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Genetic risk factors for hepatic steatosis 

Triglyceride accumulation leads to steatosis 



Fatty Liver 



? 

• lysophosphatidylcholines 
• ceramides  
• phosphatidic acids 
• diacylglycerol 

↑ FFA 

↑ lipotoxic intermediates 

Proinflammatory 
cytokines 
• TNF-α 
• IL-6 

Mitochondria 
dysfunction  

ER stress 

G.S.Hotamisligil, Cell 140,900 (2011) 
A.E. Feldstein. Semin Liver Dis. 30, 391 

Hepatocellular injury 
Inflammation 

What Causes Steatohepatitis? 



Non-Alcoholic  
Fatty Liver Disease (NAFLD) 

   
 
    Steatosis                     Steatohepatitis           
  

Most common 
chronic liver disease in 

the United States 

Inflammation 
Hepatocyte injury 

 

Fibrosis 



Why Diagnose NASH? 

• Potential interventions: 

– Lifestyle modification  

– Several ongoing medication trials 

– Bariatric surgery 

• Prognosis: 

– NASH is progressive 

– Cirrhosis and its complications in some patients 



Healthy diet 
Exercise 

Weight loss 
Improved diabetic control 

Promrat et al., Hepatology 2010. 



Cirrhosis? 
Jaundice? 

Ascites? 

* 

* Liver transplantation also effective in selected cases 









Fatty Liver Disease (FLD) 

NAFLD patients N = 132 Cirrhosis ( X = 8.3 yrs f/u) 
Steatosis 49 (37%) 2 (4%) 

Steatosis +  
lobular inflammation 

10 (8%) 0 (0%) 

Steatosis +  
hepatocyte ballooning 

19 (14%) 4 (21%) 

Steatosis + ballooning + 
Mallory-Denk or fibrosis 

54 (41%) 14 (26%) 

Matteoni et al., Gastroenterology 1999. 

Normal Liver 
Simple 

Steatosis 

Steatohepatitis 

Cirrhosis 







• 41 patients undergoing bariatric surgery 
• BMI median = 50 (34.5 to 69.8) 
• Intra-operative liver biopsy: 

• 43.8% Normal 
• 29.3% Steatosis 
• 26.9% NASH  







Proton 
 magnetic 
resonance 

 spectroscopy 



• 53 KD protein (adiponutrin) – lipid acyl hydrolase 
• Expressed primarily in hepatocytes 
• Associated with NASH and ASH 
• Associated with fibrosis in ASH and NASH 
• Associated with fibrosis in chronic HCV hepatitis 
• Associated with HCC  







Catalytically nonfunctional protein 



Non-invasive 
Methods for 

Assessing NAFLD 

Diagnosis of NASH: 
1. Circulating levels of CK18 
2. Presence of metabolic syndrome 

 
Presence of advanced fibrosis: 
1. NAFLD Fibrosis Score 
2. Enhanced Liver Fibrosis Panel 
3. Transient elastography 

 







Histologic Features of NASH 
(and ASH) 

• Steatosis -  predominantly macrovesicular 

• Inflammation -  neutrophilic and lymphocytic 

• Hepatocyte injury -  +/- Mallory-Denk bodies 

• + / -  fibrosis –  centrilobular and/or portal/periportal 
 

Brunt EM,  Clin Liv Dis 2009 



Histologic Features of Steatohepatitis 
Steatosis 

• Extent > 5% (by definition) 
• Macrovesicular >> microvesicular: 

– Pure microvesicular steatosis is not a feature in NAFLD 

– Focal microvesicular steatosis is not clinically significant 

• Zonal distribution: 
– Often zone 3 predominant in adults 

– Panacinar or a zonal distribution can be seen  

– Can be zone 1 predominant in children 



Macrovesicular Steatosis 



Focal microvesicular steatosis 



zone 3 (centrilobular) steatosis  



 

panacinar steatosis 



zone 1 (periportal) steatosis in pediatric NAFLD 



azonal steatosis 



Histologic Features of Steatohepatitis 
Inflammation 

• Lobular inflammation: 

– Clusters of neutrophils, esp. surrounding Mallory-Denk bodies 

– Clusters of lymphocytes 

– Clusters of macrophages / Kupffer cells (microgranulomas) 

• Portal inflammation:  

–  Mostly seen in pediatric NAFLD, resolving NASH, and in severe disease  

–  Dense inflammation suggests superimposed AIH / chronic viral hepatitis  

–  Autoantibodies (ANA, SMA) present in 40% of patients with NAFLD 



lobular inflammation 



lobular inflammation 



portal inflammation  



Histologic Features of Steatohepatitis  
Hepatocyte injury 

• Hepatocyte ballooning degeneration:  

– Most difficult and subjective feature of steatohepatitis 

– Enlarged hepatocytes with wispy or clumped cytoplasm and a 
 centrally placed nucleus 

– Most prominent in zone 3 in areas of perisinusoidal fibrosis 

– Can contain Mallory-Denk bodies 

– Loss of cytokeratin 8/18 IHC can aid identification 

– Not common in pediatric NAFLD 

• Acidophil bodies 

 



Acidophil Bodies 



hepatocyte ballooning degeneration 



hepatocyte ballooning degeneration 



hepatocyte ballooning degeneration 



Histologic Features of Steaohepatitis 
Often present, but not required 

• Mallory-Denk bodies 

• Glycogenated hepatocyte nuclei 

• Lobular lipogranulomas  

Brunt Clin Liver Dis 2009 



Mallory-Denk Bodies 

• Located in zone 3 
• Denatured cytokeratin filaments 
• Associated with ubiquitin 
• Occur in ballooned hepatocytes 
• CK7, CK18, CK19 + 
• Sometimes cuffed by neutrophils 
• Also seen in zone 3 in ASH and

 amiodarone toxicity 



Mallory Body 



Mallory-Denk Body Ringed by Neutrophils 



Mallory-Denk body Mallory-Denk body 



Mallory-Denk Bodies - Ubiquitin Immunostain 



Histologic Features Unusual for Steatohepatitis  
Consider other liver diseases 

• Pure or predominant microvesicular steatosis 
• Portal > lobular inflammation* 
• Portal > centrilobular fibrosis* 
• Prominent hepatocyte ballooning with minimal 

 steatosis (consider amiodarone toxicity) 
• Epithelioid granulomas 
• Conspicuous plasma cells 
• Chronic cholestatic features 

* Except pediatric NASH 







Grading of NASH* 
EM Brunt. Sem Liver Dis 2001; 21:3-16. 

GRADE Steatosis Hepatocyte 
Ballooning 

Lobular 
Inflammation 

Portal 
Inflammation 

MILD 
Up to 66%; 
mostly 
macrovesic. 

Zone 3; 
occasional 
cells 

Scattered polys and 
mononuclear cells None or mild 

MOD 
Up to 66%; 
usually 
mixed 

Zone 3;  
obvious 

Polys with ballooned 
cells & areas of 
pericellular fibrosis 

Mild to 
Moderate 

SEVERE 
> 66%; 
usually 
mixed 

Predom. 
Zone 3; 
marked 

Polys with ballooned 
cells & areas of 
pericellular fibrosis 

Mild to 
Moderate 

            *modified version 



American Journal of Gastroenterology (1999) 94, 2467–2474; 



• Nine study pathologists (NIDDK consortium) 
• 32 adult and 18 pediatric biopsies 
• 14 histologic features scored: 

– Degree of macrovesicular steatosis (0-3) 
– Degree of lobular inflammation (0-3) 
– Degree of hepatocyte ballooning (0-2) 
– Degree of fibrosis (0-4) 

• NAFLD Activity Score (NAS): 
– Score ≥ 5 correlated with diagnosis of NASH 
– Score < 3 correlated with diagnosis of not NASH 





► 

► 
► 

► 







Why Grade and Stage NASH? 

• Staging provides information about current degree of chronic 
 damage (i.e., fibrosis) in the liver 

• Grading is supposed to: 
– Correlate with liver chemistry test elevations???? 

– Predict future risk of fibrosis 



American Journal of Physiology - Gastrointestinal and Liver Physiology May 2011Vol.  

Necroinflammatory Activity Leads to Fibrosis 



Stage 1: 
zone 3 

(perivenular)  
pericellular 

Stage 2:  
As in Stage I 

+ 
portal / 

periportal 
fibrosis 

Stage 3: 
bridging 
fibrosis 

Stage 4: 
Cirrhosis 

Staging of NASH 
EM Brunt. Sem Liver Dis 2001; 21:3-16. 















 



 



 



• 129 patients  
• 71 NASH, 46 steatosis, 12 steatosis with unspecific inflammation 
• mean follow-up (SD) was 13.7 (1.3) years 
• 41% NASH patients  demonstrated progression of fibrosis 

Histology at Baseline Versus Progression in Fibrosis Stage  

Can NASH grade predict progression of fibrosis? 

Hepatology 2006; 44(4):865-73. 



Mechanisms of Hepatic Regeneration 







hepatic venous outflow obstruction 
due to severe chronic heart failure  



CK7 





Does centrilobular ductular reaction 
 correlate with fibrosis in NASH? 

Lei Zhao, M.D, PhD 
Univ of Chicago 

Maria Westerhoff, M.D 
Univ of Washington 



Number of patients 52 
Age (yrs) 33-78, median 54 
Sex (M/F) 1:1.36 
NASH stage*   

0 7 (13.5%) 
1 6  (11.5%) 
2 22 (42.3%) 
3 17 (32.7%) 

NASH grade*   
1 17 (32.7%) 
2 30 (57.7%) 
3 5 (10.0%) 

Study Design  

* modified Brunt system 





Glutamine 
Synthetase 

CK7 

GS and CK7 immunostains on consecutive sections of each biopsy 



Glutamine synthetase Cytokeratin 7 



Case 45   S07-23911  (grade 2 / stage 2) 

GLUTAMINE SYNTHETASE Cytokeratin 7 



• The presence of CK7+ cells within each GS+ centrilobular zone (CLZ) of every 
biopsy was recorded as either: no CK7+ cells, isolated single CK7+ cells, CK7+ 
cells in strings, or CK7+ ductular structures.  
 

•  In addition every portal tract (PT) in the CK7 stained slides was graded as 
either: no ductular reaction, mild ductular reaction, or florid ductular 
reaction.   



Centrilobular DR is common in NASH 

a total of 1250 GS positive 
centrilobular zones were scored 

 23% 

 14% 

9% 

54% No DR 



* P<0.05 

Centrilobular DR increases as grade increases 

Grade 1 Grade 2 Grade 3 

Single CK+ cell 23% 22% 
 

32% 

String of CK+ cells 9% 15% 
 

27% 

CK7+ Ductules 6% 
 

10% 
 

13% 
 

Rs: 0.5 
P value : 0.015 



  
  
  

Centrilobular Ductular Structures 
(single cells, strings & complete ductules) 

Rs p value 
Ballooning score 0.54 0.007 
Presence of  
Mallory-Denk bodies 

0.44 0.04 

Lobular 
inflammation score 

0.5 0.016 

Extent of Steatosis -0.14 0.5 
Location of Steatosis 0.03   0.22 
Portal inflammation -0.14 0.72 

Factors associated with centrilobular DR 



Centrilobular DR increases as fibrosis increases 

Rs: 0.55 
P value: 0.0009 

* P<0.05 



Portal DR is common in NASH 

Total portal area scored    = 897 

florid portal DR    =  188 (21%) mild portal DR   = 511 (57%) 



Portal DR and degree of necroinflammatory activity 



Portal DR  and fibrosis 

* P<0.05 



Correlation with fibrosis 
centrilobular DR                vs.           portal DR 

Multivariate analysis:  
Rs: 0.56  
p Values:   Centrilobular DR  0.03 
   Portal DR   NS 



• CL CK7+ ductular elements may cause confusion 
 in distinguishing portal tracts from CL zones, 
 and GS immunostains may be helpful in this 
 regard 

• CK7+ CL ductular elements are common in NASH  
• The development of CK7+ CL ductular elements 

 correlates with increasing necroinflammatory 
 activity and fibrosis.  

• It is possible that the development of CK7+ CL 
 ductular elements contributes to the 
 development of fibrosis in NASH. 

Conclusions 



• 51 NASH patients who underwent 2 liver biopsies at least 1 
 year apart were studied.  

• Hepatocyte ballooning, Mallory-Denk bodies, lobular & 
 portal  inflammation, lobular neutrophils, steatosis & 
 fibrosis stage were scored in initial biopsies.  

• Centrilobular CK7+ elements were quantitated by form 
 and degree in initial biopsies (CK7 & GS immunostains).  

• Portal ductular reaction was scored as mild or florid. 
• Fibrosis stage (NIDDK) was scored for follow-up biopsies 

Histopathologic Features Related to Progression of Fibrosis in Sequential 
Liver Biopsies in Non-Alcoholic Steatohepatitis  

Lei Zhao, M.D., PhD 
Univ of Chicago 

Rish Pai, M.D., PhD 
Cleveland Clinic 

Maria Westerhoff, M.D. 
Univ of Washington 

Zu-Hao Gao, M.D., PhD 
McGill Univ 



Results 
• Mean interval between biopsies was 2.5 

 years (range 1.0-7.5) 
• Fibrosis stage progressed in 51%, was 

 stable in 33%, and regressed in 16%. 
 

 
Histologic Features in 

Initial Biopsy 
Fibrosis Stage in Initial 

Biopsy  
  

Progression of  
Fibrosis 

Rs P value Rs P value 
Steatosis 0.26 0.03 -0.14 0.16 
Lobular inflammation 0.36 0.004 0.11 0.23 
Neutrophils 0.31 0.01 0.01 0.46 
Ballooning 0.44 0.0006 0.004 0.49 
Mallory bodies 0.44 0.0007 -0.05 0.36 
Portal inflammation 0.31 0.01 0.03 0.42 



Results 

 CL CK7+ elements 
 & portal DR in initial 

biopsy 

Fibrosis stage in 
initial biopsy 

Progression of  
fibrosis 

Rs P value Rs P value 

CLZ single cells  0.13 0.19 -0.11 0.22 
CLZ strings  0.54 0.00002 0.01 0.46 
CLZ ductules  0.54 0.00003 0.17 0.11 
CLZ mild CK7  0.28 0.02 -0.14 0.16 
CLZ florid CK7  0.52 0.00004 0.21 0.06 
PDR mild  -0.06 0.32 -0.18 0.1 
PDR florid  0.31 0.01 -0.08 0.28 



Summary 

• NAFLD is the most common liver disease in the U.S. 
 and the prevalence is increasing yearly 

• Current treatment options for NASH are suboptimal  
• Predictors of future fibrosis/prognosis require 

 refinement 
• Histologic grading of NASH is currently inadequate in 

 terms of prediction of future fibrosis  
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