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Harnessing class II histone deacetylases in macrophages

to combat breast cancer
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Viewing the tumor microenviron-
ment (TME) as a critical factor in

cancer biology has been a central para-
digm shift in the field in the past two
decades.1 During this time, the roles of
tumor-infiltrating immune cells have
gradually been elucidated. The impor-
tance of the immune system in the TME
is best exemplified by the promising
approaches that enhance therapeutic
anti-tumor immunity through tumor
vaccines, T cells engineered with a
tumor-specific chimeric antigen receptor
(CAR), and the blockade of immune
checkpoints.2 Notably, current anti-
tumorigenic immunotherapies are
mostly directed at enhancing the cyto-
toxic potential of the adaptive immune
system targeting cells, such as cytotoxic
CD8+ T cells. Nonetheless, the immune
response within the tumor microenvir-
onment is an extremely complex system
that includes multiple types of immune
cells from both the adaptive and the
innate immune systems. Thus, therapeu-
tic targeting of additional cells such as
macrophages, which are considered the
'hallmark' cells of the innate immune
system, might provide added benefits in

reducing and eradicating tumors. Macro-
phages are key cells in the clearance of
pathogens and can induce substantial
tissue damage. Tumor-associated macro-
phages are often thought to be cells that
promote cell growth and display pro-
tumorigenic activities. In fact, “tumor-
associated” macrophages can support
tumor growth through various mechan-
isms. For example, they support neoplas-
tic transformation, suppress cytotoxic
activity of lymphocytes, promote angio-
genesis through secretion of vascular
endothelial growth factor and facilitate
metastasis.3

In recent years, various strategies tar-
geting tumor-associated macrophages
have emerged. For example, limiting
macrophage development and recruit-
ment has been attempted by targeting
macrophage growth factors and chemo-
kines, such as the CSF-1:CSF-1 receptor
and CCL2-CCR2 axis.3 An alternative
approach to replace macrophage deple-
tion strategies could be based on the fact
that tumor-associated macrophages pre-
serve their plasticity, which provides
therapeutic potential to re-program them
from tumor-promoting cells to cells with
tumoricidal activities. In a recent study,
Guerriero et al.4 provided further data
supporting the notion that rendering
tumor-associated macrophages to display
anti-tumorigenic activities may be bene-
ficial. Until recently, the therapeutic
potential of class IIa histone deacetylases
(HDAC) (for example, HDAC4,
HDAC5, HDAC7 and HDAC9) was

impaired by the lack of potent and
selective compounds that can antagonize
their function. Recently, Lobera et al.5

described TMP195, which is the most
potent and selective class IIa HDAC
inhibitor identified to date, with IC50s
of 59, 60, 26 and 15 nM for HDAC4,
HDAC5, HDAC7 and HDAC9, respec-
tively. Remarkably, monocytes were
transcriptionally sensitive to treatment
with TMP195, while lymphocytes
showed minimal responses.5 Moreover,
when tested in vitro, TMP195 treatment
polarized macrophages into a type 1 pro-
inflammatory phenotype. These results
provided the rationale to test the hypoth-
esis that class IIa HDAC inhibition will
promote an anti-tumor innate immune
response. To this end, Guerriero et al.4

used TMP195 in vivo using a
macrophage-dependent mouse model,
namely, the MMTV-PyMT mammary
carcinoma.6

Tumor-bearing mice treated with
TMP195 displayed increased levels of
CD11b+ myeloid cells, specifically in
macrophages. The myeloid cells in the
TMP195-treated mice were highly pha-
gocytic towards the tumor cells, as
observed by increased EpCam+ cells
within F4/80+ macrophages. Moreover,
macrophages in TMP195-treated mice
displayed increased expression of stimu-
lating molecules such as CD40 and CD86
and displayed increased antigen presen-
tation. Subsequently, an increase in gran-
zyme B+ cells within the cytotoxic CD8+

T cell population was observed.
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Assessment of the blood vessel perme-
ability and leakiness by intravenous
injection of labeled heavy dextran
demonstrated that the tumor vasculature
in TMP195-treated mice was less leaky
compared to the untreated group
(Figure 1). Macrophage labeling experi-
ments were performed to analyze pre-
existing vs newly formed macrophages.
This analysis showed that the macro-
phage population that displayed the
enhanced phagocytic and immune-
stimulatory capabilities were newly
formed and that TMP195 treatment
induced the recruitment of monocytes
into the tumor. This result suggests that
the inhibition of class IIa HDAC did not
induce a phenotypic change in existing

macrophages but instead induced the
recruitment of monocytes, which differ-
entiated into newly formed macrophages
that harbor the potent anti-tumorigenic
phenotype.

Ultimately, inhibition of class IIa
HDAC caused a marked reduction in
the proliferation of tumor cells and
resulted in increased tumor cell death.
Subsequently, tumor burden in mice
treated with TMP195 was reduced com-
pared to that of control vehicle-treated
mice. Furthermore, pulmonary metasta-
sis was also markedly decreased, demon-
strating an anti-tumorigenic effect for
the inhibition of class IIa HDACs. Given
that TMP195 treatment did not affect
cell death of numerous tumor cell lines

in vitro, these effects were most likely
indirect and mediated by the ability of
TMP195 to re-polarize macrophages (or
other CD11b+ myeloid cells).

To determine which cells are affected
by treatment with TMP195, gene expres-
sion in whole tumors was assessed for
cell-type signatures. The results from this
set of experiments demonstrated that
TMP195 predominantly affected mono-
cytes and macrophages. To definitively
show that the anti-tumorigenic effect of
TMP195 was caused by its activity on
macrophages, depletion experiments
were performed using anti-CD11b (tar-
geting the entire myeloid population) or
anti-CSF1 (specific targeting of macro-
phages) depleting antibodies. Both of

Figure 1 Targeting Class II Histone Deacetylases in Macrophages for Treatment of Breast Cancer. Tumor-associated macrophages (TAMs)
are polarized to promote the tumorigenic process. TAMs achieve this through multiple effector pathways. For example, in the MMTV-PyMT
macrophage-dependent breast cancer model, TAMs are capable of suppressing CD8+ T cell cytotoxic activities. They can induce tumor cell
proliferation and migration and promote abnormal vasculature (for example, leaky vessel) formation (upper right). Upon treatment with the
Class II histone deacetylase inhibitor TMP195 (left side), TAMs become activated and re-polarized to display pro-inflammatory anti-
tumorigenic activities. To this end, they upregulate co-stimulatory molecules such as CD40 and CD86. Moreover, they become highly
phagocytic, engulf EpCam+ tumor cells and are capable of normalizing the vasculature to become less leaky. Upon presentation of tumor
antigens to cytotoxic T cells, the CD8+ T cells likely increase granzyme B expression and increase their ability to kill tumor cells. The
tumor vasculature becomes more organized and less leaky. Subsequently, reduction in tumor volume is observed.
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these depletion strategies resulted in
substantially increased tumor burden in
the TMP195-treated mice in comparison
to the control antibody treated group,
collectively demonstrating that macro-
phages were required for the anti-
tumorigenic activities of TMP195.

Additional experiments aimed at defin-
ing the cellular and molecular down-
stream events that were triggered by
TMP195 treatment demonstrated that
depletion of CD8+ cells or of IFN-γ by
neutralizing antibodies also abrogated the
anti-tumorigenic effect of TMP195. This
is an important insight, as it supports the
view that, although macrophages are the
primary population affected by the
TMP195 inhibitor, the anti-tumor effects
do not occur solely through direct activ-
ities of the macrophages on tumor cells
but also require the activation of the
adaptive immune response. In fact, these
data demonstrate that TMP195 treatment
increased macrophage-lymphocyte cross-
talk, which provide an additional expla-
nation for the observed increase in tumor
cell death.

An emerging concept in the field of
immune oncology highlights the poten-
tial beneficial effects of combined ther-
apy targeting and enhancing multiple
anti-tumorigenic activities. Therefore,
Guerriero et al4 examined the effects of

TMP195 treatment in combination with
additional treatment strategies that are
standard for this model. In combination
with chemotherapeutic drugs such as
carboplatin (an alkylating agent) or
paclitaxel (a plant alkaloid), treatment
with TMP195 enhanced the anti-tumor
effect compared to therapy with a single
agent. Interestingly, while checkpoint
blockade using anti-PD-1 is not effective
in reducing tumor load in this model,
combination of anti-PD-1 and TMP195
was capable of reducing tumor burden
and achieving a beneficial effect. Collec-
tively, these data demonstrate that coop-
eration between innate immune cells and
the adaptive immune system leads to a
significant anti-tumor response.

This manuscript explores a new
approach to anti-tumor therapy in which
a selective agent acts on cells from the
innate immune system, namely, macro-
phages, which in turn alter the tumor
microenvironment, including cells from
the adaptive immune system. Future
models could explore other types of cells
as potential targets, such as neutrophils
and eosinophils, which also harbor the
potential to alter the tumor microenvir-
onment in various ways, including
modulation of the immune response
elicited by cells of the adaptive immune
system.7,8
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