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Abstract 

Triple-negative breast cancer (TNBC) is a highly aggressive form of cancer which lacks the traditional cellular targets of 

other types of breast cancer. As such, it is increasingly important to find alternative targets to treat this deadly disease. 

Recently, tumour-associated macrophages (TAMs) have become an exciting area of focus for cancer research and may 

provide a source of treatment options for TNBC. Macrophages are an important part of the innate immune response and also 

play a crucial role in tumour progression, inflammation, and metastasis. TAMs fall along a spectrum and are generally 

presented as either M1 type or M2 type. M1 macrophages are considered anti-tumorigenic whereas M2 macrophages are 

considered pro-tumorigenic, promoting tumour growth and inhibiting T-cell response. A search of the University of Alberta’s 

online library database was carried out with a specific emphasis on clinical research.  Search efforts focused on the effects of 

macrophages on the progression of breast cancer. Further searches were performed to determine the efficacy of targeting 

macrophages to treat cancer. Increasing the relative ratio of M1 to M2 macrophages or depletion of macrophages may lead to 

a better prognosis in TNBC. TAMs may be repolarized to M1 phenotype using metformin, inhibition of SerpinE2, 

YAP/STAT3, or MED1/PPAR𝛾. Macrophage recruitment to the tumour microenvironment may be inhibited by targeting 

chemokines such as CCL2. Current methods could not efficiently deplete macrophages at such a high abundance. The 

abundance of macrophages and their phagocytic properties could instead be exploited to increase tumour cell phagocytosis by 

targeting the CD47-SIRPɑ axis. Exciting opportunities have been revealed regarding inhibition of macrophage recruitment, 

repolarization of M2 to M1 type, and through exploitation of phagocytic properties of macrophages. However, conflicting 

results can be found for all these emerging treatment strategies. Worsening matters is the lack of knowledge regarding 

macrophage functions and the confusing landscape of macrophages current naming conventions. As such, further research is 

required to determine the efficacy of macrophages as a target in breast cancer treatment. 
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Introduction 

Overview of Breast Cancer 

Breast cancer is one of the most common solid-tissue 

cancers and the leading cause of cancer death in women 

worldwide [1,2]. There are several types of breast cancer; 

however, the most aggressive form, known as triple-

negative breast cancer (TNBC), accounts for 15-25% of 

diagnoses in women [1]. TNBC is characterised by the lack 

of estrogen (ER), progesterone (PR) and human epidermal 

growth factor 2 (HER2) receptors on tumour cells; these are 

the traditional targets of breast cancer treatment, making 

TNBC extremely difficult to treat [1]. The lack of 
traditional drug targets contributes to a mortality rate of 

around 40% within 5 years of diagnosis [3]. Additionally, 

TNBC has a higher rate of distant metastasis compared to 

other breast cancer subtypes, further contributing to its 

aggressiveness [1,3]. TNBC is unique among breast cancer 

subtypes in that it is more immunologically hot compared 

to other subtypes [4]. The high immune cell infiltration of 

TNBC makes it a prime target for immune-based treatment; 

furthermore, the approval of PD-1 blockers to treat TNBC 

suggests targeting immune cells may be a feasible treatment 

option [5]. TNBC has been associated with a heavy 

presence of CD163+ macrophages [2,6]. High abundance of 

M2 macrophages within the tumour microenvironment has 

been associated with tumour growth and poor prognosis 

overall in breast cancer [7–9]. M1 macrophages are known 

to have anti-tumorigenic effects via pro-inflammatory and 

phagocytic functions. In this review we will discuss the role 
macrophages play in immune response as well as their 

effects on cancer progression. We will also examine how 

targeting macrophages could potentially be used to limit 

breast tumour growth by describing several potential 

treatment options. 
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Overview of Macrophages 

Macrophages are innate immune cells that maintain 

tissue homeostasis, resist pathogenic invasion, and repair 

damaged tissue [9]. Macrophages exist on a phenotypic 

spectrum with two recognized extremes: M1, or classically 

activated, and M2, or alternatively activated [8,9]. M1 

macrophages are pathogen fighters and promote pro-

inflammatory responses; they are activated in response to 

Th1 cytokines such as interferon-γ (IFN-γ) and antigens 

such as lipopolysaccharide (LPS). M1 macrophages 

produce pro-inflammatory mediators such as IL-6, IL-2, 

reactive oxygen species (ROS), reactive nitrogen species 

(RNS), and tumour necrosis factor α (TNF-α) [8,10,11]. M2 

macrophages are anti-inflammatory and promote tissue 

repair by promoting angiogenesis and by scavenging dead 

cells [9]. Tumour-associated macrophages (TAMs) are 

macrophages specifically associated with tumour cells. Due 

to the nature of the tumour microenvironment (TME) they 

are exposed to immunosuppressive stimuli and tend to have 

a M2-like phenotype [8]. This polarisation can be explained 

largely by the acidic nature of the TME—the TME tends to 

be more acidic than healthy tissue which activates 

immunosuppressive cells and inhibits anti-tumour, pro-

inflammatory immune cells [11]. This acidity is, at least 

partially, caused by an increased reliance on glycolysis due 

to the anoxic conditions of the TME [11]. Since TAMs tend 

to resemble M2 macrophages, they preferentially perform 

anti-inflammatory tasks and promote growth and invasion 

of cancer cells [8]. Macrophage subsets can be 

differentiated based on cell-surface markers. M1 typically 

presents with high levels of CD14, CD16, CD64, CD86, 

HLA-DRα, among others. Validated surface markers for 

M2 macrophages include CD200R, CD86 and CD163 [8] 

(Table 1, Fig. 1). Furthermore, macrophages are plastic 

cells, and through the alteration of key surface markers, 

they can effectively change phenotype in response to 

environmental stimuli [9,12]. 

 

Table 1. Summary of the different macrophage types and their properties 

Macrophage 

Type 

General Properties Cell Surface 

Markers 

Activation Secretion 

M1 -Pathogen fighters 

-Pro-inflammatory responses 

-Wound healing and tissue 

regeneration 

CD14, CD16, CD64, 

CD86, HLA-DRα 
IFN-γ, LPS, TNF-𝛼 IL-1𝛽, CXCL9, IL-

6, IL-12, IL-23 

M2a -Wound healing 

-Release of matrix remodelling 

cytokines 

CD200R, CD86, 

CD206 

IL-4, IL-13 TGF-𝛽, IGF, 

fibronectin 

M2b -Wound healing  CCL1, TNFSF14, IL-

1𝛽, IL-6, TNF-𝛼 

IL-1β, LPS, IL-10, IC 

or TLR agonists 

IL-10, low levels of 

IL-12 

M2c -Immunosuppressive factors CD163, MerTK IL-10, TGF-𝛽 TGF-𝛽, IL-10 

 

Along with T-cells, they are involved in the anti-

tumour immune response. Within the tumour 

microenvironment (TME), T-cells can influence the 

polarisation of macrophages into either the M1 or M2 type 

[13]. Similarly, macrophages can affect the differentiation 

of T-cells by secreting cytokines and presenting different 

antigens [13]. In cancer, M2 macrophages inhibit effector 

T-cells while activating regulatory T-cells which can 

impede the efficacy of immunotherapeutic treatments due 

to the immunosuppressive properties of regulatory T-cells 

[13,14]. M1 macrophages can promote anti-tumour immune 

responses by recruiting effector T-cells to the TME and 

secrete factors that can induce apoptosis in cancer cells. 

Despite the growing evidence showing the effects of 

macrophages on tumour progression, the complexity of the 

TME makes it a poor pharmacological target [15]. 

However, in recent years, there have been promising 

advancements in inhibiting macrophage recruitment, 

repolarizing macrophages away from M2 type, and in 

exploiting the phagocytic function of macrophages. 
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Methods 

In this literature review we examined the role of 

macrophages in immune response in the context of cancer 

with a specific emphasis on their role in human breast cancer. 

We then researched various cancer therapies to ascertain the 

efficacy of targeting macrophages as a cancer treatment 

using the relative keywords listed in our article, such as 

breast cancer, macrophages, among others. For this review, 

we only used peer-reviewed research articles published on, or 

after, 2010. Though we focused on breast cancer, we used 

other articles that targeted other cancers as a way to compare 

and contrast the efficacy of each treatment. For our article 

search, we primarily used the University of Alberta database, 

which utilizes a more modified and refined version of Google 

Scholar that filters out unrelated and inaccessible articles. We 

then moved on to other databases and journals; PubMed, 

ScienceDirect, Nature, and Springer as the main ones. All 

articles cited were acquired from the University of Alberta’s 

online library database, Google Scholar, and PubMed. 

 
Inhibition of Macrophage Recruitment 

Signals occurring in the extracellular matrix (ECM) 

influence macrophage polarisation, as it acts alongside TAMs 

to help them infiltrate tumours [9]. In cancer, tumours can alter 

the composition of the ECM to polarize M1 macrophages 

towards an M2 phenotype [16]. TAMs can adhere to collagen 

and fibronectin present in the ECM to assist with motility and 

function. The ECM can also act as a reservoir for soluble 

factors such as chemokines, which can explain why CCL2 

plays such a pivotal role in TAM recruitment. CCL2, a 

chemokine that is highly secreted by tumour cells, has a major 

role in the recruitment of monocytes, macrophages, T-cells, B-

cells, and other immune cells [17]. The use of anti-CCL2 

antibodies in breast cancer models has shown varying results. 

Some studies have shown that inhibiting CCL2 can reduce 

tumour growth and metastasis, while others have shown that 

inhibition of CCL2 has little to no effect [18,19]. Still, 

inhibition of CCL2 can be an interesting strategy for 

immunotherapeutic treatment of breast cancer by limiting 

macrophage recruitment towards the TME. Inhibition of 

macrophage recruitment/depletion is difficult due to the 

abundance of macrophages and consistent replenishment of 

macrophages in the TME. Rather than depleting macrophages, 

there has been a shift in immuno-oncology to repolarize these 

immunosuppressive cells to a pro-inflammatory state to 

promote anti-tumour immune responses. 

 

Repolarization of Macrophages 

The protein serine protease inhibitor E2 (SerpinE2) has 

become more recognized as having a role in breast cancer 

metastasis [20]. Found in the TME, SerpinE2 has a critical 

role in regulating the ECM composition, and its 

overexpression leads to increased M2 polarisation in human 

breast cancer cells [9] (Figure 1). A study shows SerpinE2 

may promote tumour growth by increasing the amount of 

blood travelling to the tumour through the creation of more 

extracellular networks while also acting as an anticoagulant 

[21]. Inhibition of SerpinE2 in mouse breast cancer models 

decreases CCL2 expression and increases M1 polarisation 

[20]. However, SerpinE2 inhibition in human trials remains 

unexplored, but could be a potential immunotherapeutic 

target in the future. 

Targeting the Hippo signalling pathway is also a 

possibility for treatment. Another study found that the 

interaction between hippo-yes-associated protein (YAP) 

and signal transducer and activator of transcription 3 

(STAT3) are highly expressed in breast cancer tissues, 

leading to an increase in macrophage polarization towards 

the M2 type [22] (Fig. 1). There was also evidence that the 

interaction between YAP/STAT3 leads to a decrease in 

CD8+ T-cell viability, which plays an important role in 

tumour suppression. Inhibition of YAP leads to inhibition 

of M2 macrophage polarization, while also indirectly 

increasing the viability of CD8+ T-cells. 

The mediator subunit 1 (MED1) gene is involved in 

macrophage differentiation and DNA repair and has been 

shown to be upregulated in various cancers [23]. In breast 

cancer specifically, overexpression of MED1 has shown to 

polarize macrophages into the M2 type [23]. MED1 does so 

by inhibiting the release of pro-inflammatory cytokines 

whilst promoting the release of anti-inflammatory cytokines 

from macrophages [23] (Fig.1). This results in the 

promotion of malignant behaviours in breast cancer cells. 

MED1 can polarize macrophages towards the M2 type by 

increasing the activity of the nuclear transcription factor 

peroxisome proliferator-activated receptors 𝛾 (PPAR𝛾) [9]. 

PPAR𝛾 can be another interesting target, as it has been 

shown to regulate many activities in macrophages [24]. The 

use of PPAR𝛾 antagonists is currently being explored in 

clinical trials, showing effectiveness in inhibiting the 

growth of various cancers in preclinical and clinical trials. 

The use of PPAR𝛾 antagonists is not without challenges as 

there are side effects and patient heterogeneity that need to 

be addressed [24]. PPAR𝛾 and MED1 inhibition show a 

future in immunotherapeutic treatments for breast cancer, 

but the side effects must be addressed, and further testing 

needed. 
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Figure 1. Summary of the signals and pathways involved in polarisation of macrophages in the tumour microenvironment. 

Utilizing protein inhibitors (SerpinE2 inhibitors, YAP inhibitors), gene expression inhibitors (MED1 inhibitors), and gene 

transcription inhibitors (PPAR𝛾 inhibitors, STAT3 inhibitors) can prevent the polarization of M1 macrophages towards the 

M2 type. The use of these inhibitors have shown promising results in inhibiting tumour proliferation. Figure created using 

Biorender.com. 

 

Metformin is a biguanide drug commonly used to treat 

type 2 diabetes. Within diabetes, the drug works primarily by 

increasing glucose consumption in the liver—through the 

targeting of the oxidative phosphorylation (OXPHOS) 

pathway—and suppresses hepatic gluconeogenesis [15, 25]. 

Aside from diabetes, metformin is also used as a cancer 

drug—it has been shown to reduce the recurrence of 

colorectal polyps and increase overall survival rates for 

colorectal cancer patients [15]. Metformin’s anti-tumour 

capabilities are found primarily through its ability to activate 

AMP-activated protein kinase (AMPK) [15]. AMPK is a 

regulatory enzyme which controls many of the metabolic 

pathways involved in tumour metabolism. When activated, 

AMPK inhibits mTOR, an important regulator of growth 

factors and of the PI3K/protein kinase and B/Akt pathway in 

cancer [15, 26]. Furthermore, through inhibition of electron 

transport chain complex 1, metformin reduces the efficiency 

of the tricarboxylic acid (TCA) cycle and OXPHOS [15,26]. 

Multiple studies have shown that metformin can 

decrease the number of M2 macrophages in colorectal 

cancer cells, as well as decrease the number of colonic 

tumours in vivo [15, 26, 27]. However, the effect of the 

drug on breast cancer is less clear, and current research on 

the topic is conflicting. Metformin was shown to inhibit 

mTOR-mediated phosphorylation of S6K1 and 4E-BP1 

proteins in both MCF7 and 4T1 breast cancer cell lines 

[28]. Cell proliferation and colony formation were inhibited 

in MCF7 and 4T1 cell lines in vitro when treated with 

metformin [28]. Moreover, 4T1 in vivo tumour growth was 

suppressed with the treatment of metformin in mice [28]. In 

an indirect study, metformin-induced AMPK activation led 

to a downregulation of DVL3 and β-catenin in MCF-7, 

MDA-MB-231 and T-47D breast cancer cells in vitro, 

resulting in suppressed cell growth and slowed tumour 

progression [29]. Despite the apparent success of in vitro 

studies, clinical trials have proved less promising. Two 

independent studies of non-diabetic females with breast 

cancer found that metformin did not significantly affect the 

rate of disease-free survival or overall survival compared to 

the control group [30, 31]. 

 

Exploiting the Phagocytic Function of Macrophages 

In addition to targeting macrophages by repolarizing 

them, the phagocytic function of macrophages may be 

exploited to target tumour cells. Therapeutics targeting the 

CD47/SIRPa axis have shown promising results to date  
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[32, 33]. CD47 is a transmembrane protein that is 

ubiquitously expressed on all cells and inhibits 

phagocytosis when it engages with SIRP-𝛼 on phagocytes 

[32, 33]. CD47 is overexpressed in several cancers, 

including TNBC. The CD47-SIRP-𝛼 axis can promote 

immune evasion by phagocytosis of tumour cells [32, 33]. 

CD47 and SIRP-𝛼 interaction also play a role in T-cell 

recruitment in inflammatory sites [34]. The interaction 

between CD47 and SIRP-𝛼 has been shown to inhibit 

macrophage chemokine secretion in human myeloid cells, 

preventing T-cells from entering the tumour site [33]. 

Inhibition of CD47 using monoclonal antibodies has shown 

promising results, as it prevented further tumour metastasis 

and growth in breast cancer [35]. Moreover, inhibition of 

SIRP-𝛼 on phagocytes can also be an important 

immunotherapeutic target in the future [33]. Several studies 

have shown that using anti-CD47 antibodies in conjunction 

with other treatments such as chemotherapy, radiotherapy, 

and tumour-targeting antibodies can decrease tumour 

growth and proliferation in breast cancer [36–38]. 

However, inhibition of this signal may lead to non-tumour 

cells being phagocytosed after cytotoxic or inflammatory 

therapy [35]. There are also side effects with the use of 

anti-CD47 antibodies, such as anemia, but these side effects 

can be minimized by using bispecific antibodies, allowing 

for targeting only CD47-positive tumour cells [37]. 

Exploration of more molecules and signalling pathways is 

necessary for establishing a new standard of care. 

 

Discussion 

In this study, we sought to explain macrophage’s vital 

role within the immune system and their effect on tumour 

growth. From there, we set out to determine if targeting 

macrophages could be a viable pathway for treating breast 

cancer. Macrophages occupy a phenotypic spectrum with 

two extremes, ranging from the anti-tumour M1 to the pro-

tumour M2 [8,9]. There are many pathways and cell surface 

markers that can be targeted in immunotherapeutic 

treatments, many of which involve the polarisation of 

macrophages towards the M2 type that can lead to 

increased tumour growth and metastasis. Thus, tumour 

progression could be slowed by either reducing the number 

of M2 macrophages, increasing the number of M1 

macrophages or by harnessing the inherent ability of 

macrophages to phagocytose cancer cells. Metformin, 

traditionally a diabetes drug, has been shown to decrease 

the number of M2 macrophages and inhibit the growth of 

colorectal and breast tumours [15, 29]. However, despite 

this evidence, the current research is conflicting and 

uncertain. AMPK activity is more complex than previously 

thought and may selectively protect tumours from 

cytotoxicity [39]. Additionally, multiple clinical trials have 

found metformin to have little effect on the survival of 

breast cancer patients [30,31]. Part of this conflict may stem 

from the complexity of macrophages themselves; 

macrophage polarisation is more complex than the 

simplified M1-M2 dichotomy proposed in this, and many 

other studies, and is still not fully understood [40]. Further 

confounding matters is the sheer breadth of terms used to 

describe macrophages and their polarisation states; the lack 

of standardisation on this front may cause future 

researchers to draw erroneous conclusions [40]. Although 

inhibition of SerpinE2 has been shown to have a significant 

role in macrophage polarisation and increase M1 expression 

in murine models of breast cancer, human trials remain 

limited and further research is required [9, 20]. Our findings 

suggest that targeting MED1/PPAR𝛾 is possibly the most 

promising treatment strategy, as inhibiting MED1/PPAR𝛾 

has been shown to decrease M2 polarisation and Gleevec, a 

drug targeting PPAR𝛾, has already been approved as an 

anti-cancer drug [9, 24]. Side-effects and patient 

heterogeneity are still issues, but current research is 

promising. Finally, we discussed exploiting the phagocytic 

function of macrophages through inhibition of CD47 and 

SIRP-𝛼. Using monoclonal antibodies to target these 

proteins decreased tumour metastasis in breast cancer; 

however, side effects such as anaemia and rampant 

phagocytosis pose a challenge for clinical applications 

[35,37]. Macrophages are clearly important mediators in 

tumour growth, and while there is little doubt that they 
could be effective targets for cancer therapy, further 

investigation is required. Elucidating the mechanisms 

underlying polarisation is required before effective 

treatments can be formulated. Furthermore, conflicting 

studies of metformin treatment on breast cancer prove 

further research is necessary to determine how this drug 

reacts with macrophages and the TME. 

 

Conclusions 

This review summarized the role of macrophages in the 

body's immune response and reviewed the primary types of 

macrophages and their effects on cancer progression, 

Multiple studies have examined targeting macrophages as a 

possible adjuvant therapy for TNBC. Possible treatments 

include limiting macrophage recruitment through inhibition 

of CCL2, repolarizing macrophages to M1 type through 

inhibition of MED1/PPAR𝛾, serpinE2, YAP/STAT3, and 

metformin-induced AMPK activation, as well as harnessing 

the phagocytic function of macrophages through the 

CD47/SIRP-𝛼 pathway. CCL2 inhibition and metformin-

induced AMPK activation have shown promise in reducing 

breast tumour growth; however, the literature is conflicting, 

and further investigation is required. Inhibition of serpinE2 

and YAP/STAT3 are interesting targets, but limited 

information is available on their efficacy and further 

exploration is required. Targeting CD47 has been shown to 

decrease tumour growth and proliferation in breast cancer 

when paired with traditional treatments; although 

phagocytosis of non-tumour cells remains an issue. 

Inhibiting MED1/PPAR𝛾 shows the most promise of the 

treatments explored in this study. The use of PPAR𝛾 

antagonists is already being explored in clinical trials and 
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showing positive results. Ultimately, all of these therapies 

present unique challenges to researchers; minimizing side 

effects, using combination therapy, and more clinical 

testing for breast cancer will be key to maximizing the 

effects of immunotherapy. 

 

List of Abbreviations Used 

4E-BP1: eukaryotic translation initiation factor 4E-binding 

protein 1 

AMPK: AMP-activated protein kinase 

B/Akt: protein kinase B 

CCL2: chemokine ligand 2 

COX-2: cyclooxygenase-2 

CXCL9: chemokine ligand 9 

DVL3: dishevelled protein 3 

ECM: extracellular matrix 

ER: estrogen 

HER2: human epidermal growth factor 2 

HLA-DRɑ: human leukocyte antigen-DR isotope ɑ 

IC: Immune complex 

IFN𝛾-: interferon-𝛾 

IGF: insulin-like growth factor 

IL-1ꞵ: interleukin 1ꞵ 

IL-10: interleukin 10 

IL-13: interleukin 13 

IL-2: interleukin 2 

IL-23: interleukin 23 

IL-6: interleukin 6 

LPS: lipopolysaccharides 

MAPK: mitogen-activated protein kinase 

MED1: mediator subunit 1 

MerTK: MER proto-oncogene, tyrosine kinase 

mTOR: mammalian target of rapamycin 

OXPHOS: oxidative phosphorylation 

p-AMPK: phosphorylated AMP-activated protein kinase 

PD-1: programmed cell death protein 1 

PPAR𝛾: peroxisome proliferator-activated receptor gamma 

PR: progesterone 

RNS: reactive nitrogen species 

ROS: reactive oxygen species 

S6K1: ribosomal protein S6 kinase beta-1 

SerpinE2: serine protease inhibitor E2 

SIRP-ɑ: signal regulatory protein ɑ 

STAT3: signal transducer and activator of transcription 3 

TAM: tumour associated macrophage 

TCA: tricarboxylic acid 

TGF-ꞵ: transforming growth factor-ꞵ 

TLR: toll-like receptors 

TME: tumour microenvironment 

TNBC: triple-negative breast cancer 

TNF-ɑ: tumour necrosis factor-ɑ 

TNFSF14: tumour necrosis factor superfamily 14 

YAP: hippo-yap associated protein 

 

Conflicts of Interest 

The authors declare that they have no conflicts of interest. 

Ethics Approval and/or Participant Consent 

Due to the nature of this manuscript as a literature review, 

there was no requirement for ethics approval or participant 

consent. 

 

Authors' Contributions 

CT: made contributions to the design of the study, collected 

and analysed data, drafted the manuscript, and gave final 

approval of the version to be published. 

JM: made contributions to the design of the study, collected 

and analysed data, drafted the manuscript, and gave final 

approval of the version to be published. 

MS: made contributions to the design of the study, 

collected and analysed data, drafted the manuscript, and 

gave final approval of the version to be published. 

 

Acknowledgements 

Figures were generated with BioRender.com. Additionally, 

the authors would like to sincerely thank Megan Hong for 

her guidance and feedback during the creation of this paper. 

 

Funding 

This study was not funded. 

 

References 

[1] Scialla S, Hanafy MS, Wang JL, Genicio N, Costa Da 

Silva M, Costa M, et al. Targeted treatment of triple-

negative-breast cancer through pH-triggered tumour 

associated macrophages using smart theranostic 

nanoformulations. International Journal of 

Pharmaceutics. 2023 Feb;632:122575. https://doi.org/ 

10.1016/j.ijpharm.2022.122575 

[2] Wagner J, Rapsomaniki MA, Chevrier S, Anzeneder T, 

Langwieder C, Dykgers A, et al. A Single-cell atlas of 

the tumor and immune ecosystem of human breast 

cancer. Cell. 2019;177(5):1330-45. 

https://doi.org/10.1016/j.cell. 

2019.03.005 

[3] Mani S, Hande A, Boichuk S. Triple-negative breast 

cancer: the current aspects of pathogenesis and 

therapies. BioNanoScience. 2022;12(4):1404–35. 

https://doi.org/10.1007/s12668-022-00991-1 
[4] Li J, Wu J, Han J. Analysis of tumor microenvironment 

heterogeneity among breast cancer subtypes to identify 

subtype-specific signatures. Genes. 2022;14(1):44-62. 

https://doi.org/10.3390/genes14010044 

[5] Schütz F, Stefanovic S, Mayer L, von Au A, 

Domschke C, Sohn C. PD-1/PD-L1 pathway in breast 

cancer. Oncology Research and Treatment. 

2017;40(5):294–7. https://doi.org/10.1159/000464353 

https://www.urncst.com/
https://doi.org/10.26685/urncst.558
http://biorender.com/
https://doi.org/10.1016/j.ijpharm.2022.122575
https://doi.org/10.1016/j.ijpharm.2022.122575
https://doi.org/10.1016/j.cell.2019.03.005
https://doi.org/10.1016/j.cell.2019.03.005
https://doi.org/10.1007/s12668-022-00991-1
https://doi.org/10.3390/genes14010044
https://doi.org/10.1159/000464353


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Todrick et al. | URNCST Journal (2024): Volume 8, Issue 4 Page 7 of 9 

DOI Link: https://doi.org/10.26685/urncst.558 

[6] Medrek C, Pontén F, Jirström K, Leandersson K. The 

presence of tumor associated macrophages in tumor 

stroma as a prognostic marker for breast cancer 

patients. BMC Cancer. 2012;12:306. https://doi.org/10. 

1186/1471-2407-12-306 

[7] Liu J, Geng X, Hou J, Wu G. New insights into 

M1/M2 macrophages: key modulators in cancer 

progression. Cancer Cell International. 2021 Jul 21; 

2(1):389. https://doi.org/10.1186/s12935-021-02089-2 

[8] Sousa S, Brion R, Lintunen M, Kronqvist P, Sandholm 

J, Mönkkönen J, et al. Human breast cancer cells 

educate macrophages toward the M2 activation status. 

Breast Cancer Research. 2015 Dec;17(1):1–14. 

https://doi.org/10.11 

86/s13058-015-0621-0 

[9] Yunna C, Mengru H, Lei W, Weidong C. Macrophage 

M1/M2 polarization. European Journal of 

Pharmacology. 2020 Jun 15;877:173090. https://doi. 

org/10.1016/j.ejphar.2020.173090 

[10] Ivashkiv LB. Epigenetic regulation of macrophage 

polarization and function. Trends in Immunology. 2013 

May 1;34(5):216-23. https://doi.org/10.1016/j.it.2012. 

11.001 

[11] Hosonuma M, Yoshimura K. Association between pH 

regulation of the tumor microenvironment and 

immunological state. Frontiers in Oncology. 2023 Jul 

10;13:1175563. https://doi.org/10.3389/fonc.2023. 

1175563 

[12] Murray PJ, Wynn TA. Protective and pathogenic 

functions of macrophage subsets. Natural Reviews 

Immunology. 2011 Oct 14;11(11):723–37. https://doi. 

org/10.1038/nri3073 

[13] Guerriero JL. Chapter three - macrophages: their 

untold story in T Cell activation and function. In: 

Galluzzi L, Rudqvist NP, editors. International review 

of cell and molecular biology. 1sted. London: 

Academic Press; 2019. 73–93. https://doi.org/10.1016/ 

bs.ircmb.2018.07.001 

[14] Dąbrowska A, Grubba M, Balihodzic A, Szot O, 

Sobocki BK, Perdyan A. The role of regulatory T Cells 

in cancer treatment resistance. International Journal of 

Molecular Sciences. 2023 Sept 14;24(18):14114. 

https://doi.org/10.3390/ijms241814114 

[15] Kang J, Lee D, Lee KJ, Yoon JE, Kwon JH, Seo Y, et 

al. Tumor-suppressive effect of metformin via the 

regulation of M2 macrophages and myeloid-derived 

suppressor cells in the tumor microenvironment of 

colorectal cancer. Cancers. 2022 Jan;14(12):2881. 

https://doi.org/10.3390/cancers 

14122881 

[16] Deligne C, Midwood KS. Macrophages and 

extracellular matrix in breast cancer: partners in crime 

or protective allies? Frontiers in Oncology. 2021;11:1-

12. https://doi.org/10.3389/fonc.2021.620773 

 

[17] Gschwandtner M, Gammage AN, Deligne C, Mies 

LFM, Domaingo A, Murdamoothoo D, et al. 

Investigating chemokine-matrix networks in breast 

cancer: tenascin-C sets the tone for CCL2. 

International Journal of Molecular Sciences. 2023 May 

6;24(9):1-24. https:// 

doi.org/10.3390/ijms24098365 

[18] Chen X, Wang Y, Nelson D, Tian S, Mulvey E, Patel 

B, et al. CCL2/CCR2 regulates the tumor 

microenvironment in HER-2/neu-driven mammary 

carcinomas in mice. PLOS One. 2016 Nov 7;11(11):1-

20. https://doi.org/10.1371/journal.pone.0165595 

[19] Qian BZ, Li J, Zhang H, Kitamura T, Zhang J, 

Campion LR, et al. CCL2 recruits inflammatory 

monocytes to facilitate breast-tumour metastasis. 

Nature. 2011 Jul;475(7355):222–5. https://doi.org/ 

10.1038/nature10138 

[20] Wagenblast E, Soto M, Gutiérrez-Ángel S, Hartl CA, 

Gable AL, Maceli AR, et al. A model of breast cancer 

heterogeneity reveals vascular mimicry as a driver of 

metastasis. Nature. 2015 Apr;520 

(7547):358–62. https://doi.org/10.1038/nature14403 

[21] Smirnova T, Bonapace L, MacDonald G, Kondo S, 

Wyckoff J, Ebersbach H, et al. Serpin E2 promotes 

breast cancer metastasis by remodeling the tumor matrix 

and polarizing tumor associated macrophages. 

Oncotarget. 2016 Oct 26;7(50): 

82289–304. https://doi.org/10.18632/oncotarget.12927 

[22] Wang C, Shen N, Guo Q, Tan X, He S. YAP/STAT3 

inhibited CD8 + T cells activity in the breast cancer 

immune microenvironment by inducing M2 

polarization of tumor associated macrophages. Cancer 

Medicine. 2023 Jun 16;12(15):16295–309. https://doi. 

org/10.1002/cam4.6242 

[23] Shen Y, Zhou L, Xu M, Tan Z, Yao K, Wang W. 

MED1 induces M2 polarization of tumor-associated 

macrophages to aggravate breast cancer. Genes and 

Genomics. 2023 Aug 18;45:1517-45. https://doi.org/ 

10.1007/s13258-023-01435-0 

[24] Yu L, Gao Y, Aaron N, Qiang L. A glimpse of the 

connection between PPARγ and macrophage. Frontiers 

in Pharmacology. 2023;14:1254317. https://doi.org/1 

0.3389/fphar.2023.1254317 

[25] Miller RA, Chu Q, Xie J, Foretz M, Viollet B, 

Birnbaum MJ. Biguanides suppress hepatic glucagon 

signalling by decreasing production of cyclic AMP. 

Nature. 2013 Feb 14;494(7436):256–60. https://doi.or 

g/10.1038/nature11808 

https://www.urncst.com/
https://doi.org/10.26685/urncst.558
https://doi.org/10.1186/1471-2407-12-306
https://doi.org/10.1186/1471-2407-12-306
https://doi.org/10.1186/s12935-021-02089-2
https://doi.org/10.1186/s13058-015-0621-0
https://doi.org/10.1186/s13058-015-0621-0
https://doi.org/10.1016/j.ejphar.2020.173090
https://doi.org/10.1016/j.ejphar.2020.173090
https://doi.org/10.1016/j.it.2012.11.001
https://doi.org/10.1016/j.it.2012.11.001
https://doi.org/10.3389/fonc.2023.1175563
https://doi.org/10.3389/fonc.2023.1175563
https://doi.org/10.1038/nri3073
https://doi.org/10.1038/nri3073
https://doi.org/10.1016/bs.ircmb.2018.07.001
https://doi.org/10.1016/bs.ircmb.2018.07.001
https://doi.org/10.3390/ijms241814114
https://doi.org/10.3390/cancers14122881
https://doi.org/10.3390/cancers14122881
https://doi.org/10.3389/fonc.2021.620773
https://doi.org/10.3390/ijms24098365
https://doi.org/10.3390/ijms24098365
https://doi.org/10.1371/journal.pone.0165595
https://doi.org/10.1038/nature10138
https://doi.org/10.1038/nature10138
https://doi.org/10.1038/nature14403
https://doi.org/10.18632/oncotarget.12927
https://doi.org/10.1002/cam4.6242
https://doi.org/10.1002/cam4.6242
https://doi.org/10.1007/s13258-023-01435-0
https://doi.org/10.1007/s13258-023-01435-0
https://doi.org/10.3389/fphar.2023.1254317
https://doi.org/10.3389/fphar.2023.1254317
https://doi.org/10.1038/nature11808
https://doi.org/10.1038/nature11808


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Todrick et al. | URNCST Journal (2024): Volume 8, Issue 4 Page 8 of 9 

DOI Link: https://doi.org/10.26685/urncst.558 

[26] Kim JH, Lee KJ, Seo Y, Kwon JH, Yoon JP, Kang JY, 

et al. Effects of metformin on colorectal cancer stem 

cells depend on alterations in glutamine metabolism. 

Scientific Reports. 2018 Jan 11;8:409. https://doi.org/ 

10.1038/s41598-017-18762-4 

[27] Li X, Wang L, Zhou XE, Ke J, de Waal PW, Gu X, et 

al. Structural basis of AMPK regulation by adenine 

nucleotides and glycogen. Cell Research. 2015 

Jan;25(1):50–66. https://doi.org/10.1038/cr.2014.150 

[28] Shi B, Hu X, He H, Fang W. Metformin suppresses 

breast cancer growth via inhibition of cyclooxygenase-

2. Oncology Letters. 2021 Aug 1;22(2):1–14. https:// 

doi.org/10.3892/ol.2021.12876 

[29] Zou YF, Xie CW, Yang SX, Xiong JP. AMPK 

activators suppress breast cancer cell growth by 

inhibiting DVL3-facilitated Wnt/β-catenin signaling 

pathway activity. Molecular Medicine Reports. 2017 

Feb 1;15(2):899–907. https://doi.org/10.3892/mmr. 

2016.6094 

[30] Essa NM, Salem HF, Elgendy MO, Gabr A, Omran 

MM, Hassan NA, et al. Efficacy of metformin as 

adjuvant therapy in metastatic breast cancer treatment. 

Journal of Clinical Medicine. 2022 Jan;11(19):5505. 

https://doi.org/10.33 

90/jcm11195505 

[31] Goodwin PJ, Chen BE, Gelmon KA, Whelan TJ, Ennis 

M, Lemieux J, et al. Effect of metformin vs placebo on 

invasive disease–free survival in patients with breast 

cancer. JAMA. 2022 May 24;327 

(20):1963–73. https://doi.org/10.1001/jama.2022.6147 

[32] Celepli P, Karabulut S, Bigat İ, Celepli S, 

Hücümenoğlu S. CD47 expression and tumor-

associated immune cells in breast cancer and their 

correlation with molecular subtypes and prognostic 

factors. Pathology Research and Practice. 2022 Oct 1; 

238:154107. https://doi.org/10.1016/j.prp.2022.154107 

[33] Gauttier V, Pengam S, Durand J, Biteau K, Mary C, 

Morello A, et al. Selective SIRPα blockade reverses 

tumor T cell exclusion and overcomes cancer 

immunotherapy resistance. Journal of Clinical 

Investigation. 2020 Oct 19;130(11):6109–23. https:// 

doi.org/10.1172/JCI135528 

[34] Chen Y, Klingen TA, Aas H, Wik E, Akslen LA. 

CD47 and CD68 expression in breast cancer is 

associated with tumor‐infiltrating lymphocytes, blood 

vessel invasion, detection mode, and prognosis. The 

Journal of Pathology: Clinical Research. 2023 Jan 

4;9(3):151–64. https://doi.org/10.1002/cjp2.309 

[35] Willingham SB, Volkmer JP, Gentles AJ, Sahoo D, 

Dalerba P, Mitra SS, et al. The CD47-signal regulatory 

protein alpha (SIRPa) interaction is a therapeutic target for 

human solid tumors. Proceedings of the National 

Academy of Sciences of the United States of America. 

2012 Apr 24;1 

09(17):6662–7. https://doi.org/10.1073/pnas.1121623109 

[36] Candas-Green D, Xie B, Huang J, Fan M, Wang A, 

Menaa C, et al. Dual blockade of CD47 and HER2 

eliminates radioresistant breast cancer cells. Nature 

Communications. 2020 Sep 14;11(1):4591. https://doi. 

org/10.1038/s41467-020-18245-7 

[37] Chen C, Wang R, Chen X, Hou Y, Jiang J. Targeting 

CD47 as a novel immunotherapy for breast cancer. 

Frontiers in Oncology. 2022 Jul;12:924740. https://doi. 

org/10.3389/fonc.2022.924740 

[38] Samanta D, Park Y, Ni X, Li H, Zahnow CA, 

Gabrielson E, et al. Chemotherapy induces enrichment 

of CD47+/CD73+/PDL1+ immune evasive triple-

negative breast cancer cells. Proceedings of the 

National Academy of Sciences of the United States of 

America. 2018 Feb 6;115(6):1239–48. https:// 

doi.org/10.1073/pnas.1718197115 

[39] Bartel K, Müller R, von Schwarzenberg K. Differential 

regulation of AMP-activated protein kinase in healthy 

and cancer cells explains why V-ATPase inhibition 

selectively kills cancer cells. Journal of Biological 

Chemistry. 2019 Nov 15;294(46):17239–48. https:// 

doi.org/10.1074/jbc.RA119.010243 

[40] Murray PJ, Allen JE, Biswas SK, Fisher EA, Gilroy 

DW, Goerdt S, et al. Macrophage activation and 

polarization: nomenclature and experimental 

guidelines. Immunity. 2014 Jul 17;41(1): 

14–20. https://doi.org/10.1016/j.immuni.2014.06.008 

 
 

 
 

 

Article Information 

Managing Editor: Jeremy Y. Ng 

Peer Reviewers: Megan Hong, Sara Pishyar, Dusan Pesic 

Article Dates: Received Dec 03 23; Accepted Mar 03 24; Published Apr 19 24 

 

Citation 

Please cite this article as follows: 

Todrick C, Ma J, Singh M. The role of disease-associated microglia in neurodegenerative disease: A review. URNCST 

Journal. 2024 Apr 19: 8(4). https://urncst.com/index.php/urncst/article/view/558 

DOI Link: https://doi.org/10.26685/urncst.558 

 

https://www.urncst.com/
https://doi.org/10.26685/urncst.558
https://doi.org/10.1038/s41598-017-18762-4
https://doi.org/10.1038/s41598-017-18762-4
https://doi.org/10.1038/cr.2014.150
https://doi.org/10.3892/ol.2021.12876
https://doi.org/10.3892/ol.2021.12876
https://doi.org/10.3892/mmr.2016.6094
https://doi.org/10.3892/mmr.2016.6094
https://doi.org/10.3390/jcm11195505
https://doi.org/10.3390/jcm11195505
https://doi.org/10.1001/jama.2022.6147
https://doi.org/10.1016/j.prp.2022.154107
https://doi.org/10.1172/JCI135528
https://doi.org/10.1172/JCI135528
https://doi.org/10.1002/cjp2.309
https://doi.org/10.1073/pnas.1121623109
https://doi.org/10.1038/s41467-020-18245-7
https://doi.org/10.1038/s41467-020-18245-7
https://doi.org/10.3389/fonc.2022.924740
https://doi.org/10.3389/fonc.2022.924740
https://doi.org/10.1073/pnas.1718197115
https://doi.org/10.1073/pnas.1718197115
https://doi.org/10.1074/jbc.RA119.010243
https://doi.org/10.1074/jbc.RA119.010243
https://doi.org/10.1016/j.immuni.2014.06.008
https://urncst.com/index.php/urncst/article/view/558
https://doi.org/10.26685/urncst.558


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Todrick et al. | URNCST Journal (2024): Volume 8, Issue 4 Page 9 of 9 

DOI Link: https://doi.org/10.26685/urncst.558 

Copyright 

© Callum Todrick, Jordan Ma, Miklaus Singh. (2024). Published first in the Undergraduate Research in Natural and Clinical 

Science and Technology (URNCST) Journal. This is an open access article distributed under the terms of the Creative 

Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original work, first published in the Undergraduate Research in Natural and 

Clinical Science and Technology (URNCST) Journal, is properly cited. The complete bibliographic information, a link to the 

original publication on http://www.urncst.com, as well as this copyright and license information must be included. 
 

 

 

  
 

Do you research in earnest? Submit your next undergraduate research article to the URNCST Journal! 

| Open Access | Peer-Reviewed | Rapid Turnaround Time | International | 

| Broad and Multidisciplinary | Indexed | Innovative | Social Media Promoted | 

Pre-submission inquiries? Send us an email at info@urncst.com | Facebook, Twitter and LinkedIn: @URNCST 

Submit YOUR manuscript today at https://www.urncst.com! 
 

https://www.urncst.com/
https://doi.org/10.26685/urncst.558
https://creativecommons.org/licenses/by/4.0/
http://www.urncst.com/
mailto:info@urncst.com
https://www.facebook.com/urncst
https://twitter.com/urncst
https://www.linkedin.com/company/urncst
https://www.urncst.com/

	Abstract
	Keywords: macrophage; immune response; tumour microenvironment; breast cancer; metformin; cell surface markers; inhibition; activation
	Introduction
	Methods
	In this literature review we examined the role of macrophages in immune response in the context of cancer with a specific emphasis on their role in human breast cancer. We then researched various cancer therapies to ascertain the efficacy of targeting...
	Discussion
	Conclusions
	List of Abbreviations Used
	Conflicts of Interest
	Authors' Contributions
	Acknowledgements
	Funding
	References
	Article Information
	Citation
	Copyright

