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Editorial
The interferon-inducible transmembrane proteins (IFITMs) family

is a group of small membrane-associated interferon induced proteins.
IFITMs are composed of three proteins, IFITM1, IFITM2 and IFTM3.
IFITMs can be expressed in a wide range of vertebrates, including
chickens, mice, humans and previous studies have demonstrated that
IFITMs restrict some virus infections [1].

IFITMs have broad antiviral function
Several studies have demonstrated that overexpression of IFITMs

could inhibit virus entry and infection of a variety of virus families
(including orthomyxoviridae and flaviviruses) in cell culture systems
[2,3]. Over-expression of IFITM1, IFITM2 or IFITM3 restricted early
viral replication. On the contrary, knock-down of IFITM3 stimulated
influenza A virus replication [4]. Researchers reported that IFITM3 is
required for IFNα-induced anti-viral defense and restricts influenza A
virus infection at viral entry and early-stage of virus life cycle. Knock-
down of IFITM3 dampen 40%-70% of IFN's anti-viral effect. Thus,
IFITM proteins are critical for the innate immunity to influenza A
virus mediated by IFNs [5]. IFITMs have been demonstrated to
suppress the replication of several flaviviruses including West Nile
virus, dengue virus, hepatitis C virus and Zika virus [4]. IFITM1 and
IFITM3 inhibit ZIKV infection at early stage of the viral life cycle. In
addition, IFITM3 could inhibit ZIKV-induced cell death [6]. Another
IFITMs superfamily member TMEM2 has been found to inhibit HBV
infection by activating the Jak/STAT signaling pathway [7]. Notably,
these restricted viruses were all encapsulated, containing the ssRNA
genome, and were reported to enter cells by membrane fusion after
endocytosis. However, some retroviruses, such as HIV-1 and Moloney
leukaemia virus and Bunyaviridae, Crimean–Congo haemorrhagic
fever virus, are obviously not affected by IFITMs. In the past studies,
IFITMs were not shown to inhibit HIV-1 infection [4]. However,
recent studies have reported that IFITM2 and IFITM3 could interact
with HIV-1 Env protein in viral producer cells, leading to impaired
Env processing and virion incorporation [8]. Meanwhile, some
evidence showed that IFITM3 could also limit Non-enveloped
Reoviridae, reovirus replication, suggesting that IFITMs affected a
variety of viruses, not limited to viruses with envelopes [9].

Mechanisms of IFITMs restriction of virus infection
The IFITM proteins play an important role in each stage of the virus

infection. Membrane fusion is a critical step for enveloped virus entry
into the host cells. In the previous studies, IFITMs have been shown to
block the membrane fusion to inhibit cytosolic entry of virus [2]. Cell-
cell fusion assays showed that IFITM3 limits fusion between viral

membrane and membrane of the host cells. Further studies using two-
photon laser scanning and fluorescence lifetime imaging of Laurdan-
labelled cells, with the impacts of oleic acid treatment on cell-cell
fusion, suggested that IFITMs could also change spontaneous positive
curvature in the outer leaflet of membranes[10]. Recent research
suggests that IFITM3 interacts with vesicular membrane protein-
associated protein A and destroys its binding to oxysterol-binding
proteins that change the content of cholesterol in the endosomal
membrane. Over-expression IFITM3 increased endosomal cholesterol,
which may affect viral fusion in the endosomal membrane fluidity
[11]. In addition, The IFITMs may modify endosomal or lysosomal
vesicles, rendering them unsuitable for viral fusion. This can be
achieved by altering the lipid composition of the vesicle membrane,
either by inactivating the vesicles with non-specific proteases, or by
interfering with the activity of the v-ATPase responsible for endosome
acidification [12]. Meanwhile, IFITMs can change the rate or pattern
of vesicle trafficking so that the virus is redirected to the non-fusion
pathway. IFITMs also induce large vacuoles in many cell types,
indicating that they interfere with vesicle trafficking and fusion [13].
Besides, previous studies found that IFITMs could directly linked to
the virus, restricting virus interactions with host cell receptors to
inhibit endocytosis and to reroute vesicular traffic to a nonproductive
end [4].

Conclusion
The IFITMs is a family of small transmembrane proteins which are

expressed in many cell types and they are strongly induced by IFNs.
Although other functions have been proposed, one of the well-
characterized functions of the IFITM proteins seems to be antiviral.
IFITM3 significantly inhibited multiple viruses in vivo. Tissue culture
studies have shown that other IFITMs limited the infection of other
enveloped viruses. IFITMs reduce cell fusion in the early stages of viral
infection, but the mechanism of action is still not completely
determined. It is also unclear how IFITM proteins differentially inhibit
different viruses and whether they can regulate the replication of other
pathogens, including bacteria and parasites.

References
1. Smith S, Weston S, Kellam P, Marsh M (2014) IFITM proteins-cellular

inhibitors of viral entry. Curr Opin Virol 4: 71-77.
2. Huang IC, Bailey CC, Weyer JL, Radoshitzky SR, Becker MM, et al.

(2011) Distinct patterns of IFITM-mediated restriction of filoviruses,
SARS coronavirus, and influenza A virus. PLoS Pathog 7: e1001258.

3. Wilkins C, Woodward J, Lau DT, Barnes A, Joyce M, et al. (2013) IFITM1
is a tight junction protein that inhibits hepatitis C virus entry. Hepatology
57: 461-469.

Journal of Antivirals &
Antiretrovirals Liao et al., J Antivir Antiretrovir 2018, 10:3

DOI: 10.4172/1948-5964.1000e142

Editorial Open Access

J Antivir Antiretrovir, an open access journal
ISSN:1948-5964

Volume 10(3): LXXXVI-LXXXVII (2018) - LXXXvi

https://doi.org/10.1016/j.coviro.2013.11.004
https://doi.org/10.1016/j.coviro.2013.11.004
https://doi.org/10.1371/journal.ppat.1001258
https://doi.org/10.1371/journal.ppat.1001258
https://doi.org/10.1371/journal.ppat.1001258
https://doi.org/10.1002/hep.26066
https://doi.org/10.1002/hep.26066
https://doi.org/10.1002/hep.26066


4. Brass AL, Huang IC, Benita Y, John SP, Krishnan MN, et al. (2009) The
IFITM proteins mediate cellular resistance to influenza A H1N1 virus,
West Nile virus, and Dengue virus. cell 139: 1243-1254.

5. Sun X, Zeng H, Kumar A, Belser JA, Maines TR, et al. (2016)
Constitutively Expressed IFITM3 Protein in Human Endothelial Cells
Poses an Early Infection Block to Human Influenza Viruses. J Virol 90:
11157-11167.

6. Savidis G, Perreira JM, Portmann JM, Meraner P, Guo Z, et al. (2016) The
IFITMs Inhibit Zika Virus Replication. Cell Rep 15: 2323-2330.

7. Zhu X, Xie C, Li YM, Huang ZL, Zhao QY, et al. (2016) TMEM2 inhibits
hepatitis B virus infection in HepG2 and HepG2.2.15 cells by activating
the JAK-STAT signaling pathway. Cell Death Dis 7: e2239.

8. Yu J, Li M, Wilkins J, Ding S, Swartz TH, et al. (2015) IFITM Proteins
Restrict HIV-1 Infection by Antagonizing the Envelope Glycoprotein.
Cell Rep 13: 145-156.

9. Anafu AA, Bowen CH, Chin CR, Brass AL, Holm GH (2013) Interferon-
inducible transmembrane protein 3 (IFITM3) restricts reovirus cell entry.
J Biol Chem 288: 17261-17271.

10. Li K, Markosyan RM, Zheng YM, Golfetto O, Bungart B, et al. (2013)
IFITM proteins restrict viral membrane hemifusion. PLoS Pathog 9:
e1003124.

11. Amini-Bavil-Olyaee S, Choi YJ, Lee JH, Shi M, Huang IC, et al. (2013)
The antiviral effector IFITM3 disrupts intracellular cholesterol
homeostasis to block viral entry. Cell Host Microbe 13: 452-464.

12. Wee YS, Roundy KM, Weis JJ, Weis JH (2012) Interferon-inducible
transmembrane proteins of the innate immune response act as membrane
organizers by influencing clathrin and v-ATPase localization and
function. Innate Immun 18: 834-845.

13. Feeley EM, Sims JS, John SP, Chin CR, Pertel T, et al. (2011) IFITM3
inhibits influenza A virus infection by preventing cytosolic entry. PLoS
Pathog 7: e1002337.

 

Citation: Liao X, Chen L, Duan X (2018) The Role of Interferon-Inducible Transmembrane Proteins in Virus Infection. J Antivir Antiretrovir 10:
LXXXVI-LXXXVII. doi:10.4172/1948-5964.1000e142

J Antivir Antiretrovir, an open access journal
ISSN:1948-5964

Volume 10(3): LXXXVI-LXXXVII (2018) - LXXXvii

https://doi.org/10.1016/j.cell.2009.12.017
https://doi.org/10.1016/j.cell.2009.12.017
https://doi.org/10.1016/j.cell.2009.12.017
https://doi.org/10.1128/JVI.01254-16
https://doi.org/10.1128/JVI.01254-16
https://doi.org/10.1128/JVI.01254-16
https://doi.org/10.1128/JVI.01254-16
https://doi.org/10.1016/j.celrep.2016.05.074
https://doi.org/10.1016/j.celrep.2016.05.074
https://doi.org/10.1038/cddis.2016.146
https://doi.org/10.1038/cddis.2016.146
https://doi.org/10.1038/cddis.2016.146
https://doi.org/10.1016/j.celrep.2015.08.055
https://doi.org/10.1016/j.celrep.2015.08.055
https://doi.org/10.1016/j.celrep.2015.08.055
https://doi.org/10.1074/jbc.M112.438515
https://doi.org/10.1074/jbc.M112.438515
https://doi.org/10.1074/jbc.M112.438515
https://doi.org/10.1371/journal.ppat.1003124
https://doi.org/10.1371/journal.ppat.1003124
https://doi.org/10.1371/journal.ppat.1003124
https://doi.org/10.1016/j.chom.2013.03.006
https://doi.org/10.1016/j.chom.2013.03.006
https://doi.org/10.1016/j.chom.2013.03.006
https://doi.org/10.1177/1753425912443392
https://doi.org/10.1177/1753425912443392
https://doi.org/10.1177/1753425912443392
https://doi.org/10.1177/1753425912443392
https://doi.org/10.1371/journal.ppat.1002337
https://doi.org/10.1371/journal.ppat.1002337
https://doi.org/10.1371/journal.ppat.1002337

	Contents
	The Role of Interferon-Inducible Transmembrane Proteins in Virus Infection
	Editorial
	IFITMs have broad antiviral function
	Mechanisms of IFITMs restriction of virus infection

	Conclusion
	References


