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The delicate balance of macrophages in colorectal cancer; 
their role in tumour development and therapeutic potential
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Abstract
Most tumours are heavily infiltrated by immune cells. This has been correlated with 
either a good or a bad patient prognosis, depending on the (sub)type of immune 
cells. Macrophages represent one of the most prominent leukocyte populations 
in the majority of tumours. Functions of macrophages range from cytotoxicity, to 
stimulation of tumour growth by secretion of cytokines, growth and angiogenic 
factors, or suppressing immune responses. In most tumours macrophages are 
described as cells with immune suppressing, and wound healing properties, which 
aids tumour development. Yet, increasing evidence shows that macrophages are 
potent inhibitors of tumour growth in colorectal cancer. Macrophages in this respect 
show high plasticity. The presence of high macrophage numbers in the tumour 
may therefore become advantageous, if cells can be reprogrammed from tumour 
promoting macrophages into potent effector cells. Enhancing cytotoxic properties 
of macrophages by microbial products, pro-inflammatory cytokines or monoclonal 
antibody therapy are promising possibilities, and are currently tested in clinical trials.
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2Department of Surgery, VU University medical centre Amsterdam, the Netherlands;
#Authors contributed equally to this manuscript.
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Introduction
Cancer development is a multistep process of sequential mutations in oncogenes and 
tumour suppressor genes of normal cells, resulting in the transformation into a tumour 
cell1,2. Subsequent uncontrolled cell division typically progresses from pre-cancerous 
lesions into malignant tumours. However, in addition to alterations in tumour cells 
also the micro-environment is essential to drive progression of malignancies. As the 
tumour grows it needs increasing amounts of oxygen and nutrients and therefore 
interacts with surrounding tissues and vessels. For example, different stromal cell 
types such as fibroblasts and endothelial cells will infiltrate the growing tumour mass, 
leading to neoangiogenesis and vascularisation of the tumour3,4. Additionally, cells 
of the immune system play an important role in the initiation and development of 
cancer5. Immunosurveillance may on the one hand lead to killing of tumour cells, and 
on the other hand, chronic inflammation can result in exposure to harmful mediators 
such as reactive oxygen species, which predisposes for developing cancer6. Moreover, 
immune cells that have infiltrated a tumour mass can create a micro-environment in 
which cytokines, chemokines, growth factors, and angiogenic factors are produced 
that promote tumour progression3,7. 
Especially innate myeloid cvells are frequently considered the culprits in immune (dys)
regulation and tumour progression8. These comprise of, amongst others, myeloid 
derived suppressor cells (MDSCs), which are immature myeloid cells that can be 
subdivided into monocytic and granulocytic MDSCs9–11. Both types of MDSCs have been 
described to suppress cytotoxic T lymphocyte (CTL) or CD8+ T cell function. Tumour-
associated neutrophils (TAN) can also manipulate the tumour micro-environment, for 
instance by stimulating angiogenesis through secretion of matrix metalloproteinase 
9 (MMP9)12. However, among the infiltrating myeloid immune cells, macrophages are 
particularly abundant and play plethora of functions in tumour development13,14.
Traditionally, macrophages have been described as tumouricidal cells. Increasing 
evidence, however, indicates that macrophages can adopt a pro-tumour phenotype 
in both primary tumours and metastases, as they can promote growth, angiogenesis, 
metastasis and immunosuppression15. Preclinical experimental models and clinical 
studies point to a pro-tumoural role of tumour-associated macrophages (TAMs) in 
many, if not most, types of malignancies. Colony stimulating factor-1 (CSF-1) is 
one of the most prominent growth and chemotactic factors for macrophages16. In 
a mouse model for breast carcinoma caused by expression of the Polyoma Middle 
T oncoprotein (PyMT), absence of CSF-1 delayed development of adenomas into 
metastatic carcinomas. Moreover, transgenic CSF-1 expression in mammary epithelium 
accelerated late stage carcinoma development and pulmonary metastasis17. This was 
likely due to local macrophage recruitment18,19. Furthermore, extensive immune cell 
infiltration - which consisted primarily of macrophages -, in mamma carcinoma tumours 
was associated with augmented malignancy and enlarged tumour size20. Similarly, 
an increased number of CD68-positive macrophages in tumours from patients with 
invasive breast carcinomas correlated with worse prognosis21–23. The correlation 
between increased macrophage infiltration into the tumour and poor survival is 
currently not only evident for invasive breast carcinomas, but also for a variety of other 
human malignancies, including bladder carcinoma, cervix or endometrial tumours, 
melanoma, oesophagus carcinoma, renal cell carcinomas, cholangiocarcinoma and 
non-Hodgkin lymphoma24–35. In these malignancies it was demonstrated that patients 
with tumours containing high levels of infiltrated macrophages had worsened clinical 
stage of tumours, higher neovascularisation or vascular invasion, increased disease 
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progression, more distant or lymph node metastases, or decreased 5-year (disease 
free) survival. The consensus of these studies was that the extent of macrophage 
infiltration into the tumour is a prognostic factor for poor prognosis.
The functions of TAMs in colorectal cancer are however not as straightforward. 
Macrophages have been implicated in inflammation-associated increased risk of 
developing colorectal cancer, such as in patients with inflammatory bowel disease36,37. 
Furthermore, a number of retrospective studies reported conflicting data on the 
correlation between macrophage presence and patient prognosis. Nonetheless, 
most studies support that, in contrast to other malignancies, increased macrophage 
infiltration is associated with better patient prognosis31,38–43. Thus, overall is the 
extent of macrophage infiltration into the tumour an independent prognostic factor 
for disease free-, relapse free- and overall survival. 
In this review we discuss the different roles of macrophages in colorectal cancer, 
and highlight several possibilities to influence macrophage behaviour as therapeutic 
strategies to treat cancer. 

TAM in colorectal cancer
Colorectal cancer is one of the most prevalent cancers in both males and females. 
Worldwide approximately 1.36 million patients are diagnosed with this malignancy 
each year, and annually ~700.000 patients die because of this disease44,45. About 10 per 
cent of colorectal cancer cases develop as part of a well-defined hereditary syndrome. 
Additionally, an inflammatory micro-environment can contribute significantly to 
development of colorectal cancer, as patients with inflammatory bowel disease 
(Crohn’s disease and ulcerative colitis) are predisposed to this malignancy5,36,46–48. 
However, most colorectal cancers will arise sporadic due to (sequentially) acquired 
mutations. 

Chronic inflammation-associated colorectal cancer 
Macrophages play an important role in chronic inflammation through the production 
of various cytokines, chemokines and inflammatory mediators. For instance, a 
genetic inactivation of the signal transducer and activator of transcription 3 (Stat3) 
in macrophages led to chronic inflammation of the colon and development of tumour 
lesions in the affected intestinal regions in a mouse model49. Additionally, CCR2-
deficient mice that lack the receptor for the macrophage chemokine CCL2, showed 
less intra-colonic macrophage infiltration and reduced tumour numbers during colitis-
associated carcinogenesis50. Thus, a pivotal role for macrophages and macrophage-
derived factors in chronic inflammation-associated development of colorectal cancer 
is supported, which has been extensively reviewed by Erreni et al.36.

Sporadic colorectal cancer 
The vast majority of colorectal cancer is neither hereditary nor associated with 
inflammatory bowel disease. Several studies investigated the correlation between 
the presence of macrophages and patient prognosis. Khorana et al. investigated 
the expression of the macrophage marker CD68, epidermal growth factor receptor 
(EGFR) and vascular endothelial growth factor (VEGF) in 131 stage II and III primary 
colon carcinomas. Macrophage infiltration in the tumour was not correlated with 
clinical outcome. Nonetheless, co-expression of VEGF and CD68 was associated 
with a more than two fold improved prognosis40. In another study the correlation 
between presence of TAMs, micro vascular density, T-cells and long-term survival 
was investigated41. Lackner et al. observed a correlation between high macrophage 
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density, low von Willebrand factor and improved prognosis of patients. Two other 
patient studies associated high CD68+ macrophage infiltration in the tumour 
and more specifically in the invasive front of the primary tumour, with improved 
prognosis31,38. No prognostic significance for macrophage infiltration was observed in 
rectal carcinoma in one of these studies, which however may have been due to the 
radiotherapy that most patients received. Furthermore, they showed an association 
with high macrophage infiltration in hepatic metastases and improved prognosis of 
patients with colon carcinoma. 
In vivo evidence for an important cytotoxic role of macrophages was previously 
demonstrated in an animal model for peritoneal growth of colon carcinoma metastases 
in rats, in which all peritoneal macrophages had been deleted prior to inoculation with 
syngeneic tumour cells51. Interestingly, macrophage-depleted tumours were better 
differentiated with decreased vascularisation, which may support a tumour-promoting 
role of TAMs. Nonetheless, the absence of macrophages resulted in a significant 
increase in tumour nodule number and total tumour mass, which correlated with 
shorter survival. Similar results were obtained in a liver metastasis model of colon 
carcinoma, in which all Kupffer cells– the resident macrophages of the liver - had 
been depleted52. This indicates that both peritoneal macrophages and Kupffer cells 
play a crucial role in arresting and killing colon carcinoma cells, hereby decreasing 
metastasis formation.
In contrast with this notion, Bailey et al. observed that macrophage accumulation was 
not a good prognostic marker when macrophages were counted in all tumour areas of 
patients, including necrotic parts53. Van Netten et al. furthermore, showed that high 
numbers of tumour infiltrating macrophages in the stromal compartment or hypoxic 
areas of the tumour correlated with lymph node metastases and reduced relapse free 
survival. Nevertheless, macrophage presence in close proximity to tumour cell nests 
was associated with improved survival54. Thus, localisation of macrophages within the 
tumour may influence patient outcome, hinting to an intricate role of different local 
micro-environments for manipulation of macrophage function.
The presence of different macrophage subtypes, which resided in different tumour 
areas, was shown in an experimental colon carcinoma model in rats. ED2 positive 
macrophages (marker for resident CD163+ macrophages) were observed at the 
tumour periphery, whereas more immature ED2 negative, CD68+ (ED1) macrophages/
monocytes were observed scattered throughout the tumour nodules. However, when 
recruitment of new monocytes/macrophages into colon carcinoma metastasis was 
inhibited with flavonoids, a significant increase in tumour load was observed. This 
suggested that macrophages which infiltrate colon carcinoma are able to suppress 
tumour growth, similar to ED2-positive resident macrophages55. This is in sharp 
contrast to a mouse model for mamma carcinoma, wherein influx of new monocytes/
macrophages by overexpression of CCL2 was associated with enhanced tumour 
progression17. It was shown that the localisation of macrophages within Lewis lung 
carcinoma affected either their tumour promoting or suppressive function56,57. 
It is therefore likely that infiltrating monocytes are primed in the tumour micro-
environment to exert either anti or pro-tumourigenic characteristics, depending on 
the environmental cues that they receive. Recently we demonstrated that tumour 
cells themselves secreted factors, which influenced monocyte priming and functional 
phenotype. Incubation of naïve monocytes with colon carcinoma cell supernatants 
led to increased secretion of the pro-inflammatory cytokines interleukin (IL)-12 
and tumour necrosis factor-α (TNFα) as well as to enhanced production of reactive 
oxygen species (ROS)58. Incubation with mamma carcinoma cell supernatants led to 
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opposite effects and augmented secretion of tumour promoting cytokines like the 
anti-inflammatory cytokine IL-10 and the angiogenesis-promoting IL-8.
Thus, most studies on colon carcinoma support a tumour-inhibiting role of macrophages 
(Figure 1) and the majority of patient studies showed increased macrophage 
infiltration to be associated with decreased disease recurrence, diminished metastasis 
and increased patient survival59. Therefore, for patients with colon carcinoma, 
macrophage infiltration into tumour tissue is indicated as an independent prognostic 
marker for survival31,38,40,41,60. 

Macrophage plasticity
Macrophage classifications
The dichotomy in the correlation between tumour infiltrated macrophages and 
patient prognosis indicates that macrophages can exert different functions depending 
on the tissue, location in the body or micro-milieu in which they reside. This 
macrophage diversity is often described and the different macrophages in mice and 
humans are classified via several systems15,61–64. One of these classification systems 
makes a distinction between the so-called classically versus alternatively activated 
macrophages. Later these cells have also been referred to as M1 and M2 macrophages, 
respectively due to their association with activation of T helper 1 and 2 cells65. 
Classically activated or M1 macrophages represent the inflammatory macrophages 
that are induced in response to bacterial products such as lipopolysaccharide (LPS) 
in combination with interferon-γ (IFN-γ), TNFα or IL-1β. These macrophages secrete 
pro-inflammatory cytokines such as IL-12, IL-23 and TNFα, and produce ROS60,66.
By contrast, stimulation of monocytes with IL-4, either with or without additional 

FIGURE 1. Putative role of macrophages in colorectal cancer.
Macrophages (MΦ) in colorectal tumours suppress tumour growth by inducing an inflammatory and anti-
tumour environment. Consequently, regulatory T cells (Tregs) are suppressed (1), while T helper 1 (Th1) and 
CD8+ cytotoxic T cells are activated (2). Both macrophages and CD8+ T-cells act as effector cells attacking 
the tumour cell (3). ROS = reactive oxygen species, NO = nitric oxide.
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stimuli such as IL-10, IL-13, glucocorticoids or vitamin D3 leads to polarization 
towards an ‘alternatively activated’ or M2 phenotype. Markers for M2 macrophages 
include increased mannose receptor (CD206), CD163 and dectin-1 expression, as 
well as increased production of IL-10 and the chemokines CCL17 and CCL2267,68.
Due to the diversity of a plethora of different macrophage functions, the classical/
non-classical or M1/M2 system is now considered as an oversimplification. The fast 
majority of macrophages have a functional phenotype on a scale in which M1 and M2 
macrophages represent the extremes. Consequently, the subpopulations M2a, M2b, 
M2c have been introduced14,69. In 2008 Mosser and Edwards proposed a different 
system referred to as ‘the colour wheel of macrophage activation61. According to 
this theory three primary types of activated macrophages exist, namely classically 
activated-, wound healing- and regulatory macrophages, which are depicted in the 
three primary colours. In addition to these primary types macrophages exist that 
have overlapping functions of two primary types, illustrating the heterogeneity of 
the macrophage population. Recently, a set of standard characteristics has been 
proposed in order to reach a consensus description of macrophage activation62. In 
this review we describe macrophages by their effector function.

Cytotoxic macrophage functions
Macrophages are a vital component of the innate immune system, and play an 
important role in scavenging and killing micro-organisms, virus infected cells and 
other foreign debris. After phagocytosing, macrophages kill micro-organisms through 
lysosomal enzymes and by releasing large quantities of nitric oxide (NO), and ROS. 
Furthermore, pro-inflammatory cytokines like IL-1, TNFα, and IL-12 are produced, 
which leads to further enhancement of immune responses. By presenting antigens on 
their MHCII (major histocompatibility complex class 2) molecules together with co-
stimulatory CD40 receptors macrophages can stimulate CD4 T-helper 1 (Th1) cells. 
Macrophages can recognize tumour cells by their altered membrane composition 
such as increased phosphatidylserine molecules or altered carbohydrate structures 
on their surface70. In vitro macrophages, which are activated with e.g. microbial 
substances, are able to induce tumour cell killing by producing large quantities of 
TNFα and NO. TNFα promotes release of IL-1, which has both cytotoxic and growth 
inhibitory effects on tumour cells. The toxic effects of NO include the inhibition of DNA-
binding activity of zinc finger type transcription factors and destroying mitochondrial 
membrane potential, leading to cell death71.

Therapeutic potential of enhancing cytotoxic ability 
of macrophages
As macrophages have most likely cytotoxic capacities in colorectal cancer, it might be 
beneficial to therapeutically enhance these properties. The idea that the tumouricidal 
activity of macrophages can be used as immunotherapy against tumours arose in 
the 1960s, as intraperitoneal injection with ascites of tumour bearing mice into naïve 
tumour bearing mice led to influx and activation of peritoneal ‘large macrophages’ 
and subsequent tumour cell destruction72. Of note, increasing cytotoxic capacities of 
macrophages will not only be advantageous in colorectal cancer, but altering tumour 
promoting characteristics into anti-tumour properties will also be desirable in other 
tumours with large macrophage infiltrates. In the next section of this review we 
therefore describe a number of different ways in which the pro-inflammatory functions 
and killing capacity of macrophages may be enhanced for clinical application (Figure 
2). 
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Blocking colony stimulating factor-1 (CSF-1) receptor 
Several different strategies of interfering with macrophage function have been 
proposed for the treatment of cancer. Both inhibition of recruitment or reprogramming 
the phenotype have been proposed as interesting therapeutic approaches. CSF-1 is 
one of the major differentiation and survival factors for macrophages. It was recently 
demonstrated that treatment with an inhibitor of the CSF-1 receptor led to regression 
of established tumours and enhanced survival in a mouse and human xenograft 
models of glioma73. In these models TAMs were not eliminated, but lost expression 
of alternatively activated or M2 markers - presumably due to exposure to glioma-
secreted factors, such as granulocyte-macrophage colony stimulating factor (GM-
CSF) and IFN-γ -, suggesting repolarisation into more classically activated or M1-like 
macrophages. A dose escalation phase I study is currently recruiting patients with 
advanced solid tumours refractory to standard therapy to establish the safety profile 
and characterize the pharmacokinetic profile of IMC-CS4, a monoclonal antibody 
(mAb) against CSF-1 receptor (NCT01346358, ClinicalTrials.gov).

Treatment with granulocyte macrophage- colony stimulating factor (GM-CSF)
As described above it has been shown that GM-CSF (in combination with IFN-γ) 
can skew towards macrophages with an inflammatory profile73. GM-CSF might 
therefore represent a promising therapeutic agent in colorectal cancer. A correlation 

FIGURE 2. Therapeutic potential of macrophages.
By inhibiting the CSF-1 receptor with either monoclonal antibodies (mAbs) or small molecule inhibitors 
macrophages become more prone for factors such as GM-CSF and IFN-γ (1). These signals induce repolarization 
into macrophages with anti-tumour properties. Alternatively, cytotoxicity can be stimulated with IFN-γ and/ 
or ligands for pattern recognition receptors (PRR) such as LPS, Poly I:C, PAM3CSK4, muramyl peptides or 
agonists (2). Anti-tumour mAbs greatly enhance the ability of macrophages to phagocytose tumour cells (3). 
Several studies support that macrophages are the primary effector cells during mAb therapies currently used 
in the clinic.
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between secretion of GM-CSF by colorectal cancer cells and improved prognosis was 
described74. No correlation with the number of CD16+ cells (macrophages and natural 
killer, NK, cells) in the tumour and patient outcome was observed, which suggests 
that other cell types may be involved. For instance, GM-CSF also plays an important 
role in dendritic cell biology, which may be responsible for improved clinical outcome. 
This was supported by a feasibility study in which a GM-CSF producing murine colon 
tumour cell vaccine was given to patients with metastatic colorectal cancer75. A role 
for dendritic cell maturation in these patients is suggested, as increased anti-MUC1 
antibody titres were observed, suggesting that adaptive immune responses against 
the tumour were induced. Furthermore, a clinical trial with GM-CSF in combination 
with mAbs targeting GD2-positive neuroblastoma suggested a prominent role for 
granulocytes76. However, since only blood was obtained from these patients neither 
the role of macrophages nor dendritic cells was investigated. Of note, treatment 
with GM-CSF might act as a double-edged sword as GM-CSF was shown to increase 
the number of MDSCs in mice, which will hamper the induction of effective immune 
responses77. Thus, care should be taken when employing GM-CSF as therapeutic 
agent.  

IFN-γ therapy
Another way of enhancing the cytotoxicity of macrophages toward tumour cells is by 
activation of macrophages via IFN-γ. Already in the 1970s it was shown that injection 
of mouse macrophages, which were firstly ex vivo activated by rat lymphocytes, 
led to suppression of pulmonary metastases in a B16 melanoma mouse model78. 
Experiments using in vitro activation of rat Kupffer cells with IFN-γ, showed that 
IFN-γ activated macrophages became more cytotoxic against different syngeneic 
and xenogeneic colon carcinoma tumour cells79. It was recently shown that IFN-γ 
reprograms cellular metabolism and regulates translation, which are key elements 
to induce inflammatory macrophage activation80. Injection of IFN-γ prior to injection 
of syngeneic colon carcinoma cells in a rat model for liver metastases did not have 
a complete curative effect but led to a significant reduction in metastases outgrowth 
in the liver81. Injection of IFN-γ 3 days after injection of the tumour cells resulted in 
less tumour inhibition but still led to a small decrease in tumour burden compared 
to control animals. Similar results were shown when pre-treating a mouse model for 
colon carcinoma liver metastases with high doses of IFN-γ82. 
Macrophages migrate and accumulate in hypoxic areas of solid tumours, where they 
can promote tumour growth and suppress the anti-tumour immune-response83. 
Therefore, an elegant way to locally activate the cytotoxic capacity of macrophages 
is by transfecting macrophages ex vivo with genes encoding endogenous IFN- under 
a hypoxia-induced promoter. By using this local environmental hypoxia as a signal, 
engineered macrophages were able to upregulate IFN-γ production, which led to 
increased production of NO and enhanced phagocytosis by these macrophages in 
vitro84. A recent in vivo study demonstrated that treatment with IFN-γ and calcineurin 
B subunit resulted in synergistic repolarisation of macrophages and prolonged survival 
of mice bearing B16F10 melanoma85.
The overall enhancement of anti-tumour activity of macrophages after IFN-γ activation 
led to the initiation of different clinical trials, which yielded mixed results. Early phase 
I trials showed that patients with advanced malignancies could tolerate high dose 
treatments with IFN-γ, but showed only limited clinical response86. IFN-γ treatment 
to prevent tumour relapse following curative surgery in patients with primary colon 
cancer did not result in significant enhancement in overall patient survival. However, 
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upregulation of HLA-DR (Human leukocyte antigen-DR) and Fc receptor expression 
on peripheral blood monocytes suggested augmented immune responses87. Similar 
upregulation of immune responses was seen in metastatic malignant melanoma 
patients after IFN-γ treatment88. 
IFN-γ treatment is still extensively studied in different clinical settings, for example 
combining it with another immune regulatory cytokine such as IL-2 in a whole cell 
cancer vaccine strategy against prostate cancer89. Treatment led to an increased 
response against tumour antigens. In the past two years two clinical trials were 
started involving IFN-γ. In 2013 a trial was started in which IFN-γ is administered to 
patients with soft tissue sarcoma (NCT01957709, clinicaltrials.gov). Furthermore, a 
phase 1b trial was started in 2014 in which patients with glioblastoma or gliosarcoma 
are recruited. In these patients IFN-γ and DNX-2401, a modified adenovirus, are 
injected in the tumour (NCT02197169, clinicaltrials.gov). No results from these 
studies are reported yet.

Targeting pathogen recognition receptors
Already in the 18th century physicians noticed that introducing inflammation by 
injecting pus into the leg of a patient with inoperable breast cancer sometimes 
resulted in regression of the tumour. Studies from the 1970s and afterwards showed 
that activation of macrophages with bacterial adjuvants, such as LPS, or Bacillus 
Calmette-Guérin (BCG; Mycobacterium bovis) or other bacterial extracts led to anti-
tumour cytotoxicity in vitro90–92. Nowadays immunotherapy with BCG is an approved 
and widely used treatment for patients with bladder carcinoma93. Furthermore, 
clinical application of BCG in treatment of patients with colorectal carcinomas is 
under investigation94,95. Although the mode of action of BCG vaccination on tumour 
regression is not completely clarified, it is thought to involve non-specific activation 
of immune responses against the tumours, and enhanced production of macrophage 
pro-inflammatory cytokines such as TNFα, and IL-12 is observed in patients. 
Furthermore, in vitro stimulation of macrophages with BCG support these results94. 
The best known and one of the most potent activators of macrophages via Toll-
like receptor (TLR) 4 is LPS, which originates from the outer membrane of gram-
negative bacteria. The application of lipopolysaccharides (LPS) in patients is, 
however, hindered by its toxicity and severe side effects, including hypotension, 
fever, disseminated blood clotting and lethal shock96–98. Therefore, other microbial 
molecules like muramyl peptides - which are a group of peptidoglycans derived 
from the cell wall of gram-positive bacteria - have been investigated, as they have 
similar properties as LPS but less severe side effects99. Experiments with liposome-
encapsulated muramyl-tripeptide phosphatidyl-ethanolamine (MTP-PE) in rats led to 
increased tumouricidal activity of Kupffer cells against tumour cells in vitro. Moreover, 
injections with MTP-PE containing liposomes resulted in regression of human bladder 
carcinoma in nude mice and prevented the development of liver metastases in a 
mouse model for melanoma100,101. In phase II clinical trials, in which osteosarcoma 
patients, who had pulmonary metastases, were treated with muramyl tripeptides or 
Mifamurtide increased time to relapse was observed102. As such, Mifamurtide is now 
an approved treatment of newly diagnosed osteosarcoma patients in combination 
with chemotherapy103.
Recently, Vogelpoel et al. demonstrated that combining activation of immunoglobulin 
G (IgG) Fc receptors (FcγRs) and TLRs resulted in inflammatory responses of GM-CSF 
monocyte derived immune suppressive macrophages in vitro104. In addition, isolated 
macrophages from synovial fluid of rheumatoid arthritis patients (presumably a mixture 



99

Chapter 5

5

of inflammatory and immune suppressive macrophages) increased secretion of IL-1β, 
IL-6, and TNFα after stimulation with IgG immune complexes and PAM3CSK4, a TLR2 
agonist. However, enhanced production of IL-10 was observed as well. Activating 
macrophages via TLR3 by administering Poly I:C resulted in direct killing of tumour 
cells through macrophages as well as indirect cytotoxicity via NK cells and CTLs105–107. 
Currently several phase I and II clinical trials are or have been performed where TLRs 
are targeted with agonists, frequently in a combination therapy (reviewed by108,109). 

Potential new strategies to polarize macrophages
Several other promising strategies have been investigated in mouse studies, which 
also show the potential of therapies that target TAMs. Targeting the anti-inflammatory 
cytokine IL-10 was shown to change macrophage function. Guiducci et al reported 
that a combination therapy of IL-10 receptor blocking antibodies in combination 
with TLR9 and virally delivered CCL16 resulted in an efficient innate immune cell 
driven clearance of the tumour110. Moreover, IL-10 receptor inhibition proved similarly 
effective in suppressing tumour growth compared to CSF-1 receptor inhibition in 
mice (as described above). However, blocking the IL-10 receptor mainly affected 
other immune cell populations such as CTLs (increased activity) and dendritic cells 
(augmented IL-12 secretion), and not macrophages111. Less tumour promoting 
macrophages (decreased % of mannose receptor+ macrophages) were observed in 
histidine-rich glycoprotein (HRG) expressing tumour cells compared to wild-type 
tumours112. Furthermore, reduced production of cytokines (including IL-10, IL-1β, 
and TNFα) and Arginase-1 was found. Additionally, macrophages play a prominent 
role in anti-tumour effects of irradiation in combination with adoptive transfer of 
tumour specific CTLs, as protective effects of this therapy were abrogated when mice 
had been treated with clodronate-liposomes that deplete macrophages113. 

mAb therapy
A potent way to enhance the cytotoxic ability of macrophages is opsonisation of 
tumour cells with mAbs. Multiple mAbs are currently clinically used to treat a multitude 
of different cancers, such as B cell malignancies, HER2+ mamma carcinoma, head 
and neck cancer, and colorectal cancer. The modes of action in patients have not 
been completely elucidated, but likely include a mixture of direct effects (e.g. growth 
inhibition), increased antibody-dependent cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC)114. Moreover, opsonisation of tumour cells with mAbs 
strongly enhances phagocytosis in vitro. For example, increased antibody-dependent 
phagocytosis (ADCP) has been shown for malignant B cells after opsonisation with 
mAbs against CD20, CD30 or CD40115. Similarly, mamma carcinoma cells were 
taken up more efficiently in the presence of anti-mucin-1 or HER-2 mAbs, whereas 
augmented ADCP of colon carcinoma cells is observed in the presence of anti- EGFR 
mAbs115. Interestingly, it was shown that macrophages with a tumour promoting 
function in murine mamma carcinoma expressed FcγRs and were capable of ADCP 
in the presence of anti-CD142 mAbs. Furthermore, in vivo depletion of macrophages 
reduced efficacy of anti-CD142 mAb therapy to prevent breast carcinoma outgrowth 
and metastasis, supporting a potent role for macrophages to eliminate breast cancer 
cells in the presence of mAbs. The importance of monocytes and/or macrophages 
in elimination of malignant B cells after mAb therapy in mice was demonstrated as 
well116,117. 
We previously demonstrated that Kupffer cells very effectively eliminate circulating 
tumour cells after mAb therapy, which prevented the development of liver 
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metastases118–121. This may be of particular importance for patients undergoing 
resection of primary colorectal cancer or resectable liver metastases. Most patients 
have circulating tumour cells at the time of surgery122. Unfortunately, surgery induces 
an inflammatory response, which activates Kupffer cells resulting in release of ROS123. 
Subsequently, the endothelial lining is damaged allowing adherence of circulating 
colorectal cancer cells124. Recent meta-analyses demonstrated that the presence of 
circulating tumour cells correlates with poor prognosis of colorectal cancer patients 
with either a primary tumour or metastatic disease125,126. Without mAb therapy are 
Kupffer cells unable to effectively arrest circulating tumour cells, even though they 
can sample small particles. The latter is however not sufficient to halt metastases 
development119. By contrast, effective in vivo phagocytosis of colon carcinoma cells 
was observed after mAb therapy, which reduced liver metastases development. Thus, 
patients undergoing resection of primary colorectal carcinomas or liver metastases 
may greatly benefit from pre-operative mAb adjuvant therapy, as this enhances 
ADCP by Kupffer cells.

Concluding remarks 
Macrophages constitute one of the most prominent leukocyte populations in tumours, 
and profoundly influence tumour behaviour. Depending on the micro-environment, 
macrophages can exert both inhibitory and promoting effects on tumour growth and 
development. Chemotactic factors are released within a tumour, which recruit naïve 
monocytes into the tumour mass, where they can differentiate into macrophages 
with a plethora or different functions and characteristics. Exactly how macrophages 
are educated to become either anti- or pro-tumourigenic is still unknown. However, 
tumour cells themselves produce factors that change the micro-milieu in which 
macrophages reside and therefore directly influence macrophage polarization. 
Because tumour macrophages are important in tumour progression or regression, 
which influences patients’ survival, they represent ideal candidates for therapeutic 
strategies127,128. Caution should be exercised when therapeutic strategies are aimed to 
reduce macrophage influx into tumours, as this will also eliminate potential cytotoxic 
macrophages. Diminishing pro-tumour properties or re-educating macrophages to 
become anti-tumourigenic may therefore be a more elegant approach to reduce 
tumour development. Stimulation of cytotoxic properties of macrophages by 
microbial products or pro-inflammatory cytokines is a promising option. Additionally, 
macrophages can effectively clear tumour cells via antibody-dependent phagocytosis. 
Taking advantage of the presence of macrophages in the tumour by antibody therapy 
in combination with above described factors might be the most promising combination. 
In conclusion, tumour associated macrophages are promising targets for 
immunotherapy because of their immune regulatory ability and killing capacities.
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