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Major Points
• Genome wide association studies found genetic 
variants in IL28B (interferon λ3) associated with 
response to treatment for chronic hepatitis C

• Clinical prediction models based on IL28B genotype 
may lead to ‘personalized medicine’ for patients with 
chronic hepatitis C
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• IL28B genotype and chronic hepatitis C

• Clinical prediction model for chronic hepatitis C
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Hepatitis C Virus

The Scientist, 2006



HCV Infection
Clinical and Public Health Considerations 

• Acute infection leads to chronic 
disease ~70‐80% of cases

• Chronic hepatitis C burden 
• U.S. ~4 million
• World ~170 million

• Chronic hepatitis C is leading 
cause of:
• Cirrhosis
• Liver Transplantation
• Hepatocellular Carcinoma



• No vaccine

• Successful treatment greatly 
reduces risk of liver cancer 
and end stage liver disease

HCV Infection
Clinical and Public Health Considerations 



Treatment of Chronic Hepatitis C

• Current treatment regimen
– Pegylated‐interferon‐alfa plus ribavirin (48 weeks)

– Sustained virological response (SVR) ~45%

• ‘Direct‐acting’ agents on near horizon
– ↑ SVR to ~75% (in combination with pegylated‐
interferon‐alfa / ribavirin) 

– Treatment failure → resistant HCV strains
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Single nucleotide polymorphism





Genome Wide Association Studies 
(GWAS) 

• Knowledge of haplotype patterns reduces 
number of SNPs required for GWAS
– 10,000,000 → 500,000‐1,000,000

• GWAS usually requires large population to 
control for multiple statistical comparisons

• Identified SNPs usually only markers for 
‘functional’ genetic variant



Use of Marker SNPs in GWAS
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•IL28B rs12979860 associated with SVR (odds ratio ~2‐3) 
in patients of European and African ancestry





DL Ge et al. Nature 461, 399-401 (2009) doi:10.1038/nature08309

Ge et al, Nature, 2009



Allele Frequency ‐ IL28B rs12979860‐C

Thomas et al. Nature, 2009



Ge et al. Nature, 2009

SVR and rs12979860‐C Frequency, 
by Ancestry



Interferon‐λ

• Cytokine family discovered via computational 
prediction from genomic sequence
– IL29 (interferon‐λ1)

– IL28A (interferon‐λ2)

– IL28B (interferon‐λ3)

• Convergence of genomic discoveries!

Kotenko et al. Nat. Immunol 2003

Sheppard et al. Nat. Immunol 2003



O’Brien, Nature Genetics, 2009



Interferon‐λ

• Interferon‐λ (IL29) in clinical trials for HCV
– Fewer adverse effects?

– Reverse effect of deleterious IL28B variant on 
innate immunity? 

• Interferon stimulated genes are anti‐
proliferative as well as anti‐viral
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Clinical Prediction Model for 
Chronic Hepatitis C

• ‘Personalized medicine’ ‐ Treatment tailored to 
patient’s individual characteristics, including genetic 
makeup

• Requires statistical model to estimate probability an 
individual will respond to treatment

• For chronic hepatitis C, personalized clinical 
decisions must consider not only IL28B genotype, 
but other factors associated with SVR



SVR Rates in IDEAL Study, by IL-28B
Genotype, HCV RNA and Fibrosis Score

IL28B Genotype
CC CT TT

Overall 69% 33% 27%
HCV RNA ≤600,000 / F0–2 86% 63% 52%
HCV RNA ≤600,000 / F3–4 63% 25% 0%
HCV RNA >600,000 / F0–2 70% 29% 23%
HCV RNA >600,000 / F3-4 37% 21% 12%

Adapted from Thompson et al, Gastroenterology, 2010
(Supplementary Table 4)



IL28B Genotype‐Based Model for Personalized 
Prediction of Response to IFN/RBV Treatment

• IL28B genotype alone  insufficient for clinical 
prediction of SVR

• Model must discriminate patients who achieve SVR 
from those who do not

• Model must have good predictive ability





IL28B and Response to 
Peg‐INF/Ribavirin plus Telaprevir 

Akuta Hepatology, 2010





IL28B SNPs

SNP Location

rs12979860 ~3 kb upstream of TSS

rs28416813 5’ UTR

rs8103142 Lys70Arg

Ge et al. Nature, 2009



IL28B    1 - - - - MTGDCMPVLVLMAAVLTVTGAVPVARLRGALPDARGCHIAQFKSLSPQELQAFKRA
IL28A    1 MKLDMTGDCTPVLVLMAAVLTVTGAVPVARLHGALPDARGCHIAQFKSLSPQELQAFKRA

IL28B   57 KDALEESLLLKDCKCRSRLFPRTWDLRQLQVRERPVALEAELALTLKVLEATADTDPALG
IL28A   61 KDALEESLLLKDCRCHSRLFPRTWDLRQLQVRERPMALEAELALTLKVLEATADTDPALV

IL28B  117 DVLDQPLHTLHHILSQLRACIQPQPTAGPRTRGRLHHWLHRLQEAPKKESPGCLEASVTF
IL28A  121 DVLDQPLHTLHHILSQFRACIQPQPTAGPRTRGRLHHWLYRLQEAPKKESPGCLEASVTF

IL28B  177 NLFRLLTRDLNCVASGDLCV
IL28A  181 NLFRLLTRDLNCVASGDLCV

IL28A and IL28B
Amino Acid Sequence

How does variation in a duplicated gene cause
such a large effect?



Hepatic ISG Expression 
Before and After PegIFNα

Sarasin-Filipowicz et al. PNAS, 2008©2008 by National Academy of Sciences



IL28B Genotype and Expresson of 
Interferon Stimulated Genes

IL28B genotype
Hypothetical protein LOC100128718
SP100 nuclear antigen
Hect domain and RLD 5
DEAD (Asp-Glu-Ala-Asp) box polypeptide 60-like
IFN-induced protein with tetratricopeptide repeats 5
Tripartite motif-containing 69
SP110 nuclear body protein
Sterile alpha motif domain containing 9
N-myc (and STAT) interactor
Tudor domain containing 7
Polyribonucleotide nucleotidyltransferase 1
IFN-induced protein with tetratricopeptide repeats 2
5'-nucleotidase, cytosolic III
2',5'-oligoadenylate synthetase 1, 40/46kDa
DEAD (Asp-Glu-Ala-Asp) box polypeptide 58
eIF2-alpha kinase 2
EST(238743_at)
IFN induced transmembrane protein 1 (9-27)
Receptor transporter protein 4
IFN-induced protein with tetratricopeptide repeats 3
Hect domain and RLD 6
UMP-CMP kinase 2, mitochondrial
Phospholipid scramblase 1
IFN induced with helicase C domain 1
Ubiquitin specific peptidase 18
ISG15 ubiquitin-like modifier
XIAP associated factor 1
IFN-induced protein 44
IFN-induced protein with tetratricopeptide repeats 1
Radical S-adenosyl methionine domain containing 2
IFN-induced protein 44-like
2'-5'-oligoadenylate synthetase 2, 69/71kDa
Mx1
2'-5'-oligoadenylate synthetase 3, 100kDa
Poly (ADP-ribose) polymerase family, member 9
Epithelial stromal interaction 1 (breast)

GTTTTTTTTTTTTTTTTTTTTTTTTTTTGTTTTTTTTTTTTTTTTGTTTGGGGTTTGGGTTTTTTGGGTGGTGTTGGGTGGGGGGGGGGGGG

Honda, Gastroenterology, 2010



Functional Mechanism of IL28B

• IL28B genotype associated with ↓ intra‐
hepatic ISG expression

IL28B‐CC→ ↓ISG Expression → ↑SVR

Honda, Gastroenterology, 2010
Thompson, EASL 2010
Dill, EASL 2010


