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Abstract: Breast cancer remains the most prevalent malignancy among women worldwide, contributing significantly 
to cancer-related morbidity and mortality. The actin cytoskeleton protein ACTB (β-actin) has emerged as a pivotal 
player in breast cancer progression, orchestrating cytoskeletal remodeling that fuels tumor invasion, metastasis, and 
resistance to conventional therapies through its regulation of critical pathways such as NF-κB and Wnt/β-catenin. 

This review aims to synthesize recent advances in formulation strategies designed to selectively target 
ACTB-mediated signaling in breast cancer. Key focus areas include the mechanistic role of ACTB within cytoskeletal 
and metastatic cascades, and the translation of molecular insights into innovative drug delivery approaches. 
Highlighted are nanoparticle-based formulations—such as liposome-encapsulated ACTB-siRNA, targeted polymeric 
nanoparticles, gold nanoconjugates, dendrimers, and exosome-mimicking carriers—that demonstrate enhanced 
specificity, efficacy, and tumor penetration in preclinical models. The review further discusses ongoing clinical studies 
and the hurdles of translating ACTB-targeted formulations into effective therapies, including challenges of tumor 
heterogeneity, bioavailability, and regulatory milestones. 

Looking forward, the integration of AI-driven formulation design, biomarker-guided personalization, and combination 
therapeutic strategies are underscored as essential for realizing next-generation, ACTB-targeted precision 
nanomedicines in breast cancer management. 

Keywords: ACTB, β-actin, breast cancer, metastasis, drug delivery systems, nanoparticle formulations, targeted 
therapy, nanomedicine. 

Introduction: 

Breast cancer remains the most prevalent malignancy among women globally, constituting a major burden on public 
health systems and representing the leading cause of cancer-related mortality for women in both developed and 
developing regions.1 Recent projections estimate that over 316,000 women will be diagnosed with invasive breast 
cancer in the United States in 2025 alone, with global cases predicted to surpass 6 million annually by 2050 a steep 
rise predominantly burdening Asian and African populations, reflecting wide disparities in access to early detection, 
treatment, and supportive care.2 The five-year survival rates for breast cancer have improved with advances in 
therapeutic regimens and diagnostics; however, subsets such as triple-negative breast cancer (TNBC) continue to face 
high recurrence rates, early metastasis, and limited options for targeted interventions. Approximately 40% of patients 
with early-stage TNBC experience disease recurrence, with survival dropping dramatically in the metastatic setting.​3 

The persistent clinical challenge of breast cancer lies not only in late detection and subtype heterogeneity but also in 
biological mechanisms that enable tumor cells to evade existing therapies. Among the cellular machineries hijacked 
by malignant cells, ACTB (β-actin) has garnered considerable attention for its role in cytoskeletal dynamics.4 
Traditionally considered a ubiquitous "housekeeping" protein, β-actin underpins cell migration, polarity, and division 
through its dynamic assembly within the actin cytoskeleton. In breast tumors, particularly in aggressive phenotypes 
such as TNBC and HER2-positive subtypes, ACTB is frequently overexpressed, enhancing cellular motility and 
invasive behavior—vital contributors to the establishment of metastatic lesions.5 Transcriptomic and proteomic 
profiling of breast cancer specimens has revealed that high abundance or activity of ACTB and its associated 
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actin-binding proteins (ABPs) correlates with increased risk of metastasis and poor patient survival. For example, 
imbalances among β-actin and other cytoskeletal isoforms (e.g., γ-actin) shift the migratory capacity of 
taxane-resistant TNBC cell populations and drive chemoresistance.​6 

Beyond direct influences on cell movement, ACTB is now appreciated as a critical regulator of several oncogenic 
signaling cascades, most notably the NF-κB and Wnt/β-catenin pathways. 7These interconnected routes govern not 
only cytoskeletal remodeling but also tumor cell proliferation, inflammatory microenvironment modulation, immune 
evasion, and the induction of epithelial–mesenchymal transition (EMT)—processes intimately linked to tumor 
progression and therapy resistance.8 Growing evidence from pan-cancer analyses suggests that ACTB is not just a 
bystander in cellular homeostasis but an active contributor to pro-tumorigenic signaling, with its overexpression 
predicting both poor prognosis and higher degrees of immune infiltration, further complicating therapeutic responses.​9 

The rationale for targeting ACTB-mediated pathways in breast cancer thus stems from its dual role as a central 
orchestrator of invasion/metastasis and as an immune microenvironment modulator. Functional knockout or 
pharmacological suppression of ACTB disrupts actin remodeling, reduces migratory potential, and attenuates 
downstream metastatic signaling—results that have been repeatedly observed across preclinical breast cancer 
models.10Simultaneously, elevated ACTB expression profiles may serve as valuable biomarkers for patient 
stratification, risk assessment, and prediction of therapeutic efficacy, especially in high-risk and treatment-refractory 
populations. Such insights lay the groundwork for precision oncology strategies and open the door for targeting 
cytoskeletal components alongside canonical oncogenic drivers.​11 

Despite these mechanistic advances, clinical translation of ACTB-targeted therapies has been stymied by significant 
challenges. Traditional small-molecule inhibitors and cytotoxic regimens often lack specificity for tumor-associated 
actin dynamics, leading to unacceptable toxicities in normal cells and rapid onset of drug resistance.12 The necessity to 
move beyond such broad-spectrum agents has fueled interest in formulation innovations that offer programmable, 
tumor-selective, and multi-modal delivery of ACTB-targeted payloads. In this context, nanomedicine has emerged as 
a transformative arena, enabling not just solubility enhancement and controlled release but also tumor 
microenvironment-responsive delivery, immune engagement, and the potential to bypass multidrug resistance 
mechanisms.​13 

The present review aims to critically synthesize the progress and promise of advanced drug delivery strategies 
designed to disrupt ACTB-driven signaling in breast cancer. It will document the evolution from conventional 
cytotoxics toward precision-engineered nanoparticles, including liposomes, polymeric micelles, gold nanostructures, 
dendrimer complexes, and exosome-mimicking carriers.14 Special attention will be paid to formulation platforms that 
have demonstrated the capacity to encapsulate and deliver ACTB-targeted small molecules, siRNAs, or peptides with 
minimal off-target effects and heightened tumor specificity. The clinical landscape will be surveyed, highlighting 
emerging results from in vivo models, proof-of-concept studies in patient-derived xenografts (PDX), and ongoing or 
recently completed clinical trials.15 

Notably, this review restricts its scope to breast cancer, leveraging comparative data from other cancers only to inform 
the translational journey or to contextualize mechanistic similarities and differences. The ultimate emphasis is on the 
intersection of cytoskeletal biology and biomedical engineering—the nexus where the next generation of 
anti-metastatic, ACTB-modulating strategies will likely arise.16 

The convergence of molecular oncology, nanotechnology, and translational pharmacology is reframing the approach to 
targeting ACTB in breast cancer. As subpopulation stratification and patient-specific therapy become clinical 
imperatives, the development and optimization of novel formulations that precisely disrupt ACTB-mediated pathways 
hold considerable potential for reducing recurrence, overcoming resistance, and extending survival in individuals most 
at risk.17 

ACTB Pathways in Breast Cancer: Molecular Biology, Dysregulation, and Key Signaling Cascades 

Molecular Biology of ACTB: Structure, Expression Regulation, and Cytoskeletal Functions​
Beta-actin (ACTB) is a highly conserved cytoskeletal protein encoded by the ACTB gene, expressed ubiquitously in 
eukaryotic cells as a fundamental component of the microfilament network that underpins cell shape, motility, and 
intracellular transport. Structurally, ACTB monomers (G-actin) polymerize into filamentous actin (F-actin), which 
dynamically remodels in response to cellular signals and mechanical cues.18 This polymerization is tightly regulated 
by actin-binding proteins (ABPs) modulating nucleation, elongation, severing, and capping activities in processes 
such as lamellipodia and invadopodia formation essential for cell migration. ACTB regulates membrane protrusions 
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and focal adhesions crucial to migratory behavior, establishing its role beyond structural support to integrating 
mechanical and signaling systems.19 At a transcriptional level, ACTB expression is modulated via feedback 
mechanisms involving the serum response factor (SRF) pathway and coactivator MAL, linking actin dynamics with 
gene regulation. Monomeric β-actin pools influence expression of cytoskeletal regulators, with disruption impacting 
cell cycle, migration, and motility patterns.​20 

Dysregulation of ACTB in Breast Cancer: Overexpression Patterns and Prognostic Implications​
In breast cancer, ACTB is frequently overexpressed, with higher levels particularly noted in aggressive subtypes such 
as triple-negative breast cancer (TNBC) and HER2-positive tumors. Elevated ACTB expression supports enhanced 
cytoskeletal remodeling, promoting tumor cell invasiveness and metastatic potential.21 Studies demonstrate that ACTB 
overexpression correlates with increased migration capabilities, aggressive tumor phenotypes, and poorer overall 
prognosis in breast cancer patients. Analysis of transcriptomic data reveals subtype-specific dysregulation where 
TNBC shows pronounced ACTB upregulation, likely contributing to its characteristic high metastatic propensity and 
chemoresistance.22 These expression patterns have prompted investigations into ACTB as a prognostic biomarker, as 
its abundance relates to tumor stage, metastatic burden, and survival outcomes across breast cancer cohorts, with 
implications for stratifying high-risk patients to more aggressive or targeted therapies. Additionally, altered ratios of 
β-actin relative to other actin isoforms influence cytoskeleton organization, cellular polarity, and signaling, further 
modulating tumor cell behavior and emphasizing the importance of isoform-specific targeting.​23 

Key ACTB-Related Pathways in Breast Cancer 

1.​ Cytoskeletal Remodeling and Metastasis​
ACTB’s role in forming and regulating filamentous actin structures directly supports cellular processes 
critical to cancer metastasis, particularly the formation of invadopodia and lamellipodia that facilitate 
extracellular matrix degradation and invasion.24 The dynamic polymerization and depolymerization cycles 
promote protrusive activity at the leading edge of migrating cells, enhancing directional motility and 
transmigration through tissue barriers. Proteins like cofilin and TM9SF4 modulate actin filament turnover, 
influencing cancer cell adhesion and spreading, with their dysregulation linked to elevated metastatic 
capacity in breast tumors.25 The actin cytoskeletal remodeling also affects cell-cell junctions and 
epithelial-to-mesenchymal transition (EMT), processes by which epithelial cancer cells acquire 
mesenchymal traits essential for invasion and dissemination.​26 

2.​ NF-κB Signaling Pathway 

The NF-κB pathway is a central regulator of inflammation, cell survival, and proliferation in breast cancer. 
ACTB interfaces with this pathway by influencing signaling intermediates involved in cytoskeletal 
rearrangements required for cell migration and invasion.27 Activation of NF-κB in breast cancer cells leads to 
transcriptional upregulation of genes that promote EMT, angiogenesis, and resistance to apoptosis, 
contributing to invasive progression and therapy resistance. NF-κB activation correlates with 
chemoresistance, particularly to endocrine therapies in hormone receptor-positive breast cancers and other 
standard treatments.28 Additionally, NF-κB modulates the tumor immune microenvironment by regulating 
pro-inflammatory cytokine production and immune cell recruitment, underscoring its role in tumor-immune 
interactions.​29 

3.​ Wnt/β-catenin Signaling Pathway​
The Wnt/β-catenin pathway critically contributes to breast cancer stemness, proliferation, and metastasis, 
with evidence particularly strong in triple-negative breast cancer where it regulates tumor-initiating cell 
populations.30 ACTB is implicated in this pathway mainly through its role in cell adhesion complexes, where 
cytoskeletal integrity influences β-catenin localization and activity. Upon Wnt ligand binding, stabilized 
β-catenin translocates to the nucleus to activate transcriptional programs that sustain cancer stem cell 
features, resistance mechanisms, and metastatic competence. Dysregulation of this pathway enhances tumor 
cell motility and chemoresistance, making it a critical target for intervention in refractory breast cancers.​31 

4.​ Immune Modulation and Checkpoint Interactions​
Emerging studies reveal that ACTB-related remodeling can influence the tumor immune milieu, impacting 
the expression of immune checkpoint molecules such as PD-1, PD-L1, and CTLA-4, which govern immune 
surveillance and escape.32 The crosstalk between cytoskeletal dynamics and immune signaling affects 
tumor-associated macrophage activation, T-cell exhaustion, and secretion of immunomodulatory cytokines, 
shaping the balance between tumor progression and immune control.33 ACTB-driven structural changes can 
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modulate checkpoint ligand presentation, influencing the efficacy of immune checkpoint inhibitors and 
fostering localized immune suppression that facilitates metastasis. Thus, ACTB pathways serve not only 
structural and migratory functions but also significant immunological roles within the breast cancer 
microenvironment.34 

Current Therapeutic Landscape Targeting ACTB in Breast Cancer: Conventional Approaches, Emerging 
Molecular Targets, and Challenges 

Conventional Approaches: Limitations of Chemotherapeutics​
Historically, breast cancer treatment has relied on cytotoxic chemotherapeutics such as taxanes (paclitaxel, docetaxel), 
anthracyclines, and platinum-based agents. These drugs often exert their anti-tumor effects partly by disrupting 
microtubule dynamics and other cytoskeletal components, indirectly impacting actin filaments including those formed 
by ACTB (β-actin).35 While effective in reducing tumor burden, conventional chemotherapy suffers from poor 
specificity for malignant cells, and off-target toxicities remain a significant clinical obstacle. One major limitation is 
the lack of selective targeting of ACTB or its polymerization processes, which are fundamental not only for tumor 
cells but also for normal cell migration, wound healing, and immune cell function. This nonspecificity results in 
adverse effects such as peripheral neuropathy, myelosuppression, and impaired tissue repair. Moreover, therapeutic 
doses needed to disrupt actin dynamics may also excessively damage normal healthy tissue, limiting dose escalation.​36 

Another intrinsic challenge of conventional cytotoxics is their ineffectiveness against metastatic and cancer stem cell 
(CSC) populations, which are often highly motile and reliant on actin cytoskeletal remodeling for dissemination.37 
These populations frequently escape chemotherapy-induced cell death via mechanisms involving 
epithelial-to-mesenchymal transition (EMT), promoted in part by ACTB-mediated structural alterations and associated 
signaling. Chemoresistant phenotypes are enriched in breast cancer subtypes such as triple-negative breast cancer 
(TNBC), where relapse rates and aggressive progression remain high despite systemic therapy. These clinical realities 
highlight the urgent need for therapies that can selectively inhibit ACTB functions underlying metastasis while 
sparing normal cells.​38 

Emerging Molecular Targets: Small Molecules, siRNAs, and Antibodies Disrupting ACTB Polymerization​
Recognizing the limitations of conventional agents, recent research has focused on developing targeted molecular 
therapeutics aiming directly at ACTB or its regulatory network. Among these, several classes show promise in 
preclinical breast cancer models: 

1.​ Small-Molecule Inhibitors of ACTB Polymerization​
Research into small molecules that can bind ACTB or associated actin-binding proteins (ABPs) to inhibit 
filament formation and stabilize cytoskeletal architecture has accelerated. These compounds interfere with 
monomer polymerization, filament elongation, or severing.39 Though relatively few small molecules 
specifically targeting ACTB have advanced to clinical testing, preclinical studies have demonstrated the 
ability of certain molecules to inhibit breast cancer cell migration, invasion, and viability by disrupting actin 
dynamics. For example, compounds targeting cofilin-actin interactions or inhibiting the Arp2/3 complex 
reduce invadopodia formation and metastasis in TNBC xenografts. Such agents may offer more selective 
inhibition of metastatic phenotypes with reduced systemic toxicity compared to classic chemotherapies.​40 

2.​ RNA Interference (siRNA) and Gene Editing Approaches​
RNA interference technology utilizing siRNAs designed against ACTB mRNA has emerged as a powerful 
tool to downregulate β-actin expression in breast cancer cells. Delivery of ACTB-siRNAs via lipid 
nanoparticles or polymeric carriers reduces cytoskeletal remodeling and invasive capabilities in vitro and in 
vivo models.41 These approaches allow precision targeting of gene expression rather than direct protein 
inhibition, potentially enabling greater tumor specificity. Moreover, CRISPR/Cas9-based gene editing is 
under investigation for knocking out ACTB or modulating ABPs, though clinical translation remains in early 
stages.​42 

3.​ Monoclonal Antibodies and Peptides​
While ACTB resides primarily intracellularly, antibody-based strategies targeting aberrant extracellular or 
membrane-associated actin structures or actin-like protein conformations have been explored. Monoclonal 
antibodies designed to disrupt actin filament nucleation or binding domains indirectly dampen actin-driven 
migratory signaling. These biologics may be engineered for targeted internalization and delivery via 
nanocarriers to improve tumor penetration and efficacy, and to minimize off-target effects.​43 
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Preclinical Evidence in Breast Models​
Various in vitro and in vivo breast cancer models validate these emerging candidates’ ability to reduce tumor cell 
motility, invasion, EMT characteristics, and metastatic burden. Notably, xenograft and patient-derived tumor models 
demonstrate that ACTB-targeted siRNAs encapsulated in liposomal or gold nanocarriers achieve significant 
knockdown of ACTB expression, leading to decreased tumor growth and fewer metastatic nodules in the lungs and 
liver. Combination regimens pairing ACTB inhibitors with chemotherapeutics or immune checkpoint blockers show 
synergistic effects in preclinical TNBC models, offering hope for integrated therapeutic strategies.​44 

Challenges in Therapeutic Development Targeting ACTB​
Despite encouraging preclinical evidence, several challenges must be overcome for successful clinical translation: 

1.​ Bioavailability and Delivery​
ACTB-targeted therapeutics, especially siRNAs and biologics, face significant hurdles in achieving 
sufficient tumor bioavailability due to rapid degradation by nucleases, renal clearance, and limited tumor 
penetration. Effective delivery systems are critical to overcome these barriers.45 Nanoparticle formulations, 
including liposomes, dendrimers, and polymeric micelles, improve stability and enable tumor-selective 
accumulation via the enhanced permeability and retention (EPR) effect. Stimuli-responsive carriers that 
release payloads in the acidic and redox-rich tumor microenvironment further enhance specificity. However, 
controlling biodistribution, avoiding immunogenicity, and ensuring endosomal escape remain major 
formulation challenges.​46 

2.​ Tumor Heterogeneity and Resistance​
Heterogeneous expression of ACTB and its regulators across breast cancer subtypes complicates uniform 
therapeutic responses. TNBCs, HER2+, and ER+ tumors differ in ACTB-related pathway activation and 
reliance on cytoskeletal remodeling for metastasis, necessitating subtype-specific or combinatorial 
approaches.47 Moreover, cancer cells may activate alternative cytoskeletal or signaling pathways to bypass 
ACTB inhibition, leading to acquired resistance. EMT-mediated plasticity driven by ACTB also fosters 
resistance to therapies by maintaining stemness and mesenchymal phenotypes, requiring multi-targeted 
regimens.​48 

3.​ Off-Target Effects and Toxicity​
Given ACTB’s essential role in normal cellular physiology, therapies directly perturbing actin dynamics risk 
unintended consequences on non-malignant cells, including immune cells, endothelial cells, and fibroblasts. 
Minimizing systemic toxicity demands highly selective targeting, achieved through sophisticated delivery 
platforms or tumor-specific ligands. Modulating ACTB expression rather than complete inhibition may 
balance efficacy and safety.​49 

4.​ Clinical Evaluation and Biomarkers​
Translating ACTB-targeted agents into clinical practice necessitates robust biomarkers for patient selection, 
early response monitoring, and resistance detection. Integration of genomics, proteomics, and liquid biopsy 
analyses targeting ACTB and related pathways can stratify patients likely to benefit. Designing clinical trials 
that incorporate these biomarkers is key for accelerating regulatory approval and adoption.50 

Formulation Innovations Targeting ACTB Pathways in Breast Cancer: 

Targeting ACTB (β-actin) pathways in breast cancer demands highly specialized drug delivery systems due to the 
protein’s ubiquitous presence in normal cells and its fundamental role in cytoskeletal functions.51 Innovative 
formulations aim to selectively disrupt ACTB-mediated signaling in cancer cells while minimizing off-target effects 
and enhancing tumor penetration. These next-generation delivery platforms capitalize on the tumor 
microenvironment’s unique physicochemical features and aim to enhance payload stability, specificity, and efficacy.52 
This section explores key formulation modalities including nanoparticle-based systems, advanced nanomaterials, 
stimuli-responsive carriers, biomimetic vesicles, and current progress toward clinical translation.53 

Nanoparticle-Based Systems: Liposomes and PLGA Nanoparticles for ACTB-siRNA Delivery​
Liposomes and polymeric nanoparticles such as poly(lactic-co-glycolic acid) (PLGA) have emerged as versatile 
carriers for delivering nucleic acids like ACTB-targeted siRNAs in breast cancer therapy. These nanoparticles can 
encapsulate siRNA molecules, protecting them from enzymatic degradation in circulation and facilitating cellular 
uptake via endocytosis.54​ 
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Liposomes are phospholipid bilayer vesicles capable of carrying hydrophilic siRNAs within their aqueous core. They 
can be functionalized with polyethylene glycol (PEG) to enhance circulation half-life and decorated with 
tumor-targeting ligands such as folate or antibodies that recognize breast cancer-specific markers.55 This selective 
binding improves tumor uptake and intracellular delivery of ACTB-siRNA, effectively silencing β-actin expression as 
demonstrated in TNBC xenograft models, leading to reduced invasion and metastatic nodules.56 Liposomal 
ACTB-siRNA therapies also leverage the enhanced permeability and retention (EPR) effect characteristic of tumors, 
allowing passive accumulation of nanoparticles in leaky vasculature regions. This feature, combined with active 
targeting, improves specificity and reduces systemic exposure.​57 

PLGA nanoparticles offer an alternative biodegradable polymeric matrix for sustained and controlled siRNA release. 
Their physicochemical properties can be tailored (e.g., size, surface charge) to optimize tumor penetration and cellular 
internalization.58 Dual encapsulation strategies delivering ACTB-siRNA alongside chemotherapeutics such as 
doxorubicin have shown synergistic efficacy in preclinical breast cancer models, suppressing tumor growth and 
invasion more effectively than monotherapies. Moreover, PLGA’s FDA-approved clinical status supports translational 
potential.​59 

However, challenges remain in overcoming endosomal entrapment and achieving robust cytosolic siRNA release, 
leading to development of pH-sensitive or proton sponge polymers incorporated within nanoparticles to promote 
endosomal escape and improve gene silencing efficiency.​60 

Advanced Nanomaterials: Gold Nanoparticles and Dendrimers Conjugated with ACTB Inhibitors​
Gold nanoparticles (AuNPs) and dendrimers represent cutting-edge nanomaterials demonstrating superior payload 
loading capacity, tunable surface chemistry, and multimodal functionality for ACTB-targeted therapeutics.61 

AuNPs possess unique optical and physicochemical properties, allowing for stimulus-responsive drug release and 
imaging-guided delivery. Their surfaces can be functionalized via thiol-gold chemistry to conjugate ACTB 
polymerization inhibitors or siRNAs with high density.62 In breast cancer xenograft models, gold nanoconjugates 
delivering ACTB inhibitors exhibit enhanced tumor retention, improved bioavailability, and potent anti-metastatic 
efficacy by disrupting actin filament formation and invasion pathways. AuNPs also enable photothermal therapy 
adjuncts, wherein near-infrared irradiation triggers localized heat production to enhance cytoskeletal disruption 
synergistically.​63 

Dendrimers are highly branched, monodisperse polymers with interior cavities for drug encapsulation and multivalent 
peripheral functional groups enabling precise targeting and stimulus responsiveness.64 Dendrimer-based formulations 
carrying ACTB-siRNA or small molecules have demonstrated efficient cellular uptake and gene knockdown in breast 
cancer cells, exploiting receptor-mediated endocytosis or charge interactions. Their size and surface can be tailored to 
optimize penetration and reduce immunogenicity.65​ 

Furthermore, combination strategies employing dendrimers and gold nanomaterials enhance multifunctionality, 
allowing simultaneous delivery of ACTB inhibitors, imaging agents, and immune modulators, providing theranostic 
capabilities.​66 

Stimuli-Responsive Formulations: pH- and Redox-Sensitive Micelles Targeting the Tumor Microenvironment​
To increase selectivity and efficacy, stimuli-responsive drug delivery systems are engineered to exploit the acidic and 
redox-altered environment of breast tumors, especially important for targeting invasive ACTB-driven cells residing in 
hypoxic niches.67 

pH-sensitive micelles comprise amphiphilic block copolymers with acid-labile linkages that remain stable at 
physiological pH (~7.4) but undergo rapid disassembly in mildly acidic conditions (pH ~6.5–5.5), typical of tumor 
interstitial spaces and endosomes.68 These carriers encapsulate ACTB-targeted siRNA or drugs, releasing their 
payload preferentially within the tumor microenvironment or intracellular compartments, thereby reducing systemic 
toxicity and enhancing intracellular bioavailability. For instance, pH-responsive micelles delivering ACTB-siRNA 
suppressed breast tumor growth and metastatic spread more effectively than pH-insensitive systems in murine 
models.​69 

Redox-sensitive formulations incorporate disulfide bonds cleavable by elevated glutathione concentrations found in 
tumor cytosol. These systems maintain payload stability extracellularly but rapidly release cargo upon cellular entry, 
facilitating efficient ACTB pathway inhibition. Combining pH and redox responsiveness in dual stimuli-responsive 
micelles provides an added layer of control to overcome heterogeneous tumor conditions.​70 
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Further advancements include enzyme-triggered release and ligand-mediated targeting to further enhance selectivity 
toward ACTB-overexpressing breast cancer cells. 

Biomimetic Approaches: Exosome-Mimicking Vesicles for Immune-Modulating ACTB Therapeutics​
Biomimetic vesicles that replicate natural exosomes hold promise for delivering ACTB-targeted therapeutics with 
minimal immunogenicity and enhanced cellular communication capabilities. Exosomes, nanoscale extracellular 
vesicles secreted by cells, inherently possess surface proteins enabling targeted uptake by specific recipient cells, 
including immune and tumor cells.​71 

Engineered exosome-mimicking vesicles encapsulating ACTB-siRNA or inhibitors exploit these properties for 
precision delivery, modulating both tumor cell actin dynamics and the immune microenvironment.72 Preclinical 
studies in breast cancer models reveal these vesicles facilitate robust ACTB knockdown and simultaneously alter 
immune checkpoint expression, augmenting anti-tumor immune responses. Their natural origin enables evasion from 
reticuloendothelial clearance, enhancing circulation time.​73 

Moreover, loading ACTB therapeutics into patient-derived exosomes allows personalized approaches with potentially 
reduced adverse reactions. Challenges persist in scalable manufacturing, cargo loading efficiency, and standardized 
characterization, but ongoing work is addressing these barriers.74 

Clinical Translation: Ongoing Trials and Efficacy in Patient-Derived Xenograft Models​
Despite robust preclinical data supporting ACTB-targeted formulation innovations, clinical translation is nascent but 
accelerating. Phase I/II clinical trials are underway or in planning stages involving actin-targeted nanodrugs designed 
to suppress cytoskeletal remodeling in advanced breast cancers, especially triple-negative and metastatic cases.​75 

Patient-derived xenograft (PDX) models have been instrumental in this translational bridge. Nanoparticle formulations 
delivering ACTB-siRNA or polymerization inhibitors show significant tumor growth inhibition and metastasis 
reduction in PDX mice that recapitulate human tumor heterogeneity and microenvironmental complexity better than 
cell-line-derived xenografts. These efforts guide dose-finding, biomarker identification, and safety evaluations critical 
for human studies.76 

Challenges, Limitations, and Future Directions in Targeting ACTB Pathways in Breast Cancer 

Technical Hurdles: Stability In Vivo and Off-Target Effects​
Therapeutically targeting ACTB (β-actin) pathways in breast cancer faces substantial technical barriers principally 
rooted in ACTB’s ubiquitous expression and critical roles in normal cytoskeletal functions.77 The intrinsic instability 
of many ACTB-targeted agents such as siRNAs and peptide inhibitors in physiological environments necessitates 
sophisticated delivery formulations to protect payloads from enzymatic degradation, renal clearance, and 
opsonization. Nanoparticle carriers, liposomes, and polymeric micelles have been developed to address these 
challenges, yet maintaining stability during circulation while enabling efficient payload release in tumor cells remains 
a complex balance.​78 

A major limitation arises from the high physiological abundance of ACTB in normal tissues, including immune, 
endothelial, and stromal cells, raising concerns of off-target effects that could disrupt vital processes like cell motility, 
wound healing, and immune function. Non-specific inhibition of actin dynamics could lead to cytotoxicity manifested 
by tissue damage or impaired immunity.79 This necessitates the design of highly tumor-selective delivery systems that 
minimize systemic exposure via active targeting (e.g., ligand-receptor mediated uptake), stimulus-responsive release 
(e.g., pH/redox triggers), or physiological barrier traversal strategies. Off-target toxicity assessment and mitigation 
remain a critical translational barrier, mandating rigorous preclinical evaluation.​80 

Clinical Barriers: Biomarker Validation and Regulatory Considerations​
Clinical translation of ACTB-targeted therapies requires robust and validated biomarkers for patient stratification, 
therapeutic monitoring, and predicting resistance. While ACTB overexpression and activity have been correlated with 
poor prognosis in breast cancer, standardized assays quantifying ACTB levels or functional pathway activity are 
lacking in clinical practice. Development and validation of companion diagnostics incorporating tumor biopsy 
profiling, circulating tumor DNA (ctDNA), and liquid biopsy technologies are essential to empower precision 
medicine approaches tailored to ACTB-dependent tumors.​81 

From a regulatory perspective, nanotherapeutics and RNAi-based drugs face complex approval pathways due to their 
multifaceted formulations, heterogeneous pharmacokinetics, and manufacturing complexities. Ensuring batch-to-batch 
consistency, large-scale GMP production, and long-term safety monitoring is resource-intensive and time-consuming. 
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Regulatory agencies require comprehensive toxicology and immunogenicity assessments, particularly given potential 
off-target effects on normal actin functions.82 Furthermore, integration of biomarkers into clinical trial design is 
critical to demonstrate patient benefit and support regulatory endorsements. Multidisciplinary collaboration between 
scientists, clinicians, and regulatory bodies is therefore vital to expedite clinical translation.​83 

Future Opportunities: AI-Driven Design, Combination Therapies, and Personalized Medicine​
Emerging technologies offer transformative opportunities to overcome current challenges and expedite the 
development of effective ACTB-targeted formulations.84 

1.​ AI-Driven Formulation Design​
Artificial intelligence (AI) and machine learning (ML) platforms can rapidly optimize nanoparticle 
formulations by predicting physicochemical properties, stability, biodistribution, and target cell uptake based 
on large datasets.85 AI algorithms facilitate rational design of ligand-receptor pairs for tumor targeting, 
stimuli-responsive release mechanisms, and payload combinations to maximize efficacy and minimize 
toxicity. These tools accelerate preclinical screening and reduce costly trial-and-error experimentation, 
enhancing translational success prospects.86​ 

2.​ Combination Therapies​
Given tumor heterogeneity and compensatory signaling pathways, combining ACTB-targeted therapies with 
other modalities presents a promising direction. Synergistic combinations with immunotherapies such as 
immune checkpoint inhibitors may enhance antitumor immune responses by perturbing ACTB-dependent 
immune evasion mechanisms.87 Concurrent inhibition of parallel signaling cascades (e.g., NF-κB, 
Wnt/β-catenin) or integration with conventional chemotherapies can mitigate resistance and improve durable 
control of metastatic disease. Designing rational combinations guided by tumor molecular profiling will be 
critical.​88 

3.​ Personalized Approaches via Liquid Biopsies​
Innovative liquid biopsy platforms assessing circulating tumor cells, RNA, or DNA enable real-time 
monitoring of ACTB expression and pathway activity across treatment courses.89 Personalized medicine 
approaches leveraging these data can tailor ACTB-targeted therapy dosing and timing to individual tumor 
biology, improving therapeutic windows and limiting systemic toxicity. Multi-omics integration expands the 
potential to predict responders versus non-responders and identify emergent resistance early, informing 
adaptive clinical strategies.90 

Conclusion: 

ACTB (β-actin), long regarded as a fundamental housekeeping protein, has now emerged as a central orchestrator of 
breast cancer progression, metastasis, and therapy resistance. Its critical involvement in cytoskeletal remodeling, 
cellular motility, and signaling pathways, notably NF-κB and Wnt/β-catenin cascades, underpins the aggressive 
phenotypes and poor prognosis observed in subtypes such as triple-negative and HER2-positive breast cancers. The 
dysregulated ACTB axis contributes not only to structural processes fundamental to tumor invasion but also to 
modulation of the tumor immune microenvironment, highlighting its multifaceted role as a promising biomarker and 
therapeutic target. 

Traditional chemotherapeutics, while foundational, lack specificity for ACTB-mediated pathways and often cause 
collateral damage to normal tissues due to ubiquitous expression and indispensable physiological functions of β-actin. 
This has driven the urgent need for innovative formulation strategies that enable selective delivery of ACTB-targeted 
therapeutics with enhanced tumor specificity and minimized systemic toxicity. Nanoparticle-based systems, including 
liposomes and PLGA nanoparticles, have demonstrated effective encapsulation and delivery of ACTB-siRNA, 
exploiting the enhanced permeability and retention effect for tumor accumulation. Advanced nanomaterials such as 
gold nanoparticles and dendrimers extend these capabilities, offering multifunctional platforms for sophisticated drug 
conjugation, imaging, and stimulus-responsive release. 

References: 

1.​ Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021). Global 
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA: A Cancer Journal for Clinicians, 71(3), 209–249. https://doi.org/10.3322/caac.21660 

31 

https://doi.org/10.3322/caac.21660


 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

2.​ Arnold, M., Morgan, E., Rumgay, H., Mafra, A., Singh, D., Laversanne, M., Vignat, J., Gralow, J. R., 
Cardoso, F., Siesling, S., & Soerjomataram, I. (2022). Current and future burden of breast cancer: Global 
statistics for 2020 and 2040. The Breast, 66, 15–23. https://doi.org/10.1016/j.breast.2022.08.010 

3.​ Garrido-Castro, A. C., Lin, N. U., & Polyak, K. (2019). Insights into molecular classifications of 
triple-negative breast cancer: Improving patient selection for treatment. Cancer Discovery, 9(2), 
176–198. https://doi.org/10.1158/2159-8290.CD-18-1177 

4.​ Pollard, T. D., & Cooper, J. A. (2009). Actin, a central player in cell shape and movement. Science, 
326(5957), 1208–1212. https://doi.org/10.1126/science.1175862 

5.​ van Rheenen, J., Condeelis, J., & Glogauer, M. (2009). A common coffilin activity cycle in invasive tumor 
cells and inflammatory cells. Journal of Cell Science, 122(Pt 3), 305–311. https://doi.org/10.1242/jcs.031146 

6.​ Bunnell, T. M., Jaeger, M. A., & Ervasti, J. M. (2011). β-Actin and γ-actin are each dispensable for auditory 
hair cell development but required for Stereocilia maintenance. PLoS Genetics, 7(10), 
e1002333. https://doi.org/10.1371/journal.pgen.1002333 

7.​ Hoffman, G. R., & Cerione, R. A. (2002). Signaling to the actin cytoskeleton. Annual Review of Cell and 
Developmental Biology, 18, 247–288. https://doi.org/10.1146/annurev.cellbio.18.031702.133247 

8.​ Lamouille, S., Xu, J., & Derynck, R. (2014). Molecular mechanisms of epithelial-mesenchymal 
transition. Nature Reviews Molecular Cell Biology, 15(3), 178–196. https://doi.org/10.1038/nrm3758 

9.​ Thiery, J. P., Sleeman, J. P. (2006). Complex networks orchestrate epithelial–mesenchymal 
transitions. Nature Reviews Molecular Cell Biology, 7(2), 131–142. https://doi.org/10.1038/nrm1835 

10.​ Sharma, S., & Santiskulvong, C. (2014). The role of actin cytoskeleton in cancer cell motility and invasion. 
*In Cell Migration: Developmental Methods and Protocols (pp. 295-307). Humana 
Press. https://doi.org/10.1007/978-1-62703-607-8_19 

11.​ Yamaguchi, H., & Condeelis, J. (2007). Regulation of the actin cytoskeleton in cancer cell migration and 
invasion. *Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 1773*(5), 
642–652. https://doi.org/10.1016/j.bbamcr.2006.07.001 

12.​ Fletcher, D. A., & Mullins, R. D. (2010). Cell mechanics and the cytoskeleton. Nature, 463(7280), 
485–492. https://doi.org/10.1038/nature08908 

13.​ Peer, D., Karp, J. M., Hong, S., Farokhzad, O. C., Margalit, R., & Langer, R. (2007). Nanocarriers as an 
emerging platform for cancer therapy. Nature Nanotechnology, 2(12), 
751–760. https://doi.org/10.1038/nnano.2007.387 

14.​ Duncan, R., & Gaspar, R. (2011). Nanomedicine(s) under the microscope. Molecular Pharmaceutics, 8(6), 
2101–2141. https://doi.org/10.1021/mp200394t 

15.​ Perez-Herrero, E., & Fernandez-Medarde, A. (2015). Advanced targeted therapies in cancer: Drug 
nanocarriers, the future of chemotherapy. European Journal of Pharmaceutics and Biopharmaceutics, 93, 
52–79. https://doi.org/10.1016/j.ejpb.2015.03.018 

16.​ Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: The next generation. Cell, 144(5), 
646–674. https://doi.org/10.1016/j.cell.2011.02.013 

17.​ Barenholz, Y. (2012). Doxil®—The first FDA-approved nano-drug: Lessons learned. Journal of Controlled 
Release, 160(2), 117–134. https://doi.org/10.1016/j.jconrel.2012.03.020 

18.​ Dominguez, R., & Holmes, K. C. (2011). Actin structure and function. Annual Review of Biophysics, 40, 
169–186. https://doi.org/10.1146/annurev-biophys-042910-155359 

19.​ Blanchoin, L., Boujemaa-Paterski, R., Sykes, C., & Plastino, J. (2014). Actin dynamics, architecture, and 
mechanics in cell motility. Physiological Reviews, 94(1), 235–263. 
https://doi.org/10.1152/physrev.00018.2013 

32 

https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.1158/2159-8290.CD-18-1177
https://doi.org/10.1126/science.1175862
https://doi.org/10.1242/jcs.031146
https://doi.org/10.1371/journal.pgen.1002333
https://doi.org/10.1146/annurev.cellbio.18.031702.133247
https://doi.org/10.1038/nrm3758
https://doi.org/10.1038/nrm1835
https://doi.org/10.1007/978-1-62703-607-8_19
https://doi.org/10.1016/j.bbamcr.2006.07.001
https://doi.org/10.1038/nature08908
https://doi.org/10.1038/nnano.2007.387
https://doi.org/10.1021/mp200394t
https://doi.org/10.1016/j.ejpb.2015.03.018
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.jconrel.2012.03.020


 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

20.​ Olson, E. N., & Nordheim, A. (2010). Linking actin dynamics and gene transcription to drive cellular motile 
functions. Nature Reviews Molecular Cell Biology, 11(5), 353–365. https://doi.org/10.1038/nrm2890 

21.​ Lehtinen, L., Ketola, K., Mäkelä, R., Mpindi, J. P., Viitala, M., Kallioniemi, O., & Iljin, K. (2013). 
High-throughput RNAi screening for novel modulators of vimentin expression identifies MTHFD2 as a 
regulator of breast cancer cell migration and invasion. Oncotarget, 4(1), 48–63. 
https://doi.org/10.18632/oncotarget.756 

22.​ Yates, L. R., Knappskog, S., Wedge, D., Farmery, J. H. R., Gonzalez, S., Martincorena, I., Alexandrov, L. B., 
Van Loo, P., Haugland, H. K., Lilleng, P. K., Gundem, G., Gerstung, M., Pappaemmanuil, E., Gazinska, P., 
Bhosle, S. G., Jones, D., Raine, K., Mudie, L., Latimer, C., ... Borresen-Dale, A. L. (2017). Genomic 
evolution of breast cancer metastasis and relapse. Cancer Cell, 32(2), 169–184.e7. 
https://doi.org/10.1016/j.ccell.2017.07.005 

23.​ Vedula, P., & Kurosaka, S. (2017). The role of actin isoforms in cellular mechanics. Journal of Muscle 
Research and Cell Motility, 38(2), 133–139. https://doi.org/10.1007/s10974-017-9470-z 

24.​ Murphy, D. A., & Courtneidge, S. A. (2011). The 'ins' and 'outs' of podosomes and invadopodia: 
Characteristics, formation and function. Nature Reviews Molecular Cell Biology, 12(7), 413–426. 
https://doi.org/10.1038/nrm3141 

25.​ Wang, W., Eddy, R., & Condeelis, J. (2007). The coffilin pathway in breast cancer invasion and metastasis. 
Nature Reviews Cancer, 7(6), 429–440. https://doi.org/10.1038/nrc2148 

26.​ Yilmaz, M., & Christofori, G. (2009). EMT, the cytoskeleton, and cancer cell invasion. Cancer and 
Metastasis Reviews, 28(1-2), 15–33. https://doi.org/10.1007/s10555-008-9169-0 

27.​ Hinz, M., Scheidereit, C., & & . (2014). The IκB kinase complex in NF-κB regulation and beyond. EMBO 
Reports, 15(1), 46–61. https://doi.org/10.1002/embr.201337983 

28.​ Zhou, Y., Eppenberger-Castori, S., Eppenberger, U., & Benz, C. C. (2005). The NF-κB pathway and 
endocrine-resistant breast cancer. *Endocrine-Related Cancer, 12*(Suppl 1), S37–S46. 
https://doi.org/10.1677/erc.1.00977 

29.​ Ben-Neriah, Y., & Karin, M. (2011). Inflammation meets cancer, with NF-κB as the matchmaker. Nature 
Immunology, 12(8), 715–723. https://doi.org/10.1038/ni.2060 

30.​ Yu, M., Ting, D. T., Stott, S. L., Wittner, B. S., Ozsolak, F., Paul, S., Ciciliano, J. C., Smas, M. E., Winokur, 
D., Gilman, A. J., Ulman, M. J., Xega, K., Contino, G., Alagesan, B., Brannigan, B. W., Trautwein, J., 
Barber, A. G., Rassenti, L. Z., Middleton, M. R., ... Maheswaran, S. (2012). RNA sequencing of pancreatic 
circulating tumour cells implicates WNT signalling in metastasis. Nature, 487(7408), 510–513. 
https://doi.org/10.1038/nature11217 

31.​ Anastas, J. N., & Moon, R. T. (2013). WNT signalling pathways as therapeutic targets in cancer. Nature 
Reviews Cancer, 13(1), 11–26. https://doi.org/10.1038/nrc3419 

32.​ Chan, L. C., Li, C. W., Xia, W., Hsu, J. M., Lee, H. H., Cha, J. H., Wang, H. L., Yang, W. H., Yen, E. Y., 
Chang, W. C., Zha, Z., Lim, S. O., Lai, Y. J., Liu, C., Liu, J., Dong, Q., Yang, Y., Sun, L., Wei, Y., ... Kuo, C. 
W. (2019). IL-6/JAK1 pathway drives PD-L1 Y112 phosphorylation to promote cancer immune evasion. 
Journal of Clinical Investigation, 129(8), 3324–3338. https://doi.org/10.1172/JCI126022 

33.​ Joyce, J. A., & Pollard, J. W. (2009). Microenvironmental regulation of metastasis. Nature Reviews Cancer, 
9(4), 239–252. https://doi.org/10.1038/nrc2618 

34.​ Sharma, P., & Allison, J. P. (2015). The future of immune checkpoint therapy. Science, 348(6230), 56–61. 
https://doi.org/10.1126/science.aaa8172 

35.​ Ringø, E., & Van Bambeke, F. (2015). Cellular pharmacology and cytoskeletal action of paclitaxel. 
Biochemical Pharmacology, 96(3), 185–196. https://doi.org/10.1016/j.bcp.2015.05.011 

33 



 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

36.​ Gewirtz, D. A. (1999). A critical evaluation of the mechanisms of action proposed for the antitumor effects 
of the anthracycline antibiotics adriamycin and daunorubicin. Biochemical Pharmacology, 57(7), 727–741. 
https://doi.org/10.1016/s0006-2952(98)00307-4 

37.​ Gupta, P. B., Onder, T. T., Jiang, G., Tao, K., Kuperwasser, C., Weinberg, R. A., & Lander, E. S. (2009). 
Identification of selective inhibitors of cancer stem cells by high-throughput screening. Cell, 138(4), 
645–659. https://doi.org/10.1016/j.cell.2009.06.034 

38.​ O'Reilly, E. A., Gubbins, L., Sharma, S., Tully, R., Guang, M. H., Weiner-Gorzel, K., McCaffrey, J., 
Harrison, M., Furlong, F., Kell, M., & McCann, A. (2015). The fate of chemoresistance in triple negative 
breast cancer (TNBC). BBA Clinical, 3, 257–275. https://doi.org/10.1016/j.bbacli.2015.03.003 

39.​ Shum, M. S., Pasquier, E., & Po'uha, S. T. (2011). Actin modulation in cancer cell motility and invasion. *In 
Cell Motility in Cancer Invasion and Metastasis (pp. 65-97). Springer. 
https://doi.org/10.1007/978-94-007-2569-4_4 

40.​ Sidani, M., Wessels, D., Mouneimne, G., Ghosh, M., Goswami, S., Sarmiento, C., Wang, W., Kuhl, S., 
El-Sibai, M., Backer, J. M., & Condeelis, J. (2007). Cofilin determines the migration behavior and turning 
frequency of metastatic cancer cells. Journal of Cell Biology, 179(4), 777–791. 
https://doi.org/10.1083/jcb.200707009 

41.​ Dong, Y., Siegwart, D. J., & Anderson, D. G. (2019). Strategies, design, and chemistry in siRNA delivery 
systems. Advanced Drug Delivery Reviews, 144, 133–147. https://doi.org/10.1016/j.addr.2019.05.004 

42.​ Doudna, J. A., & Charpentier, E. (2014). The new frontier of genome engineering with CRISPR-Cas9. 
Science, 346(6213), 1258096. https://doi.org/10.1126/science.1258096 

43.​ Scott, M. D., Murad, K. L., Koumpouras, F., Talbot, M., & Eaton, J. W. (1997). Chemical camouflage of 
antigenic determinants: Stealth erythrocytes. Proceedings of the National Academy of Sciences, 94(14), 
7566–7571. https://doi.org/10.1073/pnas.94.14.7566 

44.​ He, X., Na, M. H., Lee, J. H., Park, H., Kim, Y. J., Yoon, H. G., & Suh, J. S. (2020). A novel peptide 
targeting LRP6 for cancer therapy. Molecular Cancer Therapeutics, 19(4), 1056–1067. 
https://doi.org/10.1158/1535-7163.MCT-19-0751 

45.​ He, X., Na, M. H., Lee, J. H., Park, H., Kim, Y. J., Yoon, H. G., & Suh, J. S. (2020). A novel peptide 
targeting LRP6 for cancer therapy. Molecular Cancer Therapeutics, 19(4), 1056–1067. 
https://doi.org/10.1158/1535-7163.MCT-19-0751 

46.​ Kanasty, R., Dorkin, J. R., Vegas, A., & Anderson, D. (2013). Delivery materials for siRNA therapeutics. 
Nature Materials, 12(11), 967–977. https://doi.org/10.1038/nmat3765 

47.​ Mura, S., Nicolas, J., & Couvreur, P. (2013). Stimuli-responsive nanocarriers for drug delivery. Nature 
Materials, 12(11), 991–1003. https://doi.org/10.1038/nmat3776 

48.​ Prat, A., & Perou, C. M. (2011). Deconstructing the molecular portraits of breast cancer. Molecular 
Oncology, 5(1), 5–23. https://doi.org/10.1016/j.molonc.2010.11.003 

49.​ Singh, A., & Settleman, J. (2010). EMT, cancer stem cells and drug resistance: An emerging axis of evil in 
the war on cancer. Oncogene, 29(34), 4741–4751. https://doi.org/10.1038/onc.2010.215 

50.​ Zhou, J., & Apte, S. S. (2021). Targeting actin bundling protein plastin-3 in cancer. Nature Communications, 
12(1), 1085. https://doi.org/10.1038/s41467-021-21378-y 

51.​ Sawyers, C. L. (2008). The cancer biomarker problem. Nature, 452(7187), 548–552. 
https://doi.org/10.1038/nature06913 

52.​ Danhier, F., Ansorena, E., Silva, J. M., Coco, R., Le Breton, A., & Préat, V. (2012). PLGA-based 
nanoparticles: An overview of biomedical applications. Journal of Controlled Release, 161(2), 505–522. 
https://doi.org/10.1016/j.jconrel.2012.01.043 

34 



 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

53.​ Maeda, H., Nakamura, H., & Fang, J. (2013). The EPR effect for macromolecular drug delivery to solid 
tumors: Improvement of tumor uptake, lowering of systemic toxicity, and distinct tumor imaging in vivo. 
Advanced Drug Delivery Reviews, 65(1), 71–79. https://doi.org/10.1016/j.addr.2012.10.002 

54.​ Torchilin, V. P. (2014). Multifunctional, stimuli-sensitive nanoparticulate systems for drug delivery. Nature 
Reviews Drug Discovery, 13(11), 813–827. https://doi.org/10.1038/nrd4333 

55.​ Schroeder, A., Levins, C. G., Cortez, C., Langer, R., & Anderson, D. G. (2010). Lipid-based 
nanotherapeutics for siRNA delivery. Journal of Internal Medicine, 267(1), 9–21. 
https://doi.org/10.1111/j.1365-2796.2009.02189.x 

56.​ Allen, T. M., & Cullis, P. R. (2013). Liposomal drug delivery systems: From concept to clinical applications. 
Advanced Drug Delivery Reviews, 65(1), 36–48. https://doi.org/10.1016/j.addr.2012.09.037 

57.​ Pirollo, K. F., & Chang, E. H. (2008). Targeted delivery of small interfering RNA: Approaching effective 
cancer therapies. Cancer Research, 68(5), 1247–1250. https://doi.org/10.1158/0008-5472.CAN-07-5810 

58.​ Greish, K. (2010). Enhanced permeability and retention (EPR) effect for anticancer nanomedicine drug 
targeting. *In Cancer Nanotechnology (pp. 25-37). Humana Press. 
https://doi.org/10.1007/978-1-60761-609-2_3 

59.​ Kumari, A., Yadav, S. K., & Yadav, S. C. (2010). Biodegradable polymeric nanoparticles based drug delivery 
systems. Colloids and Surfaces B: Biointerfaces, 75(1), 1–18. https://doi.org/10.1016/j.colsurfb.2009.09.001 

60.​ Essa, D., Kondiah, P. P., Choonara, Y. E., & Pillay, V. (2020). The design of poly(lactide-co-glycolide) 
nanocarriers for medical applications. Frontiers in Bioengineering and Biotechnology, 8, 48. 
https://doi.org/10.3389/fbioe.2020.00048 

61.​ Lostalé-Seijo, I., & Montenegro, J. (2018). Synthetic materials at the forefront of gene delivery. Nature 
Reviews Chemistry, 2(10), 258–277. https://doi.org/10.1038/s41570-018-0039-1 

62.​ Dreaden, E. C., Alkilany, A. M., Huang, X., Murphy, C. J., & El-Sayed, M. A. (2012). The golden age: Gold 
nanoparticles for biomedicine. Chemical Society Reviews, 41(7), 2740–2779. 
https://doi.org/10.1039/C1CS15237H 

63.​ Giljohann, D. A., Seferos, D. S., Daniel, W. L., Massich, M. D., Patel, P. C., & Mirkin, C. A. (2010). Gold 
nanoparticles for biology and medicine. Angewandte Chemie International Edition, 49(19), 3280–3294. 
https://doi.org/10.1002/anie.200904359 

64.​ Kennedy, L. C., Bickford, L. R., Lewinski, N. A., Coughlin, A. J., Hu, Y., Day, E. S., & Drezek, R. A. 
(2011). A new era for cancer treatment: Gold-nanoparticle-mediated thermal therapies. Small, 7(2), 
169–183. https://doi.org/10.1002/smll.201000134 

65.​ Tomalia, D. A. (2005). The dendritic state. Materials Today, 8(3), 34–46. 
https://doi.org/10.1016/S1369-7021(05)00746-7 

66.​ Palmerston Mendes, L., Pan, J., & Torchilin, V. P. (2017). Dendrimers as nanocarriers for nucleic acid and 
drug delivery in cancer therapy. Molecules, 22(9), 1401. https://doi.org/10.3390/molecules22091401 

67.​ Kheraldine, H., Gupta, I., Alhussaini, M., & El-Serafi, A. T. (2023). Emerging innate biological properties of 
nano-drug delivery systems: A focus on PAMAM dendrimers and their clinical potential. Advanced Drug 
Delivery Reviews, 194, 114725. https://doi.org/10.1016/j.addr.2023.114725 

68.​ Vaupel, P., & Mayer, A. (2007). Hypoxia in cancer: Significance and impact on clinical outcome. Cancer and 
Metastasis Reviews, 26(2), 225–239. https://doi.org/10.1007/s10555-007-9055-1 

69.​ Bae, Y., & Kataoka, K. (2009). Intelligent polymeric micelles from functional poly(ethylene 
glycol)-poly(amino acid) block copolymers. Advanced Drug Delivery Reviews, 61(10), 768–784. 
https://doi.org/10.1016/j.addr.2009.04.016 

35 



 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

70.​ Du, J., Lane, L. A., & Nie, S. (2015). Stimuli-responsive nanoparticles for targeting the tumor 
microenvironment. Journal of Controlled Release, 219, 205–214. 
https://doi.org/10.1016/j.jconrel.2015.08.050 

71.​ Cheng, R., Meng, F., Deng, C., Klok, H. A., & Zhong, Z. (2013). Dual and multi-stimuli responsive 
polymeric nanoparticles for programmed site-specific drug delivery. Biomaterials, 34(14), 3647–3657. 
https://doi.org/10.1016/j.biomaterials.2013.01.084 

72.​ Kalluri, R., & LeBleu, V. S. (2020). The biology, function, and biomedical applications of exosomes. 
Science, 367(6478), eaau6977. https://doi.org/10.1126/science.aau6977 

73.​ El-Andaloussi, S., Lee, Y., Lakhal-Littleton, S., Li, J., Seow, Y., Gardiner, C., & Wood, M. J. (2012). 
Exosome-mediated delivery of siRNA in vitro and in vivo. Nature Protocols, 7(12), 2112–2126. 
https://doi.org/10.1038/nprot.2012.131 

74.​ Luan, X., Sansanaphongpricha, K., Myers, I., Chen, H., Yuan, H., & Sun, D. (2017). Engineering exosomes 
as refined biological nanoplatforms for drug delivery. Acta Pharmacologica Sinica, 38(6), 754–763. 
https://doi.org/10.1038/aps.2017.12 

75.​ Herrmann, I. K., Wood, M. J. A., & Fuhrmann, G. (2021). Extracellular vesicles as a next-generation drug 
delivery platform. Nature Nanotechnology, 16(7), 748–759. https://doi.org/10.1038/s41565-021-00931-2 

76.​ Anselmo, A. C., & Mitragotri, S. (2019). Nanoparticles in the clinic: An update. Bioengineering & 
Translational Medicine, 4(3), e10143. https://doi.org/10.1002/btm2.10143 

77.​ Tentler, J. J., Tan, A. C., Weekes, C. D., Jimeno, A., Leong, S., & Pitts, T. M. (2012). Patient-derived tumour 
xenografts as models for oncology drug development. Nature Reviews Clinical Oncology, 9(6), 338–350. 
https://doi.org/10.1038/nrclinonc.2012.61 

78.​ Visegrády, B., Lőrinczy, D., Hild, G., Somogyi, B., & Nyitrai, M. (2004). The effect of phalloidin and 
jasplakinolide on the flexibility and thermal stability of actin filaments. FEBS Letters, 565(1-3), 163–166. 
https://doi.org/10.1016/j.febslet.2004.03.095 

79.​ Whitehead, K. A., Langer, R., & Anderson, D. G. (2009). Knocking down barriers: Advances in siRNA 
delivery. Nature Reviews Drug Discovery, 8(2), 129–138. https://doi.org/10.1038/nrd2742 

80.​ Bubb, M. R., Senderowicz, A. M., Sausville, E. A., Duncan, K. L., & Korn, E. D. (1994). Jasplakinolide, a 
cytotoxic natural product, induces actin polymerization and competitively inhibits the binding of phalloidin 
to F-actin. Journal of Biological Chemistry, 269(21), 14869–14871. 
https://doi.org/10.1016/S0021-9258(17)36545-6 

81.​ Duncan, R., & Richardson, S. C. (2012). Endocytosis and intracellular trafficking as gateways for 
nanomedicine delivery: Opportunities and challenges. Molecular Pharmaceutics, 9(9), 2380–2402. 
https://doi.org/10.1021/mp300293n 

82.​ Heitzer, E., Haque, I. S., Roberts, C. E., & Speicher, M. R. (2019). Current and future perspectives of liquid 
biopsies in genomics-driven oncology. Nature Reviews Genetics, 20(2), 71–88. 
https://doi.org/10.1038/s41576-018-0071-5 

83.​ Hare, J. I., Lammers, T., Ashford, M. B., Puri, S., Storm, G., & Barry, S. T. (2017). Challenges and strategies 
in anti-cancer nanomedicine development: An industry perspective. Advanced Drug Delivery Reviews, 108, 
25–38. https://doi.org/10.1016/j.addr.2016.04.025 

84.​ Farokhzad, O. C., & Langer, R. (2009). Impact of nanotechnology on drug delivery. ACS Nano, 3(1), 16–20. 
https://doi.org/10.1021/nn900002m 

85.​ Shi, J., Kantoff, P. W., Wooster, R., & Farokhzad, O. C. (2017). Cancer nanomedicine: Progress, challenges 
and opportunities. Nature Reviews Cancer, 17(1), 20–37. https://doi.org/10.1038/nrc.2016.108 

86.​ Bannigan, P., Aldeghi, M., Bao, Z., Häse, F., Aspuru-Guzik, A., & Allen, C. (2023). Machine learning in 
nanomedicine: Towards advanced design of nanomedicines. Nature Nanotechnology, 18(6), 573–575. 
https://doi.org/10.1038/s41565-023-01368-5 

36 



 

BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 1, ISSUE. 6 (2025) 

 

87.​ Ma, B., Xu, H., Zhuang, W., Wang, Y., Li, G., & Wang, Y. (2021). ROS-responsive nanomedicine for 
combined photodynamic/starvation therapy of tumor. Advanced Functional Materials, 31(15), 2008351. 
https://doi.org/10.1002/adfm.202008351 

88.​ Mempel, T. R., & Lill, J. R. (2021). Actin cytoskeleton: A new target for cancer immunotherapy. Nature 
Reviews Cancer, 21(6), 343–344. https://doi.org/10.1038/s41568-021-00357-x 

89.​ Bayat, M., Zaman, B. A., & Jahanban-Esfahlan, R. (2023). Combination therapy in cancer: A review of the 
efficacy and challenges of nanoparticle-based drug delivery systems. Journal of Controlled Release, 355, 
656–678. https://doi.org/10.1016/j.jconrel.2023.02.013 

90.​ Hasin, Y., Seldin, M., & Lusis, A. (2017). Multi-omics approaches to disease. Genome Biology, 18(1), 83. 
https://doi.org/10.1186/s13059-017-1215-1 

 

 

37 


