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Figure 1. There are sixteen different type I IFNs in 
humans, and they all signal through the same cell 
surface receptor consisting of two chains called 
IFNAR1 and IFNAR2; yet they can have markedly 
distinct cellular activities. How a single receptor is 
able to discriminate between such a large number 
of different ligands has been unclear. 

 

How a Single Receptor Discriminates between a Variety of Different Ligands 

 
Type I interferons (IFNs) are secreted signaling proteins that belong to the family of cyto-
kines. They are important mediators of the communication between cells and for innate 
immunity against viruses and cancer. Because of their pronounced antiviral, antiprolifera-
tive, and immunomodulatory properties, type I IFNs are used for the treatment of a broad 
range of human diseases, including hepatitis, multiple sclerosis, and several types of 
cancer1. Type I IFNs act on, and are produced by almost every nucleated cell, and comprise 
16 members in humans: IFN, IFN, IFN, IFN, and 12 subtypes of IFN2. Although 
similar in their spectrum of activities, members of the type I IFN family differ in their 
signaling properties qualitatively and quantitatively; yet they all exert their physiological 
effects by binding to the same cell surface receptor consisting of two receptor chains called 
IFNAR1 and IFNAR2 (Fig. 1). The basis for the differential activity and signaling through a 
shared receptor has remained enigmatic. Using a combination of X-ray crystallographic, bio-
chemical, and cell biology experiments, we were able to elucidate the mechanisms of ligand 
recognition and discrimination by the type I IFN receptor. 
 
We determined the crystal structures of 
two human type I IFN receptor complexes 
containing different ligands, IFN and a 
variant of IFN, respectively (Fig. 2A and 
2B). These two IFNs exhibit distinct bio-
logical activities. The structures revealed 
that the recognition mode and architecture 
of the complexes are unique among 
cytokine receptors, but conserved 
between different type I IFNs (Fig. 2C). 
Receptor-ligand cross-reactivity is based 
on “anchor point” residues shared among 
different IFNs. These anchor point resi-
dues are interspersed in the receptor-
ligand interfaces amongst ligand-specific 
contacts that modulate the relative IFN 
binding affinities. Based on the ternary 
complex structures, a range of IFN and 
IFN mutants were designed that carried 
substitutions in contact residues. These 
mutants were characterized by affinity 
measurements, in antiproliferative and 
antiviral assays, with respect to their 
potency to induce gene expression, in a 
receptor downregulation assay, and by cell 
signaling studies using cells of whole blood from human donors. The experiments with the 
IFN interface mutants allowed us to conclude that ligand discrimination by the receptor 
occurs primarily through different energetics of the shared receptor contacts and, to a lesser 
extent, through the IFN subtype-specific contacts. The resulting specific ligand recognition 
chemistries lead to different receptor-ligand complex stabilities, which, in conjunction with a 
ligand-induced conformational change in IFNAR1, control signal initiation, resulting in func-
tional differences between IFNs. Mechanistically, different complex stabilities result in 



 
Figure 2. Ribbon representations of the receptor-ligand 

ternary complex of IFNAR1, IFNAR2, and IFN (A), 

and of the ternary complex containing IFN (B). The 
membrane-proximal domain, which was not visible in 
the structures, is depicted as an oval. To analyze the 
structural similarity between the complexes, they were 
superimposed (C). The rmsd for the overall 
superposition is 0.9 Å. 

different receptor internalization 
rates and might control the relative 
Janus kinase activities toward 
cytoplasmic substrates, leading to 
distinct levels of downstream 
effector activation that ultimately 
manifest in distinct gene expression 
patterns. By forming a gradient of 
complex stabilities, IFNs induce 
specific cellular signaling profiles 
that form the basis for the diverse 
biological activities observed for 
these cytokines.  
 
Using the newly gained structural 
and functional knowledge of the IFN 
receptor system, we were able to 
rationally design a single-substitu-
tion IFN interface mutant with 
higher affinity for IFNAR2 and sig-
nificantly increased antiproliferative 
activity. This corroborates the model 
that IFN-specific polymorphisms in 
the interfaces influencing complex 
stability play a major role in deter-
mining IFN-specific functional activi-
ties.  Thus, our studies not only 
provide fundamental insights into 
one of the most important systems 
of innate immunity, but also enable 
us to tune the activity of IFN ligands 
and design cytokines with custo-
mized signaling properties for 
research and therapeutic purposes. 
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