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HCV infection: a serious liver disease 

Normal liver Cirrhosis & HCC 

HCV 

PegIFN/Rib 

    50% effective      50% failure 

Predict treatment response 

Mechanism of IFN resistance 



Presentation outline 

 Introduction to HCV: -milestones in HCV research 

                                          -diagnosis and treatment 

 

 

 Identification of HCV response signature by microarray  

     gene expression profiling 

 

 

 

  

                       

 

 



Part I: Introduction to HCV infection 



Hepatitis C Around the World 

Americas 

13.1 million 

(1.7%) 

Eastern 

Mediterranean 

21.3 million 

(4.6%) 

Africa 

31.9 million 

(5.3%) 

Southeast Asia 

32.3 million 

(2.15%) 

Europe 

8.9 million 

(1.03%) 

Western Pacific 

62.2 million 

(3.9%) 

World: 169.7 million (3.1%)  

prevalent cases 



HCV in China 

40 million people infected 

  

¼ of all infected worldwide  

 

Genotype 1b most common 

 



Milestones for HCV research 

1974 1978 

NANB   Chimps 

1989 

cDNA 

1998 

synthetic  

HCV RNA 

replicon 

1999 2005 

JFH1       Innate   DAA 

             immunity 

  

               
Alfred Prince   

Robert Purcell 
Harvey Alter Michael Houghton 

Charlie Rice  

Jens Bukh 

Robert Purcell 

Ralf Bartenschlager 

 Charlie Rice 

Wakita                Michael Gale   

                           Stan Lemon  

2008    2011 



Michael Houghton and Harvey 

Alter (Lasker Award 2002) 

Isolated Filtratable Agent and Sequenced Genome of Hepatitis C Virus 



Charlie Rice (Rockefeller University) 

Injected synthetic HCV RNA genome into chimps to cause hepatitis C (1998) 



Ralf Bartenschlager (left) 

Developed Replicon System 

Allows HCV RNA replication in cell culture  



Dr. Takaji Wakita, National Institute 

of Infectious Diseases, Tokyo 

Discoverer of the JFH-1 strain of HCV which grows in culture 



HCV Affects Pathways 

Controlling Innate Immunity 

Michael Gale Jr. 

University Washington, 

Seattle 

Stanley Lemon 

UNC Chapel Hill 



Adaptive Immunity and CTL 

Escape Mutations 

Chris Walker, Columbus Children’s Hospital, Ohio State University 



Diagnosis of HCV infection: 

Antibody detection by ELISA 



Increased sensitivity 



HCV nucleic acid testing (NAT) 



Most commonly used NAT for HCV 



Early detection of HCV RNA by NAT 



HCV life cycle 

No RT process! 



HCV treatment: IFN-based Standard of 

Care(SOC)  





High through-put gene  

expression profiling 

• Gene chip = Microarray 

• Detect  tens of thousands of mRNA at the 

same time 

• Traditional/classical method: one or a few 

genes at a time 

• Post-genomic HTP tools: study gene 

expression 



cDNA microarray 

Normal        Cancer 



Data analysis is the key … 



Part I: Introduction to HCV-

summary 

• HCV is a (+) strand RNA virus, hypervariable  

• 170 million infected individuals (3%) worldwide 

• No DNA phase, no genomic integration-curable 

disease 

• 6 major genotypes: 1-6 

• Diagnosis: ELISA for Antibody, NAT for RNA   

• Treatment: IFN based+ DAA (from 2011) 

• No vaccine- antibody not protective 

 

 



Part II: Identification of HCV response 

         

         signature by microarray gene 

  

                expression profiling 



Screen for gene signature for predicting 

treatment response in HepC 

• 15 Non-responders and 16 Responders 

• Biopsies prior to treatment 

• Gene expression profiling done (19,000) 

• Compare the difference between NR and 

SVR 

• Generate gene signature  



18 Genes Whose  Expression Levels Are  

Statistically And consistently Different  

Between Responders (R) and 

Nonresponders (NR)   

RESPONDERS 

AND  

NORMAL  

NONRESPONDERS 

Chen, et al. Gastroenterology 2005 



An 18-gene signature differentiates Responders  and Non-

responders  
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Chen, et al. Gastroenterology 2005 
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A.  

KNN LDA PCA 

RESPONDERS NONRESPONDERS 

An 8-gene Subset Accurately Classifies 30 out of 31 patients 

         Nearest neighboring                      Linear Discriminatory Analysis    Principal component analysis 

Chen, et al. Gastroenterology 2005 



Prospective Validation 
 
Validate the trends in gene expression (the original 

“signature”) in a prospective cohort of CHC patients 

 

78 patients with CHC, all treated in the same center 

(U of T/ Toronto Western Hospital) from 2004-2006.  



Hierachial clustering analysis of 78 new samples 

based on 18 signature gene expression 

R             NR  

normal liver 

responder 

nonresponder 
Chen, et al. AASLD 2007 Boston， Chen,et al. Gastroenterology 2010 

Chen, et al. International conference on HepC, Glasgow 2007 



Prediction accuracy (78 patients) 

Methods sensitivity specificity PPV NPV

KNN 0.80 +/- 0.07 0.86 +/-0.15 0.96 +/- 0.04 0.46+/- 0.09

DQDA 0.73+/- 0.07 0.86+/-0.12 0.96+/- 0.03 0.45+/-0.07

DLDA 0.73+/-0.07 0.86+/-0.13 0.96+/-0.04 0.43+/-0.08

CART 0.80+/-0.07 0.86+/-0.21 0.96+/-0.05 0.46+/-0.11

KNN: k-nearest neighbor  

DQDA: diagonal quadratic analysis 

DLDA: linear discriminant analysis  

CART: classification and regression trees 

“Predict: responders” 
Chen, et al. AASLD 2007 Boston 

Chen, et al. International conference on HepC, Glasgow 2007 

Chen, et al. Gastroenterology 2010 



国外媒体报道 
             Reported by AGA Institute 



Highlighted in Gastroenterology 



APASL：Presidential Award  

 

Prof. Chen won 
the APASL 

presidential 
award 



Have been invited to give talks… 

• Internatioal conference on HCV( 2005,Montreal, 
Canada; 2007, Glasgow, UK; 2009, Nice,France) 

• International conference on interferon and 
cytokines (2006,Shanghai) 

• AASLD(2006, Boston; 2008, San Francisco; 
2009, Boston, 2010 Boston， 2011 SF) 

• International conference on infectious diseases（
2009,Beijing- sole Gold winner！) 

• Invited to write reviews for J Hepatology,Int J 
Biochem & Mol Biol , Exp Rev Proteomics 

                 

 



Invited as key-note speakers & 

             as session chairs  



Invited as key-note speakers   



Invited to contribute review 

papers for  various journals 



IL28B SNP plays an important role in  HCV 

clearance (spontaneous and treatment-induced) 

4 papers published on nature or nature genetics 

 

 



GWAS:IL28B SNP affects treatment response 

Ge, et al  Nature Genetics 2009 

Mutations (SNPs) in the IL28B promoter region are strongly 

associated with response to IFN-based treatment…. What is 

NOT clear is why???  

Ge et al, 

Nature, 2009 



Which type of cells express these 18 

genes? 

Different cell types in the liver 

   -Hepatocytes (majority) 

   -Kupffer cells (macrophages) 

   -Stellate cells 

   -Endothelial cells 

   -Other cells: inflammatory cells, etc… 

 



The cellular basis of the ISG HIGH “nonresponder 

phenotype” – ISG15 immunohistochemistry  

Chen et al, Gastroenterology 2010  

NR  

R  

50X 400X  

HEPATOCYTE ISG:  

Nonresponders  

MACROPHAGE ISG:  

Responders 





Potential market 

• China: 40 million HCV, if 10% use this test, 

potential market valued 8 billion Chinese 

Yuan. More infected patients due to no 

vaccine , bigger market up to 20-30 

billions. 

• US：75,000-112,500  HCV genotype I 

infected（2015 increased by 5-fold）$200 

million /year ($ 1 billion/2015)（
$2000/test)（Oncotype Dx  $3820/test) 



Huge demand: Oncotype Dx predicts whether 

chemotherapy is necessary following breast cancer 

surgery: Increased by 7-fold in 2 years 

2008 income:   100,000x $3,820/test = $382 million USD 

Number of tests 
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