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MyD88 plays a central role in breast cancer, exerting a multitude of effects that
carry substantial implications. Elevated MyD88 expression is closely associated
with aggressive tumor characteristics, suggesting its potential as a valuable
prognostic marker and therapeutic target. MyD88 exerts influence over several
critical aspects of breast cancer, including metastasis, recurrence, drug
resistance, and the regulation of cancer stem cell properties. Furthermore,
MyD88 modulates the release of inflammatory and chemotactic factors,
thereby shaping the tumor's immune microenvironment. Its role in immune
response modulation underscores its potential in influencing the dynamic
interplay between tumors and the immune system. MyD88 primarily exerts
intricate effects on tumor progression through pathways such as
Phosphoinositide 3-kinases/Protein kinase B (PI3K/Akt), Toll-like Receptor/
Nuclear Factor Kappa B (TLR/NF-xB), and others. Nevertheless, in-depth
research is essential to unveil the precise mechanisms underlying the diverse
roles of MyD88 in breast cancer. The translation of these findings into clinical
applications holds great promise for advancing precision medicine approaches
for breast cancer patients, ultimately enhancing prognosis and enabling the
development of more effective therapeutic strategies.

KEYWORDS

breast cancer, myeloid differentiation factor 88, epithelial-mesenchymal transition,
tumor microenvironment, biomarker

Introduction

Breast cancer (BC) is one of the most prevalent malignant tumors in women (1). The
global burden of breast cancer annually amounts to over 2.2 million diagnosed cases,
resulting in over 600,000 fatalities (2). Encouragingly, in high-income countries, there has
been a decline in breast cancer mortality, largely attributed to advancements in treatment
modalities. However, there’s a steady rise in breast cancer incidence, and it remains the

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1336696/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1336696/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1336696&domain=pdf&date_stamp=2024-01-29
mailto:17707230000@163.com
mailto:qq332031867@163.com
https://doi.org/10.3389/fonc.2024.1336696
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1336696
https://www.frontiersin.org/journals/oncology

Zheng et al.

most common cause of cancer-related deaths in low-income
countries (3). Clinically, specific subtypes of breast cancer are
characterized by their histological appearance and the expression
of hormone receptors and growth factors, namely estrogen receptor
(ER), progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) (4). Characterized by remarkable
heterogeneity, breast cancer is primarily driven by factors such as
metastasis, recurrence, and drug resistance, which contribute
significantly to patient mortality (3).

Against this backdrop, Myeloid Differentiation Factor 88
(MyD88) assumes a crucial role in breast cancer. The MYD88
gene provides instructions for producing proteins involved in
signaling within immune cells. Acting as an adapter, the MyD88
protein plays a crucial role in innate immunity by mediating cell
activation through Toll-like receptors (TLRs). TLRs interact with
adapter protein MyD88, initiating the activation of two key
transcription factors: NF-xB, a dimeric protein responsible for
expressing various inflammatory cytokines, chemokines, adhesion,
and co-stimulatory molecules, triggering acute inflammation and
stimulating the immune response. IRFs, a group of proteins
responsible for expressing type I interferons, to establish the so-
called antiviral state of cells (5). While MyD88 is renowned for the
role in recognizing and responding to microbial pathogens in innate
immunity (6, 7), it also plays a pivotal role in numerous non-
immune processes, particularly within the context of tumor
development. Currently, MyD88 is regarded as a critical signaling
molecule with diverse roles in the development and progression of
breast cancer. Engaging in various signaling pathways, MyD88
influences proliferation, migration, and invasion of breast cancer
cells. Through cascading responses such as Phosphoinositide 3-
kinases/Protein kinase B (PI3K/Akt), Wingless/Integrated (Wnt),
Notch, Hedgehog, and Nuclear Factor kappa B (NF-xB), it
orchestrates the epithelial-mesenchymal transition (EMT),
conferring migratory and invasive traits upon tumor cells (8-15).
By modulating signaling pathways governing the maintenance and
functionality of breast cancer stem cells (BCSCs), MyD88 regulates
tumor initiation, progression, recurrence, and therapy resistance
(16). Activation of MyD88 intricately correlates with self-renewal,
cytokine production and secretion, as well as expansion of tumor
stem cells, thereby influencing tumor development and progression.

Through modulation of inflaimmatory responses and immune
reactions, MyD88 impacts the immune microenvironment of breast
cancer (17). It governs the effects of tumor cell-derived exosomes,
stimulating the production of inflammatory factors and influencing the
activity of macrophages, T cells, and NK cells. Moreover, the interaction
of MyD88 with immune checkpoint therapy plays a pivotal role,
significantly impacting breast cancer treatment outcomes. Notably,
the expression level of MyD88 level closely associates with disease
severity, prognosis, and staging of breast cancer (18). High MyD88
expression correlates intimately with clinical parameters like tumor size,
lymph node metastasis status, and histological grade. Patients with high
MyD88 expression tend to experience recurrences or metastases,
whereas those with low expression exhibit better prognosis.

In this review, we provide a comprehensive overview of
MyD88’s roles in tumorigenesis, metastasis, drug resistance, the
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tumor microenvironment, and prognosis in breast cancer
(Figure 1). We also explore potential avenues through which this
understanding can drive future drug development. By delving
deeper into the multifaceted impacts of MyD88 in breast cancer,
we anticipate the emergence of novel strategies for the treatment
and management of this disease.

The role of MyD88 in clinical disease
assessment and prognosis

MyD88 assumes a pivotal role in the clinical evaluation and
prognosis of breast cancer. A multitude of studies has revealed a
profound association between MyD88 expression levels and the
severity and prognostication of breast cancer (Table 1). Elevated
MyD88 expression is correlated with larger tumor size, lymph node
metastasis, and higher histological grades, suggesting MyD88’s
potential as a biomarker for appraising breast cancer’s
invasiveness and progression. The protein expression of MyD88
demonstrates a significant positive correlation with tumor size,
stage, axillary lymph node metastasis, and distant metastasis (19).
MyD88 protein expression is positively linked with axillary lymph
node metastasis and histological grade. Both TLR4 and MyD88
protein expressions are positively correlated with breast cancer cell
metastasis (18). Notably, MyD88 protein expression in breast
cancer tissue surpasses that in adjacent non-cancerous tissue, and
it is positively associated with axillary lymph node metastasis,
histological grade, and distant metastasis (18). TLR4 and MyD88
protein expression levels are positively correlated with axillary
lymph node metastasis and histological grade, and the co-
expression of TLR4 and MyD88 is also positively correlated with
breast cancer cell metastasis (18). The expression rate of MyD88 is
notably higher in samples from patients with axillary lymph node
metastasis (59%) compared to those without metastasis (25.6%).
Similarly, the expression rate of MyD88 is higher in patients with
stage III disease (65.6%) compared to those with stage I/II disease
(44.1%) (18). The expression of MyD88 is intrinsically connected to
patient prognosis, with higher MyD88 expression increasing the
propensity for recurrence or metastasis. MyD88 expression levels
inversely correlate with disease-free survival (DFS) and overall
survival (OS), with lower MyD88 expression translating to better
patient outcomes (21). A notable divergence in survival rates is
evident between high and low MyD88 expression groups, as
evidenced by Xiang’s study (20). Kaplan-Meier survival curves
underscore the significance of MyD88 expression in survival
disparities between patients with high MyD88 expression and
those with normal expression (20). Furthermore, MyD88’s
protein expression level exhibits a positive correlation with
axillary lymph node metastasis and histological grade, while the
co-expression of TLR4 and MyD88 is positively correlated with
breast cancer cell metastasis (18).

MyD88, therefore, emerges as a potential diagnostic and
therapeutic target in breast cancer. The assessment of MyD88
expression levels offers a means to comprehensively gauge breast
cancer invasiveness and predict patient prognosis, thereby
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FIGURE 1

MyD88 signaling pathways in breast cancer. (A) The expression of MyD88 is elevated in tumor tissues compared to normal tissues, such as those
found in breast, lung, liver, colon, and stomach organs. (B) Activation of the MyD88 pathway fosters the formation of cell spheroids and enhances
tumor-forming capabilities. It influences tumor proliferation by activating cell cycle pathways and augments cell invasion and distant metastatic
capabilities by activating relevant pathways like those associated with EMT signaling pathways. (C) MyD88 enhances tumor cell resistance to drugs
by pumping drugs out, promoting DNA repair, inhibiting apoptosis, and activating cell survival pathways. (D) Upregulation of the MyD88 signaling

pathway promotes self-renewal and differentiation of breast tumor stem

microenvironment, MyD88 exerts intricate effects. On one hand, it promotes tumor progression by increasing the infiltration and enrichment of

tumor immunosuppressive cells (TAMs, Tregs, and MDSCs), thereby facili

anti-tumor effects by activating DC cells, NK cells, and tumor-killing T cells, initiating tumor-specific immunity and eliminating tumors. (F) The
expression levels of MyD88 correlate significantly with breast tumor size,
metastasis, and overall prognosis. (G) MyD88 influences tumor proliferation, inflammation, angiogenesis, metabolism, metastasis, survival, and
immortality through the Phosphoinositide 3-kinases/Protein kinase B (PI3K/Akt) and Toll-like Receptor/Nuclear Factor Kappa B (TLR/NF-xB)

pathways. EMT, epithelial-mesenchymal transition; MDSCs, Myeloid-Deri
Regulatory T cells.

establishing a foundation for informed decisions in personalized
treatment.

MyD88 expression in breast cancer

MyD88, a pivotal signaling molecule, has garnered attention for
its dysregulated expression in various cancer types, including
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cells, augmenting their survival capabilities. (E) In the tumor immune
tating tumor growth and metastasis. On the other hand, it demonstrates

histological grading, lymph node involvement, tumor staging, distant

ved Suppressor Cells, TAMs, Tumor-Associated Macrophages, Tregs,

colorectal cancer (23), ovarian cancer (24), hepatocellular
carcinoma (25), and pancreatic cancer (26), highlighting its role
in tumor progression. In breast cancer, the expression of MyD88
varies within breast cancer cells, tumor tissues, and the surrounding
microenvironment. While normal breast tissues typically maintain
low MyD88 expression levels for physiological functions, breast
cancer often exhibits significant upregulation. Studies indicate that
adjacent normal tissues and benign breast tumors have lower
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TABLE 1 MyD88 expression and clinical evaluation in breast cancer.

Technology Results Ref.
HC The expression of MyD88 in malignant tumors (18-
significantly surpasses that in adjacent normal 20)

tissue and benign tumors.

Significant differences are observed in DFS and OS | (20,
curves concerning MyD88 expression levels. 21)
Patients with lower MyD88 expression exhibit

better DFS and OS compared to those with higher
expression levels. Multifactorial analysis reveals

MyD88 status as an independent risk factor for

DFS and OS.

MyD88 expression correlates with ER and PR (21)
statuses, and patients with higher MyD88

expression experience more frequent recurrence

or metastasis.

No correlation has been found between MyD88 (20)
expression and ER or PR status.

MyD88 expression levels relate to breast cancer (20)
TNM staging, being more detectable in stage IIT
compared to stage I or II breast cancer patients.

WB High expression of MyD88 significantly correlates (19)
with tumor size, tumor staging, axillary lymph
node metastasis, and distant metastasis.

The protein expression level of MyD88 in MDA- (18)
MB-231 cells is 1.6 times that of MCF-7 cells and
1.8 times that of MDA-KDb2 cells.

High levels of MyD88 protein expression were (21)
confirmed in hormone-resistant breast cancer cell

lines MDA-MB-231, MDA-MB-231HM, and
MDA-MB-468, whereas such confirmation was

not observed in MCF-7 and SKBR3 cell lines.

qRT-PCR The expression of the MyD88 gene in breast (19)
cancer tissues is higher compared to adjacent

normal tissues and benign tumors.

In MDA-MB-231 cells, the gene expression level (18)
of MyD88 is 2.09 times higher than in MCF-
7 cells.

Zandi et al. assessed the baseline expression levels (22)
of MyD88 in different breast cancer cell lines—

MCF7, SKBR3, MDA-MB-231, and BT-474—and
observed the highest MyD88 mRNA level in

MCE-7 cells.

IF The average fluorescence intensity of MyD88 in (18)
MDA-MB-231 and MCF-7 cells was 0.136 and
0.05, respectively, there was no significant
difference between the levels in MCF-7 and MDA-
Kb2 cells

DFS, Disease-Free Survival; IF, Immunofluorescence; THC: Immunohistochemistry; OS,
Overall Survival; qRT-PCR: Quantitative Reverse Transcription Polymerase Chain
Reaction; WB, Western Blotting.

MyD88 expression, whereas breast cancer demonstrates heightened
and pronounced expression (19).

Differential MyD88 expression may also exist among distinct
molecular subtypes of breast cancer. Zandi et al. conducted baseline
expression level assessments of MyD88 in various breast cancer cell
lines, including MCF7, SKBR3, MDA-MB-231, and BT-474, and
found that MyD88 mRNA level was highest in MCF-7 cells (22, 27).
However, another study revealed that within the MDA-MB-231 cell
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line, both the mRNA and protein expression levels of MyD88 were
notably elevated in comparison to MCF-7 and MDA-Kb2 cells
(which stably express an androgen- and glucocorticoid-responsive
reporter) (18). Furthermore, there is evidence of a connection
between MyD88 and tumor cell resistance. Ma et al. confirmed
elevated levels of MyD88 protein in hormone-resistant breast
cancer cell lines, MDA-MB-231, MDA-MB-231HM, and MDA-
MB-468, compared to MCF-7 and SKBR3 cells (18). MyD88 and
TLR4 expression and other clinical and pathological parameters.
The expression of MyD88 was associated with ER and PR status
(p<0.001). TLR4 expression was associated with PR status (p=
0.015) (21). In another study, it was demonstrated that there is no
correlation between the expression of MyD88 and the status of ER
or PR (20). X. Chen et al. found that heightened MyD88 expression
is linked to increased malignancy and unfavorable prognosis in
breast cancer. Elevated levels of MyD88 expression show a
significant correlation with tumor size, staging, axillary lymph
node metastasis, and distant metastasis (19).

In summary, MyD88 expression in breast cancer exhibits
variability. Understanding the expression patterns of MyD88
contributes to a better comprehension of its roles in breast cancer
initiation, progression, and treatment. This knowledge provides
essential insights into its potential as a therapeutic target.

Effect of MyD88 on tumorigenicity

The MyD88 protein exerts a profound influence on cancer cell
tumorigenesis and the initiation of tumor growth. Serving as a crucial
signaling adaptor protein, the TLR/MyD88 pathway plays a pivotal
role in tumorigenicity. Activation of the MyD88 pathway promotes
tumor formation, while MyD88 knockdown results in reduced
clonogenicity in primary ER"® tumors (14). Inhibiting MyD88 leads
to decreased clonogenicity, and MyD88 shRNAs result in negative
selection in the development of in vivo xenograft tumors derived from
ER"™® breast cancer cells. Depletion of MyD88 in MCF-7 cells
markedly inhibits tumor growth in nude mice, with tumor volumes
generated from MyD88-deficient MCF-7 cells approximately half the
size of those from control cells (20). TLR2, an upstream signaling
molecule of MyD88, depletion impedes the tumor-initiating capacity
of cells (28). For instance, TLR2-depleted spherical mammospheres
cells only gave rise to tumor growth in 5 out of 14 mice, in contrast to
control cells, which developed rapidly growing tumors in all mice (28).
Additionally, TIr2"MMTV-Wntl (TIr2”"Wntl) mice exhibit
markedly reduced tumor formation compared with that of their
TIr2"*MMTV-Wntl (Tlr2"*Wntl) littermates, with median
tumor-free days of 269 and 137, respectively (14). TLR2 neutralizing
antibodies also block the growth of two independent ER™® breast
cancer xenografts in vivo. Short hairpin RNA (shRNA)-mediated
knockdown of TLR2 in two breast cell lines (MDA-MB-468 and
MDA-MB-231) similarly decreased clonogenic outgrowth (14).
Moreover, suppression of constitutive downstream NF-xB activity
in human breast cancer cell lines leads to reduced tumorigenicity (29).
Furthermore, inhibiting NF-kB activity in human breast cancer cell
lines can induce cell apoptosis (30) or diminish tumor-forming
capability (31). Collectively, these findings underscore the
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significance of the TLR2/MyD88/NF-xB pathway in tumorigenicity.
These observations imply that the TLR2/MyD88/NF-«B pathway is
implicated in de novo mammary tumor formation.

Effect of MyD88 on breast
cancer proliferation

Cell proliferation is a central driver of breast cancer
development and progression (32). In breast cancer, MyD88 is
recognized as a key regulator with a significant impact on cell
proliferation. Our previous studies have demonstrated that
lipopolysaccharide (LPS) activates the MyD88 signaling pathway,
promoting the in vitro proliferation of MCF-7 and MDA-MB-231
cells, as well as enhancing growth in xenograft mouse models in
vivo. In our preliminary studies, a novel compound (T]J-M2010) was
synthesized, drawing inspiration from the MyD88 molecular
structure. This compound was engineered to specifically bind to
the TIR domain of MyD88, aiming to disrupt the dimerization
process of MyD88 (11). The application of TJ-M2010 hinders
MyD88/NF-xB signaling transduction, resulting in the
suppression of breast cancer cell proliferation mentioned above
(33). Liu et al. employed a small-molecule compound known as
4210, which obstructs MyD88 dimerization (34), Their findings
suggested that 4210 inhibition of MyD88 might induce nonspecific
cell death in MDA-MB-231 cells (35). Another study demonstrated
that treatment using the MyD88 inhibitor (ST2825) resulted in
reduced growth of murine mammary carcinomas 4T1, 168, EMT6,
and SM1, as well as the human breast cancer cell line MDA-MB-231
(36). In another study, a TLR3 ligand notably increased breast
cancer cell proliferation, as indicated by the upregulation of cyclin
D1 expression. However, the introduction of a MyD88 inhibitor
disrupted the signal transduction of the TLR3-MyD88-NF-xB
(p65)-IL6-Cyclin D1 pathway, leading to reduced breast cancer
cell proliferation (37). Holleman et al. also confirmed that reduced
MyD88 expression significantly inhibited MCE-7 cell proliferation
(38). Similarly, the silencing of the MyD88 gene resulted in an
increased G2 phase cell population in MCE-7 cells (20). NF-xB, a
canonical downstream signaling molecule of TLR/MyD88,
stimulates the transcription of the cyclin D1 promoter, thereby
promoting cell growth (39). Additionally, caffeic acid phenethyl
ester inhibited MDA-MB-231 cell proliferation by suppressing the
TLR4/MyD88/NF-kB signaling pathway (40). Furthermore,
MyD88 can affect breast cancer proliferation through the PI3K/
AKT signaling pathway. The interaction between MyD88 and p85
enhances tumorigenic capabilities through the PI3K/Akt pathway
(15). The MyD88 inhibitor TJ-M2010 interferes with the MyD88/
PI3K/GSK-3f axis, consequently restraining breast cancer cell
proliferation (33).

In conclusion, MyD88 plays a pivotal role in regulating breast
cancer cell proliferation through the activation of multiple key
signaling pathways. This highlights MyD88 as a significant potential
therapeutic target, and inhibiting its function may contribute to
restraining the growth and dissemination of breast cancer cells.
However, further research is needed to gain deeper insights into the
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regulatory mechanisms of MyD88 in breast cancer cell
proliferation, with the goal of developing more precise and
effective treatment strategies.

The effect of MyD88 on metastasis

Metastasis represents a pivotal stage in cancer progression,
involving the spread of cancer cells from the primary tumor site
to distant organs or tissues, where secondary tumors form (41).
MyD88 is a molecular orchestrator with multifaceted implications
for cellular processes central to cancer metastasis. Multiple studies
have underscored the substantial involvement of MyD88 in tumor
metastasis. For example, ectopic expression of MyD88 has been
shown to enhance the invasion of hepatocellular carcinoma cells,
whereas MyD88 inhibition has led to reduced lung metastasis and
portal vein tumor thrombosis (15, 25, 42). MyD88 also plays a
critical role in breast cancer metastasis. K. Wu et al. found that
MyD88 expression was increased in highly invasive BC cell lines
compared to low invasive BC cell lines, suggesting that MyD88
could be a potential therapeutic target for the metastasis of BC (18).
Research has indicated that the heightened downstream NF-kB
activity resulting from MyD88 elevation leads to increased
expression of invasion-associated proteases (43, 44). Moreover,
NF-xB contributes to the induction and maintenance of
epithelial-mesenchymal transition (EMT) in Ras-transformed
breast epithelial cells, mediating invasive and metastatic tumor
phenotypes. Substantial evidence supports the role of NF-xB in
late-stage breast tumor development and metastasis (45). In MDA-
MB-231 cells, the downregulation of MyD88 influences NF-kB
nuclear translocation, resulting in a diminished invasion capacity of
tumor cells (36). Additionally, by knocking down MyD88, the
migration speed of MCF-7 cells is reduced, and their ability to
traverse Matrigel is impaired. In another study, tumors with
reduced Myd88 levels displayed reduced growth and metastasis
(46). MiR-4317 inhibits the proliferation, migration, and invasion
of breast cancer cells by targeting MyD88 (47). Advanced glycation
end products (AGEs) can promote breast cancer cell migration and
invasion through the activation of the RAGE/TLR4/MyD88
signaling cascade (48). Berberine significantly inhibits the TLR9-
MyD88-NF-«B pathway, reversing breast cancer metastasis (49).
LPS enhances invasiveness and metastatic potential of breast cancer
cells by upregulating the MyD88-BLT2-NF-«B signaling cascade
(50). MCF-7 cell lines, after 48 hours of incubation with 0.5 uM
morphine, exhibit downregulated TLR4/MyD88/NF-kB pathways,
resulting in decreased migration (51, 52). TLR4 silencing reduces
the expression of MyD88 and MMP9, significantly inhibiting cell
migration and invasion (53). Furthermore, a TLR4 antagonist
blocks TLR4 and MyD88 expression, as well as cell invasion and
migration (54).

EMT, which refers to the transformation of epithelial cells into
mesenchymal-like cells, conferring migratory and invasive
properties (55), is a pivotal process in cancer. Various cascading
reactions relevant to cancer have been established as critical
regulatory signals of EMT (56, 57). The MyD88/NF-kB signaling
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pathway plays a crucial role in Snail-mediated EMT (58). EpRas
cells are oncogenic and completely polarized Ha-Ras-transformed
EpH4 mammary epithelial cells that undergo EMT, leading to the
generation of mesenchyme-like cells (EpRasXT cells). Blocking the
MyD88/NF-xB pathway eliminates the metastatic capability of
mammary epithelial cells in murine models. Additionally, the
reversal of NF-xB activity in EpRasXT cells nullifies the EMT
process (45). Curcumin inhibits LPS-induced EMT in MDA-MB-
231 and MCF-7 cells through the TLR4/MyD88/NF-kB/Snail
signaling pathway (59, 60). The MyD88 inhibitor TJ-M2010-2
reverses TGF-PB1-induced HK-2 cell EMT (61, 62). Similarly, the
MyD88 inhibitor TJ-M2010-2 suppresses the proliferation,
migration, and invasion of breast cancer cells by intervening in
the MyD88/GSK-3f and MyD88/NF-«B signaling pathways (33).
In conclusion, MyD88 promotes cancer cell migration,
invasion, and the establishment of secondary tumors in distant
organs through diverse pathways, significantly impacting breast
cancer metastasis. A comprehensive understanding of MyD88’s
mechanisms in metastasis aids in devising effective strategies to
inhibit cancer spread, thereby enhancing patient prognosis.

The effect of MyD88 on
drug resistance

Drug resistance poses a formidable challenge in cancer therapy,
frequently resulting in reduced treatment effectiveness and disease
relapse (63). MyD88 exerts a significant impact on drug resistance
in breast cancer cells and is recognized as a key player associated
with paclitaxel (PTX) resistance. Xiang et al. demonstrated the
reversal of PTX resistance in breast cancer cells by targeting the
miRNA-149-5p/MyD88 axis using ursolic acid (UA) (8). The PI3K/
Akt pathway, a pivotal signaling route, becomes activated in PTX-
resistant breast cancer (64). The observed heightened sensitivity of
MCE-7 cells to paclitaxel following MyD88 downregulation implies
its impact on inhibiting NF-kB activation, thereby blocking the
PI3K/Akt signaling pathway (20). Elevated MyD88 levels in MDA-
MB-231/PTX-resistant cells correlated with enhanced resistance,
but MyD88 silencing increased PTX sensitivity (8). Activation of
Akt may be linked to reduced paclitaxel-induced apoptosis (20),
and MyD88 knockdown significantly suppressed Akt pathway
activation in 231/PTX cells (8). The MyD88-regulated PI3K/Akt
pathway appeared to mediate paclitaxel resistance in breast cancer
cells by modulating Bax/Bcl-2 expression (8). Overexpression of
MyD88 protein was associated with acquired paclitaxel resistance in
triple-negative breast cancer (TNBC) cells. Dimethoxy-substituted
compounds significantly reduced MyD88 overexpression in TLR4"
MDA-MB-231 cells and enhanced PTX activity (65). In vitro and in
vivo experiments reversed paclitaxel resistance by inhibiting the
target gene MyD88 (66).

Furthermore, the MyD88/NF-«B signaling pathway plays a
central role in drug resistance in breast cancer. Downregulation
of MyD88 increased sensitivity to paclitaxel in MCF-7 cells by
suppressing NF-xB activation and blocking the PI3K/Akt pathway
(20). The NF-xB/Notchl regulatory loop contributes to the
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maintenance of breast cancer stem cells and drug resistance (16).
Additionally, the NF-xB pathway promotes the transcription of
ABCC1/MRP1 and ABCG2/BCRP transporters (67). This pro-
survival signaling pathway becomes more active in response to
radiotherapy, chemotherapy, and trastuzumab in breast cancer cells
(68-70). Consequently, the MyD88/NE-kB pathway is involved in
mediating drug resistance mechanisms in tumor cells. Despite
substantial evidence supporting the regulatory role of MyD88 in
drug resistance, some studies have yielded contrasting results, such
as LPS pre-treatment sensitizing MyD88-positive cells to docetaxel
cytotoxicity. This suggests that pathways induced by LPS
stimulation could serve as attractive targets for overcoming
therapy-resistant diseases (71).

A comprehensive understanding of MyD88’s role in drug
resistance is crucial for devising strategies to overcome resistance
and enhance the effectiveness of cancer treatment. Targeting
MyD88 or its associated signaling pathways might offer a
potential approach to increase cancer cell sensitivity to treatment
and improve therapeutic outcomes. Further research is required to
elucidate the potential mechanisms underlying MyD88-mediated
drug resistance in breast cancer and other cancer types, as well as to
explore therapeutic intervention methods.

The effect of MyD88 on cancer
stem cells

Breast cancer stem cells (BCSCs) constitute a small subset of
tumor cells endowed with the unique capacity for self-renewal and
differentiation into diverse cell types (72). These cells wield a pivotal
role in tumor initiation, progression, recurrence, and resistance
to therapy.

MyD88 has been revealed as a regulator of the characteristics and
behavior of BCSCs through diverse mechanisms, actively
participating in signaling pathways that govern the maintenance
and functions of BCSCs. For instance, Conti et al. observed that
the stimulation of TLR2 with ligands like Pam3CSK4, LTA, and
PGN-SA significantly enhances mammosphere formation. In
contrast, the action of the MyD88 homodimerization-inhibitory
peptide markedly hinders the formation of spherical
mammospheres (28). Silencing the TLR2/MyD88 signaling
pathway also reduces mammosphere generation in both mouse
(4T1) and human (MDA-MB-231, MCF7) mammary cells (28).
The upregulation of the MyD88/NF-«B signaling pathway acts as a
pro-survival route implicated in the self-renewal of BCSCs (16). The
NE-«B protein p65 directly binds to the Glil promoter, enhancing its
transcription (73). Additionally, the MyD88/NF-kB signaling
pathway governs the expression of various cytokines, notably IL-6
and IL-8, which are intricately linked to tumor progression and the
survival of BCSCs (74, 75). Extracellular IL-6 induces malignant
characteristics in ductal breast cancer stem/progenitor cells (74),
while the overexpression of IL-8 promotes stemness, stromal traits,
acquisition of resistance, and the recruitment of immunosuppressive
cells that foster tumor growth in the tumor microenvironment (75).
Novel therapies targeting IL-8 receptor signaling may serve as a
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means to halt tumor progression. Machilin D reduces the secretion of
IL-6/IL-8 and inhibits sphere growth (76).

In conclusion, MyD88 plays a significant role in regulating
breast cancer stem cell characteristics and functions. A more
profound understanding of the mechanisms through which
MyD88 influences BCSCs holds the potential for the development
of targeted therapies against these aggressive tumor-initiating cells.
This offers both theoretical and practical implications for enhancing
breast cancer treatment outcomes. Further research is warranted to
comprehensively elucidate the mechanisms of MyD88 in BCSCs
and its potential value as a therapeutic target.

The influence of MyD88 on the tumor
immune microenvironment

The influence of MyD88 on the tumor immune
microenvironment is of great significance in the context of breast
cancer progression. The tumor microenvironment is a complex
ecosystem comprising tumor cells and their immediate
surroundings, exercising a profound impact on tumor
development (77-79). Through the modulation of inflammatory
responses and immune reactions, MyD88 orchestrates changes
within the tumor immune microenvironment. Exosomes released
by tumor cells can activate the TLR/MyD88/NF-kB signaling
pathway in macrophages, prompting the release of pro-
inflammatory cytokines (such as IL-6, TNF-o, GCSF, and CCL2)
(80). Within breast cancer stem cells, the HMGB1/TLR2/MyD88
axis governs NF-kB activation, IL-6 and TGF-f production, and the
activation of STAT3 and Smad3. IL-6, stimulated through STAT3,
fosters malignant properties, expanding the breast cancer stem cell
population (81). The TGF-P signaling pathway contributes to the
maintenance, survival, and enhanced migratory capacity of
the tumor stem cell population (82, 83). TNF-o. promotes the
expression of carcinogenic CCL5 variants in breast cancer cells,
instigating tumor cell detachment and dissemination (57).
Activation of the TLR2/MyD88/NF-kB pathway elevates the
autocrine secretion of VEGF and MMP9 in MDA-MB-231 cells,
recognized as pivotal factors for breast cancer cell invasion and
adhesion (27). The inhibition of NF-xB significantly reduces the
invasiveness of MDA-MB-231 cells (84, 85). NF-xB inhibition
profoundly diminishes the invasiveness of MDA-MB-231 cells
(86, 87).

The MyD88 pathway also mediates immune responses that
impact breast cancer progression. For example, Astragalus
polysaccharide (APS) may regulate host immunity and exert anti-
tumor effects by activating the TLR4-mediated MyD88-dependent
signaling pathway (17). A Arazyme activates TLR4-MyD88-TRIF,
which reduces primary and metastatic tumor development in the 4T1
murine breast cancer model, thus extending survival (88). Inhibition
of proprotein convertases 1/3 steers NR8383 macrophages toward an
M1 activation phenotype mainly via TLR4/MyD88 signaling, leading
to the secretion of factors that attract immature T helper lymphocytes
and promote cytotoxic responses (89). Polysaccharide peptide (PSP)
acts by upregulating the TLR4-TIRAP/MAL-MyD88 signaling
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pathway in peripheral blood mononuclear cells (PBMCs) from
breast cancer patients, inducing the secretion of IL-12, IL-6, and
TNEF-q, thus serving as an immune adjuvant (90). Activation of the
TLR5/MyD88/NME3/NFkB signaling pathway enhances host
immunity, enhances the clearance of tumor xenografts, and
potentially augments the effectiveness of immunotherapy,
prolonging survival in breast cancer patients (91). Stimulation of
TLRS8 ligands through the MyD88/IRAK4/TRAF6/p38 signaling
pathway reverses the suppressive function of CD4" CD25" Treg
cells, eliminating the inhibitory effect of BTIL31 yd1 Treg cells on T
cell proliferation and function, as well as dendritic cell maturation
and function (92).

Indeed, various immune effects have been observed in other
cancers as well. Our previous research demonstrated that TJ-
M2010-2 successfully mitigated inflammation induced by AOM/
DSS, thereby altering the tumor microenvironment and reducing
the incidence of colorectal cancer from 100% to 0% (11). MyD88
plays a critical role in tumor-derived exosome-mediated MDSC
expansion and subsequent tumor metastasis (93). Furthermore,
Pixatimod (PG545), a novel clinical-stage immune modulator,
amplifies T cell infiltration when combined with anti-PD-1
therapy through the MyD88-dependent TLR9 pathway.
Simultaneously, it inhibits the infiltration of tumor-associated
macrophages (TAMs) and activates dendritic cells (DCs), thereby
stimulating natural killer (NK) cells (94). IL-33 has the capacity to
promote the differentiation and maturation of DC cells via the
MyD88 pathway. This results in upregulated tumor immunity in
CD8'T cells and NK cells while inhibiting the proliferation of lung
cancer cells (95).

The multifaceted influence of MyD88 on the tumor immune
microenvironment involves the orchestration of multiple cytokines
and intricate signaling pathways. A comprehensive comprehension
of the role of MyD88 in shaping the tumor microenvironment
greatly enhances our understanding of breast cancer development
mechanisms, and it offers a strong theoretical foundation for the
development of innovative therapeutic strategies. It is imperative
that further research endeavors are undertaken to elucidate the
intricate mechanisms through which MyD88 exerts its influence on
the tumor immune microenvironment and to explore its potential
applications in the development of novel treatments.

Conclusions and prospects

MyD88 assumes multifaceted, pivotal roles in the landscape of
breast cancer, influencing diverse aspects such as tumor
development, drug resistance, stem cell properties, and the
intricacies of the immune microenvironment. A comprehensive
understanding of the mechanisms underpinning MyD88’s actions
in breast cancer not only unravels the molecular complexities
governing tumor progression but also unveils fresh perspectives
and potential targets for shaping breast cancer treatment strategies.
MyD88 emerges as a valuable asset in prognosis assessment,
offering guidance for therapeutic choices and the development of
innovative treatment modalities. Nonetheless, there exists a need for
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further research to unveil the precise workings of MyD88 and
translate its applications into clinical practice, with the ultimate aim
of achieving more precise and personalized approaches to
managing breast cancer.
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