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Repolarizing macrophages improves breast cancer therapy
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Tumor-associated macrophages
(TAMs) contribute to breast can-
cer progression and dissemination;
TAM-targeting strategies aimed at
their reprogramming show promising
preclinical results. In a new report
Guerriero and colleagues demonstrate
that a novel HDAC Class I1a inhibitor,
TMP195, can reprogram monocytes
and macrophages in the tumor into
cells able to sustain a robust CD8 T
cell-mediated anti-tumoral immune
response.

Breast cancer is one of the most
frequent types of tumors in women and
despite recent advances in early diagno-
sis and treatment that has significantly
improved outcomes, tumor resistance
to chemotherapy and metastasis remain
significant causes of mortality. Apart
from malignant cells, breast tumors are
complex evolving microenvironments
consisting of resident tissue cells such as
adipocytes and recruited cell types par-
ticularly those of the innate and acquired
immune systems. This microenviron-
ment plays a fundamental role in breast
cancer progression to malignancy as well
as resistance to therapy [1].

In breast cancers, macrophages
represent a major component of this im-
mune infiltrate. Studies in mouse models
indicate that these tumor-associated
macrophages (TAMs) can enhance ma-
lignancy at the primary site by stimulat-
ing angiogenesis, inducing tumor cell
migration, invasion and intravasation
and by suppressing anti-tumor immunity
[2]. At metastatic sites metastasis-asso-
ciated macrophages (MAMs) promote
tumor cell extravasation, survival and
subsequent growth [1]. In contrast,
the infiltration of tumors by specific
leukocyte cell subsets such as CDS8*

and memory T-lymphocytes has been
linked with favorable outcomes in dif-
ferent cancers, suggesting that immune
engagement can limit cancer growth and
spread [1]. Indeed, in breast cancers a
low ratio of macrophages to CD8" cells
predicts survival suggesting a major role
for macrophages in suppressing T cell
activity against tumors [3]. The idea of
enhancing T cell activity in tumors is
supported by the success of clinical tri-
als with immune checkpoint inhibitors
(such as anti-CTLA4, anti-PD1, and
anti-PDL1) in treating melanoma and
lung cancers [4, 5].

TAMs, despite generally being pro-
tumoral, can according to context be
tumoricidal and suppress tumor growth
by activating immune responses [6].
This suggests that macrophage plastic-
ity may be therapeutically exploited to
restore antitumor properties to TAMs
[7]. Reprogramming methods to date,
include antibody-mediated activation of
costimulatory CD40, blocking of IL-10,
delivery of immunostimulatory cyto-
kines such as IL-12, or the administration
of Toll-like receptor agonists or targeting
intracellular signaling molecules such
as PI3Kinase y with small-molecule
inhibitors. Such strategies provide an
enormous opportunity therapeutically
rebalancing the microenvironment im-
mune infiltrate from a pro-tumoral one
to one that actively rejects the tumor in
synergy with T cell-enhancing drugs
such as checkpoint inhibitors.

In the paper by Guerriero et al. [8] a
new approach to reprogram monocytes
and macrophages into tumoricidal cells
is described using TMP195, a new
Class Ila Histone Acetyl Deacetylase
(HDAC) inhibitors. HDACs are part of
the enzymatic machinery that modifies

chromatin [9] by histone de-acetylation
thus changing the cell’s transcriptional
profile. There are 18 HDAC enzymes in
mammals, subdivided into 4 main classes
(Class I, IT, TII and IV); Class Il HDAC
are subdivided into Class IIA (HDACA4,
HDACS5, HDAC7, and HDACY), and
Class IIB (HDAC6 and HDACI10). In
the author’s previous study [10] TMP195
caused changes in in vitro transcriptional
profile of monocytes compared to con-
trols, but not of CD3* T and B cells.

In this study Guerriero et al. used
the MMTV-Polyoma Middle T antigen
mouse model, which develops spon-
taneous mammary tumors and lung
metastasis [11], to demonstrate that
TMP195 is able to modify the genomic
profile of monocytes and macrophages,
but not lymphocytes in vivo, and to limit
tumor growth. After intra-peritoneal
injection of TMP195 in tumor-bearing
mice, the authors showed increased in-
filtration of CD11b" cells, but not other
immune cells into the tumor. Lineage
tracing of CD11b" CSFE* monocytes
showed these CD11b* were recruited
from the blood and differentiated into
CD45"MHCII'CD11b"¢"F4/80* CD40*
macrophages. TMP195-treated animals,
compared with control vehicle-treated
mice, showed a lack of aberrant vascu-
lature and reduced vessel permeability,
with reduced tumor cell proliferation
through an indirect mechanism. TMP195
treatment reduced primary tumor and
metastatic lesion size. This effect on
tumor growth was due to macrophages as
their depletion by either anti-CD11b or
anti-CSF1 antibody treatment abrogated
the effect of TMP195.

To test the role of the adaptive im-
mune system in the observed TMP195
tumor inhibition, Guerriero et al. trans-
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Figure 1 Reprogramming of monocytes and macrophages by HDAC inhibitor TMP195
inhibits mammary tumor progression. Schematic representation of monocyte recruit-
ment in the tumor site in the absence (left panel) or presence (right panel) of TMP195.
Macrophages promote tumor dissemination in the absence of TMP195 and PyMT tu-
mors respond to chemotherapy modestly but not immunotherapy (left panel, green
bars), whereas they become anti-tumoral and promote tumor killing when the repro-
gramming agent is present and TMP195 treatment make tumors more responsive to
chemotherapy and immunotherapy (right panel, green bars). Thickness of green bar
indicates response to therapy. Question marks represent open questions to be investi-
gated, i.e., the recruitment mechanism of reprogrammed monocytes to get access to the
tumor site, and the potential rebound effect when the reprogramming agent is removed.

Chemotherapy

Granzyme B

TMP195 reprogrammed macrophage

planted autochthonous tumor pieces into
Foxnl™ mice lacking T cells, or wild-
type (WT) control mice and measured
tumor burden after TMP195 treatment.
Only in WT mice was TMP195 able to
reduce tumor growth while additional
experiments depleting CD8 or CD4 T
cells demonstrated that active CD8 T
cells are required for TMP195 to show
tumor inhibition. Moreover, the propor-
tion of CD8 T cells expressing granzyme
B was also increased upon TMP195
treatment. Furthermore, the authors
showed that TMP195 was not able to
reduce tumor burden in the absence of
IFNy mainly produced by CDS8 T cells.
Finally, the authors showed that TMP195
in combination with standard chemo-
therapy (carboplatin or paclitaxel) was
significantly more effective in reducing
tumor size than monotherapy. In addi-
tion, TMP195 used in combination with
anti-PD1 antibodies that enhance T cell
action showed a significant synergistic
effect compared with anti-PD1 treatment
alone, which on its own was unable to

decrease tumor burden.

In conclusion, this is the first study
showing that Class I HDAC inhibitors
can selectively reprogram monocytes
and macrophages in the tumor; the repro-
gramming activates a robust anti-tumor
immune response, mainly mediated by
macrophages, CD8 T cells and IFNy,
that reduce both primary and metastatic
tumor burden. This treatment also syner-
gizes with chemo- and immuno-therapy
(Figure 1). Thus this study opens new
clinical applications for future TAM
reprogramming in breast cancer. It con-
trasts with current TAM depletion strate-
gies, e.g., by the inhibition of the colony
stimulating factor 1 receptor (CSF1-R)
that has showed promising results in
diffuse-type giant cell tumors [12] but is
likely to be toxic in many cases as this
treatment ablates most macrophages.
Nevertheless, despite its apparent advan-
tages several questions about the mecha-
nism of action of these new HDAC
inhibitors remain open. For example,
the authors showed increased CD11b*

cells infiltrating the tumors, but they did
not identify which stimuli and receptors
were involved in this recruitment or the
stability of the reprogrammed phenotype
upon long-term treatment. They also did
not examine other tissues for toxicity
nor did they study what happens after
cessation of treatment (Figure 1). Cau-
tion is needed as recent studies showed
that monocyte recruitment after stop-
ping anti-CCR2 treatment could have
dangerous rebound effects that promote
metastasis [13]. Similarly, it will be
important to investigate the effects of
TMP195 on other myeloid cells, such
as neutrophils, to avoid compensatory
mechanism that could impair the efficacy
of a prolonged macrophage reprogram-
ming in the tumor.
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