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Low-dose HDACi potentiates anti-tumor activity of macrophages in immunotherapy
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ABSTRACT

The success of checkpoint immunotherapy has created optimism that cancer may be curable. However,
not all patients respond, resistance is common and many patients relapse owing to immune escape. We
demonstrate that HDAC inhibition not only decreases the trafficking of myeloid-derived suppressor cells
(MDSCs) into tumors but also potentiates tumor-associated macrophages (TAMs) to specify anti-tumoral
phenotype and bolster T cells activation within the tumor microenvironment (TME).

Novel therapy that promotes anti-tumor immunity shifted the
paradigm of cancer treatment. Most of these immunomodula-
tory strategies have focused on manipulating the adaptive
immune system, either by blocking inhibitory pathways with
checkpoint blockades, or by targeting activating pathways, as
with chimeric antigen receptor T «cells or bispecific
antibodies." However, despite these therapies have led to
unprecedented successes, immunotherapies for solid tumors,
in general, benefit only a subset of patients, as intrinsic or
acquired tumor immune tolerance remains a major hurdle."*
Given the crucial role of innate immune responses in immu-
nity, harnessing these responses opens up new possibilities for
multilayered tumor control.

Cancers continuously evolve, in part through dynamic and
reversible epigenetic changes that confer a fitness advantage.
This epigenetic plasticity, a termed used hereinafter in reference
to reversible changes in epigenetic marker on DNA, histone and
non-histone proteins, as well as the functional consequences of
these alterations, is also involved in primary and acquired resis-
tance to various anticancer therapies, through modulation of
tumors cell or their microenvironment.® Epi-drugs might there-
fore be most effective when used in combination with other
treatments and present particularly attractive strategies for sen-
sitizing tumors to a giving therapy and for overcoming acquired
resistance mechanisms in a dynamic fashion. Antitumor immu-
nity involves the complex interplay among immune, cancer and
stromal cells. Specific DNA-modifying or histone-modifying
enzymes and histone chaperones, respectively, contribute to
both the immunogenicity of cancer cells and the lineage com-
mitment and/or maturation of immune cells,” therefore, epi-
drugs can potentially be used to modulate antitumor immunity.®

Lysine acetylation is one of the best-studied histone mod-
ifications, and it reduces occupancy of DNA, thereby creating
a transcriptionally permissive chromatin structure. Lysine
acetylation is controlled by the opposing actions of two

ARTICLE HISTORY
Received 20 May 2021
Accepted 25 May 2021

KEYWORDS

HDACi; tumor-associated
macrophages; tumor
microenvironment; cancer
immunotherapy

enzyme families, histone acetyltransferases and histone dea-
cetylases (HDACs). HDAC inhibitor (HDACIi) blocks the
action of HDACGCs, which remove acetyl marks from tagged
histones to increase global histone acetylation. The rational of
employing epigenetic drugs is supported by finding that the
increased presence of histone acetylation (e.g., H3K9 or
H3K27 acetylation) and active chromatin state are tightly
correlated with the function of CD8" T cells.” The tumor-
infiltrating lymphocytes (TILs) in immunosuppressive TME
acquire a dysfunctional chromatin state in advanced tumor
stages, which may limit the efficacy of immunotherapies. We
had a particular interest for the HDAC inhibitor since its role
was reported in the modulation of activation-induced cell
death (AICD) of T cells by our group.” Notably, HDACs
drive innate immune-cell mediated inflammation. Broad-
spectrum inhibitors of classical HDACs can modulate the
TLR-inducible production of different inflammatory media-
tors from innate immune cells.'’ Despite the importance of
macrophages in cancer, epigenetic modifications in macro-
phages remain on the verge of being unraveled. Whether
epigenetic modifications to innate cells, particularly macro-
phages, could modulate the immune responses to cancers
in vivo remains to be defined.

Though our work published in Oncogene,'' we report
a previously undefined role of HDACi in inducing anti-
cancer immunity in syngeneic mouse models (Figure 1). This
effect is mediated through steering TAMs toward an anti-
tumor phenotype and blocking the recruitment of MDSCs
within tumors, which ultimately elicits a robust T cell-
mediated anti-tumoral immune responses.

The take-home message from our work is that we reveal an
immunostimulatory effect of HDAC inhibition that contrasts with
those by strategies of depleting or inhibiting TAMs for cancer
therapy, providing a strong rationale for combination therapy in
clinical trials.
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Figure 1. HDAC inhibition converts TAMs into pro-inflammatory macrophages that promote T cell responses to suppresses tumor growth. Low-dose TSA can inhibit the
trafficking of MDSC into tumors. HDAC inhibition can also synergize with checkpoint-targeted therapy (i.e., PD-L1 antibody) to promote anti-tumor immune responses
that induce tumor regression in syngeneic mouse models of cancer.
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