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Targeting tumor-associated macrophages (TAMs) is an emerging
approach being tested in multiple clinical trials. TAMs, depending on their
differentiation state, can exhibit pro- or antitumorigenic functions. For
example, the M2-like phenotype represents a protumoral state that can
stimulate tumor growth, angiogenesis, metastasis, therapy resistance,

and immune evasion by expressing immune checkpoint proteins. In this
issue of the JCI, Vaccaro and colleagues utilized an innovative drug screen
approach to demonstrate that targeting driver oncogenic signaling pathways
concurrently with anti-CD47 sensitizes tumor cells, causing them to undergo
macrophage-induced phagocytosis. The combination treatment altered
expression of molecules on the tumor cells that typically limit phagocytosis.
It also reprogrammed macrophages to an M1-like antitumor state. Moreover,

Macrophage checkpoint
inhibitors expand the
immunotherapy arsenal

T cell checkpoint inhibitors (ICIs) have
transformed the therapy landscape for a
number of diseases; however, only a frac-
tion of patients with cancer receive sub-
stantial benefit from ICIs. While effective
biomarkers for ICI activity remain elusive,
their activity hinges on several factors,
including the tumor mutation burden and
the expression of tumor neoantigens, the

the approach was generalizable to tumor cells with different oncogenic
pathways, opening the door to precision oncology-based rationale
combination therapies that have the potential to improve outcomes for
patients with oncogene-driven lung cancers and likely other cancer types.

expression of immune checkpoint pro-
teins, intratumoral heterogeneity, and the
overall immune landscape (1, 2). Regretta-
bly, these factors limit the activity of cur-
rent ICIs targeting T cell function in many
cancers. For example, a subset of patients
with non-small cell lung cancer (NSCLC)
who have oncogenic mutations in genes,
such as EGFR, ALK, or KRAS, typically
respond poorly to ICIs (3).
Tumor-associated macrophages (TAMs)
have emerged as critical mediators of
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tumor initiation, progression, and ther-
apeutic resistance (1, 4). Macrophages
exhibit remarkable phenotypic plasticity
that allows them to switch among distinct
functional states in response to cytokines,
tumor microenvironment cues, and cell
interactions (1, 4). They were initially clas-
sified into M1 and M2 subtypes based onin
vitro studies of murine macrophages, with
M1 macrophages described as antiinflam-
matory and M2 macrophages defined as
proinflammatory or protumorigenic. How-
ever, in vivo and human studies suggest
that the original classification of M1 and
M2 was simplistic, and that macrophage
subtypes express different functional char-
acteristics. The terms M1-like and M2-like
have been adopted by the community to
reflect functional characteristics rather
than specific markers or macrophage sub-
types (5). More recent large-scale microen-
vironment transcriptional profiling studies
have suggested that there are multiple dif-
ferent macrophage subtypes and that they
most commonly express characteristics
that are not solely reflected by the M1-like
and M2-like designations (6, 7).

TAMs can enhance neoantigen pre-
sentation through cancer cell phagocyto-
sis, potentially boosting adaptive T cell
immunity (1, 4). This function is most
strongly associated with a M1-like pheno-
type. Thus, pharmacologically increasing
phagocytic capacity and antigen presen-
tation to T cells has been proposed as an
attractive therapeutic approach, especially
in tumors with low tumor mutation bur-
den. In the tumor microenvironment, can-
cer cells can inhibit macrophage phago-
cytic activity through the expression of
“don’t-eat-me” checkpoint proteins (i.e.,
CD47 and CD24). Anti-CD47 antibodies
that block the interaction of CD47 with its
ligand SIRPa, expressed on macrophages,
have shown promising activity in preclin-
ical cancer models by triggering cancer
cell phagocytosis and enhancing adaptive
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Figure 1. TAM polarization and function affect anticancer activity. (A) Cancer cells can modulate macrophage function by expressing macrophage check-
point proteins and through the remodeling of the tumor microenvironment. The presence of antiinflammatory cytokines polarizes TAMs, causing them to
adopt an M2-like phenotype. These macrophages secrete proangiogenic and antiinflammatory factors, stimulating tumor progression. Conversely, in the
presence of proinflammatory cytokines, TAMs harbor an M1-like phenotype and secrete proinflammatory factors that exert an antitumoral function. (B)
EGFR-driven NSCLC cells express high levels of CD47 and MHC |. Targeting the cancer cells with EGFR inhibitors and anti-CD47 primes them for macro-
phage-mediated destruction and reverts the M2-like phenotype of macrophages to a M1-like phenotype. As a result, cancer cells are subject to phagocyto-

sis, which eliminates persister cells.

immune responses against the cancer cells.
Unfortunately, clinical trial results have so
far been suboptimal owing to limited drug
response duration and accrued toxicity (8).
Anti-CD24 antibodies that block the inter-
action with its ligand Siglec-10, expressed
on macrophages and other innate immune
cells, increase phagocytosis of cancer cells
by macrophages, with encouraging results
in early-phase clinical trials (9, 10). Indeed,
ClinicalTrials.gov lists more than 20 trials
as completed or underway that explore the
clinical utility of targeting CD47 and CD24,
with most of these being monotherapy.
The tumor ecosystem, with bidirec-
tional interactions between tumor cells and

:

macrophages as well as the effects of cyto-
kines, can influence macrophage polariza-
tion into different subtypes (Figure 1A). For
example, an IFN-y- and TNF-o-rich tumor
microenvironment increases polarization
of macrophages toward a proinflammatory
M1-like phenotype. Conversely, in tumors
where cancer cells secrete antiinflamma-
tory cytokines such as IL-4, IL-10, or IL-13,
macrophages are pushed toward a protu-
moral M2-like phenotype (1). Interestingly,
although still poorly characterized, recent
data have demonstrated that small-mole-
cule drugs used to target oncogene-driven
cancer cells can also trigger macrophage
phenotypic remodeling through direct

or indirect effects. Drugs can also mod-
ulate the microenvironment to reduce or
increase recruitment of different mac-
rophage subtypes to the tumor site. For
example, the BCL-2 inhibitor APG-2575
has direct antitumor activity in hemato-
logic malignancies (11), but it also alters
macrophage polarization, pushing them
toward a Ml-like phenotype (12). Other
drugs, such as the PI3Ky inhibitor IPI-549,
reduce proliferation of cancer cells by
reshaping the tumor microenvironment
and pushing macrophages to polarize into
a M1-like phenotype (13). In this case, the
inhibitor has a direct effect on myeloid cells
and increases tumor responses to ICIs (13).
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Exploiting phenotypic plasticity
of macrophages

Data supporting anti-CD47 as an active
therapy combined with the potential of
small-molecule therapies to modify mac-
rophage polarity supported development
of a platform that would identify combi-
nation therapies that could increase (or
decrease) the activity of anti-CD47 in
NSCLC. This strategy could have clinical
relevance, as TAMs, likely M2 like, have
been shown to drive resistance to EGFR
inhibitors in NSCLC (14). Vaccaro and
colleagues implemented an innovative
drug screening platform to find therapies
that have the ability to increase cancer
cell susceptibility to macrophage-in-
duced destruction (15). A screen of 500
FDA-approved drugs in combination with
anti-CD47 was performed in the presence
of macrophages differentiated toward a
M2-like phenotype. This screen identi-
fied small molecules that decreased the
activity of anti-CD47 (including steroids,
retinoids, and anthracyclines) and, impor-
tantly, a class of molecules that increased
the activity of anti-CD47 in an EGFR-driv-
en NSCLC model.

Macrophage-mediated
destruction and adaptive
immune response

In this issue of the JCI, Vaccaro and col-
leagues first identified EGFR inhibitors
that increased the activity of anti-CD47
in an EGFR-driven NSCLC model (Fig-
ure 1B). Then, they showed that directly
targeting diverse cancer driver mutations,
including EGFR, ALK, and RAS, as well
as their downstream signaling pathways,
could prime cancer cells for destruction
by macrophages and remodel macrophage
polarization (15). The concept was validat-
ed in multiple model systems, importantly,
demonstrating potential generalizability.
Crucially, the combination of inhibitors
that targeted cancer drivers with anti-
CD47 eliminated persister cells in vivo and
resulted in tumor regressions and cures in
a number of relevant in vivo model sys-
tems. The authors explored several poten-
tial mechanisms; however, the compre-
hensive molecular mechanism underlying
this activity warrants further exploration
to facilitate optimal clinical implementa-
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tion. Interestingly, there was a direct cor-
relation between EGFR activating muta-
tions and elevated levels of CD47 and
MHC I molecules on cancer cells. Conse-
quently, blocking CD47 could potential-
ly increase the ability of CD8* T cells to
detect cancer neoantigens presented by
the MHC I complex, thereby promoting
an adaptive immune response against the
cancer cells (16). This concept is further
supported by a study conducted on skin
cancer, which demonstrated that EGFR
inhibitors modulate MHC I protein levels
(17), thereby favoring antitumor immune
responses. Vaccaro and colleagues also
provided evidence that the combination
therapy could shift the polarization of
macrophages from an M2-like protumor-
igenic to an M1-like antitumorigenic phe-
notype (15). This transformation appears
to be directly induced by the macrophages
themselves, as they were observed to
secrete proinflammatory cytokines in the
presence of the combination therapy, even
in the absence of cancer cells. Together,
the generalizability, as well as the remark-
able in vivo efficacy, warrants exploration
in clinical trials with a precision oncology
approach evaluating the appropriate com-
bination therapies in oncogene-driven
cancers, with an emphasis on both efficacy
and toxicity.
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