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Type I interferon (IFN) signaling is 
critical for intracellular antimicrobial 
programmes, affecting both innate 
and adaptive immune responses. 
The paper recently published in 
Cell demonstrates a new regula-
tory mechanism of the type I IFN 
signaling pathway by histone-lysine 
N-methyltransferase SETD2.

The Janus tyrosine kinase (JAK), 
Signal Transducer and Activator of 
Transcription (STAT) proteins, and In-
terferon Regulatory Factor (IRF) family 
of transcription factors are important 
mediators of many cytokine systems 
[1-4]. While cytokine research has im-
pacted a number of fields, it is remark-
able that the major cytokine pathways  
were first elucidated in the context of 
the same regulatory network, the type 
I interferon (IFN) system. As such, one 
may term the series of studies as a first 
wave of research on cytokine induction 
and action.

The field may now be witnessing 
a so-called second wave of discovery 
related to how cytokine signaling 
systems are fine-tuned by other regula-
tory pathways. This is exemplified by 
a recent paper by Cao laboratory who 
demonstrate that type I IFN-induced 
STAT1 activation is regulated by 
histone-lysine N-methyltransferase 
SETD2 (SET domain containing 2), 
which has been previously characterized 
for its trimethylation of lysine 36 of his-
tone H3 (H3K36) [5]. The authors first 
performed high-throughput screening 
of epigenetic modifiers by lentivirus-
mediated RNAi (RNA interference) to 
search for epigenetic factors that modu-

late type I IFN-mediated inhibition of 
HBV (hepatitis B virus) replication in 
HBV-transfected hepatocyte cell line 
HepG2.2.15. This screen allowed them 
to identify 37 candidate genes. The 
authors then proceeded to validate each 
candidate gene individually by small in-
terfering RNA (siRNA) mediated gene 
silencing, which revealed that suppres-
sion of SETD2 showed a marked eleva-
tion of HBsAg (HBV surface antigen) 
secretion and HBV DNA in response to 
IFN-α stimulation. Remarkably, the im-
portance of SETD2 in the IFN-mediated 
suppression of HBV replication was 
further evaluated by generating Setd2 
conditional knockout (KO) mice with 
hepatocyte-specific deletion of Setd2. In 
these mice, they observed significantly 
higher HBsAg titers and severe liver 
injury as compared to control mice, 
clearly demonstrating a critical role of 
SETD2 in type I IFN-mediated inhibi-
tion of HBV replication.  

How does SETD2 enhance type I 
IFN-mediated antiviral activity? Chen et 
al. [5] found that IFN-α-induced STAT1 
phosphorylation, STAT1 nuclear local-
ization and induction of a STAT1 target 
gene, ISG15 (IFN-stimulated gene 15), 
were all diminished in SETD2-deficient 
HepG2 cell lines (SETD2-KO cells) 
and primary hepatocytes from Setd2 
conditional KO mice. Impaired STAT1 
activation was also observed when 
SETD2-KO cells were stimulated by 
other types of IFN, namely, IFN-γ 
and IFN-λ, indicating there is a shared 
SETD2-mediated regulation of STAT1 
downstream of the three distinct classes 
of IFN receptors [6]. In contrast, over-

expression of the SETD2 SET domain 
(SETD2-F2) in SETD2-KO cells re-
stored IFN-α-induced ISG15 mRNA 
expression, indicating the critical role 
of the SET domain.  

In further addressing the mechanism 
underlying SETD2-mediated enhance-
ment of STAT1 activation, Chen et al. 
interestingly found that STAT1 serves 
as a target of mono-methylation upon 
IFN-α stimulation. Mass spectrom-
etry analysis revealed seven mono-
methylated lysine residues in STAT1. 
Among them, the authors identified 
mono-methylation on K525 residue 
(K525me1) of STAT1 to be critical for 
IFN-α-induced STAT1 interaction with 
JAK1 kinase and for phosphorylation, 
nuclear translocation, and DNA-binding 
activity of STAT1. Since SETD2 is a 
known histone methyltransferase that 
catalyzes the methylation of H3K36 
[7, 8], the authors further examined 
whether SETD2 is responsible for K525 
methylation of STAT1. Indeed, SETD2-
F2 overexpression enhanced the mono-
methylation of STAT1, whereas silenc-
ing of SETD2 reduced the K525me1 of 
STAT1 induced by IFN-α stimulation. 
An in vitro methylation assay further 
revealed direct mono-methylation of 
STAT1 by SETD2. In addition, the 
authors found that SETD2 selectively 
catalyzes IFN-α-induced trimethylation 
of H3K36 of some ISG gene loci to 
promote their expression. Together, 
these results indicate the dual function 
of SETD2 in the type I IFN response, 
revealing a novel regulatory mechanism 
wherein SETD2 is critically involved in 
the type I IFN-induced antiviral immune 
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responses by targeted methylation of 
both STAT1 and H3K36 on its target 
genes.  

There are some interesting questions 
raised by these discoveries. First, as the 
authors point out, to what extent does 
SETD2 contribute to the regulation of 
the broad spectrum of genes targeted by 
STAT1? Also interesting is whether the 
SETD2-medited STAT1 activation is 
additionally required by other cytokine 
pathways, such as IL-27, which also 
utilizes STAT1 for its function [9], and 
whether SETD2 is also involved in the 
activation of other STAT proteins. In 
the context of the regulation of onco-
genesis, the activity of STAT1 is either 
oncogenic or anti-oncogenic [10, 11], 
and it may be that SETD2 contributes 
to the regulation of one, or both of 
these facets of STAT1 function. Also, 

given that SETD2 has been shown to 
have tumor suppressor activity [12], the 
SETD2-STAT axis discovered by Chen 
and colleagues may have some implica-
tions in the regulation of oncogenesis. 
In conclusion, the work by Chen and 
colleagues opens a new chapter in the 
intricate cytokine-STAT signaling path-
ways with clinical implications. 
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