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Emerging neo adjuvants for harnessing therapeutic potential of
M1 tumor associated macrophages (TAM) against solid tumors:
Enusage of plasticity
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Abstract: Macrophages are a major component of the tumor microenvironment (TME) of most tumors.
They are characterized by a high degree of functional plasticity which enable these cells to both promote
and eliminate established tumors. Under the influence of immunosuppressive TME, tumor infiltrating
iNOS+ and CD11b+ M-1 effector macrophages get polarized towards tumor associated macrophages (TAM)
which are tropic to variety of tumors. Increased infiltration and density of TAM is associated with tumor
progression and poor prognosis in the plethora of tumors due to their angiogenetic and tissue re-modelling
nature. Importantly, TAMs are also responsible for developing endothelium anergy, a major physical barrier
for majority of cancer directed immune/chemotherapies. Therefore, functional retuning/re-educating TAM
to M-1 phenotypic macrophages is paramount for effective immunotherapy against established tumors.
In this review, we discuss and provide comprehensive update on TAM-targeted approaches for enhancing

immunity against various solid tumors.
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Introduction nature of the multifaced immunosuppressive tumor
. . microenvironment (TME) (1,2), a complex ecosystem
Opver the past decades, considerable advances were seen in ( ) (1,2), p y

. . hat is rich in heterogen lation of stromal cell
the way cancer was diagnosed and treated. With advanced that 1s ric eterogeneous population ot stromal cells,

proteomic, genomic and bioinformatic approaches,
several regulatory elements that are responsible for the
manifestation of the cancerous phenotype were identified
and targeted. Despite enough advancements in the field,
there exists few success stories as far as the treatment of
cancer is concerned. This is mainly due to the refractory
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extracellular matrix, lymphatics, and highly active innate
and adaptive immune cells (3,4). Of which, macrophages,
called the tumor associated macrophages (TAM) are one of
most abundant cell types of the leukocyte infiltrate of the
TME, whose accumulation has been considered to associate

with poor prognosis in most solid tumors (5-7).
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TAM ontogeny and function

Macrophages are an important part of immune system and
are found in all tissues. They execute a broad spectrum
of functions ranging from modulating tissue homeostasis,
defense against microbial insults and facilitating wound
healing (8). TAMs originate from both yolk sac derived
macrophages and from monocyte precursors that are
originated in the bone marrow. While the former are
embryonically seeded in tissue and maintained through self-
renewal, the latter infiltrate the tissue in response to the
tissue specific chemokine signals and differentiate in response
to their microenvironment (9). Macrophages are extremely
plastic in nature displaying multiple polarization states
which fit within two most accepted extreme phenotypes:
the M1-like or proinflammatory phenotype and the M2-
like or anti-inflammatory (10). Toll like receptor legends like
lipopolysaccharides (LPS), Thl cytokines such as Interferon
gamma (IFNy), Tumor necrotic factor alpha (TNFa),
interleukin-12 (IL-12), IL-18 promote macrophages towards
M1 polarized state which play critical role in innate host
defense (11). On the other hand, Th2 cytokines such as
IL-4, IL-10, IL-13 tune macrophages towards M2-like
phenotype that display anti-inflammatory responses such as
tissue repair and wound healing (12). M1-like phenotypic
macrophages mount a robust anti-tumoral response
and support adaptive immune responses by presenting
tumor-specific antigens and by producing cytokines and
chemokines that recruit and activate cytotoxic CD8" T cells
and NK cells and suppress lethal tumor development (13).
Several studies have also highlighted the role of cytotoxic
lymphocytes in tumors correlating with favorable prognosis
(14,15). However, the plasticity nature of the macrophages
allows tumor cells to subvert the macrophage function by
the cues within TME and elicit an M2-like polarization
that is pro-tumorigenic (16). M2-like macrophages in the
TME secret immunosuppressive molecules including I1.-10,
arginase-1 (Arg-1), programmed death-ligand-1 (PD-L1),
TGFB and VEGF favoring tumor growth and NO (17,18).
TAM also secrete various chemokines such as CCL4,
CCLS5, CCL22 and CCL28 that attract regulatory T cells to
infiltrate into the TME, thereby impeding cytotoxic T cell
activation (19) suggesting that under influence of Th2 rich
microenvironment of tumor, the infiltrating M1 effector
macrophages and T cell get polarized towards M2 and
regulatory T cells which promote tumor cell growth.
Pathologically, cancers are classified nearly into 200
types with varying degree of resistance against existing
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anti-cancer drug/therapies (20). Among various reasons,
inefficient T cell migration is a major limitation of cancer
immunotherapy (15,21). This is mainly due to increased
infiltration of macrophages and their association with
tumor cells which drives desmoplastic reactions during the
course of tumorigenesis. Once accumulated, TAM secretes
various angiogenesis factors, such as vascular endothelial
growth factor (VEGF), platelet-derived growth factor,
proangiogenic growth factor (PDGF) and transforming
growth factor beta (TGFB) within TME which serve as
prognostic factors for cancer progression. VEGF has
long been considered a strong pro-tumorigenic factor
and anti-VEGF antibodies have shown promising anti-
tumoral outcomes (22). M2-like macrophage polarization
is induced by Colony stimulating factor 1 (CSF1) and
it was shown that inhibiting CSF1 displayed significant
attenuation in angiogenic programming as a result of TAM
depletion coupled with tumor burden (23). Moreover,
hypoxic or anoxic micro-environment of solid tumor poses
a challenge to traditional cancer treatment which is mainly
due to increased angiogenesis of tumor. TAM also express
angiopoietin receptor, endothelial-specific receptor tyrosine
kinase TIE2 and conditional knockdown of TIE2 gene was
found sufficient enough to inhibit tumor angiogenesis (24).
Pro-angiogenic functions of TAM are also facilitated
by the hypoxia-inducible factor 1 alpha (HIF1-a) which
transcriptionally upregulate VEGF expression (25,26). This
renders the tumor endothelium impermissive for cytotoxic
T cells infiltration while predisposing tumor cells less
susceptible to death by various chemotherapeutic drugs
and/or radiotherapy which aimed to increased intratumoral
oxygenation for promoting immunogenic death of tumor
cells.

Tumor metastasis is responsible for 90% of cancer-related
mortality and TAM play a prominent role in facilitating
tumor invasion and metastasis by secreting several
molecules such as matrix metalloproteinases, cathepsins,
serine proteases, CCL2, CCL18, and cyclooxygenases. Wei
et al. have shown that TAM-derived IL6induce epithelial-
mesenchymal transition (EMT) program to enhance human
colorectal cancer migration, invasion and Circulating tumor
cell- mediated metastasis by regulating the JAK2/STAT3/
miR-506-3p/FoxQ1 axis leading to the production of CCL2
that promote macrophage migration (27). Steenbrugge ez /.
have shown that levels of MMP-9, VEGF, chitinase-3-
like protein 1 (CHI3L1) and Lipocalin-2 (LCN2) induced
by TAMs mediate cancer metastasis in mouse model for
triple-negative breast cancer (28). It was also shown that
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TAM enhance tumor cell migration and invasion through a
paracrine loop consisting of macrophage-derived epidermal
growth factor receptor and CSF-1 and genetic abalation of
CSF-1 significantly minimized the circulating tumor cells
and their metastasis (29). Therapeutic potential of SI00A8
and S100A9 that were upregulated by TAM was also
evaluated for interference of metastasis (30).

Potential and emerging neo adjuvant for
Retuning of TAM

The hypoxic or anoxic micro-environment of solid tumor
coupled with increased angiogenesis poses a challenge to
traditional cancer treatment options such as chemotherapy
and radiotherapy as these conditions predisposes tumor cells
less susceptible to death induced by various chemotherapeutic
drugs and/or radiation (25,31). The presence of TAM with in
the TME is the hallmarks of cancer-associated inflammation
as TAM found to be a major cause and player in inducing
conditions in favor of tumor survival. Therefore, depletion
of macrophages will be a reliable strategy to mitigate TAM
mediated tumor survival and progression (32). Several
studies over the past had highlighted the possible anti-
tumor outcomes as a means of TAM depletion. Importantly,
as the growth factor CSF-1 is known to involved in the
proliferation, differentiation and survival of macrophages,
targeting CSF-1/CSF-1R axis was found to be an attractive
target to reduce the number of TAMs in tumors. Use
of emactuzumab, a humanized mAb targeting CSF-1R
has shown to decrease TAM numbers in the tumor (33).
Pharmacological targeting of CSF-1R was also found
effective to deplete TAMs and to restore T cell migration
into the TME of mouse mammary tumor models (34).
Macrophage depletion using antibodies against F4/80 was
also found to reduce the tumor growth (35). Similarly,
Clodronate liposomes mediated macrophage depletion
was also found promising in mitigating tumorigenesis
(36,37). Trabectedin, a natural product derived from
marine organism Ecteinascidia turbinate has been explored
for depleting macrophages on account of its ability to
inactivate NF-Y, and KLF-2/4 transcription factors which
are important for differentiation of mononuclear phagocyte
in TME (38). In similar lines, targeting non canonical NF-
kB, STAT3 and HIF-1 also represent another potential
therapeutic option for dampening TAM activities in
neo adjuvant settings. Although, macrophage depletion
strategies found to have a positive impact by limiting
tumor progression, there are several pieces of information
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highlighting the possible toxic effects associated which
not only impact the quality of life of cancer-treated
patients but also limits the translational relevance of these
studies. As TAM mediated tumorigenesis is prompted by
immunological imbalance in M1/M2 rheostat, enrichment
or stabilization of M1 effector phenotype or re-tuning the
pro-tumorigenic M2-like phenotypic macrophages towards
anti-tumorigenic M1-like phenotypic macrophages would
be one of the promising interventions for tumor control.
Therefore, several pre-clinal and clinical studies were
focused at targeting molecules that aid that functionally
reprogram TAMs towards anti-tumorigenic phenotype
(Table 1). In this context and within scope of this article
here we discuss few strategies which have been explored by
us and others having M1 polarization potential in various
models.

Low dose radiation (LDR) based immunotherapy

The efficacy of conventional radiation therapy, which
is one of the most widely used treatment options for
cancer treatment, is limited by resistance of tumors, most
importantly by associated toxicity to the normal tissue
and result in immune suppression. On the contrary, LDR
modulates a variety of immune responses particularly in
the context of cancer. Our pre-clinical as well as clinical
studies have demonstrated the therapeutic advantage of
LDR in enhancing infiltration of tumor antigen specific T
cell and subsequent tumor immune rejection of pancreatic
cancer in new adjuvant setting in a macrophage dependent
manner (15). Exposure to LDR enhanced the infiltration
of CD11b+ macrophages along with adoptively transferred
T cell in the tumor of RipTag5 mice. LDR exposure
also facilitated spontaneous infiltration of host T cells,
favoring tumor infiltration of CD8" T cells overCD4"
T-cells demonstrating the therapeutic efficacy of LDR for
enhancing anti-tumor immunity in these mice. Interestingly,
we found that LDR in conjugation with adaptive transfer of
T cells triggered vasculature normalization as indicated by
expression of CD31 and VCAM-1, which is a prerequisite
of leukocyte recruitment into tumor tissue and T cells
infiltration coupled with co-infiltration of CD11b+
macrophages. However, depletion of macrophages with
clodronate loaded liposome significantly abolished LDR
mediated tumor infiltration of tumor directed T cell and
reduced blood glucose levels predisposing mice sensitive
for death suggesting the indispensable role of peri-
tumoral macrophages in T cell recruitment and in tumor
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Table 1 Pre-clinical and clinical trials targeted at TAM reprogramming
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Clinical trail TAM targeting agent Target S::Sc;al Status Tumor type
NCT03123783 APX005M CD40 111 Active Non-small cell lung cancer; metastatic melanoma
NCT02304393 Selicrelumab CD40 | Active Advanced or metastatic solid tumors
NCT01433172 (GM.CD40L) vaccine with ~ CD40 111 Active Lung cancer
CCL21
NCT01103635 Tremelimumab and CP-870, CD40 | Active Metastatic melanoma
893
NCT02890368 TTI-621 SIRPo-IgG1 Fc | Active Solid tumors; breast carcinoma melanoma;
Merkel-cell carcinoma; squamous cell carcinoma
NCT03530683 TTI-622 SIRPo-1gG4 Fc | Active Lymphoma; myeloma
NCT01904123 WP1066 STAT3 | Active Recurrent malignant glioma and brain metastases
NCT02216409 Hu5F9-G4 CD47 | Active Solid tumor
NCT02367196 CC-90002 and rituximab CDh47 | Active Hematologic neoplasms
NCT01839604 AZD9150 (ISIS-STAT3RXx) STAT3 I/lb Completed Advanced/metastatic hepatocellular carcinoma
NCT00912327 B-glucan MAPK Il Completed Stage IV KRAS-mutant colorectal cancer
NCT03435640 NKTR262 TLR7/8 /1 Active Melanoma; Merkel cell carcinoma; breast cancer;
renal cell carcinoma; colorectal cancer
NCT03262103 Polyinosinic-polycytidylic TLR3 111 Active Solid tumors
acid (Poly ICLC)
NCT03681951 GSK3145095 RIP 171 Active Neoplasms; pancreatic
NCT02637531 |IPI-549 PI3Ky | Active Advanced solid tumor; non-small cell lung cancer;
melanoma; breast cancer
metabolism. an M1 phenotype. Indeed, in vitro irradiation of isolated

Most interestingly, adoptive transfer of RipTag5 mice
with irradiated macrophages (M1 macrophages) alone
potentially enhanced cytotoxic CD8" T cells infiltration,
normalized tumor vasculature, reduced hemorrhage, and
efficiently caused tumor rejection thus demonstrating the
need for TAM retuning. Most interestingly, the extent
of T cell infiltration remained comparable in the animals
which either received irradiated macrophages or external
irradiation suggesting that adoptive transfer of iNOS+
macrophages may be a good alternate of radiotherapy. Most
interestingly adoptive transfer with iNOS+ macrophages
completely depleted or replaced intra tumoral MDSC
populations which further added to overall M1 retuning of
these tumors by M1 macrophages.

In contrast to unirradiated population of peritoneal
macrophages which expressed M2-associated transcription
factors and minor amounts of iNOS, local tumor
irradiation induced iNOS expression and acquisition of
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RTS peritoneal macrophages and total body irradiation
in peritoneal macrophages also induced iNOS expression
demonstrating that LDR induces iNOS expression and
increases NO in CD11b+ tumor infiltrating macrophages
during adoptive T cell transfer. Moreover, we found that
inhibiting iNOS completely inhibited endothelial cell
activation and Tumor infiltration of T cells emphasizing the
involvement of iNOS+ M1 phenotypic macrophages. Our
clinical trial data with patients with advanced pancreatic
adenocarcinoma demonstrated translational and therapeutic
impact of locally applied gamma irradiation in triggering
tumor infiltration of M1 and effector T cells in the clinical
trial launched with stage 2"'/3™ stage (as per IUCC
criteria) PDAC patients as well (15). Indeed, irradiated
RipTag5 mice showed significantly higher expression of
iNOS both in their TAM as well as in the insulinoma over
sham irradiated mice. LDR moreover retuned TME of
insulinoma which was confirmed by spontaneous infiltration
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Figure 1 Disruption of functional plasticity of tumor associated macrophages by various neo adjuvants for affording immunity against

cancer. Macrophages are the special cells of host immune system, which, by their virtue of phenotypic plasticity can both control as well

promote tumor growth thus represent key therapeutic target of current and future cancer immunotherapeutic interventions.

of F4/80+, iNOS+, CD14 and CD68 positive and classically
activated M1 macrophages and concomitant reduction of
Ym-1, Fizz-1, Arginase-1 and CD206 expressing M2-like
macrophages in these mice. LDR also induced expression
of iNOS, NO, NF«B pp65, pSTAT?3 and proinflammatory
cytokines secretion while downregulating p38MAPK
which are involved in iNOS translation and acquisition of
an M1-like phenotype (39). LDR down-modulated HIF-1
and VEGF-induced angiogenic signaling in tumor-derived
endothelial cells in irradiated tumors in the course of
polarization of irradiated tumor-associated macrophages
toward an M1 phenotype (40). Most interestingly, depletion
of macrophages for prolonged period of time potentially
inhibited gamma irradiation-induced iNOS+ macrophages
and enhanced expression levels of M2 markers including
Arginase-1, Ym-1 and Fizz-1 along enhanced key
immunosuppressive cytokines including VEGF, TGF-f
which otherwise were significantly inhibited by gamma
irradiation in these tumors. In similar lines, Liu et al. have
shown that use of combination of LDR and hypo-fractioned
radiation therapy in a syngeneic mouse model of breast and
colon carcinoma potentially enhanced systemic immune
related response of radiation therapy by infiltration of CD8"
T cells and altered the immune suppressive tumor micro
environment (41). Interestingly, LDR was also found to
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increase systemic response rate of metastatic disease treated
with high-dose radiation (42). Use of LDR therapy in
combination with chemotherapy was found to potentiate
the effects of paclitaxel and carboplatin in locally advanced
squamous cell cancer of the head and neck (43,44). These
observations potentiate the use and involvement of LDR in
tuning TAM towards M1-like proinflammatory macrophage
phenotype that is anti-tumorigenic (Figure I).

PAMP based retuning of TAM population and
Immunotherapy of pancreatic tumors

Effective immunotherapy should impact anti-tumor
potential in M1 repolarized TAM population in solid
tumors. Many conserved bacterial ligands, the agonists for
innate immune system receptors such as toll-like receptors,
upon binding, initiate an intracellular signaling cascade
leading to the production of proinflammatory cytokines
and initiate anti-tumor activities not only by activating
immune cells but also acting directly on tumor cells. In past,
various TLR agonists like CpG, CD40L having potential of
retuning M2 TAM to M1 macrophages have been explored
(45-47). However, the success rate remained minimal due
to the fact that activation of TLR’s preferentially on tumor
cells shown to induce angiogenesis and tumor growth (48).
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It was evident that during therapy, various TLR agonist
like heparan sulphates, heat shock proteins, High Mobility
Group Box 1 (HMGB1), hyaluronic acid released from
the dying tumor cells activate TLR’s on other intact tumor
cells within TME. Subsequent binding of these DAMP’s to
their respective TLR preferentially on tumor cells trigger
tumor cell proliferation and associated refractory immune
response which is immunosuppressive (49). Although these
TLR ligands can interact with both macrophages and
tumor cells, due to abundance of tumor cells over TAM,
TLR signaling mainly activate tumor cells. Therefore,
use of macrophage specific TLRs for selective activation
is anticipated to be detrimental for tumor cells (50).
"To this purpose, we have explored the significance of LPS
as abacterial adjuvant for activating TLR4 signaling in
macrophage tumor cells co-cultures and demonstrated
that stimulation with LPS alone or in combination with
IFN-vy not only stabilized NO response in tumor induced
macrophages but also imparted anti-tumor potential (39).
Our results even justified the criteria of using LPS as TLR4
ligand for priming TAM for acquiring M1 phenotype as well
as anti-tumor potential. LPS also utilizes CD14 receptors
for skewing Th1/Th17 responses in macrophages and
contribute for anti-tumor potential of reprogrammed TAM.
Similarly, activation of TLR4/CD14 complex is known
to activate mitogen-activated protein kinase (MAPK) and
other signalling pathways like STAT'1 which are involved in
immunogenic inflammation. Thus, synergistic stimulation
of TAM by LPS and LDR revealed a major immunogenic
mechanism of LDR in irradiated insulinomas. Therefore,
targeting CD14 and associated signalling components like
interleukin-1 receptor-associated kinase 4 (IRAK4), myeloid
differentiation factor 88 (MyD88) may contribute in M1
retuning in large variety of tumors (51,52). The translational
impact of this concept was visualized upon immunization
of mice carrying Panco2 tumor with DNA of attenuated
strain of Salmonella typhimurium (as a natural source of
TLR-4 ligand) which rejected implanted tumors (39).
This was accompanied with drop in M2 TAM and VEGF
titres and increase in NO titres demonstrating potential
M1 retuning of TME in these mice. A similar shift in the
phenotypic characteristics of TAM was reported by Kaimala
et al. upon administration of attenuated Salmonella leading
to functional maturation of intratumoral myeloid cells and
enhancing the host’s anti-tumor immune response (53). On
a similar note, Lizotte er 4/. reported the therapeutic benefit
of Listeria monocytogenes (L. mono) in ovarian cancer and
showed that administration of attenuated L. mono triggered
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polarization of M2-TAM towards M1-like and contributed
for tumor cell lysis via NOS2 production of nitric acid (54).
Interestingly, using strains of Clostridium spp. to selectively
colonize in TME is believed to contribute to TAM
reprogramming (55,56). Sfondrini et /. have shown the
potent immunomodulatory effects of flagellin, the structural
protein subunit of the bacterial flagellum, which signaling
via TLR-5 decreases the abundance of CD4" CD25"
regulatory T cells (Tregs), which subsequently improves
the anti-tumor response of the activated CD8" T cells (57).
Another novel treatment option is to engineer Clostridium
acetobutylicum to express TINF-a that possess direct cytotoxic
actions, as opposed to having pro-drug cleaving actions.
The main mechanism by which these bacterial derived
products depend upon their potential of enhancing the
release of TNF-a that is strongly anti-tumor in nature (58).
Additionally, these bacterial products can increase anti-
tumor response of resident immune cells (59,60). Duong
et al. had summarized the potential benefits, challenges
and ongoing clinical trials involving tumor-targeting
bacteria (61). Systemic activation of innate immune cells
through bacterial product, sometime manifest severe
systemic side effects limiting their use as safe option for
clinical intervention.

Smac mimetic compounds: emerging neo
adjuvant for TAM depolarization

Intrinsic resistance for apoptosis is the first cardinal sign
of exponentially growing tumors cells. During apoptotic
cell death, caspases released from the mitochondrial inner-
membrane space inhibit the three inhibitors of apoptotic
proteins (IAP) namely, cellular-IAP 1 and 2 and X-linked
TIAP and execute the process of apoptosis. However, it
is evident that IAPs are overexpressed in many types of
human cancers and is associated with chemoresistance,
disease progression and poor prognosis in multiple cancer
types (62). Among various tumor, pancreatic and lung
adenocarcinoma tumor cells upregulate IAPs and survive
radio and chemotherapy (63,64). XIAP overexpression
was found to shorten the survival of pancreatic cancer
patients probably by modifying their resistance to apoptosis
enhancing pancreatic carcinoma cells proliferative capacity.
Apart from apoptosis, XIAP are also associated with
lymphoproliferative syndrome (known as X-LP) and non-
canonical NF-«B signaling which are also important for the
chemo and radio resistance of these tumors. Therapeutic
approach that results in the degradation of cIAPs and/
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or antagonism of XIAP promote the lethal effects of
TNFo on cancer cells while shutting down the survival
pathway mediated by TNFa driven NF-kB expression.
Increased expression of IAP/survivin proteins and
immunological factors such as increased density of TAM
contributes to increased resistance of pancreatic cancer
to therapy. Moreover, a high degree of compensation
among IAP proteins in tumor cells has shown to render
treatment ineffective (65,66). Therefore, pharmacological
interventions alone may not serve the option for the
management of resistant tumors and combinational
approaches are likely favorable. For, e.g., TAM based
approaches in conjunction of chemotherapy would be
paramount for enhancing immune responses against tumors.
In this context, we have recently demonstrated the use of
Smac mimetic compounds (LC161) targeting IAP proteins
on influencing the phenotypic and functional plasticity of
macrophages (67), suggesting its potential as an adjuvant for
activating TAM in solid tumors. The preclinical efficacy of
LC161 has been reported with over-expression of xIAP and
sensitizing osteosarcoma to TNFa-mediated apoptosis (68).
Lecis et al. also demonstrated that administration of smac-
mimetics was shown to induce a rapid inflammatory burst
of TNFa and IFNy which resulted due to smac-mimetics
effect of re-tuning TAM towards a proinflammatory M1-
like phenotype (69).

Smac mimetic-based disruption of macrophage plasticity
enhances Thl programming, effective clearance of tumor
cells in the peripheral compartment (70), break resistance
and enhance immunity in these cases. Thus smac-mimetics
has tremendous potential for reconstituting immunity,
promoting immunogenic death of tumor cells and their
effective eradication which are decisive for tumor control.
As successful induction of apoptosis using novel therapeutics
may be a key strategy for preventing recurrence and
metastasis, we believe that targeting IAP by Smac mimetic
compounds which even had the potential to depolarize
TAM towards anti-tumorigenic phenotype will be a good
clinical strategy to fight against solid tumors.

Nanoparticles: potent adjuvants for refractory
M2 macrophages

In the past decade, the growing evidences suggest that
nanomedicine can be effectively utilized for activating
newly generated macrophages along with existing refractor
macrophages. These activated macrophages have a huge
potential to fight against the latent infectious disease.
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Nanoparticle based therapy can be efficiently utilized for
regulating the differentiation of monocytes into iNOS
positive M1 macrophages for substituting iNOS-/CD11b+/
Arg-1+ AAM during chronic infections. Recent studies
from our group have displayed that biodegradable amino
acid based pNAPA (71) and pLME (72) nanocapsule
can potentially enhanced the differentiation of naive
macrophage towards the M1 effector phenotype. These data
suggest that these nanocapsules may be used as an adjuvant
for reactivating innate immunity for the management of
infections as well as human malignancies. Nanoparticles
represent an important delivery vehicle to deliver immune
modulators/drugs/chemotherapeutic agents for rescuing
the differentiation of effector phenotype of macrophage to
refractory and/or reprogramming of refractory macrophages
to effector macrophages. The delivery of specific siRNA
nanoparticles (73) against CCR2 has been found to
suppress the expression of CCR2 in monocytes and block
the migration of monocytes to inflamed tissues. Treatment
of lymphoma and colorectal xenografts using siCCR2
nanoparticles has been displayed to reduce the TAMs and
CD11b+ cells as well as tumor size. Nanoparticle mediated
strategies can be efficient for direct killing of the refractory
macrophages. Biodegradability of nanocarriers is one of the
crucial requirements to reduce the toxicity and side effect.
Some examples are; biodegradable poly (ethylene glycol)-b-
poly (e-caprolactone) (PEG-b-PCL), poly (e-caprolactone)-
b-poly (2-aminoethyl ethylene phosphate) (PCL-b-PPEEA),
and PCL homopolymer. Nanoparticles loaded with CCL-
18 have been shown to silence CCL-18 in macrophages
that lead to marked decrease in the M2 macrophages (74).
The successful regulation of the macrophage behavior
demonstrated herein shows great potential as an effective
strategy for cancer therapy. For example, nanoliposomes
are successfully used for the delivery of zoledronates and
clodronates (bisphosphonates). The liposomes loaded
with bisphosphonates were used for either subcutaneous
or orthotropic injections in xenograft models and has
been corelated with significant decrease in the AAM,
angiogenesis and metastasis. Specific targeting is one of the
major changes associated with nanocarriers/nanoparticles.
This can be achieved by attaching either specific ligand
including LyP1 and/or mannose receptors such as CD206
that are highly expressed on the surface of TAM/AAM
for effective targeting of macrophages (75). Currently,
PLA-PEG nanoparticles, liposomal formulations, and
cyclodextrin nanoparticles are used for loading drugs,
inhibitors plasmids, siRNAs such as sunitinib, TGF-f

Ann Transl Med 2020;8(16):1029 | http://dx.doi.org/10.21037/atm-20-695



Page 8 of 13

inhibitors, IL-12 plasmids, CCR siRNA, VEGF siRNA
for re-education of refractory macrophages for skewing in
situ Thl effector immune response against latent infections
and human cancers (76,77). Nanoparticles loaded with LR
agonists represent an attractive approach to polarize AAM/
TAMs into M1 like macrophages (78). This has been shown
that B-cyclodextrin nanoparticles loaded with R848 (agonist
of TLR7/8) have guided superior drug delivery to TAMs
in xenografts (79,80). Also, B-cyclodextrin has been found
to be associated with great drug (R848) solubilization,
stability, re-education of TAMs to M1 phenotype and
suppressed tumor growth. Another study displayed CD44
targeting hyaluronic acid-poly(ethylenimine) (HA-PEI)-
based nanoparticles for encapsulation of miR-125b.This
report displayed that these nanoparticles specifically target
TAMs in genetically engineered NSCLC murine model and
significantly repolarize TAMs/AAM into M1 phenotype for
anti-tumor immunotherapy (81).

LnRNAs: emerging epigenetic modifiers for
reprogramming of TAM in tumor patients

LncRNA is one of the intrinsic non-cellular factor that plays
an indispensable role in metastasis and progression (82).
LncRNA is described as a large and diverse class of
transcribed RNA molecules with a nucleotide length
greater than 200 nucleotides that do not encode proteins
(83,84). Initially IncRNA was considered as “transcriptional
noise”, but recent advancements have demonstrated the
role of IncRNA in the pathogenesis of many diseases (85).
Furthermore, recent studies have shown a correlation
amongst dysregulation of IncRNA expression with
carcinogenesis, cell proliferation, drug resistance, and
metastasis (86). We have recently proposed the role of
IncRNA with a variety of cancers (82-84,87). Similarly,
a recent study has demonstrated that upregulation of
LINCO00662 is associated with increased cellular invasion
and enhanced metastasis (88). This was accompanied with
downregulation of WNT3A expression via competitive
binding of IncRNA LINC00662 miR-15a, miR-16,
and miR-107. Additionally, LINC00662 is capable of
inducing Wnt/B-catenin signaling in macrophages via
paracrine manner; this activation signaling is important
for polarization of M1 effector macrophages toward M2.
Later LINC00662 mediated expression of WNT3A, Wnt/
B-catenin and M2 macrophage polarization was in HCC
cell models as well. In same line several studies (89-92) were
able to substantiate role of IncRNA dysregulation in various
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tumorigenic function of tumor-associated macrophages
(1able 2). Although this is an enraging field however above
studies provide ample evidence proving the association
of IncRNA with the functions of tumor-associated
macrophages. Thus, this field warrant further investigation
and believe that InRNA based analysis/intervention would
be one of major therapeutic tool for modifying TAM
polarization for therapy.

Macrophages as palliatives agents for tissue
reconstitution

Successful therapy also requires vasculature normalization
and homeostasis for normal physiological status. On the
basis of regenerative potential of M2 or TAM macrophages
these cells can potentially be targeting or enriched as
palliative agent (93,94). Although AAM resembles to TAM
and secretes various growth factors which (95,96) are
sufficient to resolve acute/chronic inflammatory response
which in manifested during/post therapy. On account
of this, it is envisaged that these macrophages as whole
cell infusion or their product can be artificially produced
pharmaceutically for mitigation of toxicity related to
chemo/radiotherapy in larger variety of cancer patients. M2
macrophages are known to promote activity of fibroblast/
stem cells which further warrant the significance of M2
or AAM macrophages in either palliative or regeneration
medicine for variety of cancer or chronic inflammatory
diseases like IBD where macrophage plasticity can dictate
their pathologies.

Conclusion and future perspectives

Macrophages are heterogenous subset of immune cells
within the TME and several recent studies have dissected
their significant involvement in tumor progression,
growth and metastasis. In this perspective review, we
summarize significance of macrophage directed therapies
for the management of tumor diseases emphasizing on
the concept that change in macrophage index within the
TME may afford therapeutic benefit in various tumor-
directed interventions, which may otherwise could be
a major challenge. We summarized some of our recent
findings that significantly contributed to the field of
cancer immunotherapy. We believe a tremendous scope in
use of Smac mimetics, polymer-based nanoparticles and
InRINA based interventions either alone or in conjunction

with TAM based approaches will be highly beneficial for
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Table 2 Clinical association of IncRNA with various cancers and associated biological effect
Total No. of patients T f  Effect iat
S.No. Type of cancer ype o ect on associated Biological effect Reference
Cancer Healthy control Sample  INcRNA
1 Gastric cancer 30 30 Tumor Upregulation of IncRNA  (I) Increased tumor invasion; 91)
tissue ANCR (Il) enhanced metastasis
2 Hepatocellular 86 - Tumor Upregulation of () Enhanced cellular invasion; (90)
carcinoma tissue LINC0066x2 (I) increased metastasis
3 Hepatocellular 64 10 Tumor Upregulation of H19 (I) Increased cellular metastasis; 92)
carcinoma tissue (I) promotes cell aggressiveness in
hepatocellular carcinoma
4 Hepatocellular 20 20 Tumor Upregulation of (1) Promote angiogenesis; (Il) increase the (93)
carcinoma tissue ELMOI-ASI immunosuppressive properties in cancer
cells
5 Hepatocellular 110 110 Tumor Upregulation of MALAT-2 (I) Increased cell proliferation; (94)
carcinoma tissue (I) increased cell migration and invasion

enhancing protective immunity against refractory tumors.
Such combinational approach has not been explored so far
and hold tremendous potential in clinics for interventions.
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