
HOST-PATHOGEN INTERACTIONS

What makes the hepatitis C
virus evolve?
Polymorphisms in the IFNL4 gene that affect both the presence and the

form of the coded protein are associated with changes in the hepatitis C

virus.
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W
hen cells are infected with a virus

they release proteins known as inter-

ferons to fight off the infection. In

2003, a group of proteins called interferon

lambda, or IFN-l for short, were found to acti-

vate anti-viral signaling pathways used by other

interferons (Kotenko et al., 2003;

Sheppard et al., 2003). It was initially thought

that members of the IFN-l family were simply

redundant to well-known interferons. However,

a growing body of evidence indicates IFN-l

proteins provide unique ‘first-line’ protection

against a wide range of common viruses that

can infect the respiratory and gastrointestinal

tracts, as well as the brain (Ye et al., 2019).

IFN-l4 is the most recently discovered mem-

ber of the IFN-l family. Production of IFN-l4 in

humans depends on which variant of the IFNL4

gene a person carries. Individuals with the

IFNL4-DG variant can synthesize the full protein,

while those with the IFNL4-TT variant produce a

truncated protein that is not functional (Proku-

nina-Olsson et al., 2013). Another polymor-

phism called IFNL4 P70S produces variants of

the full protein with different biological activity:

if the amino acid in position 70 is a proline, the

protein is fully active, but if it is a serine the pro-

tein has reduced biological activity (Terczyńska-

Dyla et al., 2014). These IFNL4 genetic variants

affect clearance of the hepatitis C virus, and

have been associated with the risk of other con-

ditions. These conditions include a rare form of

ovarian cancer, more aggressive prostate cancer

and liver inflammation and scarring caused by

the hepatitis B and C viruses or non-alcoholic

fatty liver disease (Eslam et al., 2015;

Kelemen et al., 2015; Minas et al., 2018).

Worldwide, an estimated 71 million people

are infected with hepatitis C virus. There are var-

ious genotypes and subtypes of HCV and, like

other RNA viruses, HCV frequently mutates and

can undergo selection for different viral variants.

This genetic variability is clinically significant, as

some changes in the HCV genome may impair

the effectiveness of certain treatments. Paradox-

ically, although interferons are usually antiviral
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proteins, patients with the most biologically

active form of IFN-l4 are least likely to clear

HCV. On the other hand, patients with the

IFNL4-TT allele that do not produce active IFN-l

4 have the highest rates of spontaneous clear-

ance and response to treatment (Prokunina-

Olsson et al., 2013; Terczyńska-Dyla et al.,

2014).

Now, in eLife, two collaborations report on

the effect of IFNL4 genotype on the HCV viral

genome. Previously, in 2017, Azim Ansari, Vin-

cent Pedergnana and colleagues at the Univer-

sity of Oxford and other institutions reported

the results of a genome-to-genome analysis

which revealed that the HCV genome evolves in

response to the genome of the infected individ-

ual (Ansari et al., 2017). The analysis showed

that HCV viral levels (number of virus particles)

and the amino acid sequence of viral proteins

depended on whether the patient had the

IFNL4-TT or the IFNL4-DG gene variant. In the

new eLife papers, researchers based in Oxford,

Lausanne and elsewhere examine the association

between host IFNL4 genotype and viral genome

variations more broadly.

In one paper, Ansari, Pedergnana and co-

workers – including Elihu Aranday-Cortes and

John McLauchlan of the MRC-University of Glas-

gow Centre for Virus Research – report that the

presence of IFN-l4, and also its biological activ-

ity, both affect how HCV evolves (Ansari et al.,

2019). Ansari et al. analyzed the IFNL4 geno-

types of 485 patients with chronic HCV and the

genomes of the virus with which they were

infected. To avoid confounding factors, the anal-

ysis was restricted to patients of white ancestry

infected with HCV genotype 3a. In this new work

they show that in addition to the effect of the

IFNL4-DG/TT variant, the IFNL4 P70S polymor-

phism, which modulates IFN-l4 activity, affects

the amino acid sequence of HCV.

In the other eLife paper, Nimisha Chaturvedi,

Jacques Fellay (both of the EPFL and the Swiss

Institute of Bioinformatics) and colleagues at

Gilead Sciences and Goethe University Hospital

report the results of a study that included 8729

patients who were infected with a range of HCV

genotypes (Chaturvedi et al., 2019). This inves-

tigation revealed that the polymorphism

rs12979860, which serves as a marker for IFNL4-

DG/TT, is associated with amino acid changes in

viral proteins across viral genotypes. Different

viral polymorphisms were affected in the differ-

ent viral genotypes. Taken together these new

results show IFN-l4 drives hepatitis C evolution

across multiple viral genotypes and that not sim-

ply the presence, but also the form of IFN-l4

contributes to this effect.

How IFN-l4 makes HCV evolve remains

unknown. Future studies should attempt to elu-

cidate this mechanism, although currently such

work is hampered by the transient and cell-spe-

cific expression of IFNL4 in human tissues, and

the lack of animal models – neither mice nor rats

carry the gene. As the IFN-l family is known to

play a role in a wide range of viral infections, it

would be interesting to see whether variants of

the IFNL4 gene affect response to those infec-

tions or can drive the evolution of viruses other

than HCV. The hypothesis that IFNL4 genotype

affects infections other than HCV is further sup-

ported by evidence showing that there has been

strong evolutionary selection for IFNL4-TT, the

variant of the gene that produces an inactive

truncated protein (Key et al., 2014).
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