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Anabolic growth factors
« Highly potent signaling molecules
» Regulation of growth, differentiation, ECM
biosynthesis
« Transforming growth factor beta (TGF-), insulin-like
growth factor (IGF), fibroblast growth factor (FGF)

soluble
growth @
factor

cell
receptor

* What mechanisms regulate growth factor activity in
the extracellular environment?

TGF-B Latent Complex TGF-B Mechanobiology

Latency ; I TGFp receptor
associated ~ TGF-f peptide

peptide "

Latent TGF-3
binding protein
N

i

resistant ECM
[Hyytiainen, 2004] [Wipff, 2008]

« Activation is the major regulatory feature * Mechanical forces can activate latent
of TGF-f in native environment TGF-B
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TGF- Mechanosignaling: Tip of the Iceberg

« What are the detailed mechanisms responsible for load-

induced activation of latent TGF-f3 in native musculoskeletal
tissues?

* What is the functional role of TGF- mechanosignaling in
maintaining musculoskeletal tissue health/homeostasis?

 How does TGF- mechanosignaling break down with age
and tissue degeneration?

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{



Research on Tap: Mechanobiology: How Force and Stretch Shape Life
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LaSER Laboratory for Skeletal Engineering and Regeneration

Thrust 1: Gap closure and wound healing of soft tissues

How do cells build af@y " {=ue architectures?
(Sakar, Eyckmans et al., Nat Comm, 2016)
1. Fibronectin recycling 2. Modeling fibrous tissue closure 3. Laser ablation

Shoshana Das

Feng Liu, PhD

Megan Griebel
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How do cells repair tissues?


Thrust 2: Engineering skeletal tissue models on-chip.

Bone remodeling unit on-chip
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Tensional Homeostasis of Adherent Cells
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Presentation Notes
Homeostasis is the ability of living systems to maintain stability of their physiological functions in responses to perturbations from their environment.

In mechanobiology of living cells, homeostasis is linked to the cell’s ability to achieve stable cytoskeletal tension in response to external and internal disturbances.  This is known as tensional homeostasis.

We studied tensional homeostasis by measuring temporal fluctuations of cellular traction forces using traction microscopy.
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Definition: Tensional homeostasis is the ability of cells to
maintain a consistent level of cytoskeletal tension with low
temporal fluctuations.

Observations: Tensional homeostasis is cell-type dependent:
in certain cell types (e.g., endothelial cells), it can be
achieved only in multicellular clusters; in other cell types
(e.qg., fibroblasts), no clustering is required.

Single Cells Clusters
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Promoting homeostasis: Detrimental to homeostasis:
* Increasing number of FAs Unstable FAs
« Stable FAs Large temporal fluctuations
« Small temporal fluctuations of FA forces

of FA forces Heterogeneous FA forces
« Homogeneous FA forces Correlated FA forces
* Uncorrelated FA forces

Question: How do cells achieve tensional homeostasis in vivo
in the presence of the detrimental factors?

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{
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Presentation Notes
These are results from our study of tensional homeostasis on endothelial cells (top) and fibroblasts (below) for single cells (left) and multicellular cluster (right).  The graphs represent the traction field fluctuations (vertical axis) with observation time (horizontal axis).  Each curve corresponds to different cell/cluster.  Images from traction maps of living cells are shown.  Points to appreciate:
Traction field fluctuations in single endothelial cells are greater than in clusters of cells, whereas in fibroblasts there is no obvious difference.
CV of single endothelial cells is significantly greater than CV of clusters, whereas in fibroblasts there is no significant difference.
CV of endothelial ells is higher than that of fibroblasts.
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On Force and Form: Mechanobiology of the Extracellular
Matrix
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Associate Professor
Department of Biomedical Engineering

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{



On force and form: mechanobiology of
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YAP/TAZ Signaling in Development and Disease

Bob Varelas
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Organ development & homeostasis: cell fate regulation
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Mechanobiology of Heritable Connective Tissue Disease
(ECM and the 3 Bears)

Matthew D. Layne
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ECM, Mechanotransduction & Three Bears
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Soft

Source: IKEA

Mechanotransduction Drives Fibrosis
“Too Hard” = Fibrosis

Fibroblasts Myofibroblasts| INCREASE TISSUE STIFFNESS
* Increase ECM production

¢ Increase migration
e Proliferation
e Activates TGFf3

-

FIBROSIS THERAPY?
e Decrease tissue stiffness
e Reduce ECM production
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Connective Tissue Disease “Too Soft” = Ehlers-Danlos Syndrome

 Heritable collagenopathies (~1:2500 people) = collagen fiber defects

» Mutations in collagens I, lll, V, XIl, processing machinery, & accessory proteins
« ECM structural and assembly defects

« skin hyperextensibility < joint hypermobility « tissue fragility/vascular weakness
* Mechanotransduction disease

Aortic carboxypeptidase-like protein (ACLP/AEBP1)

TOO MUCH: TOO LITTLE:

 organ fibrosis < Human ACLP mutations
« vascular disease * Novel EDS variant
* cancer? * joint laxity

« defective wound healing
* vascular disruption

« ECM protein>binds collagens
 Stimulates TGF3 and Wnt signaling

Boston University Office of the Vice President and Associate Provost for Research ESEEESTN{
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How does ACLP Regulate ECM Assembly and Mechanotransduction?

Collagen assembly
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Cytoskeletal Structure Mediates In Vitro Mediated
Signaling By Mechanical Stretch

Louis C. Gerstenfeld, PhD

Professor Orthopedic Surgery
Adjunct Professor Mechanical Engineering
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Intact Actin Cytoskeleton but not Microtubule Structure is Needed to Facilitate
Stretch Mediated Gene Upregulation in Osteoblasts
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Selective Ligand Integrin Based Interactions Mediates Specific Kinase Activation
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Mechanobiology of Marrow Tissue in Health
and Pathology

Katya Ravid

Professor of Medicine, Biochemistry and Biology
Department of Medicine, School of Medicine

Work presented here was/is co-supported by a Fulbright Research Scholar
Award and ANR in collaboration with Catherine Leon/ INSERM
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« Platelets play key roles in thrombosis, hemostasis, cardiovascular disease, etc.
» Platelets are released from their precursor cell, the megakaryocyte (MK) in the

bone marrow (BM); The BM is heterogeneous: composition & stiffness
[ — = — = — = — ]

, *?  On a stiffer BM, MKs release less platelets. Why and How?

Collagen | ‘:::-:éMyelofibrotic
MK :\r:a'?ls_l? ste:f:‘ BM= very stiff=
yp reduced

. platelets

* We identified Piezo 1/2 mechanosensetive cation channels as expressed on
MKs, and dys-regulated in disease such as MK-associated Myelofibrosis;

« To probe for functional significance, we collaboratively engineered mice in
which Piezo1/2 is knocked out in MKs and platelets
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Cytoskeletal & transcriptome changes in response to Piezo-mechanosensing?



Research on Tap: Mechanobiology: How Force and Stretch Shape Life

Osteocytes Mechano-Transduction

Paola Divieti Pajevic MD, PhD

Associate Professor
Molecular and Cell Biology, GSDM

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{



Research on Tap: Mechanobiology: How Force and Stretch Shape Life

Bone adaptation to mechanical loading
Loading

O@faﬁc@tm‘y@@estr% the effects of
ho#mones-{PTH)--intracellilar signaling (Gs
alpha) and mechanical forces (gravity) on
skeletal homeostasis
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In vitro model

1) Osteocytic cell line

2) Simulated microgravity

3) Microgravity (ISS-OSTEO4)
4) Fluid flow shear stress

5) CRISPR/Cas9 for gene editing

SNX0652B04

In vivo model

o . . . (2675)
1) Hind limb unloading (tail suspension)

http://divietipajeviclab.com

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{
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Fluctuation-Driven Mechanotransduction Regulates
Mitochondrial Structure and Function

Bela Suki

Professor
Biomedical Engineering, College of Engineering
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* Fluctuations accompany life and change with disease.

Blood pressure (mmHg)

* Breathing, the heart rate, blood pressure, muscle
contraction and body movements generate variabilities.

Time (s)
« Stretch/pressure/force that adherent cells are exposed to in the body will show similar variabilities.
» Over hundreds of millions of years of evolution, cells must have adapted to such fluctuations.

* We hypothesize that all cell functions that are affected by mechanical forces will be sensitive to
fluctuations in mechanical stimuli, called Fluctuation-driven Mechanotransduction.

« If variability was built into cell function when multicellular life evolved ~2B years ago, then variability in
stretch should affect the most ancient cellular process, the generation of energy in the form of ATP!

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{
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Neurological Dysfunction Associated to Mechanical Stresses
at the Brain-Tumor Interface

Hadi T. Nia

Assistant Professor
Department of Biomedical Engineering

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{



Main hypothesis: compressive mechanical | | \yhat are the magnitude of the mechanical
stresses at the brain-tumor interface cause stresses at the tumor-brain interface?

neurological dysfunction

kPa
+0.21
- +0.13
1 +0.09
+0.04
-0.01
H -0.06
-0.10

Using planar-cut method
H.T. Nia, et al, Nature Biomed. Eng. 2017
H.T. Nia*, M. Datta*, et al, Nature Protocols 2018

What are the origins of these stresses? Role of growth pattern

Nodular | Infiltrative Nodular Infiltrative

:w
%
3

GBM patients

Mouse models of GBM




What are the consequences of these mechanical
stresses?

How to decouple mechanical from biological stresses
at the tumor-brain interface?

PVC cranial SW
window
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How can we target the effect of
the mechanical stresses?
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Probing and Programming How Cells Sense Force

John T. N

Assistant ProfesSor--
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How Hiwtelisrsed=et endealiies i commeohargtidiforce?

— i

| Notch Activation Requires 2 Inpu
1) Ligand binding
2) Tension

VIO TypPe )

Ecad::GFP
0':00"

Boston University Office of the Vice President and Associate Provost for Research EQEET{STN{



Research on Tap: Mechanobiology: How Force and Stretch Shape Life

Synthetic Mechanobiology for Directing
Myogenic Differentiation in Engineered Fibroblasts
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Multi-Scale Computations for
Mechanobiology

Qiang Cui

Professor
Department of Chemistry
College of Arts & Sciences
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MULTI-SCALE COMPUTATIONAL
MODELS IN BIOLOGY

psr A Quantum
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Spectroscopies
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All-atom

Protein structure/dynamics
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S. Marrink et al. ("16)
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Presentation Notes
Useful to integrate models of different levels - to get the best balance of efficiency & accuracy in the case of multi-scale QM/MM free energy simulations - also the difference from different models help gain insights into what actually matters to the property of interest (DFTB vs. DFT, AA vs. CG).
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. does matrix rigidity regulate gene expression?
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Which level of rigidity does a cell sense on a highly heterogeneous matrix?

How does a cell distinguish between 2D and 3D environments?

w/ X. Chen, Biophys. J. ('06; '09); /. Mech. Biomol. ('18)

H. J. Gao etal. Annu. Rev. Biophys. ('15)
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How Structural and Geometric Heterogeneity
Shape Local ECM Mechanics?

Katherine Yanhang Zhang

Professor
Department Mechanical Engineering
College of Engineering
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Coupled Experlmental and Modeling Approach

Microstructure
Elastin, collagen fiber
Elastic lamellae
ECM integrity
Interactions

Structure-based
constitutive model
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The waviness gradient of elastic lamellar layers plays an (Yuetal., J Royal Society
Interface, 2018)

important role in equalizing local circumferential stretch/stress.
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Capitalizing on Mechanobiology to Prevent
Vascular Dementia

Kathleen Morgan

Professor
Health Sciences, Sargent College
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Q:oncept 1: Our aortas get stiffer as we age and this is bad for our brains
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» Molecular Mechanisms of aging-induced
Aortic stiffness:

* independent of atherosclerosis

* precedes hypertension

* matrix is a factor

» dVSMC is an equally large factor

There are at least 3 components to
cellular stiffness:
1. Contractile Filament Activation
2. Actin Polymerization
3. Focal Adhesion Dynamics
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Concept 2: Focal Adhesion Proteins are Associated with Aortic Stiffness AND We

Can Decrease Aortic Stiffness with Microbubble—Loaded decoy peptides

rs600420 ( CEU )
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