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GWAS 

 

• Genome Wide Association Studies:  

search for associations between large 

numbers of specific genetic variations 

(most commonly SNP’s) and particular 

disease or treatment 
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• >3 billion nucleotides in the human 
genome 

• Single Nucleotide polymorhism: 
single DNA base pair (A-T/G-C) 
that differ at a specific position 
between individual DNA sequences 

• >107 “common” SNPs in the human 
genome  

– “common” = minor allele 
frequency >5% 

• SNPs may alter gene expression/ 
function  

SNP 
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Haplotypes 

• Haplotype (block)    = a set of DNA polymorphisms that tend 

to be inherited together  

 

 

 

 
 

 

#1  A A C A A C C A T T C G G G C T A C T G 

#2 A A C A G C C A T T C G T G C A A C C G  

#3 A A C A A C C A T T C G G G C T A C T G AGTT 

#4 A A C A A C C A T T C G G G C T A C T G GTAC 

#5 A A C A G C C A T T C G T G C A A C C G   

#6 A A C A G C C A T T C G T G C A A C C G 

  

 “Tag” SNP (e.g. A/G ): a SNP that may be used to define 

the genetic variation within a haplotype    = a genotyping 

shortcut 

LD = linkage disequilibrium  
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GWAS 

• Hypothesis-free  

• Case-control design 

• 100,000s of SNPs, covering the genome, are 

tested for association with a disease or clinical 

phenotype, e.g. SVR vs no SVR 
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GWAS 

• associations provide new insight into 

functional disease mechanisms 

• relevant for daily practice if the predictive 

values are high enough to permit reliable 

clinical decision making at the individual 

patient level 
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GWAS  

& hepatitis C 

1. IL28B 

 

 

 

2. ITPA 
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IL28B polymorphism 

& genotype 1 CHC 
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Tanaka et al.  Nat Genet 2009;41(10):1105-9. 
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Ge et al. Nature 2009;461(7262):399-401    



Odds Ratio (95% CI)

0 1 2 3 4 5 6 7 8

CC vs non-CC

VL<600,000 IU/mL

Caucasian vs Black

Metavir F0/F1

Hispanic vs Black

Fasting serum glucose<5.6 mmol/L

IL-28B Polymorphism is the Strongest  

Baseline Predictor of SVR Using 

Peginterferon/Ribavirin 

 

Thompson AJ, et al Gastroenterology 2010 
 
 

P <0.0001 

 

P <0.0001 

 

P <0.0001 

 

P <0.0001 

 

P= 0.004 
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• Spontanous clearance 

–  CC genotype more frequent in pts with 
spontaneous clearance 

  Thomas, Nature, 2009, 461, 791-801 

 

• Acute hep C 

– ♀ with rs 12979860 CT/TT genotype without 
jaundice: lower chance of spontaneous 
clearance 

   Tillman, Gastroenterology, 2010, 139, 1586-92  



SRBGE 15 October 2011 

IL28B Associations  

& CHC 

• IL28B polymorphisms associated with 

– Higher SVR rates 

– Higher RVR rates 

– Higher HCV RNA 

– Higher LDL levels 

– Higher baseline ALT levels 

– Higher rate of spontaneous viral clearance 

 

• Genotype 1  
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Copyright © 2010 AGA Institute Terms and Conditions 

 Gastroenterology 2010; 139:1865-187 

Interferon-lambda 

http://www.gastrojournal.org/article/S0016-5085(10)01462-9/abstract
http://www.gastrojournal.org/article/S0016-5085(10)01462-9/abstract
http://www.gastrojournal.org/article/S0016-5085(10)01462-9/abstract
http://www.gastrojournal.org/misc/terms
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http://www.gastrojournal.org/article/S0016-5085(10)01462-9/abstract
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Impact on  

patient management? 
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1604 IDEAL participants  

+ 67 participants from Muir et al., 2004 

Exclude samples not matching phenotype criteria = treatment compliance  

Exclude samples not meeting genotyping QC criteria 

1137 samples included in analysis for GWAS with sustained 

virological response (SVR) 

IDEAL participants :  

3070 GT 1 HCV patients  

Ge D, et al. Nature 2009; 461: 399–401 

Ge et al. Nature 2009 
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Validation studies 

• 231 pts, 186 GT 1 compliant pts 

• SVR GT1:  (42/68) 62% CC vs (25/110) 23% non CC 

• SENS 65%, SPEC 78%  

    McCarthy, Gastroenterology, 2010, 138, 2307-14 

 

• Fase 3 TPV studies: reported subgroups 

• SVR GT1:  (35/55) 60% CC  
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• Pretreatment: 42-44% SVR 

• Pretreatment: 63% SVR  “if 80/80/80 compliant”  

 

    Baseline CC genotype: 

    SVR:  62% 

    SENS 65%, SPEC 78% 
   McCarthy, Gastroenterology, 2010, 138, 2307-14 

 

• Week 12 >2log drop: 67% SVR  

• Week 12 HCR-RNA neg: 75% SVR 

• Week 4 HCV-RNA neg: 89% SVR 
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Limited use of interleukin 28B in the setting of 

response-guided treatment with detailed on-

treatment virological monitoring 

 Mangia et al., Hepatology 2011 
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Predictors  

of Response 
Pretreatment Parameter On-Treatment Parameter 

Genotype RVR 

HCV RNA eRVR 

HCV core region aminoacid       

substitutions 

Compliance 

IL28B polymorphisms   

ISG status   

IP 10 

Cirrhosis 

Diabetes   

Coffee use   

LDL cholesterol   

Statin use   

Race   

Vitamin D levels   
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IL28B 

& 

Direct Antiviral Agents 

 

 

the future is now 
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BOC: treatment experienced 
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TPV: treatment naive 
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TPV: treatment experienced 
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Conclusions 

IL28B 

• IL28B CC polymorphism correlates with 

response to exogenous peginterferon 

ribavirin therapy in HCV GT 1 patients   

• Functional mechanism merits further 

investigation 

• Of litle use in respondse guided treatment 

• Randomisation factor in clinical trials 
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GWAS  

& hepatitis C 

1. IL28B 

 

 

 

2. ITPA 
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ITPA polymorphism 

• Ribavirin induces a rapid, dose dependent, 

hemolytic anemia 



• Ribavirin  

– depletes rbc GTP 

– ATP depletion 

– Oxidative stress 

– hemolysis 



Fellay J, et al. Nature 2010; 464: 405–8 



• rs1127354: missense variant in ITPA exon 2 
(P32T) (CC vs CA/AA) 

 

• rs7270101: splicing-altering variant located in 
the second intron (IVS2) (AA vs AC/CC) 

 

• The two functional ITPA variants entirely explain 
the GWAS signals 

 

Fellay J, et al. Nature 2010; 464:405–8 



• Minor allele protects ( < 1/5 pts) against ribavirin 
induced anemia  

Fellay J, et al. Nature 2010; 464:405–8 



ITPA deficiency: Functional 

mechanism 

• Ribavirin  

– depletes rbc GTP 

– ATP depletion 

– Oxidative stress 

– hemolysis 

• ITPA deficiency:  

– Rbc ITP accumulation  

– ITP substitutes for 

GTP 

– Protects against 

oxidative stress 

– Less RBV 

accumulation in rbc?  

 



• Peginterferon ribavirin:  
– No correlation with SVR 

 

 

• Telaprevir based triple therapy 
– No correlation with SVR 

Fellay J, et al. Nature 2010; 464:405–8 

Thompson AJ, et al. Hepatology 2011; 389–95 

Suzuki F et al. Hepatology 2011; 53: 415–21 
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Conclusions 

ITPA 

• ITPA polymorphism correlate with the side 

effect ribavirin induced hemolytic anemia 

• No correlation with SVR 

• Easy to manage 

• Industry/science: in search of a clinical 

applicable paradigm 

 


