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Modeling liver diseases associated with 
obesity and the metabolic syndrome



There is a growing epidemic with a major impact on the liver

• Obesity and its co-morbidities

- Caloric imbalance, sedentary lifestyle

• Diabetes – insulin resistance, in particular hyperglycemia

• Metabolic disturbances, systemic inflammation

- Gut – liver dysfunction / inflammation

• Liver fibrosis, cirrhosis

• Liver failure and cancer (HCC)



There is a growing epidemic with a major impact on the liver

• Obesity and its co-morbidities – effectively modeled

Woodland reference study – PO,QD for 10 d, Dose response curve and SAR analog testing
Taconic DIO mice 
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Woodland and Taconic are partnering to explore modeling 
obesity and its sequelae leading to morbidity

• DIO 
- 60% HFD - obesity but no fibrosis

- Woodland-Taconic webinar archived

• DIO with 40% NASH HFD Diet
“Amylin” NASH Model – C57Bl/6 for up to 30 weeks with NASH HFD

▪ Woodland is characterizing this model in collaboration with Taconic - ongoing

Additional details available at the Woodland booth



Obesity and Cancer: The Oil that Feeds the Flame
Joan Font-Burgada,1 Beicheng Sun,2,* and Michael Karin1
Cell Metabolism 23, January 12, 2016 ª2016 Elsevier Inc.

How does obesity lead to Cancer?



Vlad Ratziu EASL, Feb2017, Rome

Fatty liver has overtaken alcohol
as the leading cause of  

cirrhosis of the liver!



UK data – Orange is NASH-related

}

Not just U.S., the western world too.



Human NASH / Fibrosis / Cirrhosis takes decades to develop

Woodland NASH / Fibrosis / model takes ~4 months to model

Kupffer cells

Cells of the resident hepatic 

macrophage population. In the 

steady state, Kupffer cells are 

thought to self-renew and to 

originate from fetal (yolk sac) 

precursor cells. These cells 

reside in the liver sinusoids 

where they regulate local 

immune responses and remove 

bacteria, bacterial endotoxins 

and microbial debris that  

are derived from the 

gastrointestinal tract and 

transported to the liver  

via the portal vein.

Fibrocytes

Cells of haematopoietic origin 

(marked by CD45 expression) 

that can differentiate into 

tissue myofibroblasts.

Pericytes

Specialized mesenchymal cells 

that are embedded within the 

basement membrane of 

capillaries (hepatic stellate 

cells are considered to be  

the pericytes of the liver).

Space of Disse

The perisinusoidal space in the 

liver, between the endothelial 

cells and the hepatocytes.

Hepatic stellate cells. Hepatic stellate cells are the  

pericytes of the liver and they reside in the space of Disse 

between the hepatocytes and the endothelial cells, 

where they encircle the liver sinusoids. They express 

neural markers (such as glial fibrillary acidic protein 

(GFAP) and synaptophysin) and desmin, and they store 

vitamin A in lipid droplets. Following chronic liver 

injury of any cause, hepatic stellate cells become acti-

vated and transdifferentiate to myofibroblast-like cells, 

which are characterized by a loss of lipid droplets, by 

increased proliferation and migration, by secretion of 

excessive ECM proteins, by enhanced contractility and 

by the release of pro-inflammatory and pro-fibrogenic 

factors including TGFβ. Activated hepatic stellate cells 

upregulate mesenchymal cell markers (such as αSMA 

and type I collagen) and lose their neural marker signa-

ture, which enables the cellular activation status of these 

cells to be discriminated in vitro and in vivo.

Perpetuat ion of hepat ic myofibroblast act ivation

Perpetuation of myofibroblast activation results from 

several positive feedback loops involving, among other 

receptors, TGFβ receptors, PDGF receptor-β15 and 

angiotensin II receptors16, which are upregulated on 

these cells. In addition, TGFβ promotes myofibroblast 

survival through the activation of focal adhesion kinase 

(FAK) and AKT17. The production of soluble mediators 

such as CC-chemokine ligand 2 (CCL2; also known 

as MCP1) and macrophage colony-stimulating factor 

(M-CSF) augments inflammatory cell infiltration to the 

site of injury to initiate and to maintain myofibroblast 

activation. Myofibroblast differentiation and fibrosis 

may also be promoted by epigenetic events such as the 

methyl-CpG-binding protein 2 (MeCP2)-mediated 

silencing of the gene encoding peroxisome proliferator-

activated receptor-γ (PPARγ)18 or the transcriptional 

activation of pro-fibrogenic genes by specific histone 

modifications19. An inevitable consequence of fibrotic 

ECM accumulation (and myofibroblast contraction) is 

a progressive increase in tissue stiffness. There is evi-

dence showing that biomechanical signalling, medi-

ated through increased tissue stiffness, is a crucial  

mechanism to promote and to sustain the differentiated, 

contractile myofibroblast phenotype20 and to stimulate 

the force-dependent activation of TGFβ by dissociating 

it from latency-associated peptide (LAP)21.

Cell adhesion proteins such as integrins mediate 

complex cell–cell and cell–ECM interactions in wound-

healing responses. Integrins transduce bidirectional sig-

nals that regulate cell behaviour, including proliferation, 

motility, differentiation, survival and apoptosis. During 

fibrogenesis, increased expression of αv integrins on 

hepatic myofibroblasts22 and of αvβ6 integrin on acti-

vated cholangiocytes modifies the cellular response to 

Figure 1 | Natural history of chronic liver disease. Hepatic fibrosis is the wound-healing response of the liver to many 

causes of chronic injury, of which viral infection, alcohol and non-alcoholic steatohepatitis (NASH) are the most common. 

Regardless of the underlying cause, iterative injury causes inflammatory damage, matrix deposition, parenchymal cell 

death and angiogenesis leading to progressive fibrosis. The scar matrix typically accumulates very slowly (the median  

time to cirrhosis in chronic hepatitis C is 30 years) but once cirrhosis is established the potential for reversing this process 

is decreased and complications develop. Genetic polymorphisms, epigenetic marks and cofactors (such as obesity and 

alcohol) can modulate the risk of fibrosis progression. If the cause of fibrosis is eliminated, resolution (that is, complete 

reversal to near-normal liver architecture) of early hepatic fibrosis can occur. In cirrhosis, although resolution is not 

possible, regression (that is, improvement but not reversal) of fibrosis improves clinical outcomes. Anti-fibrotic therapies 

are emerging that can slow, halt or reverse fibrosis progression. Currently, liver transplantation is the only available 

treatment for liver failure or for some cases of primary liver cancer. Hepatocellular carcinoma is rising in incidence 

worldwide and is a major cause of liver-related death in patients with cirrhosis.

Nature Reviews | Immunology
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Kupffer cells

Cells of the resident hepatic 

macrophage population. In the 

steady state, Kupffer cells are 

thought to self-renew and to 

originate from fetal (yolk sac) 

precursor cells. These cells 

reside in the liver sinusoids 

where they regulate local 

immune responses and remove 

bacteria, bacterial endotoxins 

and microbial debris that  

are derived from the 

gastrointestinal tract and 

transported to the liver  

via the portal vein.

Fibrocytes

Cells of haematopoietic origin 

(marked by CD45 expression) 

that can differentiate into 

tissue myofibroblasts.

Pericytes

Specialized mesenchymal cells 

that are embedded within the 

basement membrane of 

capillaries (hepatic stellate 

cells are considered to be  

the pericytes of the liver).

Space of Disse

The perisinusoidal space in the 

liver, between the endothelial 

cells and the hepatocytes.

Hepatic stellate cells. Hepatic stellate cells are the  

pericytes of the liver and they reside in the space of Disse 

between the hepatocytes and the endothelial cells, 

where they encircle the liver sinusoids. They express 

neural markers (such as glial fibrillary acidic protein 

(GFAP) and synaptophysin) and desmin, and they store 

vitamin A in lipid droplets. Following chronic liver 

injury of any cause, hepatic stellate cells become acti-

vated and transdifferentiate to myofibroblast-like cells, 

which are characterized by a loss of lipid droplets, by 

increased proliferation and migration, by secretion of 

excessive ECM proteins, by enhanced contractility and 

by the release of pro-inflammatory and pro-fibrogenic 

factors including TGFβ. Activated hepatic stellate cells 

upregulate mesenchymal cell markers (such as αSMA 

and type I collagen) and lose their neural marker signa-

ture, which enables the cellular activation status of these 

cells to be discriminated in vitro and in vivo.

Perpetuat ion of hepatic myofibroblast activat ion

Perpetuation of myofibroblast activation results from 

several positive feedback loops involving, among other 

receptors, TGFβ receptors, PDGF receptor-β15 and 

angiotensin II receptors16, which are upregulated on 

these cells. In addition, TGFβ promotes myofibroblast 

survival through the activation of focal adhesion kinase 

(FAK) and AKT17. The production of soluble mediators 

such as CC-chemokine ligand 2 (CCL2; also known 

as MCP1) and macrophage colony-stimulating factor 

(M-CSF) augments inflammatory cell infiltration to the 

site of injury to initiate and to maintain myofibroblast 

activation. Myofibroblast differentiation and fibrosis 

may also be promoted by epigenetic events such as the 

methyl-CpG-binding protein 2 (MeCP2)-mediated 

silencing of the gene encoding peroxisome proliferator-

activated receptor-γ (PPARγ)18 or the transcriptional 

activation of pro-fibrogenic genes by specific histone 

modifications19. An inevitable consequence of fibrotic 

ECM accumulation (and myofibroblast contraction) is 

a progressive increase in tissue stiffness. There is evi-

dence showing that biomechanical signalling, medi-

ated through increased tissue stiffness, is a crucial  

mechanism to promote and to sustain the differentiated, 

contractile myofibroblast phenotype20 and to stimulate 

the force-dependent activation of TGFβ by dissociating 

it from latency-associated peptide (LAP)21.

Cell adhesion proteins such as integrins mediate 

complex cell–cell and cell–ECM interactions in wound-

healing responses. Integrins transduce bidirectional sig-

nals that regulate cell behaviour, including proliferation, 

motility, differentiation, survival and apoptosis. During 

fibrogenesis, increased expression of αv integrins on 

hepatic myofibroblasts22 and of αvβ6 integrin on acti-

vated cholangiocytes modifies the cellular response to 

Figure 1 | Natural history of chronic liver disease. Hepatic fibrosis is the wound-healing response of the liver to many 

causes of chronic injury, of which viral infection, alcohol and non-alcoholic steatohepatitis (NASH) are the most common. 

Regardless of the underlying cause, iterative injury causes inflammatory damage, matrix deposition, parenchymal cell 

death and angiogenesis leading to progressive fibrosis. The scar matrix typically accumulates very slowly (the median  

time to cirrhosis in chronic hepatitis C is 30 years) but once cirrhosis is established the potential for reversing this process 

is decreased and complications develop. Genetic polymorphisms, epigenetic marks and cofactors (such as obesity and 

alcohol) can modulate the risk of fibrosis progression. If the cause of fibrosis is eliminated, resolution (that is, complete 

reversal to near-normal liver architecture) of early hepatic fibrosis can occur. In cirrhosis, although resolution is not 

possible, regression (that is, improvement but not reversal) of fibrosis improves clinical outcomes. Anti-fibrotic therapies 

are emerging that can slow, halt or reverse fibrosis progression. Currently, liver transplantation is the only available 

treatment for liver failure or for some cases of primary liver cancer. Hepatocellular carcinoma is rising in incidence 

worldwide and is a major cause of liver-related death in patients with cirrhosis.

Nature Reviews | Immunology
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thought to self-renew and to 

originate from fetal (yolk sac) 

precursor cells. These cells 

reside in the liver sinusoids 

where they regulate local 

immune responses and remove 
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and microbial debris that  

are derived from the 

gastrointestinal tract and 

transported to the liver  

via the portal vein.

Fibrocytes

Cells of haematopoietic origin 

(marked by CD45 expression) 

that can differentiate into 

tissue myofibroblasts.

Pericytes

Specialized mesenchymal cells 

that are embedded within the 

basement membrane of 

capillaries (hepatic stellate 

cells are considered to be  

the pericytes of the liver).

Space of Disse

The perisinusoidal space in the 

liver, between the endothelial 

cells and the hepatocytes.

Hepatic stellate cells. Hepatic stellate cells are the  

pericytes of the liver and they reside in the space of Disse 

between the hepatocytes and the endothelial cells, 

where they encircle the liver sinusoids. They express 

neural markers (such as glial fibrillary acidic protein 

(GFAP) and synaptophysin) and desmin, and they store 

vitamin A in lipid droplets. Following chronic liver 

injury of any cause, hepatic stellate cells become acti-

vated and transdifferentiate to myofibroblast-like cells, 

which are characterized by a loss of lipid droplets, by 

increased proliferation and migration, by secretion of 

excessive ECM proteins, by enhanced contractility and 

by the release of pro-inflammatory and pro-fibrogenic 

factors including TGFβ. Activated hepatic stellate cells 

upregulate mesenchymal cell markers (such as αSMA 

and type I collagen) and lose their neural marker signa-

ture, which enables the cellular activation status of these 

cells to be discriminated in vitro and in vivo.

Perpetuation of hepat ic myofibroblast act ivat ion

Perpetuation of myofibroblast activation results from 

several positive feedback loops involving, among other 

receptors, TGFβ receptors, PDGF receptor-β15 and 

angiotensin II receptors16, which are upregulated on 

these cells. In addition, TGFβ promotes myofibroblast 

survival through the activation of focal adhesion kinase 

(FAK) and AKT17. The production of soluble mediators 

such as CC-chemokine ligand 2 (CCL2; also known 

as MCP1) and macrophage colony-stimulating factor 

(M-CSF) augments inflammatory cell infiltration to the 

site of injury to initiate and to maintain myofibroblast 

activation. Myofibroblast differentiation and fibrosis 

may also be promoted by epigenetic events such as the 

methyl-CpG-binding protein 2 (MeCP2)-mediated 

silencing of the gene encoding peroxisome proliferator-

activated receptor-γ (PPARγ)18 or the transcriptional 

activation of pro-fibrogenic genes by specific histone 

modifications19. An inevitable consequence of fibrotic 

ECM accumulation (and myofibroblast contraction) is 

a progressive increase in tissue stiffness. There is evi-

dence showing that biomechanical signalling, medi-

ated through increased tissue stiffness, is a crucial  

mechanism to promote and to sustain the differentiated, 

contractile myofibroblast phenotype20 and to stimulate 

the force-dependent activation of TGFβ by dissociating 

it from latency-associated peptide (LAP)21.

Cell adhesion proteins such as integrins mediate 

complex cell–cell and cell–ECM interactions in wound-

healing responses. Integrins transduce bidirectional sig-

nals that regulate cell behaviour, including proliferation, 

motility, differentiation, survival and apoptosis. During 

fibrogenesis, increased expression of αv integrins on 

hepatic myofibroblasts22 and of αvβ6 integrin on acti-

vated cholangiocytes modifies the cellular response to 

Figure 1 | Natural history of chronic liver disease. Hepatic fibrosis is the wound-healing response of the liver to many 

causes of chronic injury, of which viral infection, alcohol and non-alcoholic steatohepatitis (NASH) are the most common. 

Regardless of the underlying cause, iterative injury causes inflammatory damage, matrix deposition, parenchymal cell 

death and angiogenesis leading to progressive fibrosis. The scar matrix typically accumulates very slowly (the median  

time to cirrhosis in chronic hepatitis C is 30 years) but once cirrhosis is established the potential for reversing this process 

is decreased and complications develop. Genetic polymorphisms, epigenetic marks and cofactors (such as obesity and 

alcohol) can modulate the risk of fibrosis progression. If the cause of fibrosis is eliminated, resolution (that is, complete 

reversal to near-normal liver architecture) of early hepatic fibrosis can occur. In cirrhosis, although resolution is not 

possible, regression (that is, improvement but not reversal) of fibrosis improves clinical outcomes. Anti-fibrotic therapies 

are emerging that can slow, halt or reverse fibrosis progression. Currently, liver transplantation is the only available 

treatment for liver failure or for some cases of primary liver cancer. Hepatocellular carcinoma is rising in incidence 
worldwide and is a major cause of liver-related death in patients with cirrhosis.

Nature Reviews | Immunology
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STZ - hyperglycemia

HFD
Obesity
Inflammation

Optional 3rd Hit

[Female or male]

Nature Reviews Immunology 
14:181 (2014)

Hyperglycemia          steatosis          Inflammation          Fibrosis

Early

Fibrosis

We have the key phenotypic
markers of human disease

Human
40 – 50 years

Mouse
3 – 4 months

http://odlarmed.com/wp-content/uploads/2009/01/s-212a.jpg


The pathophysiology of our model:

1. Hyperglycemia with “Insulin insufficiency” Insulin sensitizers work in our model (to lower glucose) 

Diabetes pathology in NASH is a result primarily of glucose toxicities (hyperglycemia), not insulin resistance per se 
…However, hyperinsulinemia may be involved (Rachel Perry, Yale, AACR 2019)

2. Steatosis – starting as early as two weeks

3. Inflammation - Scored as lobular infiltration of macrophages in response to lipids and hepatocyte

injury/inflammation, but also Kupffer cell and Hepatic Stellate Cell activation

4. Ballooning degeneration is a particular form of hepatocyte death that is highly characteristic of

NASH and increases with disease severity

5. Fibrosis - diet and hyperglycemia dependent to get the accelerated fibrosis

Woodland NASH model characteristics align with human disease pathology

What’s this look like in practice?



Age-matched controls

Treatment groups

Vehicle control – NASH DiseaseSTZ
NASH
HFD

Experimental Outcomes

Fibrosis progresses

Slow/halt fibrosis

Reverse fibrosis

NASH / Fibrosis Modeling

Treatment start         Sentinel animals used to determine fibrosis at start of Tx

Male C57Bl/6 STZ + NASH HFD

“Amylin’ model (NASH HFD only) also available now, aligned with Taconic



NASH / Fibrosis Experimental Data

Steatosis and fibrosis evident at 2 weeks of HFD
Drug treatment initiated at this time (sentinel animals)

Steatosis and fibrosis well-developed 
at 9 weeks of HFD

Drug treatment significantly 
attenuated 

steatosis and fibrosis 

With drug treatment

Late-breaking poster at Digestive Disease Week,  May 2016



People do not generally die of FLD or NASH

• Morbidities associated with liver disease

▪ Cardiovascular disease – 50%

▪ Liver failure – 20-30%

▪HCC – 7-10 % and increasing

Slowing or reversing NASH / fibrosis is predicted 
to have an impact on all cause mortality



Obesity and Cancer: The Oil that Feeds the Flame
Joan Font-Burgada,1 Beicheng Sun,2,* and Michael Karin1
Cell Metabolism 23, January 12, 2016 ª2016 Elsevier Inc.

How does obesity lead to HCC?



Mouse liver after 12 weeks of high fat diet in the 
Woodland NASH model

Picrosirius red staining (collagen)

In our model we see a significant amount of proliferation leading 
to benign and dysplastic lesions in the liver – in a normally quiescent organ



Liver Function - Detoxification

• Metabolizes drugs and xenobiotics

• Ethanol

• Phase I pathways

- P450 enzymes

- Oxidation, reduction, etc.

• Phase II pathways

- Sulfation, glucuronidation, etc.

NASH is accompanied by up to a 4-fold 
increase in liver mass

Hyperproliferation, i.e., DNA replication 
AND detoxification are not good to have 
occurring together

An hypothesis…liver proliferation / DNA replication allows for increased mutation

Hyperproliferation, i.e., DNA 
replication AND detoxification are 
not good to have occurring together



Group 2 - 91 Group 2 - 92 Group 2 - 96Group 2 - 90 Group 2 - 97

NASH Control HFD Diet Animals

Picrosirius Red (collagen stain)

5/5 animals have lesions, many lesions and large lesions

Proliferative phenotype noted by Arlin Rogers, DVM, Ph.D., our pathologist at Tufts



Treated Animals

Group 8 - 106 Group 8 - 115 Group 8 - 121Group 8 - 103 Group 8 - 123

Picrosirius Red (collagen stain)

3/5 animals have lesions, fewer lesions and much smaller lesions



Liver cancer predisposition is significantly reduced by effective 
treatments (fibrosis reducing drugs) – Male NASH model

Perhaps the most important data from these studies is that the progression 
to precancerous lesions is attenuated with effective anti-fibrotic  drugs

DDW 2016 AASLD 2017
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A focus on metabolic diseases driving liver pathology

Preclinical CRO focused on clinical translation

- Modeling human-relevant biology for pharmacology studies

- Metabolic disease and oncology, focused on the liver

▪ Diet-Induced Obesity

▪ NASH (diet & obesity-driven liver pathology)

▪ HCC, pancreatic and other cancers

Please visit our booth for more information


