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ABSTRACT

Macrophages in the tumor microenvironment are involved in promoting cancer growth and enabling it to evade
therapies. By acting as something like a tumor's "underground," these cells dampen down the "calls for help"
that chemotherapy or radiotherapy might otherwise trigger. They also appear to enable some cells in the cancers
to reset themselves into cancer stem cells (CSCs), allowing them to divide and differentiate. Cancer stem cells
are compelled to initiate tumors and maintain their growth. In part, the tumor-associated macrophages (TAMs)
effect this by secreting cytokines with well-established roles in regulating stemness, as well as proteins that
govern cell migration and are known to help keep CSCs in the niche where the tumor formed and maintain the
tumor. Prognostic studies have found that TAMs are associated with worse patient outcomes. This article
reviews the existing knowledge on TAMs in supporting the survival and maintenance of CSCs, increasing tumor
resilience and resistance to therapy. We did a systematic review using the keywords CSC, TAM, tumor
microenvironment (TME), and extracellular matrix remodeling from the following databases: ScienceDirect,
PubMed, NCBI, Nature, Google Scholar, and Oxford Academic for articles published between 2010 to 2026.
The underlying premise of the current investigation is that macrophages facilitate the maintenance of the
"stemness" characteristics of CSCs. The TAM-CSC alliance must be interrupted to improve therapeutic
outcomes and reduce tumor recurrence. Our review focuses on addressing the difficulties presented by CSCs
and TME through advanced research techniques and specific combination treatments. This alternative method
offers a less harsh and more effective therapy that will improve the patient’s outcomes by effectively eradicating
tumor cells and modifying the tumor microenvironment to enhance the immune system's capability to combat
the tumor.

Keywords: Immune cell, tumor microenvironment, epithelial-mesenchymal transition, infiltration, extracellular
matrix remodeling
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Targeting TAM to Alternate CSCs and Tumor

Abbreviations:

AM: Alveolar Macrophage

ARG: Arginine

CSC: Cancer Stem Cell

ECM: Extracellular Matrix

EGF: Epidermal Growth Factor

EMT: Epithelial-Mesenchymal Transition

FGF: Fibroblast Growth Factor

FGFR: Fibroblast Growth Factor Receptor
HGF: Hepatocyte Growth Factor

HIF-10: Hypoxia-Inducible Factor-1 alpha
IDO: indoleamine 2,3-dioxygenase

IEN- y: Gamma Interferon

IL: Interleukin

LPS: Lipopolysaccharides

MAPK: Mitogen-Activated Protein Kinase
MDSC: Myeloid-Derived Suppressor Cells
MMP: Matrix Metalloproteinases

NF-kB: Nuclear Factor kappa-light-chain-enhancer of activated B cells

NK: Natural Killer

NO: Nitrite Oxide

PD: Programmed Death

PDGF: Platelet-Derived Growth Factor
ROS: Reactive Oxygen Species

STAT3: Signal Transducer and Activator of Transcription 3

TAM: Tumor-Associated Macrophage
TGF-B: Transforming Growth Factor-Beta
TME: Tumor Microenvironment

TNF-a: Tumor Necrosis Factor-Alpha
VEGEF: Vascular Endothelial Growth Factor

VEGFR: Vascular Endothelial Growth Factor Receptor

INTRODUCTION

Effective cancer management requires a
multifaceted approach encompassing prevention,
early detection, personalized treatment, and
ongoing research. Personalized treatment options
include targeted therapies that minimize damage
to normal cells, immunotherapy that harnesses the
immune system, and precision medicine tailored
to the genetic makeup of an individual's cancer.”
Ongoing research through clinical trials,
biomarker identification, and combining
chemotherapy with immunotherapy or gene
therapy has become part of the strategic approach
used in cancer treatment, which does not have a
gold standard protocol approach.*™> Tumor-
associated macrophages (TAMs) are central
components of the tumor microenvironment
(TME) that significantly impact cancer
development and the spread of cancer cells.®?
Although TAMs have various purposes, one of
their most crucial aspects is their interaction with
cancer stem cells (CSCs).

Current studies have prioritized investigating
the precise molecular and cellular interactions
between TAMs and CSCs using sophisticated
techniques such as single-cell RNA sequencing
and spatial transcriptomics.®? Tumor-associated
macrophages play a complex role in the immune
system's response to cancer, presenting both
obstacles and opportunities for cancer treatment.
(10.1D Utilizing different TAM phenotypes (e.g.,
M1 and M2) enables their reprogramming and
shifting the equilibrium from a tumor-promoting
to a tumor-fighting environment.(!>  This
alternative approach could specifically focus on
eradicating CSCs.

Gaining comprehension of TAMs and
altering their functioning could result in therapies
that effectively eradicate tumor cells and modify
the tumor microenvironment to enhance the
immune system's capability to combat these cells.
This article reviews the existing knowledge on
tumor-associated macrophages in supporting the
survival and maintenance of cancer stem cells,
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increasing tumor resilience and resistance to
therapy.

METHODS

This review paper involved a thorough
literature search on several search engines, i.e.,
Science Direct, PubMed, NCBI, Nature, Google
Scholar, and Oxford Academic databases using
the following keywords: CSC AND TAM AND
TME AND EMT AND Extracellular matrix
remodeling. Relevant English articles published
from 2016 to 2026 were gathered from the
mentioned search engines. Initially, 371,570
articles met the inclusion criteria, but ultimately,
most of them were excluded due to duplication,
access issues, and irrelevant topics, leaving 96
articles for analysis and synthesis (Figure 1). This
review included peer-reviewed original research,

macrophages and treatment strategies. Non-
English articles and case reports were excluded.

Definition and role of TAMs in immune system

When cancer cells appear, a distinct subgroup
of macrophages derived from circulating
monocytes is reprogrammed and called tumor-
associated macrophages (TAMs, Figure 2). These
macrophages can facilitate tumor development by
encouraging the formation of new blood vessels,
proliferating cancer cells to reach other body parts,
and suppressing the immune system. However,
they can also regulate the immune system by
inhibiting the body's anti-tumor responses through
the release of the anti-inflammatory cytokines
interleukin-10 (IL-10) and transforming growth
factor-beta (TGF-B).*"!? Their presence makes
them essential contributors to the advancement of
cancer and the development of resistance to

systematic reviews, meta-analyses, selected treatment. In most malignancy cases, the TAMs
narrative reviews, and clinical overviews to found are mostly polarized towards the M2
comprehensively  cover  mechanistic and  phenotype.(®
therapeutic  aspects of tumor associated
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Figure 1. The numbers of articles found in different search engines using different keywords initially collected
in this review
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Figure 2. Macropfferentiation is stimulated by the microenvironment.!® LPS or IFN-y results in the
differentiation of macrophages toward the M1 type, while other interleukins (IL-4, IL-13) and IL-10 evolve in
the polarization of macrophages toward the M2 type.

Due to their ability to promote
immunological suppression within the tumor
microenvironment, directing therapeutic

interventions towards TAMs has become a viable
option to improve the effectiveness of cancer
immunotherapies. =~ One  approach  entails
reprogramming them to transition from a
phenotype that promotes tumor growth to one that
combats tumor development. Another approach
centers on inhibiting the signals that attract them
to the tumor, decreasing their accumulation, and
mitigating their influence. Additionally, focusing
on the survival routes and roles of TAMs can
hinder their ability to inhibit the immune response,
potentially restoring the body's ability to combat
the tumor.

Association between increased TAMs and poor
prognosis in cancer

Tumor-associated macrophages perform
numerous roles extending beyond essential
immune functions. Research has shown a
consistent link between a high presence of TAMs
within tumors and poorer outcomes for cancer
patients. This connection is driven by direct and
indirect interactions with cancer cells, especially
CSCs, and several other pathways. Tumor-
associated macrophages support  tumor
development through several biomolecular
pathways (Figure 3).%® They produce anti-

inflammatory cytokines such as interleukin-10
(IL-10) and transforming growth factor-beta
(TGF-B), which clamp the immune response and
create an immunosuppressive TME, reducing the
effectiveness of cytotoxic T cells and natural killer
(NK) cells against tumor cells. Tumor-associated
macrophages also secrete chemokines, such as
CCL2, CCL5, and CXCL12, which recruit
additional macrophages and other immune cells to
the tumor site, where they are then differentiated
into pro-tumor M2 macrophages under the
influence of the local microenvironment shaped
by CSCs.®” Cancer stem cells , in turn, promote
the dispersal of TAMs to the M2 phenotype by
secreting cytokines like IL-10 and IL-4, which are
critical mediators in suppressing the immune
response and enhancing the pro-tumorigenic
activities of TAMs. Additionally, TAMs support
cancer cells' epithelial-mesenchymal transition
(EMT), a vital step in metastasis, by releasing
TGF-B, IL-6, and IL-1B. Tumor-associated
macrophages maintain a supportive niche for
CSCs by secreting cytokines and growth factors,
including EGF, VEGF, and HGF. TAMs promote
angiogenesis by secreting vascular endothelial
growth factor (VEGF), which induces the
formation of new blood vessels that supply the
tumor with oxygen and nutrients, facilitating its
growth and providing routes for metastasis.*?
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Figure 3. The mechanism of TAMs in facilitating
cancer stem cell (CSC) survival

Epidermal growth factor (EGF) produced by
TAMs stimulates tumor cell proliferation and
invasion by interacting with the EGF receptor
(EGFR) on tumor  cells.*>**  Matrix
metalloproteinases (MMPs) released by TAMs
degrade the extracellular matrix (ECM), creating
pathways for tumor cell invasion and
metastasis.**® Cathepsins, another type of
protease released by TAMs, also contribute to
ECM degradation and facilitate tumor cell
migration.**? Tumor associated macrophage
express immune checkpoint molecules such as
programmed death-ligand 1 (PD-L1), which binds
to PD-1 receptors on T cells, hinders their activity
and allow tumor cells to evade immune
detection.®**)  B7-H4, another inhibitory
molecule expressed by TAMs, suppresses T cell-
mediated immune responses.*%) Metabolic
reprogramming by TAMs involves the expression
of arginase-1 (ARG1), which depletes arginine, an
amino acid necessary for T cell proliferation and
function, and the catabolism of tryptophan by
indoleamine 2,3-dioxygenase (IDO), leading to T
cell  suppression and promoting  Tregs
expansion.® % Signal transduction pathways
such as the STAT3 and NF-xB pathways are
activated in TAMs, encouraging the assertion of
pro-tumorigenic genes intricate in cell survival,
proliferation, and angiogenesis. Tumor-associated
macrophages sustain hypoxia-inducible factor-1
alpha (HIF-1a), upregulating genes involved in
angiogenesis, glycolysis, and survival under low
oxygen conditions in the hypoxic TME.©-7?
These pathways collectively enhance tumor
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progression by promoting immune evasion,
angiogenesis, and tissue remodeling, providing a
supportive niche for tumor growth and
metastasis.” Understanding these mechanisms is
compelling for altering targeted therapies to
inhibit TAM function and reprogram them
towards an anti-tumor phenotype.

TAMs impact on tumor progression and
metastasis

Tumor-associated macrophages significantly
impact drug resistance, tumor growth, metastasis,
angiogenesis, and immunosuppression through
the complex release of cytokines, chemokines, and
growth factors (Figure 4). These mediators
activate various biochemical signaling pathways
that collectively promote the malignancy and
complexity of tumors. For instance, TAMs secrete
IL-6 and IL-10, which activate the STAT3 and
NF-kB pathways in cancer cells.®®7Y These
pathways upregulate anti-apoptotic mechanisms
and drug efflux pumps, enhancing resistance to
chemotherapy. Tumor-associated macrophages
also release growth factors such as EGF, HGF, and
PDGF, which stimulate cancer cell proliferation
and survival through the MAPK and PI3K-Akt
pathways, further supporting tumor growth and
facilitating  extracellular matrix remodeling.
Metastasis is fostered by TAM-driven secretion of
TGF-B and other molecules that induce the EMT,
enabling cancer cells to access migratory and
invasive characteristics through the Smad and
non-Smad signaling pathways. VEGF and FGF
are released by TAMs, which act on vascular
endothelial cells to promote neoangiogenesis by
activating the VEGFR and FGFR signaling
pathways.(™

This process provides the tumor with
essential nutrients and oxygen, thereby aiding in
the  proliferation of cancer. Regarding
immunosuppression, TAMs utilize  many
mechanisms, such as the secretion of IL-10 and
TGF-B, which engage signaling pathways to
inhibit cytotoxic T cell and NK cell functions.
They also express high levels of PD-L1, engaging
the PD-1 receptor on T cells, which leads to T cell
weariness via the PD-1/PD-L1 signaling axis.”®
This multifaceted biochemical interplay directly
enhances tumor progression and modifies the
TME to create a protective niche for cancer cells,
complicating  therapeutic interventions and
contributing to poor patient outcomes.
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Strategies for disruption of TAM-CSC alliance

Disrupting the relationship between CSCs
and TAMs is becoming a critical tactic in the fight
against cancer (Figure 5).7” The interaction
within TMEs is crucial in promoting cancer

growth,  metastasis, and  resistance  to
treatment.’®””  Researchers concentrate on
cutting-edge approaches to disrupt this alliance by
targeting TAMs and their connections with
CSCs.(30-89)
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Figure 4. Mechanisms of TAM-mediated CSC survival. TAMs facilitate tumor progression by promoting
tumor cell proliferation, invasion, migration, angiogenesis, immunosuppression, and metabolism.
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Converting TAMs to an anti-tumor phenotype

A highly promising strategy involves
converting TAMs from a pro-tumor (M2-like)
state to an anti-tumor (Ml-like) state by
reprogramming. It is feasible to prompt a change
in the characteristics of TAMs by modifying their
surroundings or employing targeted signaling
inhibitors, including NF-kB and STAT3.% This
transformation diminishes their capacity to sustain
cancer cells and can actively transform them into
cells that attack the tumor.

Eliminating TAMs from TME

An alternative strategy involves reducing the
quantity of TAMs accessible to support the tumor
by applying therapies targeting TAM survival
pathways or stimulating their apoptosis.®’ %)
Therapeutic agents such as clodronate liposomes,
taken up by macrophages and trigger cell death,
are currently under investigation.®” By reducing
the consistency of TAMs in TME, the support
system for CSCs is weakened, impeding the
tumor's ability to proliferate and metastasize.

Another strategy is preventing TAMs from
being recruited to tumors by inhibiting chemokine

signals attracting monocytes to the tumor
location.®?  For instance, inhibitors that
specifically  target the CCL2/CCR2 or

CXCL12/CXCR4 chemokine pathways have
demonstrated the potential to decrease the
movement of monocytes toward tumors.®>%% This
technique seeks to deprive the cancer of crucial
support and immunosuppressive capabilities that
TAMs offer by limiting the entry of additional
TAMs.

Focusing on the colony stimulating factor 1
CSF1/CSF1 receptor (R) pathway

Ultimately, focusing on the colony
stimulating factor 1 and its receptor
(CSF1/CSF1R) pathway offers a precise method
to interfere with the function and continuance of
TAMs.®? Colony stimulating factor 1 and its
receptor are vital in macrophages’ survival,
recruitment, and functioning. Inhibiting CSF1 or
CSF1R can decrease TAM populations inside
TME and impede their ability to support CSCs
survival and tumor growth. These solutions offer
a distinct approach to breaking the harmful TAM-
CSC partnership to advance the development of
more efficient cancer therapies and enhance
patient outcomes by weakening a fundamental
element of tumor resistance.
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Implications and future prospects

Tumor-associated = macrophage  current
research is mainly directed at comprehending the
genetic and epigenetic alterations in CSCs that
play a role in resistance. By mapping these
alterations, scientists can formulate more accurate
treatments  targeting  particular  pathways,
potentially overcoming the CSCs' capacity to
resist therapy.

Another important aspect is developing ways
to manage side effects by enhancing symptomatic
treatments and developing medications that
exhibit more selectivity towards cancer cells,
minimizing damage to healthy tissues.
Advancements in drug delivery systems, such as
the utilization of nanoparticle technology, provide
hopeful opportunities to achieve precise
medication administration that minimizes harm to
healthy cells.

Targeted therapies are a fundamental aspect
of contemporary oncology, which selectively
attack specific molecular targets linked to cancer.
The ongoing progress of targeted therapies
depends on their constant improvement,
specifically in identifying novel targets inside
TME and CSCs. As our knowledge of the
molecular makeup of cancer becomes more
extensive, there are increasing possibilities to
interrupt the vital pathways that support cancer
cells, offering more efficient and less harmful
treatments.

CONCLUSION

The future of cancer therapy is evolving into
a complex and diverse process, which entails
improving our existing knowledge and venturing
into uncharted territory in research and practical
implementations. Our focus is addressing the
difficulties presented by CSCs and TME through
advanced research techniques and specific
combination treatments. With each step, this
method brings us closer to less harsh and more
effective medicines, which should improve patient
outcomes. The dynamic nature of this changing
environment emphasizes the vital importance of
continuous research, collaboration, and innovation
in our ongoing battle against cancer.

Conflict of Interest
Competing interests: No relevant disclosures.



Targeting TAM to Alternate CSCs and Tumor

Acknowledgement

The authors thank the Bioinformatics
research group, Department of Biochemistry and
Molecular Biology, Universitas Indonesia, as well
as the Integrated Laboratory and Medical
Biochemistry team at the Faculty of Medicine
(FKUI), Universitas Indonesia, and all other
contributing parties.

Authors’ Contributions

M - Conception, drafting the article. SIW,
NS - Critical revision of the article. FCI —
Drafting, Final approval of the version to be
published. All authors have read and agreed to the
published version of the manuscript.

Funding
This study did not receive a grant from any
funding agencies.

Data Availability Statement

Data sharing is not applicable to this article
as no new data were generated or analyzed during
the writing process of the manuscript.

Declaration of AI Usage in Scientific Writing
Nothing to declare.

REFERENCES

1. Hoeben A, Joosten EAJ, van den Beuken-van
Everdingen MHIJ. Personalized medicine: recent
progress in cancer therapy. Cancers (Basel)
2021;13:242. doi:10.3390/cancers13020242.

2. Rangel-Sosa MM, Aguilar-Cordova E, Rojas-
Martinez A. Immunotherapy and gene therapy as
novel treatments for cancer. Colomb Med (Cali)
2017;48:138-47. doi:10.25100/cm.v48i3.2997.

3.  Akbulut H. Immune gene therapy of cancer.
Turkish J Med Sci 2020;50(SI-2):1679-90.
doi:10.3906/sag-2005-327.

4. Delire B, De Martin E, Meunier L, Larrey D,
Horsmans Y. Immunotherapy and gene therapy:
new challenges in the diagnosis and management
of drug-induced liver injury. Front Pharmacol
2021;12:786174.
doi:10.3389/fphar.2021.786174.

5. Zafar A, Khan MJ, Abu J, Naeem A.
Revolutionizing  cancer  care  strategies:
immunotherapy, gene therapy, and molecular
targeted therapy. Mol Biol Rep 2024;51:219.
doi:10.1007/s11033-023-09096-8.

6. McCabe A, MacNamara KC. Macrophages: key
regulators of steady-state and demand-adapted
hematopoiesis. Exp Hematol 2016;44:213-22.
doi:10.1016/j.exphem.2016.01.003.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dias AS, Almeida CR, Helguero LA, Duarte IF.
Metabolic crosstalk in the breast cancer
microenvironment. Eur J Cancer 2019;121:154—
71. doi:10.1016/j.€jca.2019.09.002.

Sun HF, Li LD, Lao IW, et al. Single-cell RNA
sequencing reveals cellular and molecular
reprograming landscape of gliomas and lung
cancer brain metastases. Clin Transl Med
2022;12:e1101. doi:10.1002/ctm2.1101.

Wang J, Zhu N, Su X, Gao Y, Yang R. Novel
tumor-associated macrophage populations and
subpopulations by single cell RNA sequencing.
Front Immunol 2024;14:1264774.
doi:10.3389/fimmu.2023.1264774.

Cortese N, Carriero R, Laghi L, Mantovani A,
Marchesi F. Prognostic significance of tumor-
associated macrophages: past, present and future.
Semin Immunol 2020;48:101408.
do0i:10.1016/j.smim.2020.101408.
Ngambenjawong C, Gustafson HH, Pun SH.
Progress in tumor-associated macrophage
(TAM)-targeted therapeutics. Adv Drug Deliv
Rev 2017;114:206-21.
doi:10.1016/j.addr.2017.04.010.

Liu J, Geng X, Hou J, Wu G. New insights into
M1/M2 macrophages: key modulators in cancer
progression. Cancer Cell Int 2021;21:389.
doi:10.1186/s12935-021-02089-2.

Gratchev A. TGF-p signalling in tumour
associated macrophages. Immunobiology
2017;222:75-81.
doi:https://doi.org/10.1016/j.imbio.2015.11.016.
Turati M, Mousset A, Issa N, Turtoi A, Ronca R.
TGF-p mediated drug resistance in solid cancer.
Cytokine Growth Factor Rev 2023;71-72:54-65.
doi:10.1016/j.cytogfr.2023.04.001.

Chan MKK, Chung JYF, Tang PCT, et al. TGF-3
signaling networks in the tumor
microenvironment. Cancer Lett
2022;550:215925.
doi:10.1016/j.canlet.2022.215925.

Wang X, Eichhorn PJA, Thiery JP. TGF-B, EMT,
and resistance to anti-cancer treatment. Semin
Cancer Biol 2023;97:1-11.
doi:10.1016/j.semcancer.2023.10.004.

Ciardiello D, Elez E, Tabernero J, Seoane J.
Clinical development of therapies targeting
TGFB:  current knowledge and  future
perspectives. Ann Oncol 2020;31:1336-49.
doi:10.1016/j.annonc.2020.07.009.

Griess B, Mir S, Datta K, Teoh-Fitzgerald M.
Scavenging reactive oxygen species selectively
inhibits M2 macrophage polarization and their
pro-tumorigenic function in part, via Stat3
suppression. Free Radic Biol Med 2020;147:48—
60. doi:10.1016/j.freeradbiomed.2019.12.018.
Gao J, Liang Y, Wang L. Shaping polarization of
tumor-associated  macrophages in  cancer
immunotherapy. Front Immunol 2022;13:888713.

317



Mahdaleny, Wanandi SI, Soetandyo N, et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

318

doi:10.3389/fimmu.2022.888713.

Dehne N, Mora J, Namgaladze D, Weigert A,
Briine B. Cancer cell and macrophage cross-talk
in the tumor microenvironment. Curr Opin
Pharmacol 2017;35:12-9.
doi:10.1016/j.coph.2017.04.007.

Mao X, Xu J, Wang W, et al. Crosstalk between
cancer-associated fibroblasts and immune cells in
the tumor microenvironment: new findings and
future perspectives. Mol Cancer 2021;20:131.
doi:10.1186/s12943-021-01428-1.

Chen QY, Gao B, Tong D, Huang C. Crosstalk

between extracellular vesicles and tumor-
associated  macrophage in  the  tumor
microenvironment. Cancer Lett
2023;552:215979.
doi:10.1016/j.canlet.2022.215979.

Hanahan D. Hallmarks of cancer: new
dimensions. Cancer Discov 2022;12:31-46.

doi:10.1158/2159-8290.CD-21-1059.

Bayik D, Lathia JD. Cancer stem cell-immune cell
crosstalk in tumour progression. Nat Rev Cancer
2021;21:526-36. doi:10.1038/s41568-021-
00366-w.

Gyamfi J, Eom M, Koo JS, Choi J. Multifaceted
roles of interleukin-6 in adipocyte-breast cancer
cell interaction. Transl Oncol 2018;11:275-85.
doi:10.1016/j.tranon.2017.12.009.

Kerneur C, Cano CE, Olive D. Major pathways
involved in macrophage polarization in cancer.
Front Immunol 2022;13:1026954.
doi:10.3389/fimmu.2022.1026954.

Khan T, Cabral H. Abnormal glycosylation of
cancer stem cells and targeting strategies. Front
Oncol 2021;11:649338.
doi:10.3389/fonc.2021.649338.

Fujii J, Osaki T. Involvement of nitric oxide in
protecting  against radical species and
autoregulation of MIl-polarized macrophages
through metabolic remodeling. Molecules
2023;28:814. doi:10.3390/molecules28020814.
Idelchik MDPS, Begley U, Begley TJ, Melendez
JA. Mitochondrial ROS control of cancer. Semin
Cancer Biol 2017;47:57-66.
doi:10.1016/j.semcancer.2017.04.005.

Loureiro R, Mesquita KA, Magalhdes-Novais S,
Oliveira PJ, Vega-Naredo 1. Mitochondrial
biology in cancer stem cells. Semin Cancer Biol
2017;47:18-28.
doi:10.1016/j.semcancer.2017.06.012.
Cendrowicz E, Sas Z, Bremer E, Rygiel TP. The
role of macrophages in cancer development and
therapy. Cancers (Basel) 2021;13:1946.
doi:10.3390/cancers13081946.

Lopez-Gil JC, Martin-Hijano L, Hermann PC,
Sainz B Jr. The CXCL12 crossroads in cancer
stem cells and their niche. Cancers (Basel)
2021;13:469. doi:10.3390/cancers13030469.

Yu PF, Huang Y, Xu CL, et al. Downregulation

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

of CXCL12 in mesenchymal stromal cells by
TGFB promotes breast cancer metastasis.
Oncogene 2017;36:840-9.
doi:10.1038/0nc.2016.252.

Chen P, Hsu WH, Han J, Xia Y, De Pinho RA.
Cancer stemness meets immunity: from
mechanism to therapy. Cell Rep 2021;34:108597.
doi:10.1016/j.celrep.2020.108597.

Nath N, Kashfi K. Tumor associated macrophages
and ‘NO’. Biochem Pharmacol 2020;176:113899.
doi:10.1016/j.bcp.2020.113899.

Ribeiro Franco PI, Rodrigues AP, de Menezes
LB, Pacheco Miguel M. Tumor
microenvironment components: allies of cancer
progression. Pathol Res Pract 2020;216:1527209.
doi:10.1016/j.prp.2019.152729.

Goswami KK, Ghosh T, Ghosh S, Sarkar M, Bose
A, Baral R. Tumor promoting role of anti-tumor
macrophages in tumor microenvironment. Cell
Immunol 2017;316:1-10.
do0i:10.1016/j.cellimm.2017.04.005.

Wu T, Dai Y. Tumor microenvironment and
therapeutic response. Cancer Lett 2017;387:61-8.
doi:10.1016/j.canlet.2016.01.043.

Dussold C, Zilinger K, Turunen J, Heimberger
AB, Miska J. Modulation of macrophage
metabolism as an emerging immunotherapy
strategy for cancer. J Clin Invest
2024;134:e175445. doi:10.1172/JCI175445.

Li YR, Fang Y, Lyu Z, Zhu Y, Yang L. Exploring
the dynamic interplay between cancer stem cells
and the tumor microenvironment: implications for
novel therapeutic strategies. J Transl Med
2023;21:686. doi:10.1186/s12967-023-04575-9.
Allavena P, Digifico E, Belgiovine C.
Macrophages and cancer stem cells: a malevolent
alliance. Mol Med 2021;27:121.
doi:10.1186/s10020-021-00383-3.

Chen Y, Song Y, Du W, Gong L, Chang H, Zou
Z. Tumor-associated ~ macrophages:  an
accomplice in solid tumor progression. J Biomed
Sci 2019;26:78. doi:10.1186/s12929-019-0568-z.
Zhao G, Liu L, Peek RMJ, et al. Activation of
epidermal growth factor receptor in macrophages
mediates feedback inhibition of M2 polarization
and gastrointestinal tumor cell growth. J Biol
Chem 2016;291:20462-72.
doi:10.1074/jbc.M116.750182.

Zhu S, Yi M, Wu Y, Dong B, Wu K. Roles of

tumor-associated  macrophages in  tumor
progression:  implications on  therapeutic
strategies. Exp Hematol Oncol 2021;10:60.

doi:10.1186/s40164-021-00252-z.
Exp Hematol Oncol 2022
10.1186/s40164-022-00258-1.

de Almeida LGN, Thode H, Eslambolchi Y, et al.
Matrix metalloproteinases: from molecular
mechanisms to physiology, pathophysiology, and
pharmacology. Pharmacol Rev 2022;74:714-70.

Erratum in:
;11:4.  doi:



Targeting TAM to Alternate CSCs and Tumor

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

doi:10.1124/pharmrev.121.000349.
Jablonska-Trypu¢ A, Matejczyk M, Rosochacki
S. Matrix metalloproteinases (MMPs), the main
extracellular matrix (ECM) enzymes in collagen
degradation, as a target for anticancer drugs. J
Enzyme Inhib Med Chem 2016;31(Supl):177—
83. doi:10.3109/14756366.2016.1161620.
Gonzalez-Avila G, Sommer B, Mendoza-Posada
DA, Garcia-Hernandez AA, Falfan-Valencia R.
Matrix metalloproteinases participation in the
metastatic process and their diagnostic and
therapeutic applications in cancer. Crit Rev Oncol
Hematol 2019;137:57-83.
doi:10.1016/j.critrevonc.2019.02.010.
Quintero-Fabian S, Arreola R, Becerril-
Villanueva E, et al. Role of matrix
metalloproteinases in angiogenesis and cancer.
Front Oncol 2019;9:1370.
doi:10.3389/fonc.2019.01370.

Niland S, Riscanevo AX, Eble JA. Matrix
metalloproteinases shape the tumor
microenvironment in cancer progression. Int J
Mol Sci 2022;23:146.
doi:10.3390/ijms23010146.

Lee SG, Woo SM, Seo SU, et al. Cathepsin D
promotes polarization of tumor-associated
macrophages and metastasis through TGFBI-
CCL20 signaling. Exp Mol Med 2024;56:383-94.
doi:10.1038/512276-024-01163-9.

Vidergar R, Biswas SK. Metabolic regulation of
Cathepsin B in tumor macrophages drives their
pro-metastatic function. Cancer Cell
2022;40:1079-81.
doi:10.1016/j.ccell.2022.08.023.

Dykes SS, Fasanya HO, Siemann DW. Cathepsin
L secretion by host and neoplastic cells
potentiates invasion. Oncotarget 2019;10:5560-8.
doi:10.18632/oncotarget.27182.

Pu Y, Ji Q. Tumor-associated macrophages
regulate PD-1/PD-L1 immunosuppression. Front
Immunol 2022;13:874589.
doi:10.3389/fimmu.2022.874589.

Gordon SR, Maute RL, Dulken BW, et al. PD-1
expression by tumour-associated macrophages
inhibits phagocytosis and tumour immunity.
Nature 2017;545:495-9.
doi:10.1038/nature22396.

Wang L, Guo W, Guo Z, et al. PD-L1-expressing
tumor-associated macrophages are
immunostimulatory and associate with good
clinical outcome in human breast cancer. Cell
Reports Med 2024;5.:101420.
doi:10.1016/.xcrm.2024.101420.

Zhang H, Liu L, Liu J, et al. Roles of tumor-
associated macrophages in anti-PD-1/PD-L1
immunotherapy for solid cancers. Mol Cancer
2023;22:58. doi:10.1186/s12943-023-01725-x.
Li W, Wu F, Zhao S, Shi P, Wang S, Cui D.
Correlation between PD-1/PD-L1 expression and

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

polarization in tumor-associated macrophages: a
key player in tumor immunotherapy. Cytokine
Growth Factor Rev 2022;67:49-57.
doi:10.1016/j.cytogfr.2022.07.004.

Petty AJ, Dai R, LapalombellaR, et al. Hedgehog-
induced PD-L1 on tumor-associated macrophages
is critical for suppression of tumor-infiltrating
CD8+ T cell function. JCI Insight 2021;6:
€146707. doi:10.1172/jci.insight.146707.

Hartley GP, Chow L, Ammons DT, Wheat WH,
Dow SW. Programmed cell death ligand 1 (PD-
L1) signaling regulates macrophage proliferation

and activation. Cancer Immunol Res
2018;6:1260-73.  doi:10.1158/2326-6066.CIR-
17-0537.

Wang B, Cheng D, Ma D, et al. Mutual regulation
of PD-L1 immunosuppression between tumor-
associated macrophages and tumor cells: a critical
role for exosomes. Cell Commun Signal
2024;22:21. doi:10.1186/s12964-024-01473-5.
Shinchi Y, Ishizuka S, Komohara Y, et al. The
expression of PD-1 ligand 1 on macrophages and
its clinical impacts and mechanisms in lung
adenocarcinoma. Cancer Immunol Immunother
2022;71:2645-61. doi:10.1007/500262-022-
03187-4.

MacGregor HL, Garcia-Batres C, Sayad A, et al.
Tumor cell expression of B7-H4 correlates with
higher frequencies of tumor-infiltrating APCs and
higher CXCL17 expression in human epithelial
ovarian cancer. Oncoimmunology
2019;8:1665460.
doi:10.1080/2162402X.2019.1665460.

Zhuo L, Ruan M, Liu Y, et al. B7H4 expression
in tumor cells impairs CD8 T cell responses and
tumor immunity. Cancer Immunol. Immunother
2020;69:163-74. doi:10.1007/500262-019-02451-
4,

Kundu M, Butti R, Panda VK, et al. Modulation
of the tumor microenvironment and mechanism of
immunotherapy-based drug resistance in breast
cancer. Mol Cancer 2024;23:92.
doi:10.1186/s12943-024-01990-4

Wang S, Wang J, Chen Z, et al. Targeting M2-like
tumor-associated macrophages is a potential
therapeutic approach to overcome antitumor drug
resistance. NPJ Precis Oncol 2024;8:31.
doi:10.1038/s41698-024-00522-z.

Arlauckas SP, Garren SB, Garris CS, et al. Argl
expression defines immunosuppressive subsets of
tumor-associated macrophages. Theranostics
2018;8:5842-54. doi:10.7150/thno.26888.
Pavitra E, Kancharla J, Gupta VK, et al. The role
of NF-kB in breast cancer initiation, growth,
metastasis, and resistance to chemotherapy.
Biomed Pharmacother 2023;163:114822.
doi:10.1016/j.biopha.2023.114822.

Guo Q, Jin Y, Chen X, et al. NF-«B in biology and
targeted therapy: new insights and translational

319



Mahdaleny, Wanandi SI, Soetandyo N, et al

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

320

implications. Signal Transduct Target Ther
2024;9:53. doi:10.1038/s41392-024-01757-9.
Cornice J, Verzella D, Arboretto P, et al. NF-«B:
Governing Macrophages in Cancer. Genes
(Basel) 2024;15:197.
doi:10.3390/genes15020197.

Qin JJ, Yan L, Zhang J, Zhang WD. STAT3 as a
potential therapeutic target in triple negative
breast cancer: a systematic review. J Exp Clin
Cancer Res 2019;38:195. doi:10.1186/s13046-
019-1206-z.

Jin J, Li Y, Zhao Q, Chen Y, Fu S, Wu JB.
Coordinated regulation of immune contexture:
crosstalk between STAT3 and immune cells
during breast cancer progression. Cell Commun
Signal 2021;19:50. doi:10.1186/512964-021-
00705-2.

Tosi¢ I, Frank DA. STAT3 as a mediator of
oncogenic cellular metabolism: Pathogenic and
therapeutic implications. Neoplasia
2021;23:1167-78.
do0i:10.1016/j.ne0.2021.10.003.

Fultang N, Chakraborty M, Peethambaran B.
Regulation of cancer stem cells in triple negative
breast cancer. Cancer Drug Resist 2021;4:321-42.
do0i:10.20517/cdr.2020.106.

Cassetta L, Pollard JW. Targeting macrophages:
therapeutic approaches in cancer. Nat Rev Cancer
2018;17:887-904. doi: 10.1038/nrd.2018.169.

Li D, Peng X, He G, et al. Crosstalk between
autophagy and CSCs: molecular mechanisms and
translational implications. Cell Death Dis
2023;14:409. doi:10.1038/s41419-023-05929-3.
Munir MT, Kay MK, Kang MH, et al. Tumor-
associated  macrophages as  multifaceted
regulators of bteast tumor growth. Int J Mol Sci
2021;22:6526. doi:10.3390/ijms22126526.

Aras S, Zaidi MR. TAMeless traitors:
macrophages in cancer progression and
metastasis. Br J Cancer 2017;117:1583-91.
do0i:10.1038/bjc.2017.356.

Wu G, Wilson G, George J, Liddle C, Hebbard L,
Qiao L. Overcoming treatment resistance in
cancer: current understanding and tactics. Cancer
Lett 2017;387:69-76.
doi:10.1016/j.canlet.2016.04.018.

Liu Y, Wang H. Biomarkers and targeted therapy
for cancer stem cells. Trends Pharmacol Sci
2024;45:56—66. doi:10.1016/j.tips.2023.11.006.
Annett S, Robson T. Targeting cancer stem cells
in the clinic: current status and perspectives.
Pharmacol Ther 2018;187:13-30.
doi:10.1016/j.pharmthera.2018.02.001.

Zeng Z, Fu M, Hu Y, Wei Y, Wei X, Luo M.
Regulation and signaling pathways in cancer stem
cells: implications for targeted therapy for cancer.
Mol Cancer 2023;22:172. doi:10.1186/s12943-
023-01877-w.

Lee KL, Kuo YC, Ho YS, Huang YH. Triple-

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

negative bceast Cancer: current uderstanding and
future therapeutic breakthrough targeting cancer
stemness. Cancers (Basel) 2019;11.
doi:10.3390/cancers11091334.

Safa AR. Resistance to drugs and cell death in
cancer stem cells (CSCs). J Transl Sci
2020;6:341. doi:10.15761/jts.1000341.

Raggi C, Mousa HS, Correnti M, Sica A,
Invernizzi P. Cancer stem cells and tumor-
associated macrophages: a roadmap for
multitargeting strategies. Oncogene
2016;35:671-82. doi:10.1038/0onc.2015.132.
Ismaeel GL, Abdul-Hussein AH, Qasim HM, et
al. Therapeutic targeting of dormant cancer stem

cells in solid tumors. Gene Reports
2023;30:101717. doi:
10.1016/j.genrep.2022.101717.

Kaltschmidt B, Witte KE, Greiner JFW,

Weissinger F, Kaltschmidt C. Targeting NF-xB
signaling in cancer stem cells: a narrative review.
Biomedicines 2022;10:261.
doi:10.3390/biomedicines10020261.

Zhou Z, Lu ZR. Molecular imaging of the tumor
microenvironment. Adv Drug Deliv Rev
2017;113:24-48.
do0i:10.1016/j.addr.2016.07.012.

Borlongan MC, Saha D, Wang H. Tumor
microenvironment:a niche for cancer stem cell
immunotherapy. Stem Cell Rev Reports
2024;20:3-24. doi:10.1007/s12015-023-10639-6.
Qattan A. Novel miRNA targets and therapies in
the triple-negative breast cancer
microenvironment: an emerging hope for a
challenging disease. Int J Mol Sci 2020;21:8905.
doi:10.3390/ijms21238905.

Ravichandran S, Manickam N, Kandasamy M.
Liposome encapsulated clodronate mediated
elimination of pathogenic macrophages and
microglia: a promising pharmacological regime to
defuse cytokine storm in COVID-19. Med Drug
Discov 2022;15:100136.
doi:10.1016/j.medidd.2022.100136.

Allison E, Edirimanne S, Matthews J, Fuller SJ.
Breast cancer survival outcomes and tumor-
associated macrophage markers: a systematic
review and meta-analysis. Oncol  Ther
2023;11:27-48. doi:10.1007/540487-022-00214-
3.

Biasci D, Smoragiewicz M, Connell CM, et al.
CXCR4 inhibition in human pancreatic and
colorectal cancers induces an integrated immune
response. Proc Natl Acad Sci USA
2020;117:28960-70.
doi:10.1073/pnas.20136441117.

Tu MM, Abdel-Hafiz HA, Jones RT, et al
Inhibition of the CCL2 receptor, CCR2, enhances
tumor response to immune checkpoint therapy.
Commun Biol 2020;3:720. doi: 10.1038/s42003-
020-01441-y.



Targeting TAM to Alternate CSCs and Tumor

94. Maldonado MDM, Schlom J, Hamilton DH. tumor microenvironment. Cancer Immunol
Blockade of tumor-derived colony-stimulating Immunother 2023;72:3349-62.
factor 1 (CSF1) promotes an immune-permissive doi:10.1007/s00262-023-03496-2.

@ @ @ This work is licensed under a Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License

321


http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

