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Physical properties of 3D matrix regulate killing efficiency of cytotoxic T cells
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Under physiological conditions, immune cells encounter complex and dynamic three dimensional (3D) 
extracellular matrix (ECM) composed of fibrous mesh networks. Concerning immune surveillance, 

interaction of ECM with immune cells plays an essential role in tuning the final outcome. In solid tumors, 
dense extracellular matrix (ECM) serves as physical barriers to hinder infiltration and dampen functions of 
CTLs, leading to rather disappointing efficacy of cytotoxic T cell (CTL)-based adoptive immunotherapy in 
solid tumors compared to its big success in liquid tumors. Using primary human CTLs, we have analyzed 
how dense ECM shape killing efficiency of CTLs and found that their killing efficiency in dense collagen 
matrices is decreased via impaired migration in 3D. Two physical properties of ECM including the pore size 
and stiffness modulate CTL migration. The microtubule-network is a negative regulator for CTL migration in 
dense collagen matrices. Perturbing microtubule integrity by nocodazole or vinblastine (a chemotherapeutic 
agent) substantially enhanced killing efficiency of CTLs in dense matrices (Ref 1). Meanwhile, we have analyzed 
migration trajectories of primary human CTLs in collagen matrix using mathematical modeling and revealed 
three migration modes of CTLs in 3D: slow, fast and mixed. CTLs tend to squeeze into existing channels in 
collagen matrices or push aside collagen fibers to create channels in the matrix. Other T cells can then use 
these channels and move much faster through the matrix (Ref 2). This observation was also confirmed by 
our recently established label free light-sheet scattering microscopy (LSSM), which is a robust approach for 
long-term visualization of ECM-cell interaction without blind spot and photobleaching (Ref 3). In summary, 
our results suggest the microtubule network as a promising target to enhance killing efficiency of CTLs in a 
context of solid tumor, and reducing stiffness of ECM in tumor microenvironment could benefit efficiency of 
CTL immune surveillance.
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