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Introduction 

Breast cancer is the most prevalent malignancy and the leading cause of 

cancer-related mortality in women worldwide. Triple-negative breast cancer 

(TNBC)—an aggressive subtype defined by the absence of estrogen receptor, 

progesterone receptor, and human epidermal growth factor receptor 2 expression—is 

characterized by high metastatic potential, limited targeted therapeutic options, and 

poor clinical outcomes. Metastatic dissemination is responsible for the vast majority 

of deaths in TNBC patients, rendering it imperative to delineate the mechanisms 

governing cancer cell migration and to develop effective therapeutic strategies 

targeting this process. 

The biophysical properties of the tumor microenvironment, particularly extracellular 

matrix (ECM) stiffness, have emerged as critical regulators of cancer progression. 

Breast tumor tissue exhibits markedly increased matrix rigidity compared with normal 

breast parenchyma, driven by excessive collagen deposition and cross-linking. This 

mechanical cue promotes malignant transformation, enhances cell motility and 

invasiveness, and modulates therapeutic sensitivity. Kostic et al. (2009) demonstrated 

that the magnitude of matrix rigidity response varies across breast cancer cell lines 

and correlates with their metastatic tissue tropism, indicating that cellular 

mechanosensing is intrinsically coupled to metastatic behavior. Further, Tilghman et 

al. (2012) showed that matrix rigidity modulates cancer cell proliferation by 

reprogramming cellular metabolism and protein synthesis, highlighting the broad 

impact of mechanical signals on cancer cell phenotypes. 

Focal adhesion kinase (FAK), a non-receptor tyrosine kinase concentrated at focal 

adhesions, acts as a central integrator of mechanical and biochemical signals from the 

ECM. Upon stimulation by integrin engagement or elevated matrix stiffness, FAK 

undergoes autophosphorylation at Tyr397, which triggers downstream signaling 

cascades that regulate focal adhesion turnover, actin cytoskeleton remodeling, cell 

migration, and cell cycle progression. Dysregulated FAK activation is a common 

molecular feature of breast cancer, and increased FAK expression and 

phosphorylation are associated with advanced tumor stage, metastatic disease, and 

unfavorable patient prognosis. Targeting FAK has thus become a promising 

therapeutic strategy to suppress breast cancer metastasis. In line with this, Masuyama 

et al. (2026) recently reported that pharmacological inhibition of FAK attenuates cell 

migration and non-angiogenic vascularization in malignant breast cancer, further 

supporting the therapeutic potential of FAK-targeted agents. 
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Despite the promise of FAK inhibitors, their preclinical and clinical efficacy has been 

highly variable, and the factors underlying this heterogeneity remain poorly 

understood. Accumulating evidence indicates that the mechanical tumor 

microenvironment can shape cellular responses to targeted therapies, yet whether and 

how matrix stiffness modulates the efficacy of FAK inhibitors—particularly their 

anti-migratory effects, which are central to antimetastatic therapy—remains largely 

uncharacterized in TNBC. Compound X is a recently identified potent small-molecule 

inhibitor of FAK, whose chemical synthesis and in vitro biochemical inhibitory 

activity have been fully described in a prior study (Smith et al., 2024). However, the 

cellular effects of Compound X under different matrix stiffness conditions have not 

been investigated. Specifically, it is unknown whether matrix stiffness alters the 

ability of Compound X to suppress cell migration, disrupt focal adhesion assembly, or 

reorganize the actin cytoskeleton. Furthermore, it remains unclear whether the 

anti-migratory and anti-proliferative effects of FAK inhibition are similarly regulated 

by matrix stiffness. 

In the present study, we aimed to determine the impact of matrix stiffness on the 

inhibitory activity of Compound X in TNBC cells. Using two TNBC cell lines, 

MDA-MB-231 and BT-549, cultured on collagen I-coated hydrogels with 

physiologically relevant soft (2.1 kPa) and stiff (20.4 kPa) moduli, we first verified 

that increased matrix stiffness promotes FAK Tyr397 phosphorylation, cell spreading, 

and stress fiber formation. We then demonstrated that Compound X dose-dependently 

inhibits FAK phosphorylation to a comparable degree under both stiffness conditions, 

but exerts a significantly stronger inhibitory effect on cell migration under stiff matrix 

conditions. This differential anti-migratory efficacy was associated with more 

pronounced disruption of focal adhesions and actin stress fibers on stiff gels, and was 

independent of short-term changes in cell viability or proliferation. We further 

confirmed the FAK dependence of these effects using siRNA-mediated FAK 

knockdown and the reference FAK inhibitor defactinib, both of which recapitulated 

the stiffness-dependent anti-migratory phenotype. Taken together, our findings reveal 

that matrix stiffness selectively amplifies the anti-migratory efficacy of FAK 

inhibition by modulating focal adhesion and cytoskeletal dynamics, without affecting 

global FAK phosphorylation or proliferative responses. These results advance our 

understanding of mechanical regulation of targeted therapy response and provide a 

biological rationale for considering matrix stiffness as a potential biomarker for 

FAK-targeted therapy in TNBC. 
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