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Abstract

Macrophages are one of the important cells constituting in the tumor microenvironment and are also
a key driving factor in tumor progression. Increasing evidence suggests that the infiltration of
macrophages is associated with a low overall survival rate in patients with multiple myeloma. In fact,
macrophages can affect many pathways that are crucial for the occurrence and development of
multiple myeloma, including the homing of malignant cells to the bone marrow, the growth and
survival of tumor cells, drug resistance, angiogenesis, and immunosuppression. Therefore,
therapeutic strategies targeting macrophages in the bone marrow microenvironment have certain
prospects for clinical application. This review will discuss the recent findings on the functions elicited
by macrophages throughout different stages of MM and provide a comprehensive evaluation of
potential macrophage-targeted therapies.
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Introduction

Multiple myeloma is a type of malignant tumor involving plasma cells. In this condition, monoclonal
plasma cells proliferate excessively in bone marrow. (Opperman et al., 2021) Multiple myeloma
recently represents 1% of all new cancer diagnoses and is still considered nearly universally fatal.
(Kumar et al., 2017; Moreau et al., 2015; Opperman et al., 2021) It represents a frequent
hematological disease. Despite the development of therapies that have been observed including
proteasome inhibitors (bortezomib, carfilzomib), immunomodulatory drugs (thalidomide,
lenalidomide, pomalidomide) monoclonal antibodies(daratumumab, isatuximab, elotuzumab). The
required drug resistance lead to relapsed/refractory disease (R/R) disease and it reduce
progression-free survival (PFS) and overall survival (OS) at last (Minakata et al., 2023). The
mechanisms of drug resistance include intrinsic factors, such as mutations in the proteasome and
downregulation of the drug target, as well as extrinsic factors in the bone marrow microenvironment,
including interactions with stromal cells, mesenchymal stem cells (MSCs), endothelial cells, and
tumor-associated macrophages (TAMs) (Gozzetti et al., 2022; Leung-Hagesteijn et al., 2013).

Macrophages, especially tumor-associated macrophages (TAMs), are abundant in the
microenvironment of multiple myeloma and play a crucial regulatory role in tumor progression. They
promote angiogenesis, immune evasion, cell survival, and the drug resistance of myeloma cells
(Asimakopoulos et al., 2013; Opperman et al., 2021).Due to their central role in shaping the tumor
microenvironment, TAMs have become promising therapeutic targets. This review will discuss the
most recently research findings from 2009 to 2025 on the functions elicited by macrophages
throughout different stages of MM and provide a comprehensive evaluation of potential macrophage-
targeted therapies.

1. TAMs in the Myeloma Microenvironment:

TAMs are immune cells that infiltrate the tumor microenvironment (TME) and contribute to the
progression of multiple myeloma. Macrophages have gradually become an important regulatory
factor for cancer-related inflammation, which is also the seventh hallmark of cancer. The role of
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tumor-associated macrophages in the development of hematological malignancies including multiple
myeloma has recently received increasing attention(Petty & Yang, 2019). Studies have shown that
removing macrophages in the polycythemia vera model alleviate disease symptoms, such as spleen
size and red blood cell levels(Nasillo et al., 2021). Which indicates that even in circulating blood
cancers, macrophages help tumor cells survive, whether in the bone marrow or lymphoid organs
(Asimakopoulos et al., 2013; Leopold Wager et al., 2015).

Mesenchymal stem cells (MSC), in combination with TAM and endothelial cells, can foster an
immunosuppressive TME and form a "vascular niche", which can shield MM cells from antineoplastic
drugs like bortezomib (Sun et al., 2022). It is key for designing personalized precision therapeutic
strategies and ameliorating disease prognosis by understanding of myeloma bone marrow
microenvironment cell interplay (Boulogeorgou et al., 2025; Cencini et al., 2023)

2. M1 vs. M2 Macrophages in Multiple myeloma

TAMs can be broadly categorized into M1 (classically activated, antitumor) and M2 (alternatively
activated, protumor) macrophages. TAM are recognized by the CD68 marker but are further
characterized by remarkable plasticity and were divided in the current classification into M1
(classically activated) and M2 (alternatively activated). The M1 subtype of tumor-associated
macrophages (TAMs) can trigger Th-1 mediated immune response and exert anti-tumor effects. In
contrast, the M2 subtypes of TAMs has low antigen-presenting ability and promotes, tumor
progression by facilitating immunosuppression and angiogenesis. From biological perspective,
human macrophages that are mature can be identified by specific surface markers, such as the
CD11b, CD11c, CD14, CD16, CD68, CD115, and CD312. It is worth noting that the M1 subtypes of
TAMs within the macrophage’s helper type exhibits high levels of activation markers, including CD38,
CD40, CD64, CD80, and CD86. While the M2 subtypes within TAMs has high levels of CD163,
CD204, and CD206 (Guerriero, 2018; Sun et al., 2022).

The M1 subtype of tumor-associated macrophages (TAMs) can be activated by granulocyte-
macrophage colony-stimulating factor (GM-CSF), interferon-gamma (IFN-y), and microbial products,
thereby triggering an inflammatory response. These M1 TAMs produce cytokines such as IL-1, IL-6,
IL-12, IL-23, tumor necrosis factor-alpha (TNF-a), and nitric oxide (NO), as well as chemokines such
as CXCL9, CXCL10, and CXCL11. These factors can promote Th1-mediated anti-tumor immunity
(Ushach & Zlotnik, 2016).

In contrast, cytokines M-CSF generated the M2 TAMs, (Ushach & Zlotnik, 2016). They secrete the
IL-4, IL-10 IL-13 and transforming growth factor-beta (TGF-B) which are associated with anti-
inflammatory molecules, as well as secrete and chemokine ligands such as CCL17, CCL18, and
CCL22, and express high levels of surface markers including CD204 (class A scavenger receptor),
CD206 (mannose receptor), and CD163 (hemoglobin scavenger receptor). These characteristics
contribute to tumor development, functioning by promoting immune escape, and promoting
angiogenesis, and driving tissue remodelling (Cencini et al., 2023).

While tumor-associated macrophages (TAMs) have traditionally been classified into two subtypes:
M1 and M2, this binary framework—established over 20 years ago. It may oversimplify the multiple
functional states of diverse of macrophages. A more precise classification can identify at least five
macrophage subtypes: M1, M2a, M2b, M2c, and M2d. M2a macrophages, induced by IL-4 and/or
IL-13, are primarily involved in anti-inflammatory responses and tissue repair. M2b macrophages,
activated by IL-1B. It exhibits immunoregulatory functions. Also, M2b plays an immunoregulatory
role. M2c macrophages, driven by IL-10, are associated with immunosuppression and tissue
remodeling. Finally, M2d macrophages, which can be stimulated by IL-6, express angiogenic
markers that further contribute to tumor blood vessel formation. (Mantovani et al., 2002; Ricketts et
al., 2021; Xue et al., 2014).
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3. Pro-tumorigenic Effects of M2 Macrophages

In multiple myeloma, M2 macrophages are often associated with tumor growth, angiogenesis, and
resistance to therapy. Macrophages support myeloma cell growth, survival, and drug resistance
through both contact-mediated and non-contact-mediated mechanisms. (Cencini et al., 2023; Yang
et al., 2025; Zheng et al., 2009).Although they possess ability of pro-inflammatory and tumoricidal
functions, in tumor microenvironment, macrophages play the roles that promote tumor progression
Multiple myeloma can increased CD47, a signal of “don’t eat me” on the surface to avoid
macrophage-mediated myeloma cell kiling (Kim et al.,, 2012; Yue et al., 2022). Through
macrophages and MSCs interacting, MSCs can change macrophages to support multiple myeloma
survives and proliferation(Garcia-Sanchez et al., 2023; Xu et al., 2012). There is a huge treatment
potential under these interactions (Gong et al., 2012; Oronsky et al., 2020).

4. TAMs and Drug Resistance

Studies have shown that TAMs can contribute to drug resistance in MM, particularly to proteasome
inhibitors and immunomodulatory drugs. Multiple myeloma observed drug resistance including
proteasome inhibitors (bortezomib, carfilzomib), immunomodulatory drugs (thalidomide,
lenalidomide, pomalidomide) monoclonal antibodies(daratumumab, isatuximab, elotuzumab) The
required drug resistance lead to relapsed/refractory disease (R/R) disease and it reduce
progression-free survival (PFS) and overall survival (OS) at last.(Minakata et al., 2023)The
mechanisms of drug resistance are two parts intrinsic and extrinsic. Intrinsic mechanism including
(1) The mutation of proteasome subunits, up-regulation of pumps of efflux. (2) Decreased target
expression on MM plasma cells such as B-cell maturation antigen (BCMA). (3) Downregulation or
mutation of cereblon or IKZF1. Extrinsic mechanism including (1) Endothelial cells as drug barrier
through increased angiogenesis. (2) The stromal cells and mesenchymal stem cells inhibit the
differentiation of osteoblast, resulting in increased expression of BCL2 and enhanced the activity of
NF-kB activity. (3) Tumor-associated macrophages (TAMs) promote the proliferation, homing,
angiogenesis and immune escape of multiple cancer types such as multiple myeloma(MM), prostate
cancer (PC) (Gozzetti et al., 2022; Leung-Hagesteijn et al., 2013).
5. TAMs and Angiogenesis

TAMs can promote angiogenesis, the formation of new blood vessels, which is crucial for tumor
growth and metastasis in MM(Opperman et al., 2021). TAMs mostly transform into M1 (classical
activated type, with anti-tumor activity) and M2 (alternative activated type, with pro-tumor activity)
subtypes. Numerous studies have shown that in lymphoproliferative tumors (including multiple
myeloma), there is an association between TAMs, disease progression, drug resistance, and
reduced survival rates(Cencini et al., 2023). In vitro co-cultures bone marrow derived macrophages
with multiple myeloma cells, there is a tendency to transform into M2-type TAMs. Additionally, there
is a hypothesis suggesting that the pro-tumor effect of M2-type TAMs is related to the reduced
resistance to proteasome inhibitors and immunomodulatory drugs(Cencini et al., 2023). Multiple
clinical studies have confirmed that CD68/CD163 double-positive M2- type TAM are associated with
increased micro vessel density, enhance chemotherapy resistance, and reduced survival rates, and
are not related to the stage of multiple myeloma(Opperman et al., 2021).

6. TAMs and Immunosuppression

TAMs can suppress the immune response against myeloma cells, contributing to immune
evasion. Figure 1. Showed the multiple myeloma (MM) plasma cells interact with the tumor-
associated macrophages (TAMs). MM plasma cells can cause TAMs to enter an immunosuppressive
state(Opperman et al., 2021). Conversely, TAMs enhance the chemotherapy resistance of MM cells
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through the P-selectin signaling pathway(Sun et al., 2022). In summary, TAMs and MM cells promote
angiogenesis and inhibit anti-tumor immune responses by inhibiting the activity of T cells and natural
killer (NK) cells. Abbreviations: NK = natural killer cell; VEGF = vascular endothelial growth factor;
IL-10 = interleukin 10; MMP = matrix metalloproteinase.

Tumor associated
macrophage

i, VEGF, MMP

-.
0

O A

"‘V.,d —_—
J

T and NK cell Ve - a\

mediated Angiogenesis
immune 4
responses
[ ]
TAM polarisation to h
@ O immunusppressive :;s?s:?:nce ®
henotype (IL-10 )
) ype ( ) selectins)
\ 4

° VEGF

MM Plasma cell
Created in BioRender.com bio

Tumor-associated macrophages (TAMs) are crucial immune cells in the microenvironment of
multiple myeloma (MM). Depending on their subtypes, TAMs can either inhibit tumor growth or
promote it: M1 subtype macrophages facilitate anti-tumor immune responses, however M2 subtype
macrophages create an immunosuppressive environment that promotes tumor growth. Due to this
dual effect, TAMs have become a promising target for immunotherapy(Sun et al., 2022). One main
strategy is to reduce the number of tumor-associated macrophages (TAMs), especially the M2
subtype, to weaken their supportive role towards the tumor. For instance, administering liposomal
clodronate directly can eliminate bone marrow macrophages, thereby interfering with the homing
and growth of myeloma cells. Another approach is to reprogram TAMs to transform from the M2
subtype to the anti-tumor M1 subtype(Sun et al., 2022; Sun et al., 2021; Zhou et al., 2020). The
activation of CD40 on macrophages is an example of this method, which can enhance the immune
response against myeloma. The activation of CD40 on macrophages is an example of this method,
which can enhance the immune response against myeloma(Wang et al., 2022).

7. Targeting TAMs

Furthermore, therapeutic approaches aim to block immune-suppressive signaling pathways. For
instance, immune checkpoints such as CD47/SIRPa can be inhibited, thereby triggering an immune
attack against myeloma cells(Sun et al., 2022). Similarly, blocking the interaction of IL-10/IL-10R or
using inhibitors like Ruxolitinib, a JAK1/2 inhibitor, can suppress the tumor-promoting function of
macrophages and help reverse drug resistance. Additionally, in preclinical models, selective
elimination of macrophage subpopulations such as CD163+ shows promising results(Sun et al.,
2022).
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The regulation of the development of myeloma is by tumor promoting locus 2(TPL2) kinase though
both tumor cell autonomous and non-autonomous mechanisms. Among which the later involves
myeloma-associated macrophages (Hope et al., 2014). TPL2 serves as a key function of cytokine
secretion by these macrophages. In malignant plasma cells, TPL2 also responds to growth and
inflammatory signals to activate the downstream mitogen-activated protein kinase pathway.
Therefore, targeting and inhibiting TPL2 may disrupt the necessary signal interactions between
macrophages and myeloma cells, which provide a potential therapeutic strategy for interfering with
the tumor-supporting communication in the myeloma microenvironment (Asimakopoulos et al., 2013)

8. Clinical Significance

TAMs may be a promising target for future treatment strategies to combat the common drug
resistance phenomenon in relapsed/refractory multiple myeloma cases, but there are still many
issues to be studied, including clarifying the molecular mechanisms regulating the interactions
between TAMs, multiple myeloma cells, and other components within the tumor
microenvironment(Sun et al., 2022). Finally, these promising results must be verified in clinical
studies to provide increasingly personalized treatment plans for each patient.

Summary: Tumor-associated macrophages (TAMs) play a significant role in the multiple myeloma
(MM). M1-type macrophages can promote anti-tumor immune responses, while M2-type
macrophages dominate in multiple myeloma, promoting cell proliferation, angiogenesis, immune
evasion, and drug resistance(Guerriero, 2018; Sun et al., 2022).

CD68/CD163 double-positive M2-type tumor-associated macrophages (TAMs) are closely
associated with a worse clinical prognosis, including higher micro vessel density, chemotherapy
resistance, and lower survival rate (Ricketts et al., 2021; Xue et al., 2014). Targeting TAMs through
reprogramming from M2 to M1, CD47 blockade, or inhibition of TPL2 kinase may become an
important therapeutic strategy for relapsed/refractory multiple myeloma (MM)(Asimakopoulos et al.,
2013; Hope et al., 2014; Sun et al., 2022).

Although therapies targeting macrophages hold promise, further research is needed to
comprehensively explain the interaction between tumor-associated macrophages and multiple
myeloma. To verify the effectiveness of these treatments in clinical trials. Ultimately, a deeper
understanding of the biology of tumor-associated macrophages will help develop more effective and
personalized treatments for multiple myeloma (Opperman et al., 2021)

Reference:

Njunge LW, Estania AP, Guo Y, Liu W, Yang L. Tumor progression locus 2 (TPL2) in tumor-
promoting Inflammation, Tumorigenesis and Tumor Immunity. Theranostics. 2020 Jul
9;10(18):8343-8364. doi: 10.7150/thno.45848. PMID: 32724474; PMCID: PMC7381748.

Ricketts TD, Prieto-Dominguez N, Gowda PS, Ubil E. Mechanisms of Macrophage Plasticity in the
Tumor Environment: Manipulating Activation State to Improve Outcomes. Front Immunol.
2021 May 7;12:642285. doi: 10.3389/fimmu.2021.642285. PMID: 34025653; PMCID:
PMC8139576.

Asimakopoulos, F., Kim, J., Denu, R. A., Hope, C., Jensen, J. L., Ollar, S. J., Hebron, E.,
Flanagan, C., Callander, N., & Hematti, P. (2013). Macrophages in multiple myeloma:
emerging concepts and therapeutic implications. Leuk Lymphoma, 54(10), 2112-2121.
https://doi.org/10.3109/10428194.2013.778409

Boulogeorgou, K., Papaioannou, M., Chatzileontiadou, S., Georgiou, E., Fola, A.,
Tzorakoleftheraki, S. E., Hatjiharissi, E., & Koletsa, T. (2025). Unveiling Extramedullary
Myeloma Immune Microenvironment: A Systematic Review. Cancers (Basel), 17(7).
https://doi.org/10.3390/cancers17071081

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 12, 2025 | Feng 2025


https://doi.org/10.3109/10428194.2013.778409
https://doi.org/10.3390/cancers17071081

JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7 (NO.2) OCTOBER 12, 2025

Cencini, E., Sicuranza, A., Ciofini, S., Fabbri, A., Bocchia, M., & Gozzetti, A. (2023). Tumor-
Associated Macrophages in Multiple Myeloma: Key Role in Disease Biology and Potential
Therapeutic Implications. Curr Oncol, 30(7), 6111-6133.
https://doi.org/10.3390/curroncol30070455

Garcia-Sanchez, D., Gonzalez-Gonzalez, A., Alfonso-Fernandez, A., Del Dujo-Gutierrez, M., &
Perez-Campo, F. M. (2023). Communication between bone marrow mesenchymal stem
cells and multiple myeloma cells: Impact on disease progression. World J Stem Cells,
15(5), 421-437. https://doi.org/10.4252/wjsc.v15.i5.421

Gong, D., Shi, W., Yi, S. J., Chen, H., Groffen, J., & Heisterkamp, N. (2012). TGFbeta signaling
plays a critical role in promoting alternative macrophage activation. BMC Immunol, 13, 31.
https://doi.org/10.1186/1471-2172-13-31

Gozzetti, A., Ciofini, S., Sicuranza, A., Pacelli, P., Raspadori, D., Cencini, E., Tocci, D., & Bocchia,
M. (2022). Drug resistance and minimal residual disease in multiple myeloma. Cancer Drug
Resist, 5(1), 171-183. https://doi.org/10.20517/cdr.2021.116

Guerriero, J. L. (2018). Macrophages: The Road Less Traveled, Changing Anticancer Therapy.
Trends Mol Med, 24(5), 472-489. https://doi.org/10.1016/j.molmed.2018.03.006

Hope, C., Ollar, S. J., Heninger, E., Hebron, E., Jensen, J. L., Kim, J., Maroulakou, I., Miyamoto,
S., Leith, C., Yang, D. T., Callander, N., Hematti, P., Chesi, M., Bergsagel, P. L., &
Asimakopoulos, F. (2014). TPL2 kinase regulates the inflammatory milieu of the myeloma
niche. Blood, 123(21), 3305-3315. https://doi.org/10.1182/blood-2014-02-554071

Kim, D., Wang, J., Willingham, S. B., Martin, R., Wernig, G., & Weissman, I. L. (2012). Anti-CD47
antibodies promote phagocytosis and inhibit the growth of human myeloma cells.
Leukemia, 26(12), 2538-2545. https://doi.org/10.1038/leu.2012.141

Kumar, S. K., Rajkumar, V., Kyle, R. A., van Duin, M., Sonneveld, P., Mateos, M. V., Gay, F., &
Anderson, K. C. (2017). Multiple myeloma. Nat Rev Dis Primers, 3, 17046.
https://doi.org/10.1038/nrdp.2017.46

Leopold Wager, C. M., Hole, C. R., Wozniak, K. L., Olszewski, M. A., Mueller, M., & Wormley, F.
L., Jr. (2015). STAT1 signaling within macrophages is required for antifungal activity
against Cryptococcus neoformans. Infect Immun, 83(12), 4513-4527.
https://doi.org/10.1128/1A1.00935-15

Leung-Hagesteijn, C., Erdmann, N., Cheung, G., Keats, J. J., Stewart, A. K., Reece, D. E., Chung,
K. C., & Tiedemann, R. E. (2013). Xbp1s-negative tumor B cells and pre-plasmablasts
mediate therapeutic proteasome inhibitor resistance in multiple myeloma. Cancer Cell,
24(3), 289-304. https://doi.org/10.1016/j.ccr.2013.08.009

Mantovani, A., Sozzani, S., Locati, M., Allavena, P., & Sica, A. (2002). Macrophage polarization:
tumor-associated macrophages as a paradigm for polarized M2 mononuclear phagocytes.
Trends Immunol, 23(11), 549-555. https://doi.org/10.1016/s1471-4906(02)02302-5

Minakata, D., Fujiwara, S. I., Yokoyama, D., Noguchi, A., Aoe, S., Oyama, T., Koyama, S.,
Murahashi, R., Nakashima, H., Hyodo, K., Ikeda, T., Kawaguchi, S. |., Toda, Y., Ito, S.,
Nagayama, T., Mashima, K., Umino, K., Morita, K., Ashizawa, M., . . . Kanda, Y. (2023).
Relapsed and refractory multiple myeloma: A systematic review and network meta-analysis
of the efficacy of novel therapies. Br J Haematol, 200(6), 694-703.
https://doi.org/10.1111/bjh.18654

Moreau, P., Attal, M., & Facon, T. (2015). Frontline therapy of multiple myeloma. Blood, 125(20),
3076-3084. https://doi.org/10.1182/blood-2014-09-568915

Nasillo, V., Riva, G., Paolini, A., Forghieri, F., Roncati, L., Lusenti, B., Maccaferri, M., Messerotti,
A., Pioli, V., Gilioli, A., Bettelli, F., Giusti, D., Barozzi, P., Lagreca, |., Maffei, R., Marasca,
R., Potenza, L., Comoli, P., Manfredini, R., . . . Trenti, T. (2021). Inflammatory
Microenvironment and Specific T Cells in Myeloproliferative Neoplasms:
Immunopathogenesis and Novel Immunotherapies. Int J Mol Sci, 22(4).
https://doi.org/10.3390/ijms22041906

Opperman, K. S., Vandyke, K., Psaltis, P. J., Noll, J. E., & Zannettino, A. C. W. (2021).
Macrophages in multiple myeloma: key roles and therapeutic strategies. Cancer Metastasis
Rev, 40(1), 273-284. https://doi.org/10.1007/s10555-020-0994 3-1

Oronsky, B., Carter, C., Reid, T., Brinkhaus, F., & Knox, S. J. (2020). Just eat it: A review of CD47
and SIRP-alpha antagonism. Semin Oncol, 47(2-3), 117-124.
https://doi.org/10.1053/j.seminoncol.2020.05.009

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 12, 2025 | Feng 2025


https://doi.org/10.3390/curroncol30070455
https://doi.org/10.4252/wjsc.v15.i5.421
https://doi.org/10.1186/1471-2172-13-31
https://doi.org/10.20517/cdr.2021.116
https://doi.org/10.1016/j.molmed.2018.03.006
https://doi.org/10.1182/blood-2014-02-554071
https://doi.org/10.1038/leu.2012.141
https://doi.org/10.1038/nrdp.2017.46
https://doi.org/10.1128/IAI.00935-15
https://doi.org/10.1016/j.ccr.2013.08.009
https://doi.org/10.1016/s1471-4906(02)02302-5
https://doi.org/10.1111/bjh.18654
https://doi.org/10.1182/blood-2014-09-568915
https://doi.org/10.3390/ijms22041906
https://doi.org/10.1007/s10555-020-09943-1
https://doi.org/10.1053/j.seminoncol.2020.05.009

JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7 (NO.2) OCTOBER 12, 2025

Petty, A. J., & Yang, Y. (2019). Tumor-Associated Macrophages in Hematologic Malignancies:
New Insights and Targeted Therapies. Cells, 8(12). https://doi.org/10.3390/cells8121526

Ricketts, T. D., Prieto-Dominguez, N., Gowda, P. S., & Ubil, E. (2021). Mechanisms of
Macrophage Plasticity in the Tumor Environment: Manipulating Activation State to Improve
Outcomes. Front Immunol, 12, 642285. https://doi.org/10.3389/fimmu.2021.642285

Sun, J., Park, C., Guenthner, N., Gurley, S., Zhang, L., Lubben, B., Adebayo, O., Bash, H., Chen,
Y., Maksimos, M., Muz, B., & Azab, A. K. (2022). Tumor-associated macrophages in
multiple myeloma: advances in biology and therapy. J Immunother Cancer, 10(4).
https://doi.org/10.1136/jitc-2021-003975

Sun, M., Xiao, Q., Wang, X., Yang, C., Chen, C., Tian, X., Wang, S., Li, H., Qiu, S., Shu, J., Shou,
Y., Liang, Y., Xue, T., & Chen, K. (2021). Tumor-associated macrophages modulate
angiogenesis and tumor growth in a xenograft mouse model of multiple myeloma. Leuk
Res, 110, 106709. https://doi.org/10.1016/j.leukres.2021.106709

Ushach, I., & Zlotnik, A. (2016). Biological role of granulocyte macrophage colony-stimulating
factor (GM-CSF) and macrophage colony-stimulating factor (M-CSF) on cells of the myeloid
lineage. J Leukoc Biol, 100(3), 481-489. https://doi.org/10.1189/jlb.3RU0316-144R

Wang, S. S. Y., Chng, W. J., Liu, H., & de Mel, S. (2022). Tumor-Associated Macrophages and
Related Myelomonocytic Cells in the Tumor Microenvironment of Multiple Myeloma.
Cancers (Basel), 14(22). https://doi.org/10.3390/cancers14225654

Xu, S., Menu, E., De Becker, A., Van Camp, B., Vanderkerken, K., & Van Riet, |. (2012). Bone
marrow-derived mesenchymal stromal cells are attracted by multiple myeloma cell-
produced chemokine CCL25 and favor myeloma cell growth in vitro and in vivo. Stem Cells,
30(2), 266-279. https://doi.org/10.1002/stem.787

Xue, J., Schmidt, S. V., Sander, J., Draffehn, A., Krebs, W., Quester, |., De Nardo, D., Gohel, T. D.,
Emde, M., Schmidleithner, L., Ganesan, H., Nino-Castro, A., Mallmann, M. R., Labzin, L.,
Theis, H., Kraut, M., Beyer, M., Latz, E., Freeman, T. C., . . . Schultze, J. L. (2014).
Transcriptome-based network analysis reveals a spectrum model of human macrophage
activation. Immunity, 40(2), 274-288. https://doi.org/10.1016/j.immuni.2014.01.006

Yang, H., He, Y., Qu, F., Zhu, J., Deng, L., Jiang, F., Wu, X., Chen, Y., Kashif, A., & Wang, X.
(2025). Maraviroc enhances Bortezomib sensitivity in multiple myeloma by inhibiting M2
macrophage polarization via PI3K/AKT/RhoA signaling pathway in macrophages. Cell Div,
20(1), 5. https://doi.org/10.1186/s13008-025-00145-1

Yue, Y., Cao, Y., Wang, F., Zhang, N., Qi, Z., Mao, X., Guo, S, Li, F., Guo, Y., Lin, Y., Dong, W.,
Huang, Y., & Gu, W. (2022). Bortezomib-resistant multiple myeloma patient-derived
xenograft is sensitive to anti-CD47 therapy. Leuk Res, 122, 106949.
https://doi.org/10.1016/j.leukres.2022.106949

Zheng, Y., Cai, Z., Wang, S., Zhang, X., Qian, J., Hong, S., Li, H., Wang, M., Yang, J., & Yi, Q.
(2009). Macrophages are an abundant component of myeloma microenvironment and
protect myeloma cells from chemotherapy drug-induced apoptosis. Blood, 114(17), 3625-
3628. https://doi.org/10.1182/blood-2009-05-220285

Zhou, K., Cheng, T., Zhan, J., Peng, X., Zhang, Y., Wen, J., Chen, X., & Ying, M. (2020). Targeting
tumor-associated macrophages in the tumor microenvironment. Oncol Lett, 20(5), 234.
https://doi.org/10.3892/01.2020.12097

https://www.sunlifegene.com/journal-of-sun-life-gene-medical-science-research
JOURNAL OF SUNLIFEGENE MEDICAL SCIENCE RESEARCH VOL 7
(NO.2) OCTOBER 12, 2025 | Feng 2025


https://doi.org/10.3390/cells8121526
https://doi.org/10.3389/fimmu.2021.642285
https://doi.org/10.1136/jitc-2021-003975
https://doi.org/10.1016/j.leukres.2021.106709
https://doi.org/10.1189/jlb.3RU0316-144R
https://doi.org/10.3390/cancers14225654
https://doi.org/10.1002/stem.787
https://doi.org/10.1016/j.immuni.2014.01.006
https://doi.org/10.1186/s13008-025-00145-1
https://doi.org/10.1016/j.leukres.2022.106949
https://doi.org/10.1182/blood-2009-05-220285
https://doi.org/10.3892/ol.2020.12097

