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The mechanical properties of the extracellular matrix provide a biologically relevant
context for studying breast cancer behavior. Breast cancer cells encounter
microenvironments with distinct physical features, and substrate stiffness has been
discussed as one of several cues that can influence progression- and metastasis-related
phenotypes [1].|Primary work using populations derived from MDA-MB-231 breast
cancer cells showed that cellular responses t0 matrix rigidity can vary and tha
proliferation and migration were increased on matrices whose rigidities corresponded

to tissues in which metastasis was observed, supporting the concept that
rigidity-sensitive behavior is not uniform across breast cancer models [2]. These

observations place matrix rigidity alongside biochemical composition and architecture
as a component of the tumor microenvironment that can shape cell growth and

motility at a functional level [1]. Because migration depends o

adhere to, generate force against, and remodel their interaction|~' 210"

matrix, stiffness provides a relevant experimental variable when evaluating
motility-associated phenotypes in breast cancer cells.

Within this mechanical context, focal adhesion kinase (FAK) is a plausible node
linking adhesion-based sensing to migratory behavior. Integrin-mediated adhesions
connect extracellular matrix ligands to the F-actin cytoskeleton and transmit
mechanical forces through focal adhesion proteins, producing biochemical signals that
regulate cellular mechanics and longer-term cellular responses [3]. Focal adhesions
also undergo compositional and structural changes that support traction generation
and signaling during cell migration [4]. FAK is a cytoplasmic nonreceptor tyrosine
kinase activated downstream of integrins and growth factor receptors in multiple
cancers, and its kinase-dependent and scaffolding functions have been linked to
cancer cell signaling, progression, and metastasis-related processes [5]. In
mesenchymal triple-negative breast cancer cells, FAK activation has been reported to
participate in IGF1R-mediated regulation of EMT-associated features, migration, and
invasion [6]. Additional breast cancer work has connected focal adhesion regulation
and phosphorylated FAK with tumor aggressiveness-associated phenotypes [7].
Consistent with this disease-specific rationale, prior studies of FAK inhibition in
malignant breast cancer have reported effects on cell morphology, migration, FAK
phosphorylation, and related vascularization models [8].

The possibility that matrix stiffness could influence therapeutic response creates a
practical gap for FAK-directed approaches in breast cancer. Matrix rigidity can affect
growth-related biology: cancer cells cultured on softer substrates showed longer
cell-cycle progression, reduced metabolic activity, lower ATP levels, and altered
protein synthesis compared with cells on stiffer substrates in a polyacrylamide gel
system [9]. These observations indicate that stiffness can influence cellular states that
may affect interpretation of drug response assays, particularly when motility,
proliferation, and viability are measured in parallel. More broadly, mechanical
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abnormalities in the tumor microenvironment, including extracellular matrix
composition and stiffness, have been proposed to affect therapeutic responses through
mechanotransduction programs linked to proliferation, survival, apoptosis, and
phenotype switching [10]. Reviews of extracellular matrix remodeling similarly
describe the ECM as a structural and signaling context tha
progression and treatment response [11], and the interpjayResearch Gap
and cancer therapeutics has been highlighted as a source ¢
Against the broader background of FAK inhibitor deyelopment [13], Compound X
was previously reported as a potent small-molecule/inhibitor of FAK [14]

stiffness conditions alter the cellular response to this inhibitor in
models remains an unresolved question.

A stiffness-controlled experimental design can address this question by combining
biochemical, structural, and functional readouts. Prior breast cancer rigidity-response
work supports comparing cell behavior across matrices with defined mechanical
properties rather than treating substrate stiffness as a neutral culture condition [2]. In
this setting,hhosphorylation-of FAK at Tyr397 is a relevant readout because force andl
FAK localization, as well as force and Y397-FAK phosphorylation, have been shown
to couple at individual focal adhesions under stiffness-dependent conditions [15].
Focal adhesion composition and dynamics provide complementary information, as
distinct focal adhesion protein modules have been reported to control different aspects
of mechanotransduction, with structural proteins such as vinculin showing
stiffness-sensitive behavior [16]. Vinculin is also linked to actin-dependent focal
adhesion mechanotransduction, and disruption of vinculin—actin interaction affects
stiffness-dependent regulation of vinculin behavior [17]. [These considerations support
measuring p-FAK, focal adhesion organization, and actin architecture alonaside aan

closure, proliferation, and viability. In the present study, MDAM| _ pl-_FAK focal athSiO?
TNBC cells were used on soft and stiff collagen-coated gels to Vineuin readod
substrate stiffness changes the response to Compound X. Citation

This study builds on a literature in which FAK has been repeatedly linked to breast
cancer migration-related phenotypes while focusing specifically on the role of matrix
stiffness in inhibitor response. Pharmacologic inhibition of FAK with defactinib has
been reported to reduce FAK phosphorylation and alter migration-related behavior in
malignant breast cancer models, with siRNA-mediated FAK knockdown producing
similar effects in that prior work [8]. Genetic and regulatory studies also support the
relevance of FAK to motility-associated phenotypes: FAK-dependent signaling was
implicated in migration and invasion of mesenchymal TNBC cells [6], and miR-7—
mediated reduction of FAK expression suppressed migration and invasion in
aggressive breast cancer cells, with FAK rescue reversing effects on migration and
invasion [18]. However, these findings do not by themselves determine whether the
mechanical environment modifies responses to a FAK inhibitor. Accordingly, this
study investigates whether soft versus stiff matrix conditions alter Compound X
effects on FAK phosphorylation, gap closure, focal adhesion and actin organization,
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proliferation, and viability in MDA-MB-231 and BT-549 cells, with FAK knockdown
and a reference FAK inhibitor included to contextualize FAK involvement.
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