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A balancing act between IFITM3 and IRF3
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nterferon (IFN)-induced transmembrane pro-
Itein 3 (IFITM3) is a potent antiviral factor
capable of restricting numerous virus infections.!
Viruses inhibited by IFITM3 generally enter cells
via endocytosis, and are trafficked to IFITM3-
positive intracellular membrane compartments.!?
IFITM3-positive compartments are acidic and stain
positive for a variety of endosomal, lysosomal and
autophagosomal markers.>® Although the mem-
brane fusion of many endocytic viruses, such as
influenza virus, is triggered by acidic pH, fusion is
blocked in the presence of IFITM3, and virions are
degraded>*® (Figure 1). It has been proposed that
IFITM3 alters membrane properties, including
rigidity and curvature, to inhibit virus membrane
fusion.> The molecular mechanism underlying
these IFITM3-induced membrane alterations is
not well characterized, and whether IFITM3 has
other cellular functions is also not known.

IFITM3 is particularly well characterized as a
restriction factor able to limit influenza virus
infections, and is responsible for a significant
portion of the antiviral action of type I IFNs against
influenza virus in cells.*” As such, IFITM3 knock-
out mice succumb to sublethal doses of influenza
virus and exhibit increased lung pathology com-
pared to control mice. Further, homozygosity of
a single nucleotide polymorphism in the human
IFITM3 gene, 1s-12252-C, has been associated with
increased morbidity and mortality in individuals
hospitalized from infections with the 2009 pan-
demic HINI influenza A virus or with an emergent
H7N9 virus.»!%!! This polymorphism is thought to
result in an alternatively spliced IFITM3 transcript
coding for a truncated and mislocalized protein,
though evidence for a truncated variant of IFITM3
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is lacking.8 Nonetheless, IFITM3 is well established
as a critical component of the innate anti-influenza
virus immune response in mice and humans.!

Although TFITM3 is appreciated primarily as an
antiviral protein able to block virus membrane
fusion, we, and others, have also noted the ability
of IFITM3 to induce autophagosome formation in
cells as indicated by LC3 lipidation and puncta
formation.>> We previously demonstrated that
antiviral activity of IFITM3 is independent of the
canonical ATG5-dependent autophagy pathway,
thus decoupling autophagy induction by IFITM3
from its antiviral activity.’ This suggested that, in
addition to directly inhibiting viruses, IFITM3 may
also play a role in regulating autophagy, though the
biological relevance of such a role has been difficult
to identify. New work by Jiang et al.!? published in
this edition of Cellular and Molecular Immunology,
identified a novel function for IFITM3 in inhibiting
IFN-p induction by promoting degradation of IFN
regulatory factor 3 (IRF3), a critical transcription
factor necessary for activating IFN-B production
upon infection. The authors propose that this
IRF3  degradation occurs within IFITM3-
associated autophagosomes (Figure 1). This work
describes the first reported immunoregulatory role
for IFITM3 in the type I IFN pathway.

Jiang et al'> made the astute observation that
IFITM3 expression reduces production of IFN-f
during Sendai virus infection (an IFITM3-
insensitive virus) or after Polyl:C treatment of cells.
By artificially inducing IFN-f through overexpres-
sion of various components of the IFN-f induction
pathway, they then determined that IFITM3 acts
late in the pathway, possibly by affecting IRF3. They
went on to show that indeed IRF3 levels inversely
correlate with IFITM3 levels; when IFITM3 was
overexpressed, IRF3 levels decreased, and when
IFITM3 expression was knocked down, IRF3 levels
increased. Interestingly, the decrease in IRF3 in the
presence of IFITM3 was reversed by treatment of
cells with the autophagy inhibitor 3-methyladenine,
but not by treatment with the proteasome inhibitor
MGI132, indicating that IFITM3 promotes IRF3
degradation in autophagosomes. This was further
supported by the finding that IFITM3 co-
immunoprecipates with the autophagy proteins,
Beclinl and LC3. The authors also observed co-
IFITM3 IRF3,

immunoprecipitation  of and

suggesting that these proteins interact, and that
IFITM3 may direct IRF3 to autophagosomes.
Experiments using cells with genetic deficiencies
in autophagosome components in the future will
confirm the specific involvement of the autophagy
pathway in IFITM3-mediated degradation of IRF3,
and will allow the mapping of specific proteins
involved in this dampening of the type I IFN
response. Overall, this work identifying a feedback
inhibition mechanism for the IFN-f induction
pathway by IFITM3 highlights the importance
and growing appreciation for negative regulators
of the type I IFN response during infections.!?

This new report has provided insights into a
potential biological function for autophagy induc-
tion by IFITM3, and also introduces several new
research directions that should be exciting areas of
investigation in the future. The observed degrada-
tion of IRF3 upon expression of IFITM3 did not
occur when IFITM1 or IFITM2 was overexpressed,
thus identifying a major difference between these
highly homologous proteins.!? IFITM2 and IFITM3
share roughly 90% amino-acid identity, and exhibit
similar antiviral activities in vitro. Thus, it has
remained enigmatic that IFITM2 is seemingly
unable to compensate for defects in IFITM3 in
limiting the severity of influenza virus infections in
mice and humans.®!%!" This new work may
suggest that the immunoregulatory role of IFITM3
that distinguishes it from IFITM1 and IFITM2 is
critically involved in limiting infection severity
in vivo. It will be interesting to map specific amino
acids within IFITM3 that mediate interaction with
IRF3 and to determine whether these are conserved
in IFITM1 and IFITM2. Further, since IFITM3 is
regulated by several post-translational modifica-
tions, including palmitoylation, ubiquitination and
phosphorylation, it will be informative to determine
how these IFITM3 modifications impact the degra-
dation of IRF3 and the induction of IFN-B.>714
The discovery of an immunoregulatory role for
TFITM3 may also indicate that IFITM3 could have
broader effects on immune responses against
pathogens beyond the viruses for which it directly
blocks membrane fusion. Thus, a wider examina-
tion of the role of IFITM3 in immune responses
and pathogen susceptibility may be warranted by
this exciting new work.
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Figure 1 Dual functions of IFITM3 in the innate antiviral immune response. Cellular sensors, such as RIG-I and MDAD, detect virus
infection. These proteins recognize viral products, including RNA bearing uncapped 5’-phosphates. Subsequently, the transcription factor
IRF3 is activated and is translocated to the nucleus for induction of IFN-B. Secreted IFN-p signals through its receptor via STAT proteins
and induces production of IFITM3 and other IFN-stimulated genes. IFITM3 blocks the membrane fusion of endocytosed viruses, such as
influenza virus (function 1), and is newly shown to promote IRF3 degradation in autophagosomes, providing feedback inhibition of the IFN-

f induction pathway (function 2).
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