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1. Scientific Background and Rationale
Cancer progression is increasingly recognised as a biomechanical process in which tumour
evolution is shaped by physical forces and tissue architecture. Tumours are mechanically
heterogeneous, characterised by extracellular matrix (ECM) stiffening, altered fibre
organisation, solid stress accumulation, and spatial confinement. These changes actively
regulate invasion and metastasis (Butcher et al., 2009; Northcott et al., 2018). For example,
experimentally increasing ECM stiffness enhances integrin clustering, Rho-dependent
contractility, and malignant transformation in breast epithelial cells (Paszek et al., 2005).
Breast cancer provides a powerful model to study tumour mechanics because progression
involves not only collagen remodelling but also formation of fibrin-rich provisional matrices.
Fibrin, generated through tumour-associated coagulation and inflammation, is increasingly
recognised as a mechanically active ECM component regulating cancer cell plasticity and
invasion (Heilala et al., 2023). Our recent work (Tran et al., 2024) demonstrated that cancer
cells actively shape fibrin architecture through their procoagulant signature These dense, fine-
fibrillar “bird’s nest” networks facilitate migration, and modulate responses to
chemotherapeutic agents. Similarly, hepatocellular carcinoma (HCC) develops within
chronically inflamed and fibrotic liver tissue characterised by progressive stiffening, fibrin
deposition, and architectural remodelling, creating a mechanically heterogeneous
environment that promotes invasion and vascular dissemination.
Despite increasing recognition of tumour mechanics, the molecular mechanisms translating
ECM stiffness, fibrillar organisation, and confinement into coordinated intracellular responses
remain poorly defined. In particular, how mechanical cues regulate intracellular trafficking and
cytoskeletal cross-talk to drive metastasis is largely unexplored.
We propose that the kinesin motor protein KIF20A, frequently overexpressed in aggressive
tumours and associated with poor prognosis in breast cancer and HCC, functions as a
mechanosensitive integrator of mechanical signals and cytoskeletal organisation. While
classically linked to cytokinesis, our recent work (Selot et al., 2025) uncovered a novel
endosomal role of KIF20A in cooperation with non-muscle myosin Il. This finding positions
KIF20A at the interface between microtubule-based tension creation and actin contractility,
regulating endosomal membrane fission and trafficking kinetics of transmembrane proteins
involved in migration and invasion. Such a pathway is ideally suited to integrate mechanical
information from fibrillar ECMs into intracellular reorganisation. Our preliminary data from
HCC and breast cancer cells cultured on matrices of defined stiffness indicate that ECM
mechanics modulate not only KIF20A expression but also its intracellular localisation and thus
specific function.
We therefore hypothesise that ECM stiffness, fibrin architecture, and confinement
dynamically regulate KIF20A localisation and function, linking extracellular mechanics to
cytoskeletal coordination, trafficking dynamics, and invasive behaviour. Comparative analysis
of breast cancer and HCC models will allow identification of conserved mechanotransduction
mechanisms connecting tissue mechanics to metastatic potential.




2. Research Strategy
To reproduce tumour-relevant mechanical contexts, we will combine tunable 2D substrates
with 3D collagen and fibrin matrices of defined architecture. Fibrin hydrogels, whose density
and fibre thickness can be precisely controlled, will serve as physiologically relevant
provisional matrices in breast cancer models. Comparative analysis between collagen and
fibrin systems will determine whether distinct fibrillar architectures differentially regulate
KIF20A behaviour and invasion.
Single-cell migration assays coupled to high-resolution time-lapse microscopy will quantify
velocity, persistence, and variability under defined mechanical conditions. Collective
migration will be examined using wound-healing and monolayer assays combined with
velocimetry to measure coordination length scales and streaming behaviour. The switch
between collective and individual migration critically influences metastatic efficiency, as tissue
fluidification promotes dissemination. Consistently, identification of a planar polarized MYO6—
DOCK7-RAC1 axis driving tissue fluidification in mammary epithelia (Menin et al., 2023, co-
authored by F. Giavazzi) illustrates how cytoskeletal polarity pathways regulate epithelial
mechanical states and invasive behaviour.
To investigate the mechanoregulation of KIF20A, we will combine stiffness-controlled
substrates with quantitative imaging to correlate ECM mechanics with KIF20A expression,
subcellular localisation, and endosomal dynamics. Live-cell imaging of fluorescently tagged
KIF20A and endosomal markers, will determine how mechanical cues influence trafficking
kinetics and cytoskeletal coordination. Mechanical confinement will be analysed using
microfabricated quasi-2D systems and multicellular spheroids embedded in 3D collagen or
fibrin matrices. Confinement-induced nuclear deformation (a determinant of invasive capacity
and genome integrity (Lomakin et al., 2020)) and subsequent KIF20A localisation modulation,
will be quantified in collaboration with Dr. Giavazzi, integrating intracellular motor regulation
with tissue-scale mechanical adaptation.
Finally, analysis of patient-derived HCC and breast tumour samples will assess whether ECM-
rich regions display altered KIF20A localisation, strengthening translational relevance.

3. Expected Outcomes and Impact
This project will define a conserved mechanotransduction pathway in which KIF20A couples
ECM mechanics to intracellular trafficking, cytoskeletal cross-talk, and nuclear adaptation. By
positioning KIF20A at the intersection of actin and microtubule networks through its
endosomal-myosin function, the study will provide a mechanistic framework explaining how
physical forces reorganise intracellular architecture to promote metastasis.

4. Added Value of the 4EU+ Cotutelle Framework

The cotutelle structure is based on Dr. Karaiskou’s expertise in mechanotransduction and
intracellular trafficking complements and Dr. Giavazzi’s quantitative approaches to collective
dynamics and nuclear mechanics. The doctoral candidate will receive integrated training in
advanced live-cell imaging, quantitative migration analysis, microfabrication, and physical
modelling within the 4EU+ alliance.

This project aligns with the 4EU+ “ Urban Health” theme by tackling metastasis — the primary
cause of cancer-related death and a major urban health burden — through a mechanistic
investigation of how environmentally influenced tissue remodelling and biomechanical
alterations promote tumour dissemination.




