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Hepatic ECM Homeostasis and Liver Disease 

Fibrosis 
 -dramatic remodeling and scarring of liver 
 -mediated by imbalance between injury and repair 
 -potentially reversible 
 
 
 
 
 

Earlier stages  
 -hepatic ECM responds dynamically to stress 
 -impact is poorly understood 
 -may be a more effective target 

Liver disease may be caused by: 
• alcohol (ASH) 
• obesity (NASH) 
• toxic chemicals (TASH) 
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Presentation Notes
Progression from normal to steatosis occurs in response to short term exposure and is reversible; characterized by presence of large sharp fat droplets in hepatocytes.-steatosis
In steatohepatitis, fatty livers progress to development of parenchymal inflammation and hepatocellular damage
Fibrosis/cirrhosis characterized by aberrant fibrin deposition w/ bridging fibrosis
End stage, limited treatment options




Mormone et al. Chem Biol Interact 193:225-31 
Ramachandran and Iredale QJM 105:813-817 
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ECM in fibrosis; more than collagen 
Other matrices contribute to 
hepatic fibrosis and are 
upregulated in disease models 
 -e.g., fibronectin, elastin, 
laminin, and hyalurin 

Gressner et al. Comp. Hepatol. 6:7 
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Presentation Notes
ECM changes precede fibrosis
ECM changes more than simply collagen

What are the changes?
Do changes in the ECM contribute to pathology?




Hepatic ECM Responds Dynamically to 
Stress 



Integrins Humphries, 2006, J Cell Sci, 119:3901-3 
Danen, 2013, ISRN Cell Biol, 2013(2013):135164 
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Presentation Notes
The transitional changes observed to be caused by alcohol to the hepatic matrisome creates a more favorable environment for dissemination of metastases to the liver, and that specific integrins mediate these changes

β 1 & β3 RGD-binding integrins bind to the largest number of ECM & vascular ligands
β1 integrins play a critical role in initiation, proliferation, progression & metastasis of many tumors
β3 integrins are involved with anchorage-independent growth and tumor formation
RGD-binding integrins control TGFβ activationimpacts tumor cells and cancer-associated fibroblasts




ECM & Integrin Interactions in Cancer 
3D architecture of ECM for primary and 
metastatic lesions has critical influence on 
tumor cells and their sensitivity to therapeutics 

ECM modulates changes in adhesion, 
invasion, proliferation, and migration 

ECM phenotype in tissues can vary with 
tumor progression 

Tumor angiogenesis is important in metastatic 
cascade for intravasation 

  

 

 Pouliot et al., 2013. http://www.ncbi.nlm.nih.gov/books/NBK100379/ 
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Presentation Notes
tumor cell attachment to liver sinusoid wall iis first step for liver metastasis (Rosenow); collagen-binding & laminin-binding integrins play role in met cascade (Rosenow-29); adhesion of liver-targeting tumor cells to sinusoid wall components laminin-1 & fibronectin essential for liver mets 


2nd stage of met seeding-eCM interaction w/ tumor cell integrins is required for invasion & migration of tumor cells into liver parenchyma

The metastatic cascade. (Top) Proteolytic disruption of the collagen and laminin-rich basement membrane enables the escape of tumor cells from the primary tumor. Facilitated by paracrine signals from stromal cells, migrating tumor cells invade the surrounding stroma rich in collagen-I and enter the vasculature (intravasation). (Bottom) Vascular arrest and extravasation of circulating tumor cells relies on their interaction with endothelial cells and the sub-endothelial basement membrane. Successful colonization of the secondary organ is dependent on the ability of metastatic cells to survive, proliferate and to promote vascularization, leading to the formation of a clinically relevant secondary tumor.



 

Bimolecular model 

  

Divalent Model Receptor Aggregation 

Integrin Binding Model   
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Clustering
Integrin-ligand binding drives integrin assembly into clustersdependent on matrix (independent of intracellular interactions)->mostly physical influences, e.g. stiffness, adhesion forces, etc
Should we work in parameter where there is feedback for clustering based on matrix density?




Agent-Based Model 
 ECM Deposition 

  HSC activation & differentiation 

Quiescent HSCs 
Kupffer cells & damaged 
hepatocytes lead to release 
of mediators such as TNFα, 
TGFβ1, HMGB1, PDGF 

Differentiation to 
myofibroblasts 

TGFβ1 TNFα  

Myofibroblast  
proliferation 

ECM deposition 

Proteomic data 
will be used to 
validate ECM 
component 

concentration 

Mediators treated as 
diffused gradients with 
stimulatory changes to 

agents  

Cell types are the 
‘agents’ that take up 
space and change in 
response to stimuli 

Established gradient 
parameter will be used 
in integrin haptotactic 
cell migration model 

Components: 
ECM Matrix 
Sinusoid 
Hepatocytes  
HSCs 
Tumor Cells 
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transformed HSCs participate in stroma formation of liver mets 


Process example pertinent to our model that illustrates simplification of ecm deposition for myofibroblasts
Development of model equations that provide premise for simulation experiments; e.g. set up equations to simulate change when thresholds for each are reached, as in when TNF-alpha reaches certain level then existing HSCs and portal fibroblasts are induced to differentiate into myofibroblasts

In this way using mathematical equations to describe biological processes occurring upon CCl4 injurty





Mouse Model 
oB6 129 background 

oAlcohol feeding followed by allograft transplantation of metastatic 
or non-metastatic cell lines 

Lieber DeCarli diet-induced ASH  
• NIAAA acute-on-chronic model      
• 6 wk chronic alcohol-fed model 

Bertola, 2013, Nat Protoc, 8(3):627-37 



Winslow et al.,2011. Nature, 473(7345)101-4 

TnonMet & Tmet: 
Equivalent 
proliferation rates in 
culture; 
TMet  has higher 
potential for liver 
tumor nodule 
formation than 
TnonMet 

Metastatic Model 



In Vitro ECM Model 

Lee et al. Biomacromolecules. 15:206-18 

3D Hydrogel Model: 
Decellularized livers from 
metastatic models will be 
utilized to test metastatic 
cell migration in response 
to various stimuli 
 
o Functionalize with 

integrin binding motifs 
(RGD peptides) 

o Other chemotactic 
factors 
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