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ABSTRACT

Cancer therapeutics have evolved more significantly during the last two decades with increasing focus on precision medicine.
In principle this involves targeted therapies tailored to patients’ cancer-specific molecular attributes. It includes arepertoire
of immunomodulating, and apoptotic agents added to cytotoxic chemotherapy, to increase effectiveness. Tumor Associated
Macrophages (TAMS) are an interesting potential targets for expanding these therapies. These represent a spectrum of
subtypes with anti-inflammatory M1 and pro-tumor M2 being the predominant among all. A large number of studies have
established their central role in modulating the tumor microenvironment (TME) and contributing to tumor initiation, and
progression. Potential therapeutic strategies that modulate TAMs reduce or block monocyte recruitment, induce apoptosis
of TAMs, re-educate TAMs from pro-tumor M2 to anti-tumor M1, among others. This review takes a detailed ook at this
evolving landscape.
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INTRODUCTION:

Cancer is a multistep process, resulting more commonly
with the accumulation of genetic and epigenetic mutations,
traversing a number of molecular pathways. In the year
2020 alone, it was responsible for about 10 million deaths
worldwide, second only to the ischemic heart disease.
Following decades of research, leading to effective screening
programs, improved diagnostic modalities and evolving
therapeutic strategies, This has led to decreasing mortality
associated with, for example, lung, breast, and colorectal
cancers. On the flip side, these very cancers still top the
yearly incidence, globally.? During the last two decades to
address this burgeoning challenge, attention has turned
toward precision medicine. Tailored to specific molecular
attributes of a patient’s tumor, focus of cancer therapeutics
has shifted from cytotoxic chemotherapy alone to acomplex
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mix of targeted therapies, enabling immunomodulation and
apoptosis. Thus, leading to much improved rate of cure and
patient survival .2

Defining the role of tumor associated macrophages (TAMS)
in cancer biology and its effect on patients’ survival, is
among the pathways explored by researchers to expand the
repertoire of targeted therapies. TAMs are aspecialized class
of macrophages integrated into the microenvironment of a
solid tumor, and through their regulatory molecules like
chemokines, cytokines, growth factors and effects onimmune
checkpoint proteins in the tumor tissue modulate it.* The
discourse on TAMs hasreved ed that their varied distribution,
and relative densities correlate with cancer prognosis and
patients’ survival. We also know that biologically TAMs
represent an array of subtypesthat are modulated by external
effector molecular signals. Two of the predominant types,
M1 and M2 for instance, have paradoxical antitumor and
protumor properties, respectively. The distribution, density
and proportion of TAMs and its subtypes evolve with the
tumor progression, tipping the balance toward poorer
differentiation of cellular and stromal elements. This
pathological construct has been validated by several studies
demonstrating poor prognosis with the change in TAMs
density and increasing M2 proportion in different cancers
including breast>®, esophageal’, gastric® and colorectal
malignancies.”* We have also learned through theoretical
modelling and experimental studies, that it is possible to
manipulate TAMs, for example by reverting from M2 to
M1 state.*? This has potential implications for efficient
management of cancer and represents the focus of the current
review.

Coursing through the biology of the tumor microenvironment,
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seaming in the role of TAMsin the milieu, we have explored
the potential targets these offer and the current state of
clinically relevant therapiesin the following sections.

The Tumor Microenvironment (TME)

A formative event in theinitiation and progression of cancers
is the aberrant cellular differentiation that bypasses
immunological defenses by modifying the molecular signal's
and receptors. This tumor cell differentiation is a product
of multiple genetic mutations and epigenetic influenceslike
hypermethylation of CpG islands, for instance, in colorectal
cancers (CRC). This may result in the mutation into
oncogenes or inactivation of tumor suppressor genes, kick-
starting the evolution into undifferentiated cancer cells. This
israpidly checked by the tumor microenvironment, acomplex
interplay of cellular and non-cellular elements surrounding
the tumor, in most cases. In a smaller subset it evolves
adversely to actually propagate the tumor. We need to look
more closely to understand this switch.

The tumor microenvironment’s (TME) cellular component
includes pericytes, dendritic cells, macrophages, fibroblast
and specialized lymphocytes®, duly alerted by the stromal
chemokines and cytokines.** The extracellular matrix (ECM)
or the non-cellular elements are the structural proteins like
collagens and elastin, along with a complex meshwork of
glycoproteins like fibronectin and laminins, and the
proteoglycans® that influence cellular adhesion, aswell as
modulate cell proliferation, and intercellular communication.™®
Moreover, it harbors humoral elements like transforming
growth factor- B (TGF-B), tumor necrosis factor- @ (TNF-
) and interleukins (1L-6)% that are released on stromal
disruption and in turn activate tissue immune cells to attack
the abnormal tumor cell. So, the successful tumor progression
can only occur if multiple elements (structural, cellular and
humoral) of the tumor micro-environment, are abnormally
altered. One of the pathways this evolution occursis through
the extracellular vesicles (EVs) like the exosomes, that are
released by al the cells of the body, including the tumor
cells. Their uptake is receptor dependent and thus directed
toward specific cells. Exosomes are endosomal in origin
and can transport lipids, proteins as well as RNASs. In the
TME, the exosomes secreted by the tumor and immune cells
facilitate their effects on each other. Tumor cell-derived
exosomes cause inhibition of natural killer and T cells,
promote angiogenesis, metastasis and polarization of
macrophages and neutrophilsto TAMs and tumor associated
neutrophils (TANS). This polarization refers to the process
induced by various stimuli that transform specific cell lines
into distinct functional phenotypes.r” The transferring of
RNA species can reprogram the recipient cell as well. On
the other hand, exosomes released by the immune cells can
lead to tumor cell apoptosis. A flurry of other effectors work
to bypass tissuesimmune defenses against cancer progression
eventually surpassing it and turning it instead in to a tumor
promoting microenvironment.

TAMs comprise the main bulk of the infiltrating immune
cellsin TME in comparison to the dendritic cells, the T cells
and the other antigens presenting cells.*® The tumor
microenvironment (TME) determinesthe changein character,
for example, from anti-tumor M 1 predominant to pro-tumor
M2 dominant macrophage polarization. M2 in turn has been
shown to promote all the aspects of TME leading to tumor
spread, as mentioned earlier.*®

Tumor Associated Macrophages (TAMS)

Macrophages are white blood cells, derived from the
peripheral blood monocytes. Their phagocytic properties,
responsible for clearing the cellular debris and tumor cells
along with the other harmful foreign agents render them a
vital component of mononuclear phagocyte immune
system.? Plagticity and adaptability are the two hallmarks
of macrophages.* On reaching the tumor, influenced by the
immune and tumor cells, the various cytokines and
chemokines, possibly the lack of oxygen and the resultant
increase in lactic acid, these macrophages evolve into tumor
associated macrophages (TAMS).

Therole of tumor associated macrophages (TAMS) in cancer
tissuesis central to understanding this approach for improving
cancer therapy. Asaready mentioned earlier, the macrophages
can be classified into two major types depending on their
polarization states, i.e., classically activated M1 and
alternatively activated M2 macrophages.®® M1 and M2
macrophages are the two extremes of the polarization
spectrum with a number of unaccounted subtypes in
between."#

M1 macrophages are considered pro inflammatory and
bactericidal. This polarization state isinduced by the factors
such as, interferon (IFN) & and lipopolysaccharides (LPS).
M 1 macrophages secrete anumber of Thl inducing cytokines
like, tumor necrosis factor (TNF) «, interleukin 12 (1L-12),
IL-6 and IL-18. These cells have high antigen presenting
capacity and also produce reactive oxygen species (ROS),
thus are responsible for directly killing the tumor cells.?#

M2 macrophages are immunosuppressive, anti-inflammatory
and pro tumor. Their polarization is choreographed by IL-
4,1L-13 and IL-10. These cellsin turn secrete transforming
growth factor (TGF)-B and IL-10, which are responsible for
the immunosuppressive nature of tumor microenviron-
ment.17’23

In the case of tumors, TAMs highly resemble M2
macrophages, as both are activated in response to the similar
cytokines and secrete some common factors, while exhibiting
few differences as well.*” A number of growth factors,
cytokines, chemokines and enzymes produced by TAMs
play an important role in tumor growth and progression. IL-
6 increases the chemoresistance by activating the STAT3
pathway and indirectly increasing the anti-apoptotic protein
Bcl2 in colorectal and other solid tumors.2#® TAMs promote
neovascularization by increased secretion of vascular
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endothelia growth factor (VEGF), platelet derived growth
factor and TGF B.?® Matrix metalloproteinases (MM Ps)
promote invasion and metastasis. TGFB induces epithelial
to mesenchymal transition (EMT) in colorectal cancers
through smad/snail signaling pathway.?” Various chemokines
like CCL2, CCL5, including other cytokines and enzymes
already mentioned can hinder the CD4+ and CD8+ functions
and also result in the recruitment of natural Tregs (nTregs),
thus resulting in unsuccessful immunosuppressive therapy.’

TAMs as Novel Therapeutic Target for Cancer Immu-
nother apy

Being an important component of TME, tumor associated
macrophages are a desirable target for cancer treatment.
TAMSs provide multiple potential routes for manipulation
with the resultant augmentation of their anti-cancer activity.®
Reducing or blocking monocyte recruitment into tissues,
inducing apoptosis of TAMs already present in the tissue,
blocking angiogenesis promoting activities through receptor
binding, re-educating or repolarizing TAMs from pro-tumor
M2 to anti-tumor M1 type, for example, are some pathways
(assummarized in Table 1). Each of these trandate to either
one of the following anti-tumor effects;?®

- Direct cellular phagocytosis or cytotoxicity of tumor
cells

- Unblocking the cell-death or apoptosis function in tumor
cells thus enabling better response to chemotherapeutic
agents

- Blocking tumor promoting functions like angiogenesis

In effect thiswould result in delaying tumor progression or
actud tumor regression resulting inimproved patient survival.
A wholesome volume of research has been directed to these
potential targets and its beginning to provide evidence of
clinical efficacy.

The therapeutic strategies targeting TAMS, based on
experimental research include clearing and inhibiting the
activation of TAMS by targeting CSF-1/CSF1R signaling
to suppress the tumor growth, promoting the phagocytic
activity of macrophages by blocking CD47-SIRP« signdling,
limiting monocyte recruitment by targeting CCL2R and
inhibition of TAMs by PD-L 1 antibody to promote phagocytic
activity. Monoclonal antibodies directed against the LILRB1
component of the LILRB1/ MHC class 1 identification
mechanism and genetically engineered TAMs lacking the
SIRP« and LILRB1 receptors, are few other under trial
targets, directed at increasing the phagocytic activity of
TAMs.® Figurel graphically demonstrates the currently
known agents that target and modulate specific TAMs
attributes for potential therapeutic benefit. As promising
these treatment options might seem, thereis still along way
before they could become a part of regular treatment for
solid tumors, as discussed momentarily.

Blocking TAM s Recr uitment

Figurel. Specific sitesin TAMsthat are targeted by various potentia
agents for therapeutic benefit. For details about these interactions
please refer to the related text and table 1.
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Blocking TAMs recruitment would theoretically reduce the
effect of TAM induced modulation of TME that, although
beneficial ininitial stages of cancer, are deleterious as tumor
progresses. A potential target that triggered significant interest
was chemokine CCL 2 and its receptor CCR2.2 A monoclonal
antibody against CCL 2, carlumab, has been tested in phase
| and phase 11 trials. Although showed encouraging results
in the mouse model,* and good tolerance in humans, it
unfortunately did not translate into therapeutic efficacy as
TAM recruitment was not affected among a cohort of prostate
cancer patients® and a diverse set of solid tumors.*
Interestingly in combination with FOLFIRINOX (fluorouracil
irinotecan plus leucovorin and oxaliplatin) alone, or in
combination with CCR2 antagonist as chemotherapy for
pancreatic adenocarcinoma,® it did lead to TAM depletion
in tumors and contributed to partial response in half the
patients by hampering tumor growth and metastasis. Among
the CRC patients a subset of patients with advanced disease
showed encouraging response when Maraviroc, an antagonist
to CCR5 receptor of CCL5 chemokine, was used in a
preclinical study.®

Inducing TAM s depletion

TAMs depletion, aready recruited to the tumor, would also
potentiate anti-tumor activity in principle, similar to the
recruitment blockage paradigm. A wide array of targets and
mol ecules have been employed in basic and clinical research
for TAMs depletion.® Two of these, namely Bisphosphonates
and Trabectidin, are already in clinical use as anti-cancer
agents for specific indications. Bisphosphonates are mostly
used in patients with bony metastases from solid tumors
e.g., breast®™* and prostate cancers® or against myeloid
element in hematol ogical malignancy. Asinhibitors of the
farnesyl diphosphonate synthase, these tend to accumulate
in bone hydroxyapatite where they are taken up by the bone
macrophages (osteoclasts), leading to their apoptosis.® This
macrophage apoptosisis aso witnessed non-selectively in
non-bony tissues, for example in the liposomal formulation
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Table 1. Summary of Potential Pathways for Therapeutic Manipulation of TAMS

differentiation (20)

(PDAC):

Target Agents Effect Tumor Targeted Effect on ATMs
Clearing/Inhibiting TAMs
Reprogramming into less
PLX3397 (Small - i
CSFI/CSFIR moleculeinhibitor of | IO (e eXpresson of | g oh agtomer® B[]%fﬁgt‘%gimre&m
CSFIR) phagocytic ability
CSFlisinvolvedin ;
: Pancreatic ductal Decreased number of
meacrophage recruitment, : ; CSF1/CSFIR receptor : Ll
repolarization and Anti CSF1 antibody blockade adenocarcinoma TAMs+ selective killing

of M2 macrophages

Reducing/ blocking monocyte recruitment

CCL2/CCR2 inhibition
(CCL2isresponsible for
recruitment of CCR2
positive macrophages)

PF-04136309

(Small molecule CCR2
inhibitor), in
combination with
FOLFIRINOX

CCR2 inhibitor

Pancreatic ductal
adenocarcinoma
(PDAC)*

TAM reduction

Inducing apoptosis of TAM s already present in th

etissues

(zoledronic acid)

macrophage polarization

Effects macrophage
Unspecified Bisphosphonates Directly effects Breast cancer® polarization, migration,
(macrophages) (zoledronic acid) macrophages vesicular trafficking,
proliferation and survival
Trabectedin : .
I : Activates caspase-8 — . 43,52 TAM depletion &
Capase-8 activation g%he%rtr;o-therapeutlc dependent apoptosis Fibrosarcoma reduced angiogenesis
Emactuzumab : ]
CSFIR inhibition (anti CSFIR monoclona | Blocks CSFIR activation D'””%S type giant cell TAM depletion
antibody) tumor
Re-educating/repolarizing TAMsfrom M2toM 1
. . Impaired M2
Biphosphonate Impaired M2 Prostate cancer®® polarization without

repolarizing to M1

Macrophage

Inhibit phosphoryl-ation
of STAT3
Inhibits NF-kB canonica

Colorectal cancer™

Repolarization of M1 to
M2

repolarization
pathway

CCL5/CCLR5 inhibition
(CCL5isaT lymphocyte

Maraviroc
(Vira entry blocking

CCRS5 inhibitor

Colorectal cancer® TAMs repolarization

derived chemokineand | inhibitor for HIV (anti-tumor)
affects TAMS) patients)
Promoting phagocytic activity of macrophages
Hu5F9-G4 (anti CD-47 Non- Hodgkin's Tumor cells
antibody) Blocks CD- 47 lymphom phagocytosis

47, SIRPa: Signal regulatory protein alpha

Abbreviations: CSF1: Colony stimulating factor-1,CSF1R: Colony stimulating factor-1 receptor, CCL2: Chemokine (C-C motif)
ligand 2, STAT3: Signal transducer and activator of transcription factor 3, NF- kB: Nuclear factor kappa light chain enhancer of
activated B cells, CCL5: Chemokine (C-C motif) ligand 5, PDL1: Programed cell- death ligand 1, CD47: Cluster of differentiation

of clodronate, and has found efficacy in reducing visceral
as well as bony metastasis in patients with breast cancer.
Trabectidin is an alkylating chemotherapeutic drug that is
approved for treatment of advanced ovarian cancer,*
liposarcoma, leiomyosarcoma and other soft tissue
sarcomas.* Along with its direct cytotoxic effect on neoplastic
cells, it has been shown to markedly reduce tissue
concentration of TAMs by 30-70% through the TRAIL
dependent pathway of apoptosis.*?*

Another enticing target to induce TAMs apoptosis has been

through the Colony Stimulating Factor-1 (CSF-1) and its
receptor CSFAR pathway.* This pathway has major rolein
maturation and differentiation of macrophages and
monocytes. Antibodies directed against the CSF1R receptor
has been shown in murine models to significantly reduce
the number of TAMsin tumor tissue that appearsto be more
selective for M2 macrophages. Emactuzumab, is the more
widely used agent that has been utilized in clinical trials of
solid tumors™“ like breast, prostate and ovarian cancers.
The anti-neoplastic agents commonly used in these tumors
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tend to upregulate CSF1/CSF1R complex leading to
increasing recruitment, activation and differentiation of
macrophages to TAMs, and blocking this pathway has
resulted in significant reduction of TAMs population in these
tumors even in clinical studies. An alternative to antibody
approach has been to utilize tyrosine kinase inhibitor like
pexidartinib to block the CSF1 receptor. This has found
clinical efficacy and approval in enhancing the responsein
advanced prostate in combination with hormonal therapy.
In general, because of the nonspecific response against
macrophages throughout the body, these present alot of side
effects and further work is being directed toward agents that
would provide selectivity for M2 macrophages in tumor
tissues by targeting for example CD-163 receptors for cell
selection.

Reeducating TAMs: M2toM1

Utilizing TAMs plasticity i.e., ability of converting to M2
from M1 phenotype and vice versa provide other potential
means to influence TME. Reeducating M2 to M1 would
the antitumor potential and may potentially improve patient
survival . Alternatively, preventing M 1 conversion to M2
may also achieve this goal by preventing pro-tumoral effects
of M2. This construct is still in the realm of experimental
or preclinical studies. There areahost of theoretica pathways
to achieve that and an increasing number of candidate drugs
to modulate these pathways. An example is Zoledronic acid
and its effects on TAMs repolarization from M2 to M 1.8
An indirect clinical correlation was provided by Gnant et
al., through their clinical trial with addition of Zoledronic
Acid to endocrine therapies among 1803 premenopausal
breast cancer patients, as part of ABCSG-12 randomized
trial, was shown to achieve improved survival.*® More
commonly experimental models focus on STAT3 and NF-
€B pathways disruption, using for example antibodies like
anti-CD 40 antibody, or designer molecules, e.g., FLLL32,
adiketone analogue of curcumin to achieve repolarization.™

TAMsManipulation: other alternatives

Alternative strategies, mentioned earlier, that promote the
phagocytic activity of macrophages by blocking CD47-
SIRPa signaling, inhibition of TAMs by PD-L 1 antibody
to promote phagocytic activity, monoclonal antibodies
directed against the LILRB1( Leucocyte immunoglobulin
like receptor subfamily B member 1) component of the
LILRB1/ MHC class 1 identification mechanism and
genetically engineered TAMslacking the SIRFa and LILRB1
receptors, are few other strategies for TAMs manipulation.®
Most of these are still along way from clinical utility though
and mostly experimental constructs at this time. Table 1
summarizes the pathways, targets and agents that researchers
have utilized for therapeutic manipulation of TAMS.

CONCLUSION:

Tumor Associated Macrophages represents the most prevaent
stromal cell type in the tumor microenvironment. Several

studies have demonstrated evolution of their anti-tumoral
role as the M1 subtype, polarizing to the other end of the
spectrum, the M2 or the protumor subtype, as the cancer
progresses. These have multitude of effects on the element
of TME like inducing chemoresistance, reducing apoptosis,
increasing tumor vascularity, decreasing inter-cellular
adhesion, promoting invasiveness and diminishing the
response by cytotoxic immune cells. With the advent of
targeted therapies in the treatment of cancers, there is
increasing focus on targeting TAMs to improve prognosis.
Work is ongoing on novel strategies with specific molecular
targetsthat reduce monocyte recruitment, cull TAMs already
present in the TME, reeducate TAMs from protumor M2 to
antitumor M1 subtype, and promote phagocytosis by TAMSs.
Some of these have already entered different phases of
clinical trials. With alot of promise and concerted research
focus, thereis high expectation that TAMs will provide an
effective platform to improve cancer therapy in the coming
years.
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