo would be highly
beneficial. Specifically, more studies are needed to gain a deeper
understanding of how immune evasion mechanisms within the
TME influence or impair the antigen presentation abilities of
reprogrammed cells.

Nevertheless, turning cancer cells into APCs within the TME
offers a potentially more accessible, “off-the-shelf” solution that
could bypass the logistical challenges of ex vivo cell manufactur-
ing. Ascic et al. provide evidence that this approach can make the
tumor itself an active participant in its immune attack by
transforming cancer cells into immune activators. This break-
through could open new therapeutic avenues in which tumors are
reprogrammed into allies in the fight against cancer, offering a
promising new strategy for more effective and accessible cancer
immunotherapies.
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Fig. 1 Immune activation by reprogrammed cDC1-like cells. Transcription factors PU.1, IRF8, and BATF3, delivered into tumor cells via viral
vectors, reprogram these cells into type 1 conventional dendritic cell (cDC1)-like antigen-presenting cells. These reprogrammed cells are
characterized by the expression of XCR1, CLEC9A, MHC class I/Il, and CD40. The reprogrammed cDC1-like cells recruit and activate CD4* and
CD8* T cells, inducing robust antitumor immune responses. T cells mediate tumor cell killing via the release of Granzyme B, as well as the
secretion of IFN-y and TNF-a. Effector and memory T cells are mobilized into circulation, contributing to systemic antitumor immunity and
promoting an abscopal effect, suggesting the potential for broad tumor control. Created with BioRender.com
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