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Quick Review: Methods of bioprinting
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Quick Review: Application of blood vessel printing
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Learning Goals Mechanobiology

Why is biomaterial design is such a powerful tool in
regenerative medicine?

= ECM as a major physiological ,driving cue”

= Mechanics as a key ingredient in physiology and
biomaterial design

= How cells sense mechanical signals and convert them to
“downstream signaling pathways” (molecular level)
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Wound Healing
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Phase I: Blood cell products (platelets), very temporary matrix scaffold (fibrin), stimulatory proteins (these recruit: vascular and other tissue related stem cells; macrophages& immune cells; fibroblasts)
Phase I-II: Granulation tissue forms (mixture of all required “players”: stem cells, immune cells, other cells, fibronectin, smaller collagens& proteoglycans)
Phase I-III: Revascularization(vascular modeling) and vascular remodeling(larger collagens, lamin) – blood supply!
Phase III: “Scar” tissue remodeling(toward “normal tissue”):  optimal cell types; optimal matrix (usually less or no fibronectin; fewer smaller collagens and proteoglycans; toward larger collagens and elastin)


Forces as Key Ingredient of Tissue Engineering
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a | Stem cells can be transplanted on or in synthetic matrices with defined mechanical properties, such as stiffness and viscoelasticity, that promote proliferation and/or a particular stem cell fate; in this example, stem cells are programmed by the matrix to enhance bone repair in the mandible. 
b | Stem cells can be pre-conditioned for a period of time (Δt) with mechanical cues, either by culturing on or in matrices with specific stiffness or viscoelasticity or by applying external forces (Fe) of a desired strain and rate to the substrate, before collection of cells for localized (for example, skeletal muscle site) or systemic delivery. 
c | Mechanical cues of stiffness and viscoelasticity can also be used in vitro to mimic embryonic development by driving stem cells to undergo self-organization, differentiation and morphogenesis into organoid tissues over time (Δt), which could then be subsequently transplanted for organ repair or replacement —in this example, repair of the colon. 
d | Direct application of external forces can be utilized to improve regeneration by endogenous stem cells —in this example, stemcells in injured skeletal muscle tissue. Both the absolute magnitude of strain and the rate of application may regulate the regenerative process.Fi, intrinsic forces. 


Forces as Key Ingredient of Tissue Engineering
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Mechanobiology — Mechanical Signals

external matrix forces
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Mechanobiology - Sensation
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Cells sense strain ε = dl/l = σ/E  Biomech 1!


Mechanobiology — Conversion to biochem. signals
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A kinase is an enzyme that catalyzes the transfer of phosphate groups from high-energy, phosphate-donating molecules to specific substrates.


Mechanobiology — Conversion to biochem. signals
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A kinase is an enzyme that catalyzes the transfer of phosphate groups from high-energy, phosphate-donating molecules to specific substrates.


Question 1
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Question 2

Stress-relaxation test
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Question 3

Actin bundle
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Assuming a sudden onset of cellular traction with then constant forces
provided by the actin-myosin machinery, draw the force vs. time curves for
forces at a single focal adhesion for the following cases:
o matrix is very dense vs. very porous; in both cases assume a normal
interstitial fluid (mostly water, ions, and soluble factors)
o fluid in the matrix is of normal viscosity (healthy interstitial fluid),
versus inflammatory (containing proteins that confer low viscosity
properties).
• Assuming a matrix with viscoelastic mechanical properties, and assuming a
sudden force onset driven by constant myosin activity:
o Describe the relative changes (as a function of time) of:
§ the integrin-ECM binding site locations with respect to the cell
center
§ the structural “conformation” (shape) of talin
§ kinase activity
• Assuming that the cell will attempt to maintain constant cell contractility,
and that kinase activity is required to maintain myosin activity, how do you
suspect a cell reacts to a time-dependent displacement of the viscoelastic
substrate?
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