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Cancer cells escape the immune system by increasing stemness
through epigenetic reprogramming
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Cancer stem cells (CSCs), also known as tumor initiating cells, are a
minority subpopulation of undifferentiated cancerous cells within
the entire tumor that hold self-renewal capacity and differentia-
tion potential. CSCs are critical for tumor progression, hetero-
geneity and metastasis and play a major role in chemo- and
radiation-resistance and tumor recurrence [1]. Although the
molecular mechanisms underlying the ability of CSCs to give rise
to new tumors and promote resistance to many cancer therapies
are not completely understood, increasing knowledge suggests
potential roles for these cells in the evasion of immune
surveillance [2, 3].

The immune system plays a main role in the surveillance against
tumors, but tumor cells can develop different strategies to avoid
immunogenic cell death (ICD), a form of regulated cell death that
is sufficient to activate an adaptive immune response [4, 5].
Damaged or dying cancer cells release intracellular molecules with
specific patterns that alert the immune system, thereby triggering
antitumor-specific immune responses. These molecules, coined
DAMPs (damage-associated molecular patterns), are recognized
by specific pattern recognition receptors (PRRs) expressed by
innate immune cells such as macrophages, dendritic cells, or NK
cells, leading to the activation of T-lymphocytes directed against
the tumor.

Although the mechanisms that link ICD with the antitumor
immune response are complex and not fully understood, it is
universally accepted that the rapid release of massive amounts of
type | interferons (IFN-I) plays a pivotal role. In humans, IFN-Is are a
family of proteins consisting of 13 isoforms of IFN-q, IFN-f, IFN-w,
and IFN-g. All IFN-I subtypes exert their actions through the same
receptor, the IFN-a/f receptor (IFNAR), which is expressed in all
nucleated cells [6]. IFN-Is are essential for antiviral immunity, but
they are also critical drivers of antitumor immunity. IFN-Is may act
directly on tumor cells to activate a wealth of signaling pathways
that impact cell proliferation, differentiation, survival, invasion, and
metastasis. In addition, IFN-Is can also indirectly regulate tumor
growth by affecting different biological processes involved in
tumor progression [6, 7]. As a result, IFN-I-based therapies have
received considerable clinical attention and, despite several
rounds of optimism and discouragement, they are still considered
a promising therapeutic approach to reduce cancer morbidity and
mortality [8, 9].

However, the role of IFN-Is in ICD is far more complex, and some
untoward effects that, directly or indirectly, permit cancer cells to

escape immune clearance have been described [6, 10]. In addition
to immune cells, IFN-Is can be secreted by many other cell types in
response to activation of PRR, including tumor cells and several
types of tumor-associated cells [9], which collectively contribute to
generate the tumor immune microenvironment (TIME). Although
it has yet to be conclusively determined which cells act as the
primary IFN-I producers, tumor cells are the most abundant
components in the TIME, and accumulating evidence indicates
that IFN-Is produced by malignant cells notably contribute to
controlling the autocrine or paracrine circuits that underlie cancer
immunosurveillance. In this regard, Musella and collaborators
have recently described [3] how IFN-I is able to reprogram cancer
cells toward a stem-like phenotype and immune escape, thus
inducing a more aggressive tumor phenotype. These results are in
keeping with previous findings [11-13], showing an unfavorable
effect of exogenous administration of IFN-I and providing a
conceivable mechanism of action that involves the expansion of
CSCs through the upregulation of lysine-specific histone demethy-
lase 1B (KDM1B, also known as LSD2). KDM1B is a well-known
epigenetic regulator that removes repressive H3K4 methylation
marks (H3K4me1 or H3K4me2), promoting gene expression. It is
well established that KDM1B plays important roles in gene
silencing, transcription factor activity, and cell cycle regulation,
and alterations in KDM1B expression have been described in
several tumor types, such as glioblastoma, breast, pancreas,
gastric, colorectal, and prostate cancers [14]. The results from
Musella et al. [3] further support the role of KDM1B in tumor
progression by demonstrating its ability to promote INF-l-induced
transcriptional rewiring of cancer cells toward stemness and
immune escape. Interestingly, the authors also propose that CSC
induction relies on the transfer of extracellular vesicles (EVs)
containing nucleic acids from dying cancer cells to bystander
viable cancer cells (Fig. 1). Once internalized by viable cells, these
cargos act as DAMPs, inducing IFN-I production, which further
activates the IFN- - KDM1B pathway, leading to cell reprogram-
ming and stemness.

Based on these findings, it can be predicted that while massive
IFN-I signaling may trigger a robust immune response, leading to
the destruction of tumor cells, the presence of suboptimal IFN-|
levels within the TIME would lead to a non-resolving immune
response that may result in therapy resistance and tumor relapse.
Given the prominent role of KDM1B in cancer cell reprogramming
leading to CSC expansion, inhibition of this regulator offers an
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Fig. 1 Horizontal transfer of IFN-l-induced stemness in cancer. Dying tumor cells release extracellular vesicles (EVs) containing nucleic acids
that are incorporated by neighboring viable cancer cells. EV cargos act as DAMPs in these cells, inducing further release of IFN-I that
contributes to the stimulation of KDM1B transcriptional activity, which results in extensive chromatin reprogramming and subsequent
induction of stemness. The final outcome of the process is the generation of novel populations of CSCs that will lead to boosted tumor
resistance and increased relapse frequency. Created with BioRender.com
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