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Interferons are a group of cytokines that are produced in  
response to infection or other inflammatory stimuli.  
Functionally, these cytokines have potent antiviral effects 
and modulate immune cell function. Interferons are 
classified into three subgroups: type I interferons (IFNα,  
IFNβ, IFNε, IFNκ and IFNω), type II interferon (IFNγ) 
and type III interferons (four IFNλ subtypes). The 
type III interferons are a relatively new addition to 
the interferon family and are especially important in 
immune defence at barrier surfaces1–3. Although type III 
interferons are structurally distinct from type I interfer-
ons, they have overlapping functions, and both signal 
through the Janus kinase (JAK)–signal transducer and 
activator of transcription (STAT) pathway to induce 
transcription of interferon-​stimulated genes (ISGs) and 
promote antiviral activity.

Interferons are critical for host defence, but can also 
contribute to disease processes in autoimmune and 
inflammatory diseases. Indeed, dysregulated type I 
interferon responses are a major feature of systemic 
lupus erythematosus (SLE) and a number of other 
systemic autoimmune diseases4. Mutations in genes 
associated with the type I interferon pathway can also 
result in monogenic autoinflammatory diseases5,6. 
Chronic activation of the type I interferon system has 
myriad effects on both innate and adaptive immune 
responses. For example, type I interferons can modulate 
antigen-​presenting cell (APC) function, promote B cell 
activation and antibody production, and induce the pro-
duction of chemokines that lead to tissue inflammation7. 

Given the importance of this pathway, biologic agents 
that target either IFNα or IFNα receptor (IFNAR), the 
main receptor for type I interferons, have emerged as 
a potential therapeutic strategy for systemic rheumatic 
diseases such as SLE8. However, some of these agents 
have had mixed efficacy in clinical trials, highlighting the 
complexity and heterogeneity of immune derangement 
in systemic autoimmunity.

In addition to type I interferons, type III interfer-
ons might also contribute to autoimmune and chronic 
inflammatory diseases. Although type III interferons 
were initially described as an anti-​inflammatory coun-
terpart to the type I interferon system, data suggest that  
IFNλ biology is more complex than suspected and  
that excessive and chronic activation of the IFNλ path-
way can in fact be detrimental to the host. In this Review, 
we summarize new insights into IFNλ biology and how 
type III interferons compare with the type I interferon 
system. We also discuss potential roles for type III inter-
ferons in the immunopathology of systemic rheumatic 
diseases and explore how this information can be applied 
to current and future treatment strategies.

IFNλ biology and signalling
Four subtypes of IFNλ have been identified in humans: 
IFNλ1 (IL-29), IFNλ2 (IL-28A), IFNλ3 (IL-28B) and 
IFNλ4. Several IFNL pseudogenes are located in the 
vicinity of the genes encoding IFNλs 1–3 (ref.9), and a 
common dinucleotide polymorphism in the IFNL locus 
can result in a frameshift mutation that enables the 
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expression of a functional IFNL4 gene product10. In con-
trast to humans, only IFNλ2 and IFNλ3 are expressed 
in mice11.

IFNλs signal through a unique heterodimeric recep-
tor complex comprising IFNλ receptor 1 (IFNLR1) and 
IL-10 receptor subunit-​β12,13. An important difference 
between type I and type III interferons is the expression 
of their respective receptor complexes. IFNAR is widely 
expressed on almost all cell types in the body, whereas 
expression of the IFNλ receptor (IFNLR) is more lim-
ited, being highly expressed on epithelial cells and some 
immune cells, such as neutrophils in mice and B cells in 
humans1–3. This distribution enables the IFNλ system to 
have specialized effects at barrier sites.

In target cells, the IFNLR complex signals through 
the JAK–STAT pathway (Fig. 1). IFNα, IFNβ and IFNλs 
can all activate JAK1 and non-​receptor tyrosine-​protein 
kinase TYK2, resulting in the phosphorylation of 
STAT proteins and the formation of STAT1–STAT2 
heterodimers1–3. Interferon regulatory factor 9 (IRF9) 
interacts with these STAT1–STAT2 heterodimers to 
form the interferon stimulated gene factor 3 (ISGF3) 
transcription factor complex. ISGF3 then translocates to 
the nucleus, where it can bind to interferon-​stimulated 
regulatory element sequences located in the promoters 
of ISGs such as MX1, IFIT1 and ISG15 (ref.14).

Although type I and type III interferons share down-
stream signalling machinery, some differences exist in 
the kinetics of different types of interferon responses. 
Type III interferons induce longer-​lasting expression 
of ISGs at lower amplitude than type I interferons15,16. 
This difference might be caused by differential nega-
tive regulation by Ubl carboxyl-​terminal hydrolase 18, 
which preferentially inhibits type I interferon signalling 
but not type III interferon signalling17–19. Nevertheless, 
the transcriptional profiles induced by type I interfer-
ons and type III interferons are remarkably similar, and 
a unique signature for IFNλs has not been identified. 
Despite these similarities, studies in IFNLR-​deficient 
(Ifnlr1−/−) mice indicate that IFNλs have non-​redundant 
functions in immunity and that type III interferons are 
particularly important for immune responses at mucosal 
surfaces20–25.

Current thinking suggests that IFNλs restrict viral 
replication in epithelial cells without inducing inflam-
matory pathology26. One potential mechanism for the 
non-​inflammatory effects of type III interferons com-
pared with type I interferons is related to chemokine 
production. IFNβ induces the expression of the chemok-
ines CXCL9, CXCL10 and CXCL11 to a greater extent 
than IFNλs, owing to insufficient induction of IRF1 by 
IFNλs27. These chemokines can recruit CXCR3+ leuko-
cytes and are important in the development of tissue 
inflammation. IFNβ promotes the formation of STAT1 
homodimers that bind to the IRF1 promoter and induce 
IRF1 expression (Fig. 1). By contrast, IFNλs do not induce 
sufficient IRF1 expression to enable the production of 
chemokines. Notably, IRF1 induction is dependent on 
the expression of IFNLR1, as overexpression of IFNLR1 
increases the amount of CXC chemokines produced in 
response to IFNλs to similar levels to those elicited by 
IFNβ. These findings27 suggest that IFNLR1 density is 
an important determinant of IFNλ function. As such, 
IFNλs could theoretically promote inflammation if 
IFNLR1 expression is sufficiently high to induce IRF1 
expression. The way in which IFNLR1 expression is 
regulated, particularly in autoimmune diseases, might 
therefore explain the context-​dependent effects of IFNλs 
(discussed in the following sections).

IFNλs can also signal through a variety of non- 
canonical mechanisms. Data from mouse neutrophils 
show that IFNλs can activate JAK2 and inhibit reactive 
oxygen species (ROS) production in a model of intestinal 
inflammation28. This effect was not mediated through 
traditional STAT1-​dependent signal transduction but 
rather through JAK2-​mediated inhibition of RAC-​alpha 
serine/threonine-​protein kinase (AKT). Whether this 
JAK2–AKT pathway is present and operational in other 
cell types is currently unclear. IFNλs can also activate the 
mitogen-​activated protein kinase pathway29 and modul
ate cell–cell tight junctions30, further highlighting the 
complexity of their biology.

IFNλs in host immunity
IFNλs have direct effects on epithelial cells, inducing a 
variety of cell-​intrinsic mechanisms that restrict viral 
replication and inhibit viral transmission26. However, 
evidence indicates that IFNλs have additional functions 
in orchestrating innate and adaptive immune responses. 
These functions can be separated into direct effects on 
IFNλ-​responsive cells (Table 1) and indirect effects on non- 
responsive cell types. The effects of IFNλs on differ-
ent cell types have been reviewed elsewhere3,31. In this 
section, we focus specifically on aspects of the IFNλ 
response axis that are relevant for inflammation and 
autoimmunity.

Innate immunity. IFNλs have direct effects on various 
innate immune cell populations (Table 1). Multiple studies  
report that IFNλs can activate mouse neutrophils to induce 
STAT1 phosphorylation and ISG expression25,28,32. IFNλs 
can also increase ROS production by mouse neutro
phils, and in vivo experiments show that mice with  
neutrophil-​specific deletion of Ifnlr1 are more suscep-
tible to Aspergillus infection33, indicating that IFNλs 

Key points

•	Type III interferons (IFNλs) are critical for immune defence against pathogens at 
epithelial barrier surfaces and were initially described as an anti-​inflammatory 
counterpart to the type I interferon system.

•	IFNλs have complex effects on both innate and adaptive immunity and can promote 
inflammation in certain contexts.

•	Similar to type I interferons, type III interferon concentrations are increased in the 
blood and affected tissues of patients with autoimmune rheumatic diseases such  
as systemic lupus erythematosus (SLE).

•	Concentrations of IFNλs correlate with clinical and immunological parameters and 
seem to have non-​redundant effects on cell-​specific and tissue-​specific disease 
processes in SLE.

•	Current biologic therapies that target IFNα or its receptor do not block the effects  
of IFNλs.

•	Additional research is needed to fully characterize the context-​dependent effects  
of IFNλs and to optimize treatment for patients with autoimmune rheumatic diseases.
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regulate antifungal immunity through specific effects 
on neutrophil function. By contrast, IFNλs can inhibit 
ROS production and degranulation in mouse neutro-
phils during intestinal inflammation through a non-​
translational, STAT1-​independent pathway28. Whether 
human neutrophils are similarly responsive to IFNλs 
is unclear. Human neutrophils express IFNLR1 and 
upregulate it in response to inflammatory stimuli such 
as lipopolysaccharide or fungal infection33. IFNλs can 
also inhibit TNF-​induced ROS production in human 
neutrophils28 and suppress neutrophil extracellular trap 
(NET) formation in response to activated platelets or 
platelet-​derived inorganic polyphosphate34. These data 
are somewhat contradicted by reports that IFNλs do 
not induce ISG expression in human peripheral blood 
neutrophils35,36, leading to uncertainty about whether 
and how these cells respond to IFNλs in different 
settings.

Dendritic cell (DC) subsets are also an important 
part of the IFNλ response network. IFNλs can increase 
type I interferon and chemokine production by human 
plasmacytoid DCs (pDCs)37–39 and can upregulate the  

expression of class I and II MHC molecules and 
co-​stimulatory molecules on pDCs, which could pro-
mote T cell activation37,39. By contrast, IFNλs seem 
to induce a more regulatory phenotype in human 
monocyte-​derived DCs, which promote the expansion 
of FOXP3+ regulatory T cells40. Other reports suggest 
that IFNλs are involved in T cell polarization in vitro41 
and that they can skew T cells towards a T helper 1 cell 
response in a mouse model of allergic asthma through 
effects on lung DCs41,42. Despite the progress made by 
these studies, the effects of IFNλs on DC function have 
not been fully characterized, and it is probable that only 
certain DC subsets respond directly to this cytokine.

In addition, IFNλs can activate human monocyte-​ 
derived macrophages and promote a pro-​inflammatory 
phenotype, leading to chemokine production and the 
upregulation of pathways related to antigen presenta-
tion, co-​stimulation, phagocytosis and cytotoxicity43–46. 
By contrast, natural killer cells do not seem to respond 
to IFNλs directly35,36,43,47,48; however, IFNλs can modu-
late natural killer cell function indirectly through their 
effects on macrophages43,48,49.
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Fig. 1 | Type I and type III interferon signalling pathways. Type I and type III interferons can activate both Janus kinase 1 
(JAK1) and non-​receptor tyrosine-​protein kinase TYK2 (TYK2), leading to signal transducer and activator of transcription 
(STAT) phosphorylation and the formation of STAT1–STAT2 heterodimers. These heterodimers can interact with interferon 
regulatory factor 9 (IRF9) to form the interferon stimulated gene factor 3 (ISGF3) transcription factor complex. ISGF3 
translocates to the nucleus, where it can bind to interferon-​stimulated regulatory element (ISRE) sequences and promote 
the expression of interferon-​stimulated genes (ISGs). Type III interferons comparatively induce lower amplitude expression 
of ISGs over a longer period of time than type I interferons, possibly owing to differential negative regulation by Ubl carboxyl-​ 
terminal hydrolase 18 (USP18). Type I and type III interferons can also promote the formation of STAT1 homodimers, which 
upregulate IRF1 expression and lead to pro-​inflammatory chemokine production. IFNλ can also signal through a variety of 
non-​canonical mechanisms. GAS, IFNγ-​activated sequence; IFN, interferon; IFNAR, IFNα receptor; IFNLR1, IFNλ receptor 1;  
IL-10RB, IL-10 receptor subunit-​β.
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Adaptive immunity. IFNλs also have direct effects on 
some adaptive immune cells (Table 1). Although IFNλs 
do not seem to affect mouse B cells and T cells35,50–52, 
data indicate that human lymphocytes can respond to 
IFNλs. The reasons behind the discrepancies between 
mouse and human responses remain unclear. Human 
B cells express IFNLR, and stimulation with IFNλs 
promotes ISG expression in these cells35,36,53. Moreover, 
IFNλs increase Toll-​like receptor 7 (TLR7)-​mediated 
and TLR8-​mediated antibody production and plasma-
blast differentiation in human B cells54,55. Pre-​treatment 
with IFNλs can also inhibit influenza-​induced IgG pro-
duction in human peripheral blood mononuclear cells 
(PBMCs)56. However, it is worth noting that this inhibi-
tory effect was observed in a mixed cell population and  
might result from decreased production of T helper  
2 cell cytokines rather than from a direct effect on B cell  
function. This idea is consistent with other reports 
that IFNλs promote T helper 1 cell skewing via effects  
on DCs41,42.

The effects of IFNλs on human T cells are less obvi-
ous than the effects on B cells. Several reports indicate 
that human T cells do not express IFNLR1 and are not 
responsive to IFNλ stimulation35,53,57. By contrast, a 
2020 study has indicated that CD8+ T cells can respond 
to IFNλs and upregulate ISGs36. Activation of T cells 
with anti-​CD3 and anti-​CD28 antibodies also upregu-
lated IFNLR1 on CD4+ T cells, allowing the induction 
of ISGs by IFNλs36. Therefore, T cells could poten-
tially acquire responsiveness to IFNλs in the context of 
antigen-​specific immune responses.

In addition to direct effects, IFNλs also coordinate 
adaptive immunity through indirect mechanisms. 
Ifnlr1−/− mice have decreased antibody and CD8+ T cell 
responses following infection with influenza virus51. 

This effect is dependent on thymic stromal lympho-
poietin (TSLP) production by microfold cells in the 
upper airway. IFNλs induce TSLP production in these 
cells, leading to CD103+ DC migration to the draining 
lymph nodes. These CD103+ DCs subsequently pro-
mote follicular helper T cell expansion and germinal 
centre responses in the lymph node, thereby generat-
ing a robust adaptive immune response. Whether this 
IFNλ-​induced TSLP-​mediated mechanism is specific 
to the respiratory tract and is also present in humans, 
or whether it can boost adaptive immune responses 
against self-​antigens, remains unclear. A separate study 
further demonstrated that IFNλs are required for APC 
migration to the draining lymph nodes and are critical 
for the development of effective antiviral CD8+ T cell 
responses during influenza infection in mice58, high-
lighting another mechanism through which IFNλs can 
potentiate adaptive immune responses.

In summary, these data suggest that IFNλs can modu
late immune responses through a variety of direct and 
indirect pathways. Although these mechanisms have 
primarily been identified and studied in response to 
infection, they might also be relevant for autoimmunity. 
Considerable differences in the IFNλ response also exist 
between mouse and human cells. These differences will 
be important to consider when evaluating IFNλs in the 
context of human diseases.

IFNλs in autoimmune rheumatic diseases
Concentrations of IFNλs are increased in blood and 
affected tissues in a number of autoimmune rheu-
matic diseases, including SLE, rheumatoid arthritis 
(RA), primary Sjögren syndrome (pSS) and systemic 
sclerosis (SSc). Increased amounts of IFNλs are also 
associated with increased disease severity, increased 

Table 1 | Direct effects of IFNλs on immune cell populations

Species Neutrophils Macrophages Dendritic cells NK cells B cells T cells Refs

Mouse Increased ISG 
expression; 
ROS production 
can increase 
or decrease; 
decreased 
migration and 
IL-1β production

Increased ISG 
expression; increased 
stimulation of NK cell 
proliferation; some 
studies report no 
effects

Increased stimulation 
of T helper 1 cell 
polarization; increased 
stimulation of CD8+ T cell 
responses; increased 
ISG expression (pDCs 
and BMDCs); increased 
antigen presentation and 
co-​stimulatory molecule 
expression (BMDCs); some 
studies report no effects

No 
effects

No effects No effects 25,28,32,33,35, 

42,47,49–52,58,150

Human Increased IFNLR1 
expression 
on activated 
neutrophils; 
decreased ROS 
production; 
decreased NET 
formation; some 
studies report no 
effects

Increased ISG 
expression; increased 
antigen presentation 
and co-​stimulatory 
molecule expression; 
increased cytokine and 
chemokine production; 
increased phagocytosis 
and cytotoxicity; 
increased activation  
of NK cells

Increased ISG expression 
(pDCs); increased cytokine 
and chemokine expression 
(pDCs); increased 
antigen presentation and 
co-​stimulatory molecule 
expression (pDCs and 
moDCs) increased 
migration (moDCs); 
increased stimulation 
of regulatory T cell 
proliferation (moDCs); 
some studies report no 
effects in moDCs

No 
effects

Increased ISG 
expression; 
increased 
TLR7-​mediated 
antibody 
production; 
increased 
plasmablast 
differentiation

Increased ISG 
expression 
(CD8+ T cells 
and activated 
CD4+ T cells); 
increased IFNLR1 
expression 
(activated CD4+ 
T cells); some 
studies report no 
effects

28,33–40,43–46, 

48,53–55,57

BMDC, bone marrow-​derived dendritic cell; IFNLR1, IFNλ receptor 1; ISG, interferon-​stimulated gene; moDC, monocyte-​derived dendritic cell; NET, neutrophil 
extracellular trap; NK, natural killer; pDC, plasmacytoid dendritic cell; ROS, reactive oxygen species; TLR7 , Toll-​like receptor 7.
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autoantibodies, increased inflammatory markers and/or  
specific manifestations in these diseases (Table 2). In 
this section, we summarize the main findings in these 
diseases and discuss potential mechanisms of immune 
dysregulation.

Systemic and cutaneous lupus erythematosus. SLE is a 
complex autoimmune disease that can affect multiple 
organ systems, including the skin, kidneys, joints and 
vasculature. The role of type I interferons is well estab-
lished in SLE pathogenesis, and many patients with SLE 
display a characteristic type I interferon signature in 
blood and affected tissues59–61. Functionally, type I inter-
ferons lead to the aberrant activation of immune cells62 
by promoting autoantibody production and immune 
complex formation that result in tissue damage. Type I  
interferons can also prime neutrophils, modify APC 
activity and regulate T cell function to further promote 
autoimmune tissue damage in SLE.

In addition to type I interferons, evidence suggests 
that type III interferons are dysregulated in SLE. Several 
studies have reported that serum IFNλ1 and IFNλ3 
concentrations are increased in patients with SLE com-
pared with healthy individuals63–71. IFNL1 transcripts are 
increased in PBMCs and IFNL2 and IFNL3 transcripts 
are increased in activated CD4+ T cells from patients 
with SLE relative to those from healthy individuals63,72. 
Moreover, increased serum concentrations of IFNλs 
are associated with disease severity and clinical labora-
tory values. Specifically, higher serum concentrations 
of IFNλ correlate with higher SLE Disease Activity 
Index scores63–66, higher anti-​double-​stranded DNA 
(dsDNA) autoantibody titres63,64 and lower amounts of 
complement proteins C3 and C4 (refs63–66). Increased 
circulating concentrations of IFNλs are also associated 
with the presence of specific disease manifestations in 
SLE, including arthritis, nephritis, serositis and skin 
involvement63,65,71. Genetic studies further implicate 
IFNλs in SLE pathogenesis. IFNL3 and IFNL4 variants 
are risk factors for lupus nephritis among patients with 

SLE in a Taiwanese cohort66, and the rs4649203 single 
nucleotide polymorphism in IFNLR1 is associated with 
an increased risk of SLE in a Chinese Han population73.

IFNλs have also been detected in affected tissues in 
patients with SLE. Immunohistochemistry analysis of 
skin tissue showed that IFNλs and IFNLR1 are substan-
tially increased in patients with chronic discoid lupus 
erythematosus or subacute cutaneous lupus erythema-
tosus (CLE) relative to healthy individuals or patients 
with other inflammatory skin diseases (such as atopic 
dermatitis or psoriasis)69. The detection of IFNλs in 
the skin of patients with CLE is most prominent in the 
epidermis, with some additional staining of mononu-
clear cells in the dermis. Patients with CLE also have 
increased serum IFNλ1 concentrations, particularly  
in those patients with disseminated lesions compared 
with those with more localized disease, and a case report  
from a single patient found that serum IFNλ1 concentra-
tions declined during clinical remission following treat-
ment with glucocorticoids and hydroxychloroquine69.  
In addition to skin, IFNλs and IFNLR1 are also detec
table in kidney tissue from patients with lupus neph
ritis66,70; IFNλs were mostly observed in glomerular 
crescents and areas with inflammatory infiltrates, and 
glomerular IFNλ staining decreased in repeat biopsy- 
retrieved samples from patients who achieved a histolog-
ical response to treatment70. However, these studies did 
not include kidney tissue samples from healthy individ-
uals or disease-​matched controls. Overall, these findings 
indicate that IFNλs might be involved in SLE-​associated 
skin and kidney disease.

Data from mouse models support a mechanistic role 
for IFNλs in SLE. One study investigated the effects of 
IFNλs in a TLR7-​induced lupus model, whereby mice 
are repeatedly exposed to the TLR7 agonist imiqui-
mod. Serum concentrations of IFNλ2 and IFNλ3 were 
increased in imiquimod-​treated mice, and IFNLR1 defi-
ciency substantially reduced splenomegaly and leuco
cytosis compared with wild-​type controls35. Ifnlr1−/− mice 
were fully responsive to IFNα, suggesting that IFNλs 

Table 2 | IFNλs in autoimmune rheumatic diseases

Disease Expression  
in blood

Expression  
in tissue

Disease activity Antibodies Inflammatory 
markers

Associated disease 
manifestations

Refs

SLE Increased IFNλ1 
and IFNλ3; 
increased IFNL1 
mRNA (PBMCs); 
increased IFNL2 
and INFL3 mRNA 
(CD4+ T cells)

Increased 
IFNλs in skin 
and kidneys

Not associated 
with SLAM; 
contradictory 
results for 
SLEDAI and SDI

Associated with 
anti-​nucleosome 
antibodies; not 
associated with 
ANAs; contradictory 
results for anti-​dsDNA 
antibodies

Associated with 
a decrease in 
complement 
proteins C3 and C4; 
not associated with 
ESR; contradictory 
results for CRP

Arthritis, nephritis, 
serositis and skin 
involvement

63–72

Rheumatoid 
arthritis

Increased IFNλ1 
and IFNλ2; 
increased IFNL1 
mRNA (PBMCs)

Increased 
IFNλ1 in 
synovial fluid

Contradictory 
results for DAS28

Associated with 
anti-​MCV antibodies; 
contradictory results 
for RF and ACPAs

No association with 
CRP or ESR

Knee joint 
involvement

86–89

Primary 
Sjögren 
syndrome

Increased IFNλ1 Increased 
IFNλ1 in minor 
salivary glands

ND ND ND Exocrine gland 
involvement

94,95

Systemic 
sclerosis

Increased IFNλ1 
and IFNλ3

ND ND ND ND Myositis and 
pulmonary fibrosis

96,97

ACPA, anti-​citrullinated protein antibody; ANA, antinuclear antibody; CRP, C-​reactive protein; DAS28, 28-​joint Disease Activity Score; dsDNA, double-​stranded 
DNA; ESR, erythrocyte sedimentation rate; MCV, mutated citrullinated vimentin; ND, not determined; PBMC, peripheral blood mononuclear cell; RF, rheumatoid 
factor; SDI, SLICC Damage Index; SLAM, Systemic Lupus Activity Measure; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index.
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have important and non-​redundant functions in sys-
temic immune dysregulation. Further investigation of 
splenic immune cell populations revealed that IFNλs 
promote myeloid cell expansion and T cell activation 
following in vivo TLR7 stimulation, potentially through 
a combination of direct and indirect effects on these cells. 
By contrast, IFNλs did not modulate B cell responses in 
TLR7-​induced lupus, as the number of plasma cells and 
levels of B cell activation markers did not differ between 
Ifnlr1−/− mice treated with imiquimod and wild-​type 
controls. IFNLR1 deficiency also had no effect on 
the amounts of circulating antinuclear antibodies or 
anti-​dsDNA autoantibodies. These results35 are some-
what contradictory to data in humans, which indicate 
that increased concentrations of IFNλs correlate with  
higher levels of autoantibodies in SLE63,64,67,68. This dis-
crepancy could potentially be related to differences in  
B cell responsiveness to IFNλs between mice and humans. 
Mouse B cells are unresponsive to IFNλs, whereas  
human B cells can respond directly to this cytokine by 
increasing TLR7-​mediated antibody production and 
plasmablast differentiation54,55. Therefore, additional 
research is needed to determine how IFNλ affects 
autoantibody production in the context of human SLE.

Mouse models of lupus also support a role for IFNλs 
in the pathogenesis of skin and kidney manifestations in  
SLE. Ifnlr1−/− mice had substantially reduced skin 
inflammation in the TLR7-​induced lupus model35. 
This decrease in skin inflammation corresponded with  
a decrease in tissue expression of pro-​inflammatory genes  
such as Il6, Cxcl9 and Cxcl10. In vitro experiments show 
that mouse and human keratinocytes respond to IFNλs 
and can upregulate CXCL9, CXCL10 and CXCL11 
chemokines35. Moreover, culture supernatants from 
IFNλ-​stimulated human keratinocytes can induce the 
in vitro migration of mononuclear immune cells35,69. 
These data suggest that IFNλs might, at least in part, 
promote SLE-​associated skin disease by increasing 
pro-​inflammatory chemokine production in keratino-
cytes (Fig. 2). Notably, co-​treatment of keratinocytes with 
IFNα and IFNλ1 induced greater chemokine expres-
sion than either cytokine alone35, indicating that type I  
and type III interferons could have an additive effect 
in promoting skin inflammation. IFNλs also increase 
the expression of MHC class I molecules by human 
keratinocytes, which can in turn promote pathogenic 
CD8+ T cell responses74. In the same TLR7-​induced 
lupus model, Ifnlr1−/− mice also had decreased immune 
complex deposition, glomerulosclerosis and ISG expres-
sion in the kidneys35. IFNλs were able to induce ISGs 
and chemokine production in mouse mesangial cells, 
suggesting that IFNλs could have an important effect 
on structural cells in the kidney. Other kidney cells, in 
particular those of epithelial origin, can also potentially 
respond to IFNλs75. Further analysis is required to iden-
tify and characterize how IFNλs can affect other tissues, 
such as the lung, brain and joints, that are commonly 
involved in SLE; however, unlike type I interferons, 
type III interferons do not seem to have any effects on 
vascular disease in mice, as IFNLR1 deficiency did not 
improve endothelium-​dependent vasorelaxation in the 
TLR7-​induced lupus model35.

Interferon production in SLE occurs through a vari-
ety of mechanisms involving nucleic acids, immune 
complexes and the engagement of various intracellular 
sensors (Fig. 2). pDCs are a major source of type I inter-
ferons in SLE76 and are also involved in IFNλ produc-
tion. These cells accumulate in the skin of mice with 
lupus and produce IFNλs in response to TLR7 agonists35. 
In humans, RNA-​containing immune complexes can 
induce the production of type III interferons in a sub-
set of pDCs that also produce type I interferons77. The 
production of IFNλs by pDCs in vitro was attenuated in 
the presence of hydroxychloroquine or an IL-1 recep-
tor associated kinase 4 (IRAK4) inhibitor, indicating 
that RNA-​containing immune complexes induce the 
production of IFNλs through the endosomal TLR– 
myeloid differentiation primary response protein 
(MyD88) system. Additional research is needed to 
determine whether other immune stimuli that trigger 
type I interferon production, such as NETs78,79, can also 
contribute to the production of IFNλs in SLE. In addi-
tion to pDCs, keratinocytes seem to be a potential source 
of IFNλs in the skin. Epidermal explants and cultured 
human keratinocytes produce considerable amounts of 
IFNλs in response to synthetic TLR3 agonists69. A follow- 
up study demonstrated that endogenous nucleic acids 
isolated from keratinocytes, in combination with the 
cathelicidin LL-37, were able to induce the production 
of IFNλs80. These results are consistent with the find-
ing that keratinocyte cell death and increased amounts 
of nuclear debris perpetuate inflammation in SLE skin 
lesions81 (Fig. 2). Keratinocytes can also upregulate IFNL 
transcripts after stimulation with IFNα35, highlighting 
another potential feed-​forward pro-​inflammatory loop 
whereby type I interferon amplifies the type III inter-
feron pathway in skin. Overall, current data indicate 
that IFNλs are potentially pathogenic in SLE, causing 
cell-​specific and tissue-​specific effects.

Rheumatoid arthritis. RA is a systemic autoimmune 
disease that leads to chronic inflammation, cartilage 
damage and bone erosion in synovial joints. Pro-​
inflammatory cytokines such as TNF and IL-6 are 
important in the pathogenesis of RA82; however, block-
ing these cytokines is not effective in all patients with 
RA, suggesting that additional pathways are involved. 
Similar to SLE, a subset of patients with RA display a 
type I interferon signature in blood83. pDCs and type I 
interferons have also been detected in RA synovium84,85, 
further indicating that interferons might contribute to 
RA immunopathology.

Notably, IFNλs are also upregulated in RA. IFNλ1 
is substantially increased in serum from patients with 
RA compared with serum from healthy individuals or 
patients with ankylosing spondylitis86–89. IFNL1 tran-
scripts are also increased in PBMCs from patients with 
RA and, in addition, IFNλ1 is increased in synovial fluid  
from patients with RA compared with synovial  
fluid from patients with osteoarthritis88. Despite there 
being increased amounts of IFNλs in blood and syno-
vial fluid in RA, data on associations between IFNλs 
and clinical features in RA are mixed. Several studies 
have reported no correlations between serum IFNλ1 
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concentrations and clinical parameters, including the 
28-​joint Disease Activity Score (DAS28), circulat-
ing inflammatory markers (such as C-​reactive pro-
tein) or RA-​associated autoantibodies (rheumatoid 
factor and anti-​citrullinated protein antibodies)86,88. 
Although IFNλ1 was not associated with the presence 
of autoantibodies, it was associated with knee joint 
involvement86. By contrast, a separate study reported 
that serum IFNλ1 concentrations correlated with the 
presence of RA-​associated autoantibodies, and also 
correlated with worse DAS28 scores in patients positive 
for anti-​citrullinated protein antibodies89. Moreover, 
IFNλ1 concentrations decrease following 6 months of 
treatment with DMARDs89. IFNλ1 concentrations have 
also been associated with the presence of anti-​mutated 
citrullinated vimentin autoantibodies, and IFNλ2 con-
centrations are only increased in patients with active 
RA (defined by a DAS28 score of >2.6)87, suggesting 
that each IFNλ might contribute to specific disease 
processes. Further assessment of whether this cytokine 

modulates human B cell function and autoantibody 
production in RA will be important.

In the synovium, IFNλ1 co-​localizes with CD68+ 
cells and FGF2+ cells88, suggesting that macrophages and 
synovial fibroblasts might be relevant sources of IFNλs 
in RA. In vitro experiments also indicate that synovial 
fibroblasts can respond to IFNλs. A human RA synovial 
fibroblast cell line expresses IFNLR1, and stimulation 
of these cells with recombinant IFNλ1 upregulates IL6, 
IL8 and MMP3 expression88. IFNλs also upregulate the 
expression of TLRs 2, 3 and 4 in the same synovial fibro-
blast cell line, thereby amplifying TLR-​mediated IL-6 
and IL-8 production90. These results suggest that IFNλs 
might promote joint inflammation and damage in RA.

Other data indicate that IFNλs actually have the 
opposite effect and are protective against inflamma-
tory arthritis. In one study, treatment with recombinant 
IFNλ2 suppressed neutrophil infiltration and IL-1β 
production in mice with collagen-​induced arthritis32. 
Another study showed that IFNλ1 can inhibit osteoclast 
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Fig. 2 | IFNλs in skin disease in systemic lupus erythematosus. Danger signals, including Toll-​like receptor 7 (TLR7) 
agonists and RNA-​containing immune complexes (RNA-​IC), can induce the production of IFNλs by plasmacytoid  
dendritic cells. TLR3 agonists can also induce the production of IFNλs by keratinocytes. IFNλs can subsequently activate 
keratinocytes to upregulate the expression of the chemokines CXCL9, CXCL10 and CXCL11, as well as surface MHC class I 
molecules. These chemokines recruit CXCR3+ leukocytes to the skin, where they promote tissue damage; in particular, 
cytotoxic CD8+ T cells can cause keratinocyte cell death. The release of endogenous nucleic acids (in combination with 
the cathelicidin LL-37 in experimental models) can induce further production of IFNλs, resulting in a feed-​forward loop 
that perpetuates inflammation in the skin. Whether inflammatory stimuli can also upregulate IFNλ receptor (IFNLR) 
expression on keratinocytes is unclear. NET, neutrophil extracellular trap.
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formation in vitro91, suggesting that IFNλ1 might be 
protective against bone erosion in RA. Overall, it is 
still unclear if IFNλs are pathogenic in RA, and further 
research is needed to better characterize how IFNλs 
could contribute to immune dysregulation and joint 
damage in this disease. Notably, variability in responses 
to type III interferons by human and mouse cells could 
complicate interpretation of data in the context of animal 
models of RA in future studies.

Other autoimmune rheumatic diseases. pSS is a sys-
temic autoimmune condition that targets exocrine 
glands, resulting in a dry mouth, dry eyes and several 
systemic manifestations. pSS is characterized by an 
exaggerated type I interferon response in blood and 
affected glands92,93, and evidence indicates that IFNλs 
might also contribute to the immunopathology of pSS. 
Immunohistochemistry analysis of minor salivary glands 
has demonstrated that expression of IFNλs is increased 
in tissue from patients with pSS compared with tissue 
from individuals with non-​pSS sicca symptoms94,95. 
Serum IFNλ1 concentrations are similarly increased in 
patients with pSS94.

Salivary gland epithelial cells might contribute to 
both the production of IFNλs and the IFNλ response in 
pSS. TLR3 agonists induce the production of IFNλs by 
salivary gland epithelial cells, which in turn upregulates  
CXCL10 and BAFF (which encodes B cell activating  
factor (BAFF)) expression in these cells94,95. Co-​treatment 
with IFNα and IFNλ1 can further enhance STAT1 
phosphorylation and cytokine expression in salivary 
gland epithelial cells, suggesting that type I and type III 
interferons could have combined effects in pSS. BAFF 
is a known pathogenic factor in pSS and promotes  
B cell hyperactivity and autoantibody production92. On 
the basis of these findings, it will be important to fur-
ther investigate the potential link between IFNλs and 
aberrant B cell responses in pSS.

IFNλs also have potential effects in SSc, an autoim-
mune disease characterized by vasculopathy and wide-
spread fibrosis in the skin, lungs and other organs. The 
amount of IFNλ1 is increased in the serum of patients 
with SSc (both diffuse and limited cutaneous subtypes) 
compared with healthy controls96. Concentrations of 
IFNλs are highest in patients with SSc who have muscle 
involvement and correlate positively with concentra-
tions of IFNγ, suggesting that IFNλs might interact with 
other cytokine networks to amplify pathogenicity in SSc. 
Notably, the rs12979860 variant of IFNL3 is associated 
with an increased risk of pulmonary fibrosis in SSc97, 
whereas no associations have been reported between 
this variant and skin fibrosis. Serum IFNλ3 concen-
trations are also higher in patients with SSc who have 
pulmonary fibrosis than in those patients with SSc who 
do not develop this complication, and Ifnl3 transcripts 
are increased in lung tissue in a mouse model of pulmo-
nary fibrosis97. However, additional research is needed 
to identify the cellular targets and pathways responsible 
for the pro-​fibrotic effects of IFNλs in SSc.

Preliminary evidence also exists suggesting that 
IFNλ expression is dysregulated in other autoim-
mune and inflammatory diseases. The expression of 

IFNλs is increased in skin samples from patients with 
dermatomyositis69. By contrast, expression of IFNλ1 is 
decreased in the ocular fluid of patients with juvenile 
idiopathic arthritis-​associated uveitis98. No further 
investigation has been carried out into how IFNλs might 
relate to pathogenesis, disease severity or other immuno
logical parameters in these diseases. IFNλs have also 
been implicated in psoriasis and inflammatory bowel 
disease99,100, which are beyond the scope of this Review, 
and it remains unclear if IFNλs are involved in seroneg-
ative spondyloarthritis, which is associated with these 
conditions.

Are IFNλs protective or harmful?
IFNλs seem to have considerable pro-​inflammatory 
and anti-​inflammatory effects that are highly context 
dependent. As discussed in previous sections, concen-
trations of IFNλs are increased and could have patho-
genic effects in autoimmune diseases such as SLE. Data 
obtained during the COVID-19 pandemic also indicate 
that persistent IFNλ signalling can disrupt epithelial 
barrier function in the lungs and predispose individ-
uals to bacterial superinfection101,102, further highlight-
ing the possibility of IFNλ-​mediated tissue damage.  
By contrast, compelling data suggest that IFNλs can be 
protective against inflammation by regulating neutro
phil function in mouse models of arthritis, colitis and 
thromboinflammation28,32,34, as well as promoting 
mucosal healing in the gastrointestinal tract100.

One explanation for these seemingly contradictory 
effects of IFNλs is the expression level of IFNLR. As dis-
cussed in a previous section, IFNLR density on epithe-
lial cells seems to regulate the pro-​inflammatory effects 
of IFNλs. Specifically, cells expressing high amounts of 
IFNLR1 are able to induce sufficient IRF1 expression to 
produce pro-​inflammatory chemokines such as CXCL10 
(ref.27). Therefore, it is possible that local or systemic 
inflammatory processes in SLE and other autoimmune 
rheumatic diseases can increase IFNLR1 expression 
above the threshold necessary for IRF1 induction. For 
example, IFNLR1 staining is increased in the epidermis 
of patients with CLE69, and Ifnlr1 expression is substan-
tially upregulated in the skin of mice with TLR7-​induced 
lupus compared with healthy controls35 (Fig. 2). Data 
from primary human hepatocytes suggest that IFNα 
can upregulate IFNLR1 expression and that this effect 
is dependent on the IFNL3 genotype of the cells103. Such 
interactions between type I and type III interferons 
could also be important in autoimmune rheumatic dis-
eases such as SLE. Additional research is needed to better 
understand how IFNLR is expressed and regulated in 
autoimmunity.

Another possibility is that there are cell-​specific and 
tissue-​specific differences in IFNLR1 expression, both 
during homeostasis and in the context of inflammatory 
pathology. These differences might explain why con-
centrations of IFNλs correlate with clinical phenotypes  
in some tissues (such as the skin and kidneys), but not in  
others. At present, limited data exist on how individual 
cell types in a tissue respond to IFNλs. Single-​cell and spa-
tial transcriptomic analyses will enable better character-
ization of type III interferon responses in various tissues.  
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Such approaches will help investigators to identify 
IFNλ-​responsive cell types from bulk samples, rather 
than having to sort individual cell types or use genetically 
engineered models. Similarly, single-​cell approaches will 
also help researchers to investigate the levels of sensitiv-
ity and/or distinct patterns of transcriptional responses 
to IFNλs in individual cell types or in cells at different 
stages of differentiation. For example, human neutro-
phils might gain responsiveness to IFNλs under certain 
conditions, such as fungal infection33. Although no 
differences were detected in IFNλ responses between 
neutrophils from patients with SLE and those from 
healthy individuals in peripheral blood35, it will be nec-
essary to study leukocyte responses in situ, as these cells 
could be regulated by local environmental factors in 
inflamed tissues.

Additionally, IFNλ subtypes could potentially have 
different immunoregulatory functions. Concentrations 
of IFNλs 1–3 are all increased in patients with autoim-
mune rheumatic diseases (Table 2); however, mechanis-
tic studies have largely focused on genetic deletion of 
Ifnlr1, which abrogates signalling by all IFNλ subtypes. 
Although there are currently insufficient data to define 
mechanisms for potential differences between IFNλ sub-
types, one possible explanation is their different affini-
ties for IFNLR104. Specifically, IFNλ1 seems to bind to 
IFNLR with the highest affinity of the IFNλ subtypes, 
which could generate differences in signalling output, 
leading to distinct biological potencies of IFNλs105,106. 
Differential kinetics and magnitudes of IFNλ subtype 
induction, different stability, bioavailability and tissue 
distribution of the proteins, and different sensitivity to 
negative regulators might also result in distinct activities 
of IFNλ subtypes.

More broadly, IFNλs could have additional roles in 
immune homeostasis via effects on central tolerance 
and T cell education in the thymus107. IFNλs are con-
stitutively expressed in medullary thymic epithelial 
cells and promote MHC class I molecule expression 
in thymic epithelial cells. IFNλ-​induced MHC class I 
expression seems to be crucial for effective T cell selec-
tion, as Ifnlr1−/− mice have impaired negative selection of  
T cells107. Functionally, this lack of negative selection 
results in Ifnlr1−/− mice developing spontaneous auto-
immune manifestations such as immune cell infiltra-
tion in the lung and kidneys. Ifnlr1−/− mice also have 
increased amounts of total IgG antibodies and develop 
some tissue-​reactive autoantibodies107. Together, these 
data indicate that IFNλs have myriad effects in different 
health and disease states.

Implications for treatment
Interferons are important factors underlying the immuno
pathogenesis of autoimmune rheumatic diseases.  
Accordingly, the interferon pathway has been an attrac-
tive therapeutic target, and several drug candidates 
(both interferons themselves and interferon-​inhibiting 
therapies) are currently under investigation for SLE and 
other diseases. Pegylated-​IFNλ has been studied as a 
novel treatment for viral hepatitis and is being tested 
for COVID-19 (refs108–110). Data from mouse models 
also show that recombinant IFNλ1 suppresses joint 

inflammation in mice with collagen-​induced arthritis 
by inhibiting neutrophil recruitment32. Accordingly, 
IFNλ1 has been proposed as a potential treatment for 
controlling neutrophil-​mediated pathology in rheumatic 
diseases. However, it is still unclear if IFNλ1 has simi-
lar effects on human neutrophils to its effects on mouse 
neutrophils, and it is important to consider off-​target 
effects of IFNλs that might actually worsen autoimmune 
disease.

The interferon-​inhibiting therapies can be catego-
rized into three main groups: drugs that target inter-
ferons (both the cytokine and the receptor); drugs 
that inhibit downstream JAK–STAT signalling; and 
drugs that inhibit interferon production. Current ther-
apies that target interferons and their receptors only  
block the type I interferon pathway, whereas therapies 
that target JAK–STAT signalling components or inter-
feron production can block the effects of both type I and 
type III interferons (Fig. 3, Table 3).

Targeting interferons. Several neutralizing antibodies 
that recognize IFNα, including sifalimumab and ron-
talizumab, have been tested in clinical trials for SLE.  
A phase II trial of sifalimumab met its primary end point 
for efficacy of an SLE Responder Index (SRI) response in 
patients with moderate-​to-​severe active SLE111. In addi-
tion to producing an SRI response, sifalimumab was 
moderately effective at reducing tissue-​specific disease 
activity in the skin and joints. By contrast, a phase II trial 
of rontalizumab failed to meet its primary and secondary 
end points for reducing disease activity in patients with  
SLE112. The development programmes for both sifali-
mumab and rontalizumab have since been discontin-
ued, and these therapies are no longer being developed 
for SLE113. Sifalimumab was also tested in a phase I  
trial for dermatomyositis and polymyositis, in which it 
suppressed the interferon gene signature in blood and 
had some effects in muscle tissue114,115.

An alternative method for blocking IFNα using IFNα 
kinoid (IFN-​K) has also been tested in phase II clinical 
trials in SLE. In this approach, inactivated IFNα is conju-
gated to a carrier protein and combined with an adjuvant 
to induce the production of endogenous anti-​IFNα anti-
bodies. Notably, this vaccine-​like preparation induces 
polyclonal antibodies that might be more effective at 
neutralizing all IFNα subtypes than monoclonal anti-
bodies. Immunization with IFN-​K significantly reduced 
the interferon gene score and met secondary end points 
for clinical efficacy in patients with SLE116–118. However, 
inducing long-​term immunity against interferons could 
increase the risk of infection119 and the safety profile of 
IFN-​K merits further study.

Overall, antibodies that target IFNα seem to have 
had mixed efficacy for rheumatic diseases. Because 
these antibodies specifically target IFNα, it is possible 
that other type I interferons (such as IFNβ or IFNκ)  
are still able to bind to the type I interferon receptor 
without interruption. Moreover, these antibodies have 
no effect on type III interferons. Of note, a soluble 
glycoprotein encoded by Yaba-​like disease virus can 
effectively neutralize all human type I and type III inter-
ferons120, demonstrating the possibility of developing a  
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pan-​interferon antagonist without also targeting sig-
nalling components shared by other cytokines (such as 
occurs with JAK inhibitors). Further research is needed 
to evaluate the safety and efficacy of this approach.

Targeting interferon receptors. Anifrolumab, a monoclo-
nal antibody that targets IFNAR, is also being investi-
gated in SLE. Data from phase III trials are encouraging, 
although results are somewhat conflicting. Anifrolumab 
failed to meet its primary end point of an SRI response 
in the TULIP-1 trial121. However, anifrolumab signifi-
cantly reduced disease activity, as measured by a primary 
BILAG-​Based Composite Lupus Assessment response, 
in the subsequent TULIP-2 trial122. Anifrolumab also 
reduced glucocorticoid use and improved skin disease in 
TULIP-2. Further analysis from a phase IIb trial showed 
that anifrolumab could reduce markers of cardiometa-
bolic dysfunction in patients with SLE, suggesting that 
it might have additional benefit in SLE vasculopathy123. 
Anifrolumab is also being evaluated in a phase II trial 
for patients with active proliferative lupus nephritis124.

In addition to SLE, anifrolumab is also being inves-
tigated in other autoimmune rheumatic diseases. 
Anifrolumab is currently being tested in a phase IIa 
proof-​of-​concept trial for patients with moderate-​to-​ 
severe RA who have an increased interferon gene 

signature and who have not responded to other biologic 
DMARDs125. Anifrolumab was also tested in a phase I 
trial for SSc, in which it suppressed the interferon gene 
signature in whole blood and skin, which corresponded 
with a decrease in markers associated with T cell activa-
tion and collagen accumulation126,127. However, although 
targeting IFNAR should block signalling by all type I 
interferons, it will have no effect on IFNλ signalling. At 
present, no drugs are available that specifically target 
IFNλs or their receptor.

Targeting the JAK–STAT signalling pathway. JAK inhib-
itors are a promising new treatment for SLE that target 
and block the downstream signalling cascades of multi-
ple cytokines involved in pathogenesis, including both 
type I and type III interferons. Moreover, these drugs 
can be given orally as opposed to intravenously like 
other biologic agents128,129. The JAK1 and JAK2 inhib-
itor baricitinib met its primary end point for clinical 
efficacy in a phase II trial in SLE, in which a higher 
proportion of patients receiving baricitinib achieved 
resolution of rash or arthritis compared with those 
who received placebo130. Phase III trials for baricitinib 
in SLE are ongoing131–133. Tofacitinib, a non-​selective 
JAK1 and JAK3 inhibitor, has also shown potential in 
pre-​clinical lupus models121, and in a phase Ib/IIa trial 
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Fig. 3 | Interferon blockade for autoimmune rheumatic diseases. Biologic agents that target IFNα or IFNα receptor 
(IFNAR) can block the effects of type I interferons but have no effect on type III interferons. Drugs targeting interferon 
production by plasmacytoid dendritic cells (such as anti-​BDCA2 or anti-​LILR4A antibodies), or downstream Janus kinase 
(JAK)–signal transducer and activator of transcription (STAT) signalling in target cells (such as JAK inhibitors), can block 
both type I and type III interferons. BDCA2, blood dendritic cell antigen 2; IFN, interferon; IFNGR1, IFNγ receptor 1; 
IFNGR2, IFNγ receptor 2; IFNLR1, IFNλ receptor 1; IL-10RB, IL-10 receptor subunit-​β; LILR4A, leukocyte immunoglobulin-​
like receptor subfamily A member 4; TYK2, non-​receptor tyrosine-​protein kinase TYK2.
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for mild-​to-​moderate SLE it demonstrated a good safety 
profile and improved cardiometabolic parameters134,135.

JAK inhibitors have been extensively studied in RA, 
and several drugs (tofacitinib, baricitinib and upadac-
itinib) have been approved for clinical use by the FDA 
(reviewed elsewhere128,129). The efficacy of JAK inhibi-
tors is probably related to their simultaneous targeting of 
multiple effector cytokines; however, there are currently 
no data on how JAK inhibitors modulate the interferon 
response in RA. JAK inhibitors are being investigated 
for pSS, SSc and myositis. Tofacitinib is currently in a  
phase I/II trial for pSS136, and a phase I/II trial for early 
diffuse SSc137 was recently completed, in which the drug 
was well tolerated and showed trends towards improve-
ment of clinical outcome measures. Tofacitinib was also 
tested in a proof-​of-​concept study for refractory dermat-
omyositis in which it significantly reduced disease activ-
ity, as well as serum CXCL9 and CXCL10 concentrations 
and the interferon gene signature in skin138. Baricitinib is 
similarly being evaluated in a phase II trial for patients 
with idiopathic inflammatory myositis139.

Targeting interferon production. pDCs are a primary 
source of both type I and type III interferons in SLE. 
Depletion of pDCs in mouse models of lupus attenu-
ates autoimmunity140–142, suggesting that targeting these 
cells might be an effective treatment option. Blood den-
dritic cell antigen 2 (BDCA2) is expressed specifically 
on pDCs and is a potent inhibitor of type I and type III 
interferon induction when ligated39,143. Notably, BDCA2 
expression on pDCs from patients with SLE is decreased, 
and interferon production can be inhibited ex vivo by an 
anti-​BDCA2 monoclonal antibody144. This approach was 
tested in a phase I trial for SLE. Treatment with BIIB059, 
an anti-​BDCA2 monoclonal antibody, reduced ISG 
expression in peripheral blood and interferon-​induced 
proteins in active skin lesions145. These findings were 
associated with improvements in cutaneous disease, as 
measured by the CLE Disease Area and Severity Index 
score, and were also associated with reduced CD45+ 
immune cell infiltration into skin lesions. BIIB059 is 
still in development and has completed a phase II trial 
for SLE and CLE for which preliminary results have been 
announced146.

Other biologic agents that target pDCs are also in devel-
opment. VIB7734, an anti-leukocyte immunoglobulin- 
like receptor subfamily A member 4 (LILRA4) monoclonal  
antibody that targets pDCs for antibody-​dependent  
cellular cytolysis, has completed a phase Ib trial in a vari-
ety of autoimmune diseases, including SLE, CLE, pSS, 
SSc, dermatomyositis and polymyositis147. Preliminary 
analysis of data in patients with CLE showed that 
VIB7734 significantly reduced pDCs in blood and 
skin, which corresponded with a decrease in interferon  
gene signature and improvement in CLE Disease 
Area and Severity Index score. Although these studies  
require further validation and did not discriminate 
between type I and type III interferons, the efficacy of 
anti-​pDC therapies suggests that targeting upstream 
pathways could be advantageous over blocking type I  
interferons alone.

In addition to biologic agents that target BDCA2 or 
LILRA4, a variety of drugs can inhibit interferon pro-
duction by other means. Antimalarial drugs such as 
hydroxychloroquine are commonly used to treat SLE 
and can inhibit type I and type III interferon production 
by pDCs in response to TLR7 or TLR9 stimulation77,148. 
Other TLR inhibitors are currently in various stages of 
development149.

Conclusions
Type I interferons are central to the immunopathology 
of rheumatic diseases and are an important target for 
therapeutic intervention. By contrast, type III interfer-
ons are a new addition to the interferon family that have 
specialized functions, particularly at barrier surfaces. 
Early reports suggested that unlike type I interferons, 
type III interferons seemed to limit inflammation and 
host damage; as such, type III interferons have not been 
a major focus of research in rheumatology. However, 
data indicate that type III interferons are not strictly 
pro-​inflammatory or anti-​inflammatory; rather, they 
seem to have context-​dependent functions in regulating 
immune responses. In autoimmune diseases such as SLE,  

Table 3 | Anti-​interferon therapies for autoimmune rheumatic diseases

Drug Disease Clinical 
development

Status Refs

IFNα inhibitors

Sifalimumab SLE Phase II Completed 111

DM and PM Phase I Completed 114,115

Rontalizumab SLE Phase II Completed 112

IFNα kinoid SLE Phase II Terminated 118

IFNAR inhibitors

Anifrolumab SLE Phase III Completed 121–123

Phase III Ongoing 151

LN Phase II Ongoing 124

RA Phase II Ongoing 125

SSc Phase I Completed 126,127

JAK inhibitors

Tofacitinib SLE Phase I Completed 135

RA Approved NA 152–155

pSS Phase I/II Ongoing 136

SSc Phase I/II Completed 137

DM Phase I Completed 138

Baricitinib SLE Phase III Ongoing 130–133

RA Approved NA 156–158

IIM Phase II Ongoing 139

Upadacitinib SLE Phase II Ongoing 159

RA Approved NA 160–163

Interferon production inhibitors

BIIB059 (anti-​BDCA2) SLE and CLE Phase II Completed 145,146

VIB7734 (anti-​LILR4A) SLE, CLE, pSS, 
SSc, DM and PM

Phase I Completed 147

BDCA2, blood dendritic cell antigen 2; CLE, cutaneous lupus erythematosus; DM, 
dermatomyositis; IFNAR, IFNα receptor; IIM, idiopathic inflammatory myositis; JAK, Janus 
kinase; LILR4A, leukocyte immunoglobulin-​like receptor subfamily A member 4; LN, lupus 
nephritis; NA, not applicable; PM, polymyositis; pSS, primary Sjögren syndrome;  
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
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in which concentrations of IFNλs are abnormally ele-
vated and their signalling is chronically activated, 
IFNλs might promote immune dysregulation and tissue 
inflammation. In other diseases in which the effects of 
IFNλs are more tightly regulated, endogenous or exog-
enously provided IFNλ might have an immunoregula-
tory function that suppresses inflammation. Although 

this difference is better understood in the context of 
infectious disease, improved understanding of the 
context-​dependent functions of IFNλs will be important 
to optimize treatment and management for patients with 
autoimmune rheumatic diseases.
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