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Abstract

Integrin 4 (ITGB4) is emerging as a pivotal player in breast cancer progres-
sion, particularly in aggressive and invasive subtypes such as triple-negative
breast cancer (TNBC). This review broadly summarizes current research on
ITGB4’s involvement in breast cancer, focusing on its role in metastasis, met-
abolic reprogramming, drug resistance, and immunoregulation that collec-
tively influence tumor behavior with implications for the development of in-
novative and more efficacious therapeutic modalities.
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1. Introduction

Breast cancer continues to pose a significant challenge to science and healthcare,
despite substantial advances in treatment and management modalities [1]. The
disease remains a leading cause of cancer-related deaths among women, necessi-
tating deeper insight into mechanisms of cancer progression and resistance to
therapy, a domain where integrins prove to play a key role.

Integrins are a superfamily of transmembrane cellular adhesion molecules,
aptly named for their role in integrating signals from the extracellular environ-
ment into the cell. Structurally, they consist of paired alpha (a) and beta (/) units
that bind to extracellular matrix ligands, cell-surface ligands, and soluble ligands.
In mammals including humans and mice, 18 a and 8 B subunits combine to form
24 functional integrin heterodimers [2]. In particular, the a6 integrin subunit is a
recognized stemness marker, prominently expressed on the plasma membrane of
stem cell populations. It forms heterodimers with either the A1 or p4 (ITGB4)
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integrin subunits [3].

Integrin 4 (ITGB4), also known as CD104, is encoded by the name-sake gene
located on human chromosome 17 as a protein of 1822 amino acids, whereas the
murine counterpart is located on chromosome 11 encoding a protein of 1805
amino acids that shares ~88% identity with the human orthologue. Low to mod-
erate levels of ITGB4 protein are found in most normal human tissues, except in
the placenta where ITGB4 is abundant (Figure 1(A)). At the single cell mRNA
level, salivary duct cells appear to express copies of amounts of ITGB4 (Figure
1(B)). This knowledge is relevant to understanding the general and specific func-

tion of ITGB4 in various tissues and cell types.
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Figure 1. (A) ITGB4 protein expression data is shown for each of the 44 tissues based on knowledge-based annotation.
(B) A summary of normalized single cell RNA (nTPM) from all single cell types. Color-coding is based on tissue groups,
each consisting of tissues with functional features in common. Data source: The Human Protein Atlas.

The atypical intracellular domain of the /4 subunit is distinct in both size
(~1000 amino acids) and structure from any other integrin subunit [3]. This do-
main functions as a key component of hemidesmosomes, and as a receptor for
laminin, anchoring epithelial cells to the basement membrane. In the breast tissue,
this anchorage not only provides structural stability and facilitates cell adhesion,
but also contributes to mammary gland development. It does this by sustaining
parathyroid hormone-related protein (PTHrP) signaling in breast epithelium,
thereby aiding in growth and branching of breast tissue [3]. ITGB4 expression in

mammary alveolar progenitor cells is also crucial in alveologenesis and milk
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production during pregnancy [4].

The a64 integrin heterodimer can interact with various extracellular matrix
(ECM) molecules to activate intracytoplasmic mediators, allowing it to play a role
in various cell survival pathways by altering the actin cytoskeleton and gene ex-
pression [5]. ITGB4 has garnered significant attention due to its overexpression
in aggressive cancer phenotypes, particularly in breast cancer, where it is associ-
ated with poor prognosis, by facilitating the migration, invasion, and survival of
carcinoma cells [6]. This review delves into the multifaceted roles of the integrin
P4 (ITGB4) subunit in breast cancer, exploring recent findings that highlight its
contributions to tumor progression and its emerging potential as a target for ther-
apeutic intervention [7] by systematically analyzing more than 120 research arti-
cles published to date via PubMed as well as several specific public databases for

gene expression information.

2.ITGB4 Expression in Breast Cancer

The overexpression of ITGB4 in breast cancer is well established [7]. High
ITGB4 mRNA expression in biopsy samples at diagnosis is strongly associated
with lower relapse-free survival in TNBC patients treated with chemotherapy
[8]. This suggests that ITGB4, which is expressed in mesenchymal TNBC cells,
could be a valuable prognostic biomarker for high-risk TNBC. Interestingly,
studies have found its expression in transitional, but not non-invasive, breast
cancer cells [9]. The transcriptional regulation of ITGB4 in breast cancer has
not been documented. C-Myc, KLF4 and ZNF304 have been described as tran-
scriptional activators of ITGB4 in colorectal carcinoma, glioma, and ovarian
cancer, respectively [10]-[12]. On the other hand, p53 was reported to inhibit
ITGB4 transcription in conjunction with homeodomain interacting kinase 2 in
breast cancer cell lines [13].

Huang ef al. conducted a comprehensive pan-cancer analysis of ITGB4, reveal-
ing its oncogenic roles across various cancers, including breast cancer. Their find-
ings demonstrated a novel, statistically significant positive correlation between
ITGB4 expression and the immune infiltration level of cancer-associated fibro-
blasts in several tumors [14]. Additionally, through immunohistochemical stain-
ing, Li et al reported that ITGB4 is an effective marker for lymphatic and blood
vascular invasion, as well as perineural aggression in various malignancies includ-
ing breast cancer [15].

A further analysis of The Cancer Genome Atlas (TCGA) data involving large
cohorts of patient samples reveals that ITGB4 is amplified in breast cancer, par-
ticularly in the metastatic and invasive types (Figure 2(A)). These genomic alter-
ations are strongly associated with poor relapse-free survival of patients with dras-
tically shortened median survival time from 241 months to 86 months (Figure
2(B)), whereas no significant difference in disease-free survival was observed (p =
0.0727) (not shown), suggesting that the treatments that these patients had re-

ceived may be effective in preventing relapse, but may not be as effective in
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preventing new, separate cancers from developing in the same or different organs.

A more granular view of the data confirmed that gene amplifications of ITGB4 in

tumor tissues correlate well with increased expression (Figure 2(C)).
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Figure 2. Genomic amplifications of ITGB4 in invasive breast cancer. Data in cBioPortal were analyzed for gene alteration
frequencies in ITGB4 (A), their association with relapse-free survival (B). The data are derived from 10 studies involving
10,365 samples from 9811 patients. For the prognosis analyses, a total of 8,481 non-overlapping patient samples, divided
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correlated with different mutational status. Data source: https://doi.org/10.1038/ncomms11479. In this study, 173 genes
were sequenced in 2433 primary breast tumors that have copy number aberration (CNA), gene expression and long-term

clinical follow-up data.
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Moreover, single cell RNA-sequencing analyses of human breast cancer tis-
sues reveal that within the tumor microenvironment (TME), there are several
cell types besides the epithelial cancer cells, ie., B cells, cancer associated fibro-
blasts (CAFs), endothelial cells, myeloid cells, plasmablasts, perivascular like
(PVL) cells, and T cells (Figure 3(A)), which express ITGB4 to varying degrees
(Figure 3(B)). However, endothelial cells appear to be a major ITGB4-express-
ing cell type (Figure 3(C), Figure 3(D)), suggesting a significant role of ITGB4
in angiogenesis within the TME. This finding supports the notion that ITGB4
may play distinct roles in both the endothelial compartment, related to vascu-
larization of the tumor, and in epithelial cancer cells, likely contributing to can-

cer progression.
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Figure 3. ITGB4 expression in the tumor microenvironment. (A) UMAP of Different Cell Types in Breast Cancer Atlas.
This UMAP plot represents the clustering of different cell types from a single-cell and spatially resolved atlas of human
breast cancers. The cell types shown include B-cells, CAFs, Cancer Epithelial cells, Endothelial cells, Myeloid cells, Plas-
mablasts, PVL, and T-cells. Each cluster is labeled and color-coded according to the respective cell type. The plot illus-
trates distinct clustering of each cell type based on their transcriptomic profiles, providing an overview of cellular heter-
ogeneity within the TME. (B) UMAP of ITGB4 Expression Across Cell Types. This UMAP plot shows the expression of
ITGB4 across the different cell type clusters displayed in A. The color gradient from gray to blue indicates increasing
levels of ITGB4 expression. (C) ITGB4 Expression Across Different Cell Types. This violin plot displays the distribution
of ITGB4 expression levels across various cell types. The Endothelial cells exhibit the highest concentration and levels of
ITGB4 expression. Cancer Epithelial cells show the second-highest expression of ITGB4, although with a broader and
less dense distribution. (D) Heatmap of Average ITGB4 Expression Across Cell Types. This heatmap shows the average
expression levels of ITGB4 across different cell types.

Brendle et al identified polymorphisms in predicted microRNA-binding sites
within integrin genes, including I'TGB4, as potential prognostic markers for breast
cancer. They found that the A allele of the ITGB4 SNP rs743554 was associated
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with a negative hormone receptor status, and poor overall survival. They hypoth-
esized that the variant allele could cause a loss of the miRNA miR-34a binding
site, a microRNA involved in suppression. This loss may enhance the ability of
ITGB4 to promote tumor cell growth, invasion and survival [16]. The work signi-
fies the importance of genetic variations in ITGB4 that could influence cancer
prognosis and therapy responsiveness, highlighting patients with these specific
polymorphisms as candidates for integrin-targeted therapies.

Together, these studies solidify the notion that ITGB4 expression could serve
as a valuable biomarker for assessing the aggressiveness of breast cancer and guid-

ing treatment decisions.

3. Mechanism of ITGB4 in Breast Cancer Progression

ITGB4 stands out among integrin subunits due to its unique and extended cy-
toplasmic tail, composed of distinct sequences not found in other b integrins,
Le., a Calx b motif adjacent to the plasma membrane, two pairs of fibronectin
type III (FnIII) domains, a connecting segment, and a COOH-terminal end do-
main, which enable ITGB4 to perform a number of cellular activities (Figure 4).
In hemidesmosomes, the 4 subunit mediates many of the intracellular connec-
tions of the ITGB4 receptor, including those with cytoskeletal keratins via plakins,
such as plectin. Both subunits bind to extracellular laminins, particularly lam-
inin-332 [17].
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Figure 4. ITGB4-mediated pathways in breast cancer progression and therapy. With its long intracellular domain, ITGB4

has the potential to mediate various pathways involved in tumor progression, including metastasis, metabolic reprogram-
ming, angiogenesis, and immune system modulation. Figure created on BioRender.
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The dissolution of hemidesmosomes is a regular and necessary process for cel-
lular dynamics, triggered by the phosphorylation of serine residues on the ITGB4
C-terminal tail in response to growth factors such as epidermal growth factor
(EGF) [18]. This disassembly allows ITGB4 to orchestrate various aspects of tu-
mor progression, including sustaining proliferative signaling, tumor invasion and

metastasis, evasion of apoptosis, and stimulation of angiogenesis [19].

3.1. Invasion and Metastasis

Malignancy progression is dependent on the complex interactions of tumor cells
with their microenvironment, followed by their dissemination through blood or
lymphovasculature, known as metastasis [20]. A critical initial step in this meta-
static cascade is the epithelial-to-mesenchymal transition (EMT), a biological pro-
cess endowing epithelial cells with mesenchymal characteristics. During EMT, tu-
mor cells undergo significant phenotypic changes, shedding epithelial features
such as cell-cell adhesion and polarity. Instead, they acquire mesenchymal traits,
such as enhanced motility, invasiveness, and resistance to apoptosis. The transi-
tion is driven by a network of signaling pathways and transcription factors, in-
cluding Snail, ZEB, E47 and KLF8 which repress the transcription of epithelial
markers like E-cadherin, and upregulate mesenchymal markers such as N-cad-
herin, vimentin and metalloproteases [21]. In circulation, tumor cells are referred
to as circulating tumor cells (CTCs), and they must evade immune detection and
extravasate to distant tissues.

Previous research has highlighted the upregulation of epithelial integrins in
solid tumors, suggesting a correlation between their expression and the advance-
ment of malignancy [22]. A single-cell RNA sequencing (scRNA-seq) analysis of
CD45-negative cell fractions from breast cancer patients revealed that CTCs co-
expressing ITGA6 and ITGB4 exhibited the highest frequency of tumor progres-
sion-related genes, including those associated with stemness, EMT, invasion, pro-
inflammatory chemokines, and cytokines, as well as laminin subunits The Wein-
berg group also reported that ITGB4 can stratify mesenchymal-like human TNBC
cells based on their tumorigenic abilities. Notably, ITGB4+ cancer stem cell
(CSC)-enriched mesenchymal cells display an intermediate epithelial/mesenchy-
mal phenotypic state [23]. Numerous studies continue to investigate the underly-

ing mechanisms driving metastatic processes in ITGB4 enriched cells.

3.2. Signaling Pathways Driving Metastasis and Cell Survival

ITGB4 expression has been shown to regulate the expression of other proteins
important in mediating metastasis. Gerson et a/. found that ITGB4 potentiates the
expression of secreted protein acidic and rich in cysteine (SPARC), a glycoprotein
that plays an important role in matrix remodeling and invasion [24]. Another
study elucidates an NFAT-dependent pathway, through which ITGB4 mediates
S100 calcium binding protein A4 (S100A4) expression. S100A4 is a key protein
promoting mesenchymal transition [25]. How ITGB4 enhances S100A4 gene
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transcription remains to be elucidated.

Moreover, ITGB4 has been found to upregulate autotaxin expression via
NFAT]I, further enhancing the invasive and motile phenotype of cancer cells. Au-
totaxin is an autocrine motility factor that plays a significant role in chemotaxis,
contributing to the metastatic spread of tumor cells [26]. Interestingly, ITGB4 has
been found to transcriptionally regulate the expression of ErbB2 (also known as
HER2), a receptor tyrosine kinase associated with aggressive breast cancer. This
leads to the phosphorylation of the epidermal growth factor receptor (EGFR), ac-
tivating the Ras signaling pathway [27]. This cascade amplifies oncogenic signal-
ing, reinforcing the aggressive behavior of breast cancer cells.

ITGB4 expression can be affected by conditions influencing the tumor micro-
environment. For example, a caveolin-1 (P132L) mutation, commonly observed
in human breast cancer, promotes cell migration, invasion, and experimental me-
tastasis, consistent with a gain-of-function mutation accompanied by increased
expression of integrin signaling/adapter proteins, including ITGB4 [28].

On the other hand, UNC5C, a netrin-1 dependence receptor, appears to act
as a negative regulator of ITGB4-driven metastasis. UNC5C was found to be
heterogeneously expressed in breast cancer cell lines. Its knockdown in breast
cancer cells enhances the expression of matrix metalloproteinases (MMPs) such
as MMP3, MMP7, MMP9, and MMP10 through the activation of the PI3K/AKT,
ERK, and p38 MAPK signaling pathways. This suggests that UNC5C acts as a
suppressor of these signaling cascades, countering the invasive phenotype driven
by ITGB4. The knockdown of UNC5C also increases the phosphorylation of
FAK and SRC, key kinases involved in the netrin-1/UNC5C and netrin-1/integ-
rin a6/4 signaling pathways, thereby potentiating the signaling mediated by
ITGB4 [29].

Estrogen is able to enhance the aggressiveness of ERa-positive breast cancer by
promoting cell proliferation, survival, EMT, and stem-like properties. ITGB4 sig-
naling has been implicated in this process. In ERa-positive MCF-7 breast cancer
cells, estrogen activates ERa transcription, inducing the expression of ANp63, an
oncogenic truncated isoform of the p63 transcription factor. ANp63 functions as
a transcription factor for ITGB4, leading to its increased expression. This cascade
results in AKT phosphorylation, which enhances cell viability and motility, con-
tributing to cancer progression. Conversely, in ERa-negative MDA-MB-231 cells,
as well as ANp63 knockdown cells, estrogen does not induce the ANp63-1TGB4-
AKT signaling pathway, highlighting the specificity of this mechanism [30].

Additionally, ITGB4 expression is maintained in cancer cells following detach-
ment from the ECM, which is crucial for their survival during metastasis. This is
in contrast to non-malignant human mammary epithelial cells (HMECs), which
lose their reattachment ability and undergo non-apoptotic cell death upon detach-
ment. The retention of ITGB4 allows cancer cells to reattach to substrata and form
colonies after exposure to anchorage loss, an ability essential for establishing ad-

hesion contact with ECM in secondary organs. This process is mediated by Racl,

DOI: 10.4236/jbm.2024.1211022

262 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211022

Z. Salahuddin et al.

which sustains ITGB4 levels by suppressing its lysosomal degradation through an
actin-related protein 2/3 (Apr2/3)- and TBC1D2-dependent pathway. Notably,
the simultaneous high expression of ITGB4 and Racl has been associated with
poor prognosis in breast cancer patients, underscoring the importance of ITGB4
in the metastatic potential of these cells [31].

Recently, Goel et al found that the Hippo effectors YAP and TAZ can sustain
the expression of LM332, which is the predominant ECM ligand for ITGB4 in
breast carcinoma cells with epithelial differentiation. This interaction not only fa-
cilitates cellular adhesion and survival, but also plays a crucial role in the re-
sistance to ferroptosis, a form of regulated cell death. Furthermore, ITGB4 has
been shown to maintain the expression of miR-200s, which repress the transcrip-
tion factor ZEB1. ZEB1 is known to influence the transcriptional activity of
YAP/TAZ, and its repression enables YAP/TAZ mediated transcription of LM332,

thereby enhancing the metastatic potential of cancer cells [32].

3.3. Metabolic Reprogramming

Cancer cells rely on a myriad of survival strategies to support their rapid prolifer-
ation and invasion, with metabolic reprogramming being at the forefront. A hall-
mark of this is the Warburg effect, where cancer cells preferentially produce ATP
through aerobic glycolysis rather than oxidative phosphorylation. To compensate
for the lower efficiency of glycolysis, cancer cells upregulate glucose transporters,
such as GLUT]1, increasing glucose uptake. This shift results in elevated glycogen
synthesis and lactate production, both of which are characteristic features of can-
cer metabolism [33]. However, in the densely populated and nutrient-restricted
TME, cancer cells face challenges in acquiring the energy and substrates necessary
for synthesizing nucleotides, amino acids, and lipid precursors, which ultimately
limits their proliferation.

To overcome this, cancer cells induce aerobic glycolysis in neighboring CAFs
and take up the resulting products (lactate and pyruvate), using them for their
own proliferation. This process, known as the reverse Warburg effect, further sup-
ports the metabolic demands of cancer cells and facilitates their invasive growth
[34]. Sung et al demonstrated that ITGB4-overexpressing TNBC cells provide
CAFs with ITGB4 proteins via exosomal transfer, inducing BNIP3L-dependent
mitophagy and lactate production in CAFs in a manner that is dependent on c-
Jun or AMPK phosphorylation. The produced lactates are then exported from
CAFs into the extracellular environment through the upregulated monocarbox-
ylate transporter 4 (MCT4). Moreover, ITGB4-overexpressing CAF-conditioned
medium promoted the proliferation and invasion of breast cancer cells and in-
duced larger tumor masses in mice with CAFs compared to those with ITGB4
knockdown tumors. This work reveals how TNBC-derived ITGB4 protein triggers
glycolysis in CAFs and suggests that targeting ITGB4-induced mitophagy could
be a promising cancer therapy strategy [35].

The signaling pathways involving ITGB4 are critical in modulating cancer cell
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behavior and survival, which involves its interactions with other signaling mole-
cules. Understanding these pathways offers potential insight into cancer interven-
tions. Zhao et al. elucidated the role of ITGB4 in reprogramming lipid metabolism
within liver cancer cells via the EGFR/ITGB4/SREBP1c pathway [36]. Their re-
search revealed that this pathway is intricately linked to the expression of pro-
grammed death-ligand 1 (PD-L1), a key co-inhibitory checkpoint molecule that
suppresses T-cell activity against tumor cells. The study found that PD-L1 forms a
complex with EGFR and ITGB4, which in turn activates the PI3K/mTOR/SREBP1c
signaling cascade. This activation leads to the reprogramming of lipid metabolism
within the tumor cells, a process that is crucial for sustaining the energy demands
of rapidly proliferating cancer cells and contributing to tumor growth and sur-
vival. In this context, Wang et al demonstrated that Ziyuglycoside II, the main
compound extracted from Sanguisorba Officinalis L., suppresses the aggressive
phenotype of TNBC cells by targeting the Src/EGFR-dependent ITGB4/FAK sig-
naling axis. This suggests similar mechanisms may be present in breast cancer,

highlighting the importance of metabolic pathways in cancer progression [37].

3.4. Angiogenesis

Tumor-induced angiogenesis is a critical parameter of tumorigenesis and is im-
portant for tumor growth and metastasis. Recent studies provide evidence for the
role of a pvrl-4 encoded gene, nectin-4, in tumorigenesis and angiogenesis. Nec-
tin-4 is exclusively expressed in cancer cells. In a recent study by expounding this
pathway, Siddharth et al found that in the case of hypoxia, metastatic breast can-
cer stem cells (mBCSCs) secrete various diffusible factors, including the ecto-do-
main of NECTIN-4. This ecto-domain physically interacts with ITGB4 on endo-
thelial cells, triggering an angiogenesis cascade via the Src, PI3K, AKT, and iNOS
pathways. Disrupting this interaction effectively abrogates mBSCS-induced angi-
ogenesis, highlighting a potential therapeutic strategy for targeting the angiogenic
mechanisms driven by breast cancer [38]. However, pharmacological disruption

of protein-protein interactions has generally proven challenging.

3.5. Immune System Modulation

The interaction between ITGB4 and the immune system in breast cancer is a new
area of investigation. ITGB4 expression in tumor cells can influence the immune
microenvironment by modulating the activity and recruitment of immune cells.
The integrin has been shown to affect the infiltration of tumor-associated macro-
phages (TAMs), which play a dual role in cancer progression.

TAMs are known to exhibit plasticity, meaning they can either support anti-
tumor immunity (M1-like phenotype) or promote tumor growth and metastasis
(M2-like phenotype) depending on their polarization state [39]. The presence of
ITGB4 in tumor cells has been linked to the modulation of TAM infiltration,
potentially skewing these cells towards a tumor-promoting phenotype, which

supports metastasis, angiogenesis, and immunosuppression within the tumor
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microenvironment [22].

A recent study by Miyako et al investigated the relationship between periostin
(POSTN), a protein highly expressed in CAF-like cells, and its receptor ITGB4 in
esophageal squamous cell carcinoma (ESCC). The study demonstrated that
knockdown of ITGB4 resulted in the inhibition of Akt and Erk phosphorylation,
critical pathways that drive the survival and migration of POSTN-enriched cells.
Moreover, ITGB4 knockdown reduced the migration of mesenchymal stem cells
and macrophages, effectively diminishing their TAM-like properties [40]. How-
ever, targeting POSTN for cancer therapy may prove problematic as many normal
human tissues express high levels of this protein, such as the cerebral cortex, lung,
fallopian tube, and breast.

Additionally, ITGB4-mediated signaling may impact the expression of immune
checkpoint molecules, such as PD-L1, thereby affecting the immune system’s abil-
ity to recognize and attack tumor cells. A study by Wang et al. found that in breast
and prostate cancer cells, PD-L1 concentrates at the rear of migrating carcinoma
cells, where it facilitates retraction by interacting with ITGB4, resulting in the for-
mation of PD-L1-containing retraction fibers and migrasomes. This mechanism
involves PD-L1’s ability to maintain cell polarity and lower membrane tension at
the cell rear, compared to the leading edge, promoting the localized interaction of
PD-L1 with ITGB4 and RhoA-mediated contractility [41].

PD-L1 can also promote the growth and metastasis of cervical cancer by acti-
vating the ITGB4/SNAI1/SIRT3 signaling pathway. Mechanistically, PD-L1 binds
directly to ITGB4, activating the AKT/GSK3p signaling pathway and conse-
quently inducing the expression of the transcriptional repressor SNAI1. SNAIL,
in turn, influences the expression of genes involved in EMT, further driving tumor
invasiveness. Additionally, SNAIL regulates glucose metabolism by inhibiting the
activity of the SIRT3 promoter, linking metabolic reprogramming with cancer
progression through ITGB4 signaling [42]. Similar findings were made in liver
cancer where tumor cell-expressed PD-L1 reprograms lipid metabolism via
EGFR/ITGB4/SREBPI1c signaling [36]. Understanding these interactions is es-
sential for developing immunotherapeutic strategies that can effectively target

ITGB4-positive breast cancer cells.

4. Drug Resistance

TNBC, the most lethal type of breast cancer, grows rapidly, often evading detec-
tion during routine mammograms and metastasizing at an early stage. Although
initially responsive to chemotherapy, TNBC frequently recurs and metastasizes
due to the development of chemoresistance [43]. This resistance emerges from
several mechanisms, including enhanced DNA damage repair, reduced intracel-
lular drug accumulation, and elevated anti-apoptotic activities. As a result, current
treatments for TNBC patients primarily involve a combination of cytotoxic
chemotherapies, surgery, and radiation, with newer approaches incorporating

poly (ADP-ribose) polymerase (PARP) inhibitors and immunotherapy [44].
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As described previously, ITGB4 overexpression enhances cell survival pathways
and facilitates the invasive behavior of cancer cells, promoting drug resistance.
Understanding and therapeutically targeting ITGB4-driven processes can outma-
neuver the adaptive capabilities of TNBC cells, potentially improving patient out-
comes. Weaver ef al. discovered that mammary epithelial cells could evade apop-
tosis by forming polarized, three-dimensional structures, a process driven by
ITGB4. This structural organization, along with ITGB4-dependent activation of
NEF-kB, helps protect the cells from apoptosis-inducing agents [45].

Recent studies demonstrate that TNFAIP2, which is abnormally expressed in
TNBC, activates RACI to promote TNBC cell proliferation and migration [46].
Furthermore, Fang et al. found that TNFAIP2 interacts with IQGAP1 and ITGB4.
ITGB4 activates RAC1, a member of the Ras family of GTPases, through TNFAIP2
and IQGAP1 and confers DNA damage-related drug resistance in TNBC to epi-
rubicin, cisplatin, talazoparib, and olaparib [47].

However, it is important to note another study that found ITGB4 could pro-
mote sensitivity to cisplatin and carboplatin, rather than contribute to resistance.
The study revealed that ITGB4 signaling activates key components of the DNA
damage response pathway, including mutant p53 (common in TNBC), ATM and
53BP1, a signaling cascade that enhances the effectiveness of cisplatin. Addition-
ally, ITGB4 was shown to suppress homologous recombination (HR) and boost
non-homologous end joining (NHE]) repair in response to cisplatin-induced
DNA double-strand breaks. When HR is inhibited, cells rely more on the less ac-
curate NHE] repair pathway, leading to an accumulation of DNA damage. This
discovery highlights the complex and context-dependent role of integrin signaling
in drug resistance and sensitivity [48].

Opverall, these studies suggest that the ITGB4 signaling axis may provide poten-

tial therapeutic targets to overcome chemoresistance in TNBC.

5. Therapeutic Targeting of ITGB4

Several studies have explored therapeutic strategies targeting ITGB4. Ruan ef al.
developed two immunologic approaches to target ITGB4: vaccination with
ITGB4 protein-pulsed dendritic cells (ITGB4-DC) and the adoptive transfer of
anti-CD3/anti-ITGB4 bispecific antibody (ITGB4 BiAb)-armed tumor-draining
lymph node T cells. These strategies were tested in two immunocompetent mouse
models—4T1 mammary tumors and SCC7 head and neck squamous carcinoma—
to evaluate their effectiveness in targeting both CSCs and bulk tumor populations.
Both methods significantly inhibited local tumor growth and metastasis in these
models, with efficacy further enhanced by the addition of anti-PD-L1. Im-
portantly, both ITGB4-targeted immunotherapies induced T-cell cytotoxicity
against both CSCs and non-CSCs expressing ITGB4, without any apparent tox-
icity [49]. However, a closer examination of the data presented in this study re-
veals some interesting observations. a) Depleting ITGB4 expression (KO) in 4T1

cells had similar effects on tumor growth as transferring ITGB4-BiAb-armed
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tumor-draining lymph node (TDLN) T cells; b) There was no additive effects of
combining the approaches of ITGB4 KO and BiAb-armed TDLN T cell treatment.
These data suggest that targeting ITGB4 in tumor cells alone may be sufficient to
trigger an anti-tumor response without the help of the BiAb-armed T cells.

In a more recent study, Goel et al showed that ITGB4 repression of ZEB1 pro-
motes ferroptosis resistance, indicating that modulating ITGB4 activity could en-
hance the effectiveness of ferroptosis-inducing therapies [32]. These findings sup-
port the potential of ITGB4-targeted immunotherapy as a promising strategy
across various tumor types and suggest that combining ITGB4 targeting with fer-
roptosis-inducing treatments could offer a synergistic approach to improving can-
cer therapy outcomes.

ARRDCS3, a member of the mammalian a-arrestins family, has been identified
as a tumor suppressor in breast cancer. Zheng et al investigated the role of
ARRDC in prostate cancer, and found its expression was associated with higher
Gleason scores, metastasis, and biochemical recurrence. Notably, ARRDC3 ex-
pression was negatively correlated with ITGB4 levels in clinical prostate cancer
samples. The team demonstrated that inhibiting the ARRDC3-ITGB4 pathway
could suppress prostate cancer progression, suggesting a similar approach might
be applicable to breast cancer [50].

As discussed previously, ITGB4 has been found to regulate HER2 expression,
with HER2 being an oncogenic receptor overexpressed in 25 - 30% of breast can-
cer patients [51]. Recent studies have investigated the potential of Cucurbitacin B
(CuB), a triterpenoid steroidal compound, as a therapeutic agent for breast cancer,
particularly in HER2-positive cases. CuB was found to effectively inhibit breast
cancer cell growth, significantly suppressing HER2 and integrin signaling. CuB
treatment also upregulated integrins ITGB1 and ITGB3, known to induce integ-
rin-mediated cell death. In vivo experiments using orthotopic models with MDA -
MB-231 and 4T-1 breast cancer cells demonstrated that CuB reduced tumor
growth by 55% and 40%, respectively, suggesting at CuB may offer an innovative
therapeutic approach by targeting HER2 and integrin signaling in breast cancer
[52].

6. Conclusion

ITGB4 plays a multifaceted role in breast cancer progression. Its overexpression
is strongly correlated with aggressive and invasive cancer phenotypes, particularly
in TNBC, where it can serve as a potential prognostic marker. ITGB4, expressed
principally by endothelial and epithelial cells, promotes tumor invasion, metasta-
sis, and survival by facilitating EMT, reprogramming cellular metabolism, and in-
teracting with the immune microenvironment. Its involvement in crucial signal-
ing pathways, such as those involving EGFR and NFAT, as well as its role in mod-
ulating the tumor microenvironment, highlights its significance in breast cancer
progression and resistance to therapy. To date, no ITGB4-specific pharmacological

inhibitors have been developed. Nevertheless, targeting ITGB4-mediated pathways
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by creative means could offer novel therapeutic strategies to combat the aggressive
nature of certain breast cancers, although serious considerations must be given to
ways to limit the potential toxicity of such innovative therapeutic agents, given the

fact that many normal tissues also express ITGB4 to varying degrees.
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