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FROM STEATOSIS TO FROM STEATOSIS TO 
FIBROSIS AND BEYONDFIBROSIS AND BEYOND



The Spectrum of NAFLDThe Spectrum of NAFLD

NASHNASHFatty LiverFatty Liver CirrhosisCirrhosis

Fat infiltration >5% Fat infiltration >5% 
with or without mild with or without mild 
inflammationinflammation

Steatosis + necroSteatosis + necro--inflammatory inflammatory 
changes (ballooning changes (ballooning 
degeneration, Mallory bodies, degeneration, Mallory bodies, 
megamitochondria)                  megamitochondria)                  
and/orand/or fibrosisfibrosis



Risk Stratification Risk Stratification 

Predictors: Predictors: Age >45Age >45--50, Diabetes50, Diabetes, BMI >28, BMI >28--30, Hypertension, 30, Hypertension, 

IR severity.IR severity.

Bridging Fibrosis in 25Bridging Fibrosis in 25--33%, Cirrhosis 1033%, Cirrhosis 10--15% of NASH 15% of NASH 

patients at diagnosispatients at diagnosis.



1.1. What is the significance of steatohepatitis?What is the significance of steatohepatitis?

2.2. How does NASH progress to cirrhosis?How does NASH progress to cirrhosis?

3.3. Cirrhosis and beyondCirrhosis and beyond

Key QuestionsKey Questions



““SIMPLESIMPLE”” STEATOSISSTEATOSIS

STEATOHEPATITISSTEATOHEPATITIS

CIRRHOSISCIRRHOSIS

HEPATOCELLULAR CARCINOMAHEPATOCELLULAR CARCINOMA DEATHDEATH

Hepatic decompensationHepatic decompensation

From From ““Simple SteatosisSimple Steatosis”” to HCCto HCC

PathologyPathology--based definition based definition 

�� Hepatocellular damage                                          Hepatocellular damage                                          

(ballooning)(ballooning)

�� InflammationInflammation

�� FibrosisFibrosis



““SIMPLESIMPLE”” STEATOSISSTEATOSIS

STEATOHEPATITISSTEATOHEPATITIS

CIRRHOSISCIRRHOSIS

HEPATOCELLULAR CARCINOMAHEPATOCELLULAR CARCINOMA DEATHDEATH

Hepatic decompensationHepatic decompensation

From From ““Simple SteatosisSimple Steatosis”” to HCCto HCC

Functional definition Functional definition 

A condition where fat induces A condition where fat induces 

a chronic liver damage that a chronic liver damage that 

triggers a hepatic triggers a hepatic ‘‘woundwound--healinghealing’’

responseresponse’’



Metabolic Defects Leading to Hepatic SteatosisMetabolic Defects Leading to Hepatic Steatosis

Postic  and Girard, J Clin Invest 2008;118:829Postic  and Girard, J Clin Invest 2008;118:829

ChREBP↑
SREBP-1c ↑



NeuschwanderNeuschwander--Tetri Hepatology 2010;52:774Tetri Hepatology 2010;52:774

The Pathway of Lipotoxic Liver InjuryThe Pathway of Lipotoxic Liver Injury



SteatosisSteatosis

Steatosis and damageSteatosis and damage

(steatohepatitis)(steatohepatitis)

LIPOTOXICITYLIPOTOXICITY

Definition of lipotoxicityDefinition of lipotoxicity

A condition whereby fat A condition whereby fat 

accumulation results toxic accumulation results toxic 

effects on the cell and causes effects on the cell and causes 

damage or deathdamage or death

Fatty AcidsFatty Acids



““SIMPLESIMPLE”” STEATOSISSTEATOSIS

STEATOHEPATITISSTEATOHEPATITIS

CIRRHOSISCIRRHOSIS

HEPATOCELLULAR CARCINOMAHEPATOCELLULAR CARCINOMA DEATHDEATH

Hepatic decompensationHepatic decompensation

From From ““Simple SteatosisSimple Steatosis”” to HCCto HCC

GENETIC FACTORSGENETIC FACTORS

ENVIRONMENTAL FACTORSENVIRONMENTAL FACTORS



CIRRHOSISCIRRHOSIS

HEPATOCELLULAR CARCINOMAHEPATOCELLULAR CARCINOMA DEATHDEATH

Hepatic decompensationHepatic decompensation

STEATOHEPATITISSTEATOHEPATITIS

LIPOTOXICITYLIPOTOXICITY

““bad storersbad storers””

““SIMPLESIMPLE”” STEATOSISSTEATOSIS

TG ACCUMULATIONTG ACCUMULATION

““good storersgood storers””
??

““GoodGood”” and and ““BadBad”” StorersStorers



Normal LiverNormal Liver NAFLD/NASHNAFLD/NASH

Pathogenesis of NASHPathogenesis of NASH

HepatocytesHepatocytes

Endotelial cellsEndotelial cells

Kupffer cellsKupffer cellsLymphocytesLymphocytes

qHSCsqHSCs

Activated Activated 

Kupffer cellsKupffer cells

Free fatty acidsFree fatty acids

accumulationaccumulationApoptotic Apoptotic 

hepatocytehepatocyte

Activated HSCsActivated HSCs
Pathological Pathological 

angiogenesisangiogenesis



Systematic Review of Risk Factors for Fibrosis Systematic Review of Risk Factors for Fibrosis 
Progression Progression in NASHin NASH

Argo CK et al., J Hepatol 2009Argo CK et al., J Hepatol 2009



Systematic Review of Risk Factors for Fibrosis Systematic Review of Risk Factors for Fibrosis 
Progression Progression in NASHin NASH

Argo CK et al., J Hepatol 2009Argo CK et al., J Hepatol 2009



Pericellular Fibrosis and Capillarization of Sinusoids Pericellular Fibrosis and Capillarization of Sinusoids 
(e.g. ASH/NASH)(e.g. ASH/NASH)

Pattern of DevelopmentPattern of Development: centro: centro--portalportal

Key EventsKey Events: extensive capillarization of sinusoids : extensive capillarization of sinusoids 

precedes septal bridging precedes septal bridging 

Prevalent MechanismsPrevalent Mechanisms: oxidative: oxidative--stress, lipotoxicitystress, lipotoxicity

Fibrogenic cellsFibrogenic cells: stellate cells >>> portal MF: stellate cells >>> portal MF



Oxidative StressOxidative Stress--driven Liver Fibrosis driven Liver Fibrosis 
(ASH & NASH)(ASH & NASH)

Steatosis (Fatty Liver)Steatosis (Fatty Liver)

Steatohepatitis with Steatohepatitis with 

bridging fibrosisbridging fibrosis CirrhosisCirrhosis

Steatosis with Steatosis with 

Pericellular FibrosisPericellular Fibrosis



Chronic Wound HealingChronic Wound Healing

Injured Injured 

HepatocytesHepatocytes

HH22OO22, , OO22

KCKC

ASH & NASHASH & NASH

CYP2E1                CYP2E1                

CYP4ACYP4A

ETHANOL     ETHANOL     

METABOLISMMETABOLISM

Mithocondrial DamageMithocondrial Damage

ROSROS

Increased Increased ββ--oxidation                            oxidation                            

HYPOXIAHYPOXIA

SECSEC

IRON LEVELSIRON LEVELS

++
++LIPID PEROXIDATIONLIPID PEROXIDATION

HNEHNE

HNEHNE

ROSROS

TGFTGF--Beta      Beta      

TIMPTIMP--11

ProPro--Coll Coll αα(1)                     (1)                     

MCPMCP--11

Migration      Migration      

ProliferationProliferation

Modified from Novo E & Parola M, Fibrogenesis and Tissue Repair Modified from Novo E & Parola M, Fibrogenesis and Tissue Repair 2008 2008 

RTKsRTKs
NOXNOX

PDGFPDGF

TGFTGF--ββ VEGFVEGF

ROS and Related Mediators as ROS and Related Mediators as 
ProPro--fibrogenic Stimulifibrogenic Stimuli

ROSROS

ROS: ROS: 



Parola M. et al., Biochem Biophys Res Comm 1996; 222:261Parola M. et al., Biochem Biophys Res Comm 1996; 222:261--264264

Parola M. et al., J Clin Invest 1998; 102:1942Parola M. et al., J Clin Invest 1998; 102:1942--19501950

Reactive Aldehydes Induce Procollagen Type I mRNA Reactive Aldehydes Induce Procollagen Type I mRNA 
Expression in Human HSCExpression in Human HSC

-- 5.75.7

-- 4.74.7

-- 5.75.7

-- 4.74.7

-- 1.4  1.4  36B436B4

-- 1.4  1.4  36B436B4

αα1(I)1(I) αα1(I)1(I)

C       3h   6hC       3h   6h

HNEHNE C   C   HOE  HUEHOE  HUE



Does the Liver Contribute to Does the Liver Contribute to 
Intestinal Inflammation and Intestinal Inflammation and 

Fibrosis? Fibrosis? 

Does the Intestine Contribute to Does the Intestine Contribute to 
Liver Inflammation and Fibrosis? Liver Inflammation and Fibrosis? 



Changes in Microbiota    Changes in Microbiota    

Bacterial OvergrowthBacterial Overgrowth

Decreased Bile AcidsDecreased Bile Acids

Immunosuppression  Immunosuppression  

Mesenteric Vein CongestionMesenteric Vein Congestion

Mucosal Injury (ETOH)Mucosal Injury (ETOH)

Chronic Liver DiseaseChronic Liver Disease

Obesity/Overweight        Obesity/Overweight        

High Fat DietHigh Fat Diet

Increased Increased PathogenPathogen--Associated Associated 

Molecular PatternsMolecular Patterns ““PAMPsPAMPs”” (i.e. LPS) (i.e. LPS) 

in the portal circulation      in the portal circulation      

((proportional to disease stageproportional to disease stage))

Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2007; 2Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2007; 292:G51892:G518--G525G525
Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2005; 2Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2005; 289:G57189:G571--G578G578

Seki E and Brenner DA. Hepatology 2008; 48:322Seki E and Brenner DA. Hepatology 2008; 48:322--335 335 

Seki E, et al., Seki E, et al., Nat Med. 2007; 13:1324Nat Med. 2007; 13:1324--1332 1332 

Damaged /Apoptotic HepatocytesDamaged /Apoptotic Hepatocytes
Activated Hepatic Activated Hepatic 

Stellate Cells/MFsStellate Cells/MFs

TLR4TLR4

TLR9TLR9

DamageDamage--Associated Molecular Associated Molecular 

PatternsPatterns ““DAMPsDAMPs”” (i.e. apoptotic (i.e. apoptotic 

hepatocyte DNA)hepatocyte DNA)

Watanabe A, et alWatanabe A, et al. Hepatology. Hepatology 20072007;; 46:150946:1509––1518 1518 

The Role of PAMPs and DAMPs in Liver Inflammation The Role of PAMPs and DAMPs in Liver Inflammation 
and Fibrosisand Fibrosis

Increased Increased 

Collagen I Collagen I 

synthesissynthesis

Increased ProIncreased Pro--fibrogenic fibrogenic 

(TGF(TGF--ββ) and Pro) and Pro--inflammatory inflammatory 

(IL(IL--6, MCP6, MCP--1) action 1) action 

Pinzani M and Macias Barragan J. Expert Rev Gastroenterology andPinzani M and Macias Barragan J. Expert Rev Gastroenterology and Hepatology 2010Hepatology 2010



Abdelmalek et al., Hepatology 2010;51:1961Abdelmalek et al., Hepatology 2010;51:1961

Fructose Consumption is Associated with Fibrosis Fructose Consumption is Associated with Fibrosis 
Severity in Patients with Severity in Patients with NAFLDNAFLD



Fructose Fructose as Bad as Alcohol?as Bad as Alcohol?

1. 1. –– Fructose can be metabolized only by the liver and excess Fructose can be metabolized only by the liver and excess 

leads to insulinleads to insulin--resistance.  resistance.  

2.2.-- Fructose reacts with proteins and polyunsaturated fats Fructose reacts with proteins and polyunsaturated fats 

generating AGEs (advanced glycation endgenerating AGEs (advanced glycation end--products), which products), which 

amplify oxidative damage.amplify oxidative damage.

3. 3. –– Chronic excess leads to dyslipidemia and to leptin Chronic excess leads to dyslipidemia and to leptin 

resistance and obesity.resistance and obesity.

4. 4. –– Fructose causes intestinal bacterial overgrowth and Fructose causes intestinal bacterial overgrowth and 

growth of pathogenic bacteria.  growth of pathogenic bacteria.  

5. 5. –– Cancer cells favor fructose as energy source .  Cancer cells favor fructose as energy source .  



Alcoholic and NonAlcoholic and Non--alcoholic Fatty Liver in alcoholic Fatty Liver in 
Adolescents: a Worrisome Convergence Adolescents: a Worrisome Convergence 

NAFLD/NAFLD/

NASHNASH

MetabolicMetabolic Binge DrinkingBinge Drinking

ASH ASH 

Oxidative stressOxidative stress:  reactive oxygen :  reactive oxygen 

species (ROS) and reactive species (ROS) and reactive 

aldehydes, acetaldhehyde (ETOH)aldehydes, acetaldhehyde (ETOH)

Insulin resistanceInsulin resistance, increased , increased 

FFA synthesis, ER stress FFA synthesis, ER stress 

(lipotoxicity)(lipotoxicity)

Increased intestinal Increased intestinal 

permeabilitypermeability: PAMPs to the : PAMPs to the 

liver and interaction with proliver and interaction with pro--

fibrogenic TLRsfibrogenic TLRs

Nobili V and Pinzani M, Alcohol and Alcoholism 2011Nobili V and Pinzani M, Alcohol and Alcoholism 2011

TISSUE DAMAGE, TISSUE DAMAGE, 

INFLAMMATION, INFLAMMATION, 

FIBROGENESIS, FIBROGENESIS, 

ANGIOGENESISANGIOGENESIS



The Diversity of Chronic Liver DiseasesThe Diversity of Chronic Liver Diseases

ONE OR MANY ONE OR MANY 

CIRRHOSIS ????CIRRHOSIS ????

ETIOLOGY !!ETIOLOGY !!



Fibrosis Quantity and Distribution in Explanted Fibrosis Quantity and Distribution in Explanted 
Cirrhotic Liver Depending on Etiology Cirrhotic Liver Depending on Etiology 

Hall A. et al., Histopathology 2012; 60:270Hall A. et al., Histopathology 2012; 60:270--277 277 

Measurement of Collagen Measurement of Collagen 

Proportionate Area (CPA)Proportionate Area (CPA)





Progression of CLD: Key Pathophysiological Progression of CLD: Key Pathophysiological 
PointsPoints

Chronic Tissue Damage, Inflammation, FibrogenesisChronic Tissue Damage, Inflammation, Fibrogenesis

Tissue Hypoxia, AngiogenesisTissue Hypoxia, Angiogenesis

Portal Hypertension, CarcinogenesisPortal Hypertension, Carcinogenesis

Parenchymal FailureParenchymal Failure

““SystemicSystemic”” DiseaseDisease

Progression of CLD: Key Pathophysiological Progression of CLD: Key Pathophysiological 
PointsPoints

ADVANCED CHRONIC LIVER DISEASE

From Chronic Damage to From Chronic Damage to 

Significant FibrosisSignificant Fibrosis

Decompensated Decompensated 

CirrhosisCirrhosis
PrePre--CirrhosisCirrhosis Compensated CirrhosisCompensated Cirrhosis

HCCHCC +++++---

HBVHBV

NASHNASH



CHRONIC HBV CHRONIC HBV 
INFECTIONINFECTION

NON CIRRHOTIC: NON CIRRHOTIC: 0.40.4--0.6%/YEAR0.6%/YEAR

CIRRHOTIC: CIRRHOTIC: 55--19%/YEAR19%/YEAR

CHRONIC HCV CHRONIC HCV 
INFECTIONINFECTION

NON CIRRHOTIC: < 0.1%/YEARNON CIRRHOTIC: < 0.1%/YEAR

CIRRHOTIC: CIRRHOTIC: 55--16%/YEAR16%/YEAR

GENETIC GENETIC 
HEMOCHROMATOSISHEMOCHROMATOSIS

CIRRHOTIC: 5CIRRHOTIC: 5--7%/YEAR7%/YEAR

NAFLD/NASHNAFLD/NASH CIRRHOTIC: 3CIRRHOTIC: 3--5%/YEAR5%/YEAR
>> OBESITY AND DIABETES INDEPENDENTLY >> OBESITY AND DIABETES INDEPENDENTLY 
ASSOCIATED WITH INCREASED RISK OF CANCERASSOCIATED WITH INCREASED RISK OF CANCER

ALCOHOLIC LIVER ALCOHOLIC LIVER 
DISEASEDISEASE

CIRRHOTIC: 5CIRRHOTIC: 5--8%/YEAR8%/YEAR
>> ALCOHOLISM INDEPENDENTLY ASSOCIATED WITH >> ALCOHOLISM INDEPENDENTLY ASSOCIATED WITH 
INCREASED RISK OF CANCERINCREASED RISK OF CANCER

AUTOIMMUNE HEP., AUTOIMMUNE HEP., 
PBC, PSC, WILSON PBC, PSC, WILSON 

DISEASEDISEASE

LOW INCIDENCE OF HCC (< 0.5 %/YEAR)LOW INCIDENCE OF HCC (< 0.5 %/YEAR)

Incidence of HCC According to Different Chronic Fibrogenic Incidence of HCC According to Different Chronic Fibrogenic 
Liver DiseasesLiver Diseases

NON NON 

CIRRHOTIC CIRRHOTIC 

??????????



Obesity and Cancer MortalityObesity and Cancer Mortality
Calle E  Calle E  et alet al., NEJM 2003; 348:1625., NEJM 2003; 348:1625--16381638



Overweight, Obesity and Risk of HCC: a MetaOverweight, Obesity and Risk of HCC: a Meta--Analysis of Cohort Analysis of Cohort 
StudiesStudies

Larsson SC and Wolk A, British J Cancer 2007; 97:1005Larsson SC and Wolk A, British J Cancer 2007; 97:1005--1008  1008  



23.820 patients followed for 14 yrs23.820 patients followed for 14 yrs



Geographical Distribution and Main Geographical Distribution and Main 

Risk Factors for HCC Worldwide*Risk Factors for HCC Worldwide*
Categories of Adult Patients in Whom Categories of Adult Patients in Whom 

Surveillance is RecommendedSurveillance is Recommended

Primary Prevention: EASLPrimary Prevention: EASL--EORTC GuidelinesEORTC Guidelines



Serum and Clinical Predictors of Serum and Clinical Predictors of 
NASH in NAFLDNASH in NAFLD



FibroscanFibroscan®®
•• assessment of fibrosis measuring liver stiffnessassessment of fibrosis measuring liver stiffness

•• initial promising results in NAFLD   initial promising results in NAFLD   Wong, Hepatology 2010Wong, Hepatology 2010

BUTBUT

•• further validation neededfurther validation needed

•• Failure Rate Failure Rate →→ 25.5% if BMI25.5% if BMI≥≥ 30 and 2.6% if BMI < 3030 and 2.6% if BMI < 30

•• special probe  for obese patientsspecial probe  for obese patients De Ledinghen, J Hepatol  2009De Ledinghen, J Hepatol  2009

•• caution in NAFLD => results may be influenced by steatosis    caution in NAFLD => results may be influenced by steatosis    Gaia, J Hepatol 2011Gaia, J Hepatol 2011

Transient Transient EElastographylastography in NASHin NASH

Stiffness: 7.2 KpaStiffness: 7.2 Kpa

(IQR 2.5, SR 70%)(IQR 2.5, SR 70%)

75 75 KPaKPa

77

F2F2

88

F3F3

10.510.5

F4F4

NAFLD fibrosis score: NAFLD fibrosis score: ––1,017 (1,017 (““grey areagrey area””))





Targets for Therapy

Torres & Harrison, Gastroenterology 2008 Torres & Harrison, Gastroenterology 2008 
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