Hyaluronan Glycocalyx Physically Modulates
Cell Adhesion and Migration

Shlomi Cohen 12, Rebecca Keate 2, Patrycja Kotowska *?, Patrick Chang *?, Dennis Zhou 23,
Andres Garcia 2%, Jennifer E. Curtis'?,

Polymer brushes are used to tailor and engineer fundamental surface properties in a wide range of applications. Biological
organisms may leverage the same strategy at cell surfaces via the presentation of the glycocalyx, a sugar-rich cell surface
bound polymer matrix. In particular, we focus on the glycocalyx associated with biological processes involving cell
dynamics and rearrangements — events that require exquisite control of cell adhesion and migration. From embryogenesis to
wound healing to synaptogenesis to cancer metastasis, changes in the hyaluronan-rich glycocalyx and HA milieu is
connected to these processes. Hyaluronan (HA) is a linear polyelectrolyte whose gigantic size (up to 20 microns) creates
significant physical effects when it is bound to the cell surface. These impacts are enhanced by its binding to and potential
for dense aggregation of bottlebrush proteoglycans.

Our lab is interested in the consequences of maintaining a bulky sugar matrix on the surface of cells, whether it is neurons in
the brain, cancer cells in a tumor, or fibroblasts in a wound. How does the glycocalyx interfere with or alter receptor-ligand
binding and cell-cell contacts? How is it possible that integrins manage to bind to extracellular matrix (ECM) proteins?
When the glycocalyx is compressed at an interface after cell-ECM binding, how do the forces alter the cell adhesion
strength? Here we present quantitative measurements demonstrating that indeed, compressed HA glycocalyx reduces cell
adhesion strength. Further, we show how manipulating cell adhesion strength with HA glycocalyx is an independent
parameter to tune cell migration speed. Together these data suggest that HA glycocalyx works in concert with adhesion
receptors to modulate the strength cell adhesion thru physical repulsion. This is an interesting outcome because it provides
evidence that cell integration into tissues — a fundamental aspect of multicellular organisms — is controlled not just via
adhesion, but in some cases, via an interplay of adhesive and repulsive elements.

REFERENCES

[1] Cohen S, Keate R, Chang P, Kotowska P, Chang P, Zhou D, Garcia A, Curtis JE “Hyaluronan-mediated cell adhesion and migration,” in preparation.

[2] Scrimgeour J, McLane L.T., Chang P, Curtis JE (2017) Single molecule imaging of proteoglycans in the pericellular matrix, Biophys. J. Lett 113, 1-5.

[3] Chang PS, McLane LT, Fogg R, Scrimgeour J, Temenoff JS, Granqvist A, Curtis JE (2016) Cell surface access is modulated by tethered bottlebrush
proteoglycans, Biophys. J. 110, 2739-2750.

[4] McLane LT, Chang P, Granqvist A, Boehm H, Kramer A, Scrimgeour J, Curtis JE (2013) Spatial organization and mechanical properties in the
pericellular matrix on chondrocytes, Biophys. J. 104, 1-11.

[51 Boehm H, Mundinger TA, Boehm CHJ, Hagel V, Rauch U, Spatz JP, Curtis JE (2009) Mapping the mechanics and macromolecular organization of
hyaluronan-rich cell coats, Soft Matter 5, 4331-4337

Acknowledgements: This work was funded by NSF #0955811 and #1205878.

School of Physics, Georgia Institute of Technology, 837 State Street, Atlanta, GA 30332-0430. Email: jennifer.curtis@physics.gatech.edu
2petit H. Parker Institute of Bioengineering and Biosciences, Georgia Institute of Technology

3 Woodruff School of Mechanical Engineering, Georgia Institute of Technology





