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Monocytes and macrophages are two developmentally related immune cell types that can infiltrate tumors of cancer patients.
These cells critically impact cancer progression due to their abilities to both induce and suppress the body’s natural anti-
cancer immune response. Since these cell types can directly hinder the efficacy of immunotherapy treatments, identifying
strategies to inactivate and inhibit their functions is of great therapeutic interest. In this review, we discuss howmonocyte and
macrophage populations contribute to the cancer immunity cycle, a cycle which specifically targets cancer cells while keeping
healthy cells unharmed. Specifically, our review focuses on the roles of these cells in the blood (circulating monocytes),
tumor tissue (tumor-resident macrophages and monocyte-derived dendritic cells), as well as lymph nodes (lymph node-
resident macrophages). We discuss how these cells can promote cancer growth and can participate in the immune attack
against cancer through the secretion of cytokines, thereby aiding or harming the immune response. We highlight how
certain migrating macrophage populations can take up tumor antigens and travel to the lymph node to activate T cells to
begin the killing of tumor cells—a role that is usually thought to be fulfilled by only dendritic cells. Lastly, this review highlights
why monocytes and macrophages are promising targets for treating cancer, and how these cells can be reprogrammed to
improve patient responses to existing therapies, termed immunotherapies, that act to enhance the body’s natural anti-cancer
defenses.

INTRODUCTION
Under ideal conditions, the body’s immune system is capable
of identifying and destroying cancer cells. This process
is coined as the cancer immunity cycle, and its success
heavily relies on the cytotoxic T cell (Chen and Mellman,
2013). This cell can travel to the environment around
the tumor, also called the tumor microenvironment (TME),
and use its T cell receptors (TCRs) to recognize specific
molecular identifiers (antigens) on tumor cell membranes.
Upon recognition, the cytotoxic T cell will kill the tumor
cell using cytotoxic enzymes (Chen and Mellman, 2013).
However, this process can be hindered by molecules on the
T cell membrane that bind to ligands on other cells – referred
to as an immune checkpoint(s). This binding consequently
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inhibits T cell functions (Dyck and Mills, 2017). When cells
within the tumor express high levels of inhibitory proteins that
interact with T cell checkpoint molecules, they can result in
T cell “exhaustion” and prevent further anti-tumor immune
responses (Zappasodi et al., 2018).

Immunotherapy treatments that work to prevent this
interaction between T cells and tumor cells have been
a breakthrough in cancer therapy. Termed checkpoint
blockade therapy, this immunotherapy reinvigorates T cells
to continue killing cancer, and can induce durable survival
benefits in patients with various cancer types (Pardoll, 2012;
Pico de Coaña et al., 2015). For example, a checkpoint
blockade therapy for mesothelioma was shown in a phase
3 clinical trial to extend the survival of patients who did
not respond to chemotherapy (Fennell et al., 2021). This
revolutionary method for cancer treatment was awarded the
2018 Nobel Prize in Physiology or Medicine, acknowledging
its importance in the realm of oncology (Guo, 2018).

However, even with cancer immunotherapy’s high poten-
tial to induce cancer remission for patients who respond to
the therapy, the fraction of responsive patients remains low
(Sambi et al., 2019). There is a need for an improved under-
standing of alternativemechanisms that might prevent T cells
from effectively killing cancer cells. Certain immune cells
have been shown to interfere with immunotherapy, and this
review will specifically focus on the role of two of those cell
types: monocytes and macrophages.

Monocytes are bone marrow-derived cells that circulate
within the bloodstream. They can migrate to a site
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of inflammation, then differentiate into macrophages or
dendritic cells (DCs) to promote an immune response.
Monocytes can also secrete cytokines — molecules used to
communicate with other cells — thereby affecting immune
cells and their functions within the TME (Kratofil et al., 2016).

Macrophages are resident within tissues in both steady
and inflamed states. While they can differentiate from
monocytes within an inflammatory setting, most of the
macrophages in the body develop from early immune
cell progenitors during embryo development (Mosser and
Edwards, 2009; Epelman et al., 2014). Macrophages
play important roles in disease due to their abilities to
engulf, digest, and present debris on their membrane.
Like monocytes, macrophages also produce cytokines
(Geissmann et al., 2014).

In this review, we discuss the cancer immunity cycle,
the specific roles monocytes and macrophages have during
the cancer immunity cycle, how they interact with immune
cells, and how they can aid or prevent tumorigenesis
(tumor acquisition of malignant properties). We also
discuss current immune checkpoint blockade treatments,
and how the functions of monocytes and macrophages can
impact the outcome of these therapies. Both monocytes
and macrophages influence T cell function, therefore it
is important to understand how these cell types interact
with each other. Moreover, understanding the complex
interplay between these immune cell types has the potential
to inspire new combination strategies in cancer treatment,
as supplementing T cell treatments with those that target
monocytes or macrophages could lead to more effective anti-
tumor responses and better prognoses for cancer patients.

THE CANCER IMMUNITY CYCLE
The cancer immunity cycle shown in Figure 1 illustrates the
current understanding of the requirements needed to elicit
an effective anti-tumor immune response (Richards et al.,
2013). It consists of several steps and takes place in multiple
locations of the body—including nearby lymph nodes, blood
and lymph vessels—in addition to the TME itself.

The first step of this cycle involves antigen-presenting
cells (APCs) within the TME. APCs are a subset of
immune cells that are capable of taking up cellular debris.
An APC captures cellular debris from dying tumor cells,
processes it into smaller peptide fragments, then presents
those peptides on the APC’s cell surface using major
histocompatibility complex (MHC) molecules located on their
cell membrane. This process is referred to as cross-
presentation (Embgenbroich and Burgdorf, 2018). Dendritic
cells (DCs), macrophages, monocytes and B cells are all
considered APCs (Chen and Mellman, 2013).

During the process of cross-presentation, the APC
matures and activates — this is because dying tumor cells
contain pathogen-associated molecular patterns (PAMPs),

as well as damage-associated molecular patterns (DAMPs).
These patterns are recognized by pattern-recognition recep-
tors (PRRs) within APCs, and this recognition alerts the APC
to activate (Zelenay and Reis e Sousa, 2013). Upon acti-
vation, the APC travels through lymphatic vessels into the
lymph node to elicit a T cell response (Martin-Fontecha et al.,
2013). For examples of common PAMPs and DAMPs, refer
to Hernandez et al., 2016 and Zelenay and Reis e Sousa,
2013.

Once the APC is within the lymph node, it activates
tumor-reactive T cells, which have receptors specific to the
APC’s presented tumor antigen. This is done via cross-
priming, the process in which an APC presents an antigen on
an MHC molecule to a T cell. Cross-priming and activation
lead T cells to proliferate and acquire cytotoxic functions
(Gutiérrez-Martínez et al., 2015). Cytotoxic T cells will then
enter the bloodstream to migrate to and infiltrate the tumor.
Once inside the tumor, the T cells recognize and bind to
cancer cells then release cytotoxic molecules, which will
subsequently kill the cancer cells and eradicate the tumor.
T-cell mediated killing causes the cancer immunity cycle
to repeat, as it results in more dying tumor cells releasing
antigens into the TME for APCs to recognize (Chen and
Mellman, 2013).

MONOCYTES AND MACROPHAGES CAN DIRECTLY
FACILITATE TUMOR PROGRESSION
It may seem counterintuitive for a tumor to attract immune
cells. However, for cancer cells to grow and divide without
detection, they recruit and take advantage of myeloid cells
to induce their anti-inflammatory, pro-tumorigenic effects
— this leaves the tumor “shielded” from other immune
cells. One such cell type is the monocyte, a bone marrow-
derived cell that can be classified as classical or alternative
(Figure 2). Classical monocytes act as first responders
during an immune response. They enter the diseased or
damaged tissue site and induce further inflammation via the
recruitment of various immune cells. Classical monocytes
typically differentiate into monocyte-derived DCs (moDCs)
capable of migrating to nearby lymph nodes to promote
inflammation (Shi, 2011).

Besides the classical monocyte, there is the alternative
monocyte, which tends to patrol tissues or reside within
them and can be found rolling along the surface of blood
vessels in non-inflamed tissues. As a consequence, the
alternative monocyte cells are also among the first to
infiltrate an infected site. However, unlike the classical
subset, alternative monocytes typically differentiate into
macrophages (Auffray et al., 2007). In cancer, monocytes
are generally recruited via the molecule CCL2. Once in
the TME, monocytes can differentiate into either moDCs or
macrophages.
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Figure 1. Cancer Immunity Cycle. The cancer immunity cycle begins within the tumor microenvironment (TME), where an antigen
presenting cell (APC) (green) takes up antigen from dying tumor cells (gray) (1). The APC then travels to the lymph node (2), where it
activates antigen-specific T cells (purple) (3). These T cells then migrate back to the tumor site (4) where they bind to and kill tumor cells
using cytotoxic enzymes (5). This cell-mediated killing gives rise to more tumor antigens that are then released into the environment,
allowing the cycle to continue.

Macrophages in the TME are called tumor-associated
macrophages or TAMs (Qian et al., 2011). The origin of
TAMs is not well studied; however, some research sug-
gests themajority of TAMs are derived from circulatingmono-
cytes that are recruited into the tumor (Olingy et al., 2019).
These tumor-resident macrophages can make up approxi-
mately 50% of a tumor’s mass (Vinogradov et al., 2014).
TAMs can be activated to become one of two general states:
proinflammatory or anti-inflammatory. Proinflammatory clas-
sically activated macrophages are activated by the cytokine
interferon gamma (IFNγ), while anti-inflammatory alterna-
tively activated macrophages are induced through exposure
to cytokines interleukin 4 (IL-4) and 13 (IL-13) (Murray et al.,
2014) (Figure 2). IL-4 and IL-13 have similar functions, as
they both inhibit proinflammatory pathways (Yokota et al.,
1986; Junttila, 2018). Furthermore, the engulfment of tumor
debris can cause macrophages to become alternatively acti-
vated through the STAT6 signaling pathway, thereby pre-
venting tumor detection and suppressing responses from
other immune cells due to its anti-inflammatory properties

(Ma et al., 2016; Pio et al., 2019).
In addition to preventing tumor detection, TAMs can

also aid in tumor spread to other tissues (metastasis),
blood vessel growth into the tumor (angiogenesis), and
invasion. TAMs have been shown to upregulate pathways
that can enhance cancer cells’ migratory and invasive
abilities in human colorectal cancer (Wei et al., 2019),
facilitating a process called the epithelial-to-mesenchymal
(EMT) transition, which aids metastasis. Furthermore, TAMs
can secrete vascular endothelial growth factor A (VEGF-A),
a growth factor which induces tumor progression through
angiogenesis in the context of breast cancer (Lin et al., 2007).
Along with VEGF-A, TAMs also secrete metalloproteases, or
MMPs, that degrade the extracellular matrix allowing tumors
to have more room to expand and grow further (Coussens et
al., 2002).

Both monocytes and macrophages secrete diverse
cytokines into the TME, which can directly facilitate tumor
growth (Richards et al. 2013; Qian et al., 2011).
For example, alternatively activated TAMs can produce
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Figure 2. Monocytes and macrophages generally divide into two groups: classical and alternative. Classical monocytes are
among the first immune cells to respond to disease or damage in tissues and can differentiate into monocyte-derived Dendritic Cells
(moDCs) and tissue-resident macrophages. On the other hand, alternative monocytes are more likely to differentiate into tissue-resident
macrophages and patrol non-inflamed tissues. In the case of macrophages, classical macrophages are generally activated via IFNG and
exhibit a pro-inflammatory phenotype. Alternative macrophages can be activated through IL-4 and IL-13, or through the STAT-6 signaling
pathway, and exhibit an anti-inflammatory phenotype, secreting molecules such as TGFβ and PGE2. Both macrophage types can
contribute up to 50% of the mass of a tumor.
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transforming growth factor beta (TGFβ) and prostaglandin
E2 (PGE2) (Noy and Pollard, 2014). Both TGFβ and
PGE2 are immunosuppressive, anti-inflammatory molecules
capable of promoting cancer malignancy (Ke et al., 2016;
Seoane and Gomis, 2017). Monocytes can also inhibit
an immune response by migrating to the tumor via the
CCR5/CCL5 axis and producing IL-6 in the TME (Anand et
al., 1998; Aldinucci et al., 2020). Most of the time, IL-6 acts
to promote cancer cell proliferation and metastasis, aiding
tumor evasion and angiogenesis. However, IL-6 also has
the capacity to increase T cell trafficking to the lymph node.
This duality shows the potential for IL-6 to be beneficial to the
tumor microenvironment and potentially a therapeutic target
(Fisher et al., 2014). The CCR5/CCL5 axis similarly has
mixed effects in cancer, having been associated with tumor
progression and metastasis in addition to aiding anti-tumor
responses. This happens by the axis inducing the activation
and proliferation of natural killer cells, and recruiting T cells
along with other immune cells (Aldinucci and Colombatti
2014).

MONOCYTES AND MACROPHAGES AFFECT
TUMOR ANTIGEN PRESENTATION BY APCS
For the cancer immunity cycle to begin, APCs must be able
to present and acquire tumor antigens. This is vital as these
tumor antigens are necessary when APCs later travel to the
lymph node and activate T cells with those antigens. In the
case of cancer, the APCs that initiate this cancer immunity
cycle are usually DCs. However, cytokines produced by
monocytes and macrophages in the TME, in addition to
the tumor itself, can inhibit DC differentiation, maturation,
activation, and consequently, their function — this means
cancer immunity cycle cannot begin.

With regards to DC differentiation, tumor cells can pro-
duce IL-6 and lactic acid, which can inhibit the differentia-
tion of monocytes into DCs and can suppress DC matura-
tion and survival (Gottfried et al., 2006; Menetrier-Caux et al.,
1998). Another important molecule which affects DC function
is IL-10, which halts DC maturation and antigen presenta-
tion. Monocytes, macrophages and moDCs can release this
cytokine (Zong et al., 2016), and it inhibits the ability of DCs
to create antigen presentation molecules, thereby reducing
the ability to activate T cells (Williams et al., 2004). IL-10
has also been shown to interfere with the maturation of DC
populations by inhibiting the expression of the costimulatory
molecule CD40, which is needed for optimal T cell activa-
tion in colon cancer alongwith costimulatorymolecules CD80
and CD86 (Shurin et al., 2002).

Macrophages have also been shown to have a sup-
pressive effect on DCs. In particular, TGFβ, produced by
TAMs, can inhibit DCs (Batlle andMassagué, 2019). Multiple
studies highlight the function of TGFβ as a pro-tumorigenic
molecule: for example, in bile duct cancer, also known as

cholangiocarcinoma, inhibition of TGFβ receptors on DCs
allowed for them to interact less with TGFβ in the TME and
caused these DCs to activate T cells more effectively in the
lymph node (Thepmalee et al., 2018). In another study,
blocking TGFβ receptors aided DCs ability to inhibit tumor
growth in a breast cancer model in vivo (Kobie et al., 2003).
A similar effect was shown in colon cancer wherein DCs that
were exposed to TMEs expressing TGFβ failed to produce
effective T cell responses (Kao et al., 2003).

In contrast to the potential inhibitory effects of
macrophages, these cells may also be capable of initiat-
ing the cancer immunity cycle as an APC. An example of
such are Langerhans cells, a subset of macrophages that
mostly reside within the epidermis layer of the skin. It has
been observed in vivo that Langerhans cells are capable of
traveling from the skin to the lymph node in order to present
tumor antigens (Cohen et al., 1994).

There is also some evidence showingmacrophages phago-
cytosing and cross-presenting cellular debris in vitro (Munt-
jewerff et al., 2019). In irradiated melanoma cells, human
macrophages were able to activate cytotoxic T cells in vitro
(Barrio et al., 2012). In addition, bone marrow derived
macrophages can even present antigens in the presence of
inhibitory molecules that prevent cross-presentation in DCs
(Cruz-Leal et al., 2018). However, although macrophages
are capable of cross-presentation, DCs remain superior
in this function. For example, DCs specialized in cross-
presentation have been shown to have their presented pep-
tides degrade at a slower rate, increasing their presentation
ability (Savina et al., 2006). Although their research sug-
gests that macrophages may have limited ability to replace
or complement DC functions in the cancer immunity cycle,
more research is needed to understand to what degree
cross-presentation in macrophages can contribute to cancer
control.

MONOCYTES AND MACROPHAGES IN THE LYMPH
NODE
If a DC successfully takes up a tumor antigen and becomes
activated, it will then travel to the lymph node to activate
tumor-reactive T cells — macrophages and monocytes also
reside here and can influence the anti-tumor response. It
remains unclear whether macrophages can also migrate
from tumors into the lymph node; however, limited reports
in non-cancer contexts have suggested that macrophage
migration is possible. Infiltrating macrophages in the
epidermal and dermal layers of the skin of mice have been
observed to migrate to a draining lymph node upon exposure
to UV irradiated skin cells (Toichi et al., 2008). In addition,
murine alveolar macrophages have been shown to migrate
from lung alveoli to the lung draining lymph node after being
exposed to gram-positive bacteria (Kirby et al., 2009). Thus,
limited evidence suggests that macrophages are capable of
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migrating from tissue to the draining lymph node, but more
research is needed to understand whether this can occur in
the tumor setting as well.

There is also limited evidence to suggest that monocytes
and moDCs may be able to migrate to the lymph node
and activate T cells. For example, murine inflammatory
monocytes, marked by their high expression of the protein
LY6C, have been considered capable of presenting antigens
collected from a site of inflammation in the context of infection
and activating cytotoxic T cells both in vitro and in vivo
(Gautier et al., 2012; Leirião et al., 2012). This may suggest
their capacity to enhance anti-tumor functions in the cancer
context. MoDCs are also able to migrate to the lymph node
to activate T cells, just like any other DC (Wculek et al.,
2019). MoDCs can induce different types of CD4+ helper
T cell responses, including the type I response, needed for
enhancing cytotoxic T cell activation and their anti-tumor
responses (Kaiko et al., 2008; Bellik et al., 2006).

Aside from performing the role of APCs, monocytes and
macrophages can influence the cancer immunity cycle in
the lymph node in other ways. One group of macrophages
residing in the lymph node are subcapsular sinus (SCS)
macrophages, which line and encompass the entire organ
(Gray and Cyster, 2012). These macrophages are often
located at the entrance of the lymph node where they
can filter debris from blood and lymphatic fluid (Barral
et al., 2010). SCS macrophages are characterized by
their expression of CD169, a cell adhesion molecule that
promotes hematopoietic stem cell retention (Louie and Liao,
2019). In a healthy context, SCS macrophages serve to
capture pathogens within the lymph node, activating T cells
in response to both bacterial and viral infections (Junt et al.,
2007; Moran et al., 2019).

Interestingly, the presence of SCS macrophages has
been shown to correlate with better prognoses among
multiple cancer models. For example, in melanoma,
SCS macrophages were shown to suppress tumor growth
by blocking the immune-inhibitory effects of tumor-derived
extracellular vesicles (Pucci et al., 2016). These extracellular
vesicles are created by tumor cells and can carry tumor
antigens throughout the body through the lymphatic system.
However, SCS macrophages can physically block these
vesicles from interacting with other immune cells within the
lymph node, thereby blocking tumor communication and
preventing tumor progression (Pucci et al., 2016).

High numbers of SCS macrophages in lymph nodes
are associated with increased tumor infiltration of cytotoxic
T cells across esophageal, breast and bladder cancers.
In all three cancer types, high expression of CD169 on
SCS macrophages is linked to tumor-infiltrating lymphocytes
and a higher potential for anti-cancer immunity (Takeya
et al., 2018; Shiota et al., 2016; Asano et al., 2018).
CD169 expression is also correlated with proinflammatory

macrophage polarization in esophageal cancer (Takeya
et al., 2018), lower levels of tumor cell proliferation and
metastasis in breast cancer and a higher 5-year survival rate
in patients with bladder cancer (Shiota et al., 2016; Asano
et al., 2018). Thus, these SCS macrophages appear to be
capable of facilitating anti-tumor responses within multiple
cancer models. Further research might reveal therapeutic
strategies for tuning SCS macrophage function to improve
tumor control.

Both macrophages and monocytes in the lymph node
play a role in T cell activation. SCS macrophages have
been shown to activate T cells to a similar extent like
DCs in vivo during a lymphocytic choriomeningitis virus
(LCMV) infection, which primarily infects DCs. However,
in order to activate the same amount of T cells as a DC,
SCS macrophages in this study required significantly more
peptides, making these macrophages inferior APCs (Pozzi
et al., 2005). Despite this, CD169,+SCS macrophages and
DCs together seem to be able to activate T cells recognizing
a broader range of tumor antigens compared to DCs alone
(Bernhard et al., 2014).

As for monocytes, they have been known to promote
proper T cell activation and function through the secretion
of IL-15 and IL-18, both proinflammatory molecules. Inflam-
matory monocytes are the main producer of these stimula-
tory cytokines, suggesting that therapies to boost their pro-
duction may be useful in mounting an anti-tumor response.
(Soudja et al., 2012). Furthermore, IL-15 can induce differen-
tiation of monocytes into moDCs in vitro (Saikh et al., 2001;
Mohamadzadeh et al., 2001). MoDCs can also promote T
cells to become type 2 helper T cells, a group associated
with tumor progression and poor prognosis (Mantovani et al.
2008; Wculek et al., 2020). However, there is evidence sug-
gesting that these moDCs are short-lived and dysfunctional
(Onishi et al., 2002; Kiertscher et al., 2000).

RECRUITMENT OF TUMOR-REACTIVE T CELLS
AND THEIR CYTOTOXIC FUNCTIONS
Once T cells are primed and activated in the lymph node,
they travel to the tumor site and infiltrate the tumor. Within
the TME, T cells can interact with MoDCs and macrophages,
and depending on the context, these interactions can
be inhibitory or stimulatory. Inhibitory effects of moDCs
and macrophages can result from their expression of the
checkpoint blockade molecule PDL1, which can directly
inhibit T cells by interacting with the PD1 receptor (Bakdash
et al., 2016; Spary et al., 2014). In this case, PDL1 blocking
treatment has the potential of rescuing T cells from such
inhibitory interactions. Similarly, blocking treatment against
CTLA-4, another checkpoint molecule, has been shown
to decrease the number of inhibitory macrophages while
promoting T cell activation, thereby enabling the migration
of the T cells out of the lymph node in vivo (Yu et al., 2016).
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MoDCs can also promote anti-tumor immune responses
by producing the stimulatory IL-12 cytokine needed for
activating T cells. However, compared to type 1 conventional
DCs, the contribution of moDCs to IL-12 production appears
to be small (León et al., 2007). The role of moDC
in anti-tumor immune responses is still an active area
of investigation and is complicated by the difficulty of
distinguishing moDC from other DC populations in the tumor.
Further research is necessary to better understand how
these cells can influence tumor control.

In addition to their role in inhibiting T cell activation, tumor
macrophages are also associated with reducing the ability of
T cells to migrate into the tumor. Contact between T cells
and macrophages in lung squamous cell carcinoma tumors
has been observed to confine T cells to the outer regions of
the tumor, thereby preventing further infiltration (Peranzoni
et al., 2018). Thus, the depletion of macrophages from the
TME could result in increased T cell migration and activity
(Peranzoni et al., 2018).

If T cells successfully infiltrate the tumor, macrophages
may still suppress their ability to recognize and kill tumor
cells. This is because TAMs secrete a cytokine referred to
as hypoxia inducible factor alpha (HIF-1α). In addition to
its ability to promote tumor growth, HIF-1α can suppress T
cells in a hypoxic environment (Doedens et al., 2010). TAMs
have also been suggested to kill activated T cells altogether
and reduce proliferation. In vitro, macrophages that produce
tumor necrosis factor (TNF) and related receptor genes
secrete nitric oxide and arginase which can kill T cells (Saio
et al., 2001). The STAT1 pathway, which leads to the
transcription of interferon-stimulated genes and correlates
with tumor growth, may also be involved with this TAM-
mediated cell death (Khodarev et al., 2012). STAT1+/+TAMs
were able to severely reduce T cell proliferation, while
STAT1−/−TAMs were unable to do the same (Khodarev et
al., 2012). This finding highlights the importance of STAT1 to
hinder the cancer immunity cycle’s tumor-killing abilities.

CURRENT IMMUNOTHERAPIES TARGETING
MACROPHAGES AND MONOCYTES
Checkpoint blockade therapy targets immune cell receptors
or ligands to block immunosuppressive cell signaling and
encourage an anti-tumor immune response (Figure 3). This
form of therapy can function at the tumor site, blocking
signals on tumor cells that would otherwise prevent killing, or
in the lymph node, blocking inhibitory signals between APCs
and T cells thereby leading to the better activation of T cells.
Two of the more well-known checkpoint blockade therapies
include anti-PD1/PDL1 therapy and anti-CTLA-4 therapy.

Anti-PD1/PDL1 therapy acts by inhibiting the interaction
between PD1 and PDL1. This is an effective therapy
because PD1 is an inhibitory molecule for T cells, and
the connection of PD1 and PDL1 creates a “shield” for

tumor cells to remain undetected by the immune system.
Preventing this interaction via anti-PD1/PDL1 therapy allows
cytotoxic T cells to remain activated, allowing them to kill
tumor cells (Marchetti et al., 2017).

Anti-CTLA-4 therapy targets the cytotoxic T lymphocyte
antigen 4 (CTLA-4). This protein is a receptor on the T
cell membrane and is upregulated once the T cells become
exhausted (Arlauckas et al., 2017). Upon CTLA-4 binding to
CD80 or 86, T cell functions are inhibited, and they are no
longer able to kill cancer cells. Similar to anti-PD1 therapy,
anti-CTLA-4 therapy works to prevent its respective proteins,
CTLA-4 and CD80/86, from binding in order to maintain T cell
mediated killing of tumor cells (Seidel et al., 2018) (Figure 3).
Macrophages and monocytes are both associated with this
form of immunotherapy, as they can express CD80/86 and
interact with CTLA-4 proteins on T cells.

To combat this problem, CTLA4Ig, a soluble form of the
CTLA-4, has been used to block CD80/86 on macrophages
and their interactions with DCs, B cells, and T cells (Gao et
al., 1999; Lane et al., 1993). CTLA4Ig is a fusion protein
consisting of the extracellular region of a mouse CTLA4 gene
and a human IgG1 antibody constant. CTLA4Ig binds to B
cells, DCs and T cells, and upon binding, the ability of antigen
presenting cells to properly create clones of antigen specific
T cells is inhibited (Lane et al., 1993). Today, CTLA4Ig is
FDA approved to treat rheumatoid arthritis preventing self-
tolerance for autoreactive T cells (Bluestone, 2006).

Today, immune checkpoint blockades used in therapy
include blocking agents for the molecules PD1, PDL1,
and CTLA-4. The PD1 blocking antibody Pembrolizumab
(Keytruda) was approved starting in 2014 for advanced
melanoma that was untreatable by traditional methods, and
in subsequent years, it was adopted for additional types of
cancer, particularly in patients with PD1 expressing tumors
(Emancipator, 2021). Since 2014, other PD1 blocking thera-
pies have come to market and have shown various efficacy
across different treatment conditions. The differencesmolec-
ularly and experimentally are being explored today to better
inform clinical decisions. For more information, refer to Chen
et al., 2020. Similarly, the anti-PDL1 blocking antibody Ate-
zolizumab (Tecentriq) was approved in 2016 for non-small
cell lung cancer. Other PDL1 drugs approved include Dur-
valumab and Avelumab, which were both approved in 2017
(Neumann et al.„ 2022). In 2011, the first CTLA-4 inhibitor,
Ipilimumab, was FDA approved and is used to treat many
different cancer types. It has proven to be most effective
in combination with PD1 or PDL1 blocking therapies (Rotte,
2019).

These types of checkpoint blockade therapies have
been shown to be hindered by the presence of TAMs –
for example, depleting TAMs with the drug Pexidartinib
(PLX3397) and treating mice with anti-PD1 therapy was
shown to be more effective in reducing tumor size and
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Figure 3. PD1 and CTLA-4 Checkpoint Blockade Therapy.The effect of PD-1 binding to PD-L1, as well as CTLA-4 to CD80/86, on the
anti-tumor response can severely limit a T cell’s capacity to kill cancer cells. With checkpoint blockade therapy (anti-PD-1 and
anti-CTLA-4 administration) to block these interactions, immunosuppressive signaling is prevented, allowing for the activation and
migration of T cells, and therefore tumor clearance. In the case of anti-CTLA-4 therapy, the interaction between CTLA-4 on a T cell and
CD80/86 on an antigen presenting cell (APC) in the lymph node is blocked, so co-stimulatory signaling can occur, leading to T cell
activation and migration to the tumor site. For anti-PD-1 therapy, the PD-1 ligand on the T cell is blocked to prevent binding to a tumor
cell’s PD-L1 ligand, then the T cell can successfully kill tumor cells.

recruiting T cells than anti-PD1 therapy alone, suggesting
that TAMs can reduce anti-PD1 therapy efficacy (Peranzoni
et al., 2018). It has also been shown that macrophages
can inactivate T cells via removing anti-PD1 antibodies
on T cells, thus ablating the ability of these antibodies to
rescue cytotoxic T cell function within the tumor (Peranzoni
et al., 2018). Thus, ablating this population of antibodies in
conjunction with checkpoint blockade therapy could prove
useful in promoting successful responses to the therapy –
however, more research still needs to be done in this area to
test these findings clinically.

There has been research into targeting monocytes and
preventing their accumulation in the TME through the use
of small interfering RNA (siRNA), which binds to messenger
RNA and interferes with translation of that messenger RNA
into a protein. These siRNA are targeted towards the protein
CCR2, which attracts monocytes (Leuschner et al., 2011).
On the other hand, moDCs have been targeted through the
blocking of their inhibitory, pro-tumorigenic functions in favor

of their stimulatory, anti-tumorigenic functions. Examples of
such targeting are DC vaccines — these vaccines consist of
moDCs differentiated from monocytes that have been taken
from a patient. The moDCs are cultured ex vivo, exposed
to the tumor antigen, and injected back into the patient
in order to stimulate an immune response. Unfortunately,
these vaccines have not been shown to induce strong
therapeutic responses – this is largely due to the fact
that moDCs do not have the full capabilities of a regular
DC (Calmeiro et al., 2020). Another therapeutic strategy
includes targeting receptor molecules on moDCs to inhibit
moDC immunosuppressive activity (Birkholz et al., 2010;
Tacken et al., 2005; Hutten et al., 2016; Yin et al., 2016).

Besides checkpoint blockade therapy, there is also
evidence of macrophages playing a role in immunotherapies
involving tumor-targeting antibodies. Under this branch
of immunotherapy, antibodies bind to specific proteins
on the surface of tumor cells. An example of this is
trastuzumab, an antibody that can bind to the HER2 receptor,
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which is overexpressed in certain breast cancers. Upon
binding, trastuzumab inhibits proliferation of the cell it is
bound to, and, as a result, it can prevent cancer growth.
Tumor-targeting antibody immunotherapies like trastuzumab
can also aid in cancer cell phagocytosis, partly due to
their interactions with macrophages. This is because
macrophages are able to recognize and phagocytose tumor
cells bound to the antibody in a phenomenon known
as antibody-dependent cellular phagocytosis (Shi et al.,
2015). Once again, we are reminded of the enormous
potential macrophages have in enhancing current and future
therapeutic endeavors in cancer.

DISCUSSION
In this review, we have described how monocytes and
macrophages are involved in regulating tumor develop-
ment. In addition to directly affecting tumor cell growth,
these immune cells can positively and negatively regu-
late anti-tumor immune responses at several stages of the
cancer immunity cycle, including tumor antigen presenta-
tion, antigen transport to the lymph node and subsequent
T cell activation and recruitment into the tumor. This is
usually achieved through the expression of cytokines and
growth factors (see Table 1). Consequently, monocytes and
macrophages can and do majorly influence the efficacy of
immunotherapies in use today.

Since the TME can polarize monocytes and
macrophages to acquire pro-tumorigenic properties, these
cells largely act to support tumor growth. This is done
through the secretion of molecules that suppress immune
responses as well as promote growth, metastasis, and blood
vessel growth. As a result, cancer cells become protected
from much-needed anti-tumor responses and gain nutri-
ents to grow, divide, and potentially spread to other parts
of the body. Current immunotherapies blocking these func-
tions include checkpoint blockade therapies such as anti-
PD1/PDL1 and anti-CTLA-4 therapy. These therapies block
interactions that make tumors effectively “invisible” to the
immune system, thereby promoting an immune response on
cancer cells. These therapies have also been used across a
wide variety of cancers (FDA, 2022).

Although the effects monocytes and macrophages
have on tumor progression are predominantly negative,
depending on the context, it is possible for monocytes and
macrophages to execute more proinflammatory and anti-
tumorigenic functions. These cell types have the potential to
present tumor antigens and activate T cells, thus supporting
the cancer immunity cycle. As such, it is clear that
polarizing monocytes and macrophages to mount an anti-
tumor response has the potential to promote T cell-mediated
killing of cancer cells. Research is still limited regarding co-
targetingmonocytes andmacrophages alongside checkpoint
blockade in humans – however, studies involving checkpoint

blockade in conjunction with TAM ablation in animal models
have shown promising results in reducing tumor size and
improving T cell recruitment. This points to a growing need
for research into applying TAM-targeting from the lab to the
clinic.

Overall, understanding how monocytes and
macrophages regulate immune responses against tumors
and how we could promote the anti-tumor functions of
these cells is vital for creating and/or enhancing current
immunotherapies to combat tumors and improve patient out-
comes. Ultimately, pairing therapies that target monocytes
and macrophages with checkpoint blockade immunotherapy
is a promising therapeutic strategy, which could improve
response rates and thus extend the benefits of immunother-
apy to a larger number of patients.
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