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Abstract:

Breast cancer chemoresistance remains a major impediment to successful treatment, driven by complex genetic,
epigenetic, and cellular mechanisms that enable tumor cells to survive and adapt in the face of cytotoxic therapies.
ACTB (B-actin), a key cytoskeletal protein, plays a critical role in processes such as cell migration, polarity, and the
epithelial-mesenchymal transition (EMT), all of which contribute to tumor progression and resistance phenotypes. Its
overexpression and dynamic cytoskeletal remodeling enhance invasive behavior and are linked to poor clinical
outcomes, particularly in aggressive subtypes like triple-negative breast cancer (TNBC).

This review focuses on in-vitro strategies for modulating ACTB expression and function, highlighting techniques such
as CRISPR/Cas9-mediated knockout and siRNA silencing as predominant tools for dissecting its role in breast cancer
chemoresistance. Pharmacological inhibition and expression modulation models further expand understanding of
ACTB’s influence on drug responses. The use of 2D and 3D breast cancer cell models, including spheroids and
organoids, facilitates controlled evaluation of ACTB modulation effects on cellular behavior and therapeutic
susceptibility.

Key findings summarized include biomarker implications where ACTB expression levels correlate with sensitivity to
agents such as doxorubicin and paclitaxel, demonstrated by shifts in IC50 values across modulated cell lines.
Importantly, ACTB depletion sensitizes TNBC models to various chemotherapy and targeted drugs, highlighting its
potential as a biomarker and therapeutic target to reverse resistance. Integration of high-content screening and omics
data enriches predictive modeling and mechanistic understanding.

In conclusion, these in-vitro insights form a vital translational bridge, advancing precision oncology approaches by
enabling biomarker discovery, prediction of drug responses, and development of resistance-reversal strategies
targeting ACTB in breast cancer. Continued refinement of these models promises to accelerate clinical personalization
and improve outcomes for patients facing resistant tumors.
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Introduction:

Breast cancer represents a highly heterogeneous disease, encompassing diverse molecular subtypes that vary in
prognosis, treatment response, and clinical outcomes. This heterogeneity complicates therapeutic strategies and
underlies a significant challenge: chemoresistance. Estimates suggest that approximately 30—50% of patients receiving
neoadjuvant chemotherapy experience resistance, resulting in poor pathological complete response rates and increased
relapse risk.' The heterogeneity manifests not only at the genomic and transcriptomic levels but also within the tumor
microenvironment, influencing drug efficacy and fostering resistant cellular clones. These complexities necessitate the
development of robust predictive biomarkers to stratify patients effectively and tailor therapeutic regimens, improving
long-term outcomes and minimizing unnecessary toxicity.?

Central to breast cancer progression and resistance is ACTB (B-actin), a highly conserved cytoskeletal protein that
plays indispensable roles in cellular proliferation, migration, and survival. As a primary driver of cytoskeletal
dynamics, ACTB participates in actin polymerization processes that regulate cell morphology, motility, and signal
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transduction.®> Dysregulation of ACTB is particularly notable in aggressive breast cancer subtypes such as
triple-negative breast cancer (TNBC), where enhanced expression and altered actin remodeling contribute to increased
invasion, metastasis, and resistance to conventional therapies. ACTB interacts with signaling pathways implicated in
EMT and drug resistance, positioning it as a mechanistic hub and a compelling candidate for therapeutic targeting and
biomarker discovery.*

In-vitro breast cancer models provide invaluable platforms for high-throughput and controlled evaluations of ACTB
modulation's impact on cellular behavior and drug response. Techniques such as CRISPR/Cas9-mediated gene
knockout and siRNA-mediated knockdown facilitate precise manipulation of ACTB expression, allowing direct
interrogation of its functional contributions to resistance phenotypes.® Overexpression systems complement these
approaches by mimicking tumor heterogeneity and enabling assessment of dose-dependent effects. Advanced in-vitro
models, including 3D spheroids and organoids, simulate tumor microenvironmental features more accurately than
traditional 2D cultures, enhancing the translational relevance of findings. These models enable systematic screening of
therapeutic agents, provide mechanistic insights, and serve as platforms for biomarker validation, bridging preclinical
research to clinical application.®

This review concentrates on synthesizing in-vitro experimental evidence elucidating ACTB’s role in breast cancer
chemoresistance, analyzing modulation strategies, and evaluating their implications for biomarker discovery and drug
response prediction.” While excluding extensive in-vivo and clinical data, comparative insights will be incorporated
where they substantively inform translational relevance. The aim is to provide a comprehensive framework that
emphasizes the promise of ACTB-targeted approaches in overcoming chemoresistance and advancing personalized
therapy in breast cancer.®

ACTB Biology: Actin Polymerization and Interactions

ACTB, encoding B-actin, represents a pivotal cytoskeletal protein fundamental to maintaining cell shape, motility, and
intracellular trafficking. The cellular actin cytoskeleton exists in a dynamic equilibrium between monomeric G-actin
and polymeric filamentous F-actin, with polymerization regulated spatiotemporally to facilitate processes such as
migration, adhesion, and division. ACTB polymerization is intricately controlled through interactions with various
actin-binding proteins (ABPs), notably cofilin and the Arp2/3 complex, which govern filament nucleation, elongation,
branching, and severing.’

Cofilin, an actin-severing protein, enhances actin filament turnover by severing and depolymerizing aged filaments,
thus promoting the generation of new filament ends essential for rapid cytoskeletal reorganization and motility.'® The
Arp2/3 complex nucleates branched actin filament networks at the leading edge of migrating cells, critical for the
formation of lamellipodia and invadopodia subcellular structures implicated in extracellular matrix degradation and
invasion. Dysregulation of these interactions leads to aberrant actin dynamics that facilitate cancer cell motility and
invasion."

ACTB’s roles extend beyond structural contributions; it directly participates in signaling pathways tied to
epithelial-mesenchymal transition (EMT) and chemoresistance. EMT involves a phenotypic shift from epithelial
characteristics to a more migratory and invasive mesenchymal state, mediated partly by cytoskeletal remodeling
driven by ACTB dynamics. Furthermore, B-actin modulates transcriptional programs and interacts with pathways such
as NF-xB and Wnt/p-catenin, underpinning mechanisms of drug resistance and tumor progression.'?

Evidence in Breast Cancer: Correlations with Prognosis and Subtype-Specific Patterns

Comprehensive analyses of breast cancer patient cohorts reveal that ACTB is frequently overexpressed, with
expression levels correlating with aggressive disease features and poor clinical outcomes.!® Transcriptomic and
proteomic datasets, including those from The Cancer Genome Atlas (TCGA), demonstrate elevated ACTB mRNA
and protein expression predominantly in HER2-positive and triple-negative breast cancer (TNBC) subtypes. These
subtypes are characterized by heightened invasiveness, increased metastatic potential, and marked resistance to
standard chemotherapies.'

In HER2-positive breast cancers, elevated ACTB expression correlates with nodal involvement and reduced overall
survival, suggesting its utility as a prognostic biomarker. In TNBC, B-actin upregulation contributes to enhanced cell
motility and metastatic dissemination, aligning with the subtype’s aggressive clinical behavior.'”” Furthermore,
imbalances between [-actin and y-actin isoforms affect cytoskeletal organization and downstream signaling, impacting
drug response and patient outcomes. Clinical data supports inclusion of ACTB-related signatures in predictive models
to stratify patients likely to manifest chemoresistance or relapse, emphasizing its translational relevance.'s

In-Vitro Model Systems: From 2D Cell Lines to 3D Spheroids and Organoids
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Experimental investigation of ACTB dysregulation and its functional consequences relies heavily on in-vitro cellular
models that recapitulate key features of breast cancer biology. Traditional two-dimensional (2D) monolayer cultures
remain widely utilized due to their ease of manipulation, scalability, and compatibility with high-throughput
screening.'” Cell lines such as MCF-7 (luminal subtype), MDA-MB-231 (TNBC), and SK-BR-3 (HER2-positive)
represent archetypes for distinct breast cancer subtypes and serve as platforms for genetic and pharmacological
modulation of ACTB. These 2D models enable detailed mechanistic studies of cytoskeletal dynamics, cell motility
assays, and drug response analyses.'®

Nonetheless, the oversimplified microenvironment and altered cell morphology in 2D cultures limit their
physiological relevance. To bridge this gap, three-dimensional (3D) culture systems—such as multicellular spheroids
and organoids—more closely mimic in-vivo tumor architecture and microenvironment complexity.'” Spheroids
generated from breast cancer cells sustain cell-cell and cell-matrix interactions, establish nutrient and oxygen
gradients, and reveal heterogeneous proliferative zones analogous to tumors. These features modulate ACTB
expression and function, impacting cytoskeletal remodeling and drug penetration, thereby providing more predictive
models for chemoresistance studies.”

Breast cancer organoids derived from patient tumors represent an advanced in-vitro system retaining genetic and
phenotypic heterogeneity, including tumor-stroma interactions. These organoids facilitate translational research by
enabling personalized assessment of ACTB modulation effects in a context that reflects individual tumor complexity.
Incorporation of immune cells or fibroblasts into organoid cultures further refines modeling of the tumor
microenvironment and immune crosstalk influencing ACTB pathways.*!

Integrating these evolving model systems augments our understanding of ACTB’s multifaceted roles in breast cancer
biology. The combination of 2D and 3D in-vitro platforms supports comprehensive interrogation of cytoskeletal
mechanisms, EMT progression, and therapeutic resistance, guiding the development of targeted interventions and
biomarker discovery efforts.?

In-Vitro Strategies for ACTB Modulation in Breast Cancer

Genetic Tools: CRISPR/Cas9 Knockout, ShRNA, and siRNA Knockdowns

Genetic manipulation techniques are foundational methods to dissect the role of ACTB (B-actin) in breast cancer
cellular processes and therapeutic response. CRISPR/Cas9 gene editing enables precise knockout of ACTB, allowing
researchers to observe resultant phenotypic changes in cell motility, invasion, and drug sensitivity.>*For instance,
targeted ACTB knockout in TNBC cell lines such as MDA-MB-231 markedly impairs invadopodia formation and
reduces metastatic potential. This genome editing strategy facilitates investigation of downstream signaling alterations
and EMT progression.**

Complementing CRISPR, RNA interference (RNAi) methods like siRNA and shRNA knockdowns are widely
employed for transient or stable depletion of ACTB expression. siRNA-based silencing of ACTB in breast cancer
cells has been demonstrated to reduce cytoskeletal remodeling, limit migration, and enhance sensitivity to
chemotherapeutics such as paclitaxel and doxorubicin.”® Knockdown models elucidate the direct contribution of
ACTB levels to resistance phenotypes, enabling dose-dependent studies and mechanistic evaluations. Notably,
efficient delivery of siRNA requires optimized transfection protocols to achieve robust gene silencing while
minimizing off-target effects or cytotoxicity. The combination of CRISPR and RNAi technologies offers
complementary insights—with CRISPR revealing permanent genetic disruption effects and RNAi allowing dynamic
modulation.?

Pharmacological Modulation: Use of Inhibitors and Stabilizers

Pharmacological agents targeting actin filament dynamics provide an alternative strategy for modulating ACTB
function in vitro. Cytochalasin D, a well-characterized actin polymerization inhibitor, disrupts F-actin assembly by
capping filament plus ends, inhibiting polymer elongation.”” Application of cytochalasin D to breast cancer cell lines
results in decreased cell migration and invasion capabilities, validating the druggable nature of actin cytoskeleton
components. Dose-response assays reveal that resistant TNBC sublines exhibit altered sensitivity to cytochalasin D,
correlating with differential ACTB and ABP expression—offering insights into resistance mechanisms.?®

Other pharmacological approaches include actin stabilizers (e.g., jasplakinolide) that paradoxically impair cell motility
by excessively stabilizing filaments, thus restricting necessary dynamic remodeling.” These agents serve as tools to
probe ACTB-mediated pathways and reveal potential vulnerabilities; however, broad cytotoxicity and lack of
specificity limit their therapeutic translation. Collectively, pharmacological modulation in vitro complements genetic
approaches by allowing kinetic and reversible perturbations of actin dynamics, critical for high-throughput drug
screening and mechanistic studies.*

49



Biorress Joursar oF Compuranoxan Live Sciesces, Voo, 1, Issue. 6 (2025)

Overexpression Models: Transient and Stable Transfections

To mimic the heterogeneity observed in tumors and investigate gain-of-function effects, overexpression of ACTB via
transient or stable transfection is employed. These models enable exploration of ACTB dosage effects on breast
cancer phenotypes, including increased motility, cytoskeletal remodeling, and chemoresistance induction. Transient
transfections facilitate rapid functional assays, whereas stable cell lines provide consistent expression over time,
suitable for long-term phenotypic studies and drug response evaluations.®!

By varying ACTB levels, researchers dissect its role in regulating cellular architecture and resistance pathways. Such
models help clarify the interplay between ACTB overexpression and activation of oncogenic signaling, including
NF-«xB and Wnt/B-catenin pathways.”> Co-expression with mutant or tagged ACTB variants further elucidates
isoform-specific roles and post-translational modifications influencing cellular behavior. Overexpression studies,
combined with loss-of-function approaches, offer a holistic understanding of ACTB’s multifaceted impact in breast
cancer progression and therapeutic resistance.”

Advanced Techniques: High-Content Imaging and Flow Cytometry

Integration of advanced imaging and analytical methodologies enhances in-vitro ACTB modulation studies by
providing quantitative and dynamic assessments of cytoskeletal changes. High-content imaging platforms enable
multiplexed, automated analysis of actin filament organization, cell morphology, and motility metrics across
thousands of cells, facilitating robust phenotypic screening post-ACTB modulation. Such platforms support live-cell
imaging, capturing real-time rearrangements of the actin cytoskeleton in response to genetic or pharmacological
interventions.*

Flow cytometry, coupled with fluorescent probes targeting F-actin (e.g., phalloidin conjugates), allows
high-throughput quantification of actin polymerization status and heterogeneity within cell populations. Combining
flow cytometry with apoptosis, proliferation, and cell cycle markers links cytoskeletal modulation to downstream
functional consequences. These technologies provide critical data for elucidating the kinetics of ACTB remodeling in
chemoresistant versus sensitive subpopulations and for evaluating therapeutic responses at single-cell resolution.*

Implications of ACTB Modulation in In-Vitro Models

Biomarker Discovery: Correlations Between ACTB Levels and Treatment Sensitivity

ACTB (B-actin) expression levels in breast cancer cells have been increasingly recognized as potential biomarkers for
treatment sensitivity and disease prognosis.* In-vitro studies utilizing quantitative PCR (qPCR) and Western blot
analyses reveal that elevated ACTB mRNA and protein correlate with decreased sensitivity to common
chemotherapeutics, including doxorubicin and paclitaxel. These correlations are particularly evident in aggressive
subtypes like triple-negative breast cancer (TNBC), where heightened ACTB expression drives cytoskeletal
reorganization that supports invasive phenotypes and therapeutic resistance.”’

Multi-omics  integration  techniques—including RNA  sequencing  (RNA-seq), proteomics, and
phosphoproteomics—enhance biomarker discovery by identifying ACTB co-expressed genes and post-translational
modifications associated with resistance pathways.*® RNA-seq datasets from modulated cell lines demonstrate that
ACTB knockdown alters the expression of genes involved in EMT, cell cycle regulation, and apoptosis, underpinning
the molecular basis of drug response. Proteomic profiling further elucidates changes in actin-binding proteins and
signaling cascades linked to cytoskeletal remodeling and survival signaling.*

Combining these molecular data with functional assays establishes ACTB not only as a prognostic marker but also as
a dynamic predictor of treatment outcome. High-content imaging and automated quantification of actin architecture
provide phenotypic correlates to molecular findings, enabling robust biomarker validation pipelines. The integration
of these multiple data streams facilitates the emergence of ACTB-centric biomarker panels with potential utility in
patient stratification and personalized therapy design.*’

Drug Response Prediction: IC50 Changes and Machine Learning Models

In-vitro modulation of ACTB impacts chemotherapeutic drug efficacy, reflected quantitatively through changes in
half-maximal inhibitory concentration (IC50) values for agents such as doxorubicin and paclitaxel.* ACTB
knockdown in breast cancer cell lines consistently results in lowered IC50s, indicating increased drug sensitivity.
Conversely, overexpression of ACTB elevates resistance thresholds, validating its role in governing cellular response
to cytotoxic stress.*

Recent studies have leveraged machine learning (ML) models to predict drug response outcomes based on ACTB
expression levels and associated molecular features. By training ML algorithms on high-throughput screening data
derived from ACTB-modulated breast cancer models, investigators have achieved predictive accuracy in identifying
resistant versus sensitive cellular phenotypes. These models incorporate transcriptomic profiles, pathway activation
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states, and phenotypic readouts such as cell viability and migration metrics, facilitating the design of tailored treatment
: 43
regimens.

Such predictive modeling transcends traditional empirical approaches by integrating complex, multi-dimensional
datasets to forecast therapeutic outcomes accurately. This enables preclinical identification of optimal drug
combinations and dosing strategies personalized to ACTB expression status. Machine learning-driven predictions also
aid in uncovering novel resistance mechanisms and candidate targets synergizing with ACTB modulation, driving
iterative experimental design.*

Overcoming Chemoresistance Through ACTB Depletion and Combination Therapies

Chemoresistance, notably in TNBC, remains a formidable hurdle in breast cancer treatment. In-vitro evidence
demonstrates that ACTB depletion via genetic or pharmacologic means significantly reverses resistance to multiple
drug classes. ACTB-targeted silencing re-sensitizes resistant breast cancer cells to PARP inhibitors, anthracyclines,
and taxanes by disrupting cytoskeletal integrity and attenuating survival signaling pathways.*

Additionally, combination therapies employing ACTB modulation alongside chemotherapeutics exhibit synergistic
effects, enhancing apoptosis and reducing invasion more effectively than monotherapies.*® Co-culture systems
incorporating stromal fibroblasts or immune cells reveal that ACTB-targeted interventions alter the tumor
microenvironment to favor therapeutic efficacy. For example, ACTB depletion in cancer-associated fibroblasts
reduces their pro-tumorigenic support, while in immune cells it modulates checkpoint molecule expression,
potentiating anti-tumor immune responses.*’

Emerging data suggest that targeting ACTB disrupts EMT transcriptional programs and restores epithelial
characteristics, a critical step in mitigating migratory and drug-resistant phenotypes. This phenotypic reversion
enhances drug penetration and cytotoxicity in 3D spheroid and organoid models, improving clinical translatability.
Furthermore, combining ACTB-targeted agents with immunotherapies exploits immune modulation capabilities
inherent in cytoskeletal regulation, providing a multipronged attack on resistant tumors.*

Challenges, Limitations, and Translational Prospects in ACTB Modulation for Breast Cancer: Methodological,
Translational, and Future Directions

Methodological Challenges: Off-Target Effects and Reproducibility in 2D vs. 3D Cultures

A critical methodological challenge in ACTB modulation studies is mitigating off-target effects inherent in genetic
and pharmacological interventions.* RNA interference techniques such as siRNA and shRNA, while effective in
knocking down ACTB expression, often exhibit partial specificity, potentially silencing homologous sequences or
affecting unintended cellular pathways. Similarly, pharmacological inhibitors like cytochalasin D disrupt actin
polymerization globally, impacting not only cancer cells but also normal cells dependent on actin function, leading to
cytotoxicity complications. Developing highly selective ACTB modulators and delivery systems remains a priority.*

Reproducibility disparities between two-dimensional (2D) and three-dimensional (3D) cell culture models pose
another significant challenge. 2D monolayer cultures offer simplicity and high throughput but fail to recapitulate the
tumor microenvironment, cellular heterogeneity, and extracellular matrix (ECM) interactions.’! This inadequacy
results in altered cell morphology, gene expression, and drug response profiles compared to in vivo tumors.
Conversely, 3D culture systems such as spheroids and organoids mimic tissue architecture and microenvironmental
gradients more faithfully but are technically complex, less reproducible, and more costly. Studies consistently report
that cells in 3D cultures display higher drug resistance, altered ACTB expression, and different signaling pathway
activation than their 2D counterparts, underscoring the necessity of careful model selection and standardization for
reliable ACTB research.

Translational Gaps: From In-Vitro Findings to Clinical Reality

Bridging the gap between controlled in-vitro studies and the complex clinical context remains formidable. In-vitro
systems, despite advances, cannot fully replicate factors like immune surveillance, stromal cell interactions, and
pharmacokinetics affecting ACTB-targeted therapy efficacy.” Patient-derived organoids (PDOs) have emerged as
promising models that retain tumor heterogeneity and better reflect patient-specific drug responses. Incorporating
PDOs into ACTB modulation research enhances translational relevance and aids biomarker discovery, yet challenges
in scalability and integration into clinical pipelines persist.**

Emerging technologies offer transformative opportunities to overcome current limitations:

e Al and Machine Learning (ML) Prediction Platforms: Advanced computational models can integrate
multidimensional datasets from ACTB modulation experiments, genomic profiles, and drug response assays
to predict therapeutic outcomes more accurately. These platforms enhance experimental design, biomarker
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identification, and personalized treatment strategy development by uncovering complex data patterns
inaccessible to traditional analyses.™

e CRISPR Screens for ACTB-Interacting Proteins: Genome-wide CRISPR screens enable identification of
novel ACTB interactors and regulators that modulate breast cancer resistance and invasion. Functionally
characterizing these proteins expands therapeutic target spaces beyond ACTB itself, offering synergistic
intervention points to improve clinical efficacy.*®

e Integration with Liquid Biopsy Technologies: Liquid biopsies analyzing circulating tumor DNA, RNA, and
extracellular vesicles provide minimally invasive means to monitor ACTB expression dynamics and
resistance evolution in real time. Combining liquid biopsy data with in-vitro model findings facilitates
dynamic patient stratification and therapy adjustment, accelerating precision oncology implementation.*’

Conclusion:

ACTB (B-actin), historically regarded as a housekeeping cytoskeletal protein, has emerged as a key orchestrator of
breast cancer progression, particularly through its roles in metastasis, chemoresistance, and immune modulation. Its
aberrant overexpression and dysregulated activity have been repeatedly linked to poor patient outcomes, notably in
aggressive subtypes such as triple-negative breast cancer (TNBC) and HER2-positive tumors. This shift in
understanding positions ACTB not merely as a structural entity but as a dynamic contributor to oncogenic signaling
pathways and tumor plasticity.

The transcriptional and proteomic landscapes of breast cancers reveal high ACTB expression coupled with
upregulation of actin-binding proteins—such as cofilin 1 and thymosin beta-15A—that collectively drive enhanced
cytoskeletal remodeling essential for invasive structures like lamellipodia and invadopodia. This remodeling
empowers cancer cells with migratory and invasive capabilities, fueling metastatic dissemination and contributing to
therapy resistance. Importantly, ACTB-associated gene signatures have been shown across multiple independent
cohorts to robustly predict metastasis-free survival outcomes, emphasizing their utility as prognostic biomarkers.
These molecular signatures are especially enriched in subtypes known for therapeutic challenges, underscoring the
clinical relevance of targeting ACTB-mediated processes.

From a therapeutic perspective, ACTB’s ubiquitous cellular functions pose significant challenges due to the risk of
toxicity from direct inhibition. Nonetheless, the modulation of ACTB-interacting proteins and regulators within the
cytoskeletal network offers alternative avenues for selective disruption of metastatic and drug-resistant phenotypes in
breast cancer cells. Current research explores small-molecule inhibitors, RNA-based therapeutics, and antibody-drug
conjugates aimed at these cytoskeletal components, demonstrating promising preclinical efficacy and providing a
rationale for translational development. Advances in single-cell omics, live-cell imaging, and computational network
modeling continue to uncover novel ACTB signaling nodes and feedback mechanisms, crucial for devising targeted
therapeutic strategies.
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