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Abstract

Virus infections are common threat to the human population. The interferons (IFN) are a large family of multifunctional proteins 
involved in antiviral defense, cell growth regulation and immune activation. Type 1 IFNs are produced in direct response to virus infection. 
IFN mediates its antiviral actions through the products of IFN stimulated genes (ISGs) which numbers in hundreds. Human ISG56, official 
gene symbol IFIT1, is the first ISGs to be discovered and cloned almost three decades ago. IFIT1 is highly induced in response to IFN, 
dsRNA (a mimic of virus replication intermediate) and many viruses. Recent researchers have shown that different IFITs specifically 
recognized pathogen associated molecular pattern molecules (PAMPs) and inhibits virus replication by inhibiting specific stages of virus 
replication or limiting multiplication by inducing early apoptosis of host cells. In this paper, we represent a review of evidence that IFITs 
play a significant role in the antiviral defense of IFN. More information of IFITs will promote a better understanding of cellular molecular 
mechanism of antiviral defense and provide a new insight for the development of therapeutics.  
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antiviral, antiproliferative and immunoregulatory effects. Interferons 
stimulate the innate cell mediated responses and then participate in 
the transition of initial host innate response into a potent adaptive 
immune response. Moreover they help to maintain Th1/Th2 balance 
for an effective host defense. Thus IFNs are the mediators of cellular 
homeostatic response towards virus infection. They are produced 
in response to viral infection and inhibit their replication thereby 
creating a negative feedback loop. The antiviral functions of IFNs 
are mediated by hundreds of interferon-Stimulated Gene products 
(ISGs) [2]. IFN induce their synthesis by activating the JAK-STAT 
pathway, an archetype of cell signaling used by many cytokines and 
growth factors. They bind to the extracellular domains of specific 
cell-surface receptors and transcriptionally activate the ISGs whose 
products inhibit various stages of virus replication. These ISGs may 
include IRF7, RIG-I, MDA5, OAS, PKR, MxA, ISG56, ISG20, iNOS, 
Viperin, ISG15 and many more. Among these ISG56/IFIT1 is the first 
to be discovered as antiviral and is most widely studied [3,4].

ISG56 family members genes also known as IFN-induced 
tetratricopeptide repeats 1(IFIT1)are clustered in locus on human 

Introduction
Issac and Lindemann, in 1957 [1] reported that chick cells infected 

by Influenza virus produced a factor that mediates the transfer of a 
viral resistant state. They baptized this factor as Interferon (IFN) and 
demonstrated its activity to induce interference of viral replication in 
cells [1]. Later on, infection of human white blood cells with viruses 
induced the expression of human IFNs in response to virus infection 
which are secreted to circulation and act on the uninfected cells to 
activate a global antiviral state. These findings lead to the discovery of 
interferon as a large family of multifunctional secreted glycoproteins 
involved in antiviral defense, cell growth regulation and immune 
activation.

The IFNs and their receptors are the subset of class 2 α helical 
cytokine that have existed in early chordates for about 450 million 
years ago and represent early elements in innate and adaptive 
immunity. About 11 mammalian IFN species have been discovered so 
far but only eight are found in humans. The functions of interferons 
are represented by their three major biological activities viz. 
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chromosome 10q23.3 and is composed of ISG56/IFIT1, ISG54/
IFIT2, ISG60/IFIT3 and ISG58/IFIT5. These genes are evolutionary 
conserved from mammals to amphibians which is evident from the 
presence of their homologs in other mammals (like monkey, rat, cow, 
sheep, hamster, horse and dog), in birds (chicken), in lizards, in fish 
(gold fish and puffer fish) and even in amphibians like xenopus [5]. 
The proteins of this family were characterized by the presence of 34 
amino acids long TPR helix turn helix motifs present in cassettes of 
multiple repeats. These motifs mediate variety of protein-protein 
interactions and assembly of large protein complexes [6].

Structure of Ifit1 Gene Family Proteins
In human four IFIT1 family member have been characterized, 

namely, ISG56/IFIT1, ISG54/IFIT2, ISG60/IFIT3, and ISG58/IFIT5. 
The gene of this family consists of only 2 exons separated by an intron 
of few kilo bases in length. The first exon encodes only 5′ UTR and 
the start codon whereas second exon encodes the rest of the mRNA. 
Moreover, the promoter of these genes contain two IFN- stimulated 
response elements(ISRE) as only exclusive cis-acting element located 
within 200bp upstream of TATA box promoter (human ISG58 
being the exception with 3 ISREs) [7]. These ISREs are identified by 
Interferon Regulatory Factors (IRF) that are activated by a variety 
of stimuli and thus induces the transcription of the corresponding 
mRNAs.

The structural hallmark of the IFIT proteins is the presence of 
multiple tetratricopeptide repeats (TPR) motifs dispersed throughout 
the whole sequence. These degenerate 34 amino acid motifs contain 
two anti-parallel helices, helix-A and helix-B. The interaction between 
helix-A and helix-B is mediated by eight loosely conserved residues 
W4, L7, G8, Y11, A20, F24, A27 and P32 at stringently conserved 
positions [6]. These anti-parallel helix-turn-helix arrays generates 
a right handed helical channel where helix-A is located inside 
the channel while helix-B is located on the outside of the channel, 
providing a corresponding binding facade for other proteins [8,9]. 
The amino acid present in the channel of this super helical structure 
often changes significantly, influencing the peculiarity of the protein 
for its protein substrate [6,8]. However, as predicted by sequence 
analysis, different IFIT family members have discrete number of TPR 
motifs which dictate their specific functions. For example, IFIT1 and 
IFIT2 were predicted to have six and four TPR motif, respectively 
[10].

Among the IFIT family member, ISG54 is the first protein whose 
structure was elucidated by X-ray crystallography at a resolution of 
2.8 A˚[11]. The detailed structure revealed that IFIT2 monomers 
actually have 9 TPR motifs and form domain swapped dimers. The 
structure also revealed the presence of an exclusive positively charged 
C-terminus nucleotide binding channel attributing to its property of 
specifically binding to AU- rich RNA motif [12]. Mutation or deletion 
of amino acid residues in this region alters its viral RNA binding 
and have negative effect on its antiviral function. Thus homo or 
heterodimerization by domain swapping in these multi-TPR proteins 
imparts the IFIT protein with their distinct antiviral function to bind 
with viral RNA structures and proteins. But on the contrary, the fourth 
member of IFIT family IFIT5/ISG58 lacks any strongly interacting 
protein partner [13] and recognizes cellular RNA, including transfer 

RNAs. The crystal structure of full length human IFIT5 (residues 
7-279) at 2.1A˚ resolution reveal a helical domain. Out of 24 α helices, 
18 form canonical TPRs and the remaining six helices intercede 
between the TPRs which disturbs their regular association. This results 
in three discrete bundles of TPRs (subdomain I, II and III) forming 
a deep pocket which is 28 A˚ deep and 15 A˚ wide. This pocket is 
lined with extensive compilation of positively charged residues well 
suited for its binding with nucleic acids [14]. The detailed secondary 
structure also revealed a convoluted intramolecular packing of TPRs 
as a fold termed as TPR eddy. IFIT5 fold autonomously as a monomer 
which harbor a deep cleft with positive surface potential [15]. Thus 
IFIT5 readily recognizes cellular RNA rather than only viral-hallmark 
RNA structures and has evolved independent biochemical functions 
and distinct antiviral activity [16].

Evoluton of Ifit Gene Family
As evident from the literature, IFIT1gene family is conserved in 
mammals, amphibians and fish but doesn’t exist in lower animals, 
like Drosophila, Caenorhabditis, Saccharomyces or in plants [3,4]. 
IFIT1 gene family is known to originate from a common vertebrate 
ancestor about 450 million years ago as IFIT genes are identified 
in genome databases from the jawed vertebrates including the 
cartilaginous elephant shark (C.milli), the phylogenetically oldest 
species of living jawed vertebrates [17]. But IFIT genes were 
absent from non-vertebrates such as sea squirt, lancelet and acorn 
worm. A constant number of 4 members of  IFIT1 gene family 
( IFIT1,2,3&5) are present in all mammalian species except  in 
rat ( Rattus Norvegicus) and mouse lacking IFIT5, horse ( Equus 
Caballus) lacking IFIT1 and gibbons (Nomascus leucogenys) 
lacking IFIT3. Whereas opossum (Monodelphis domestica), 
chicken (Gallus gallus), frog (Xenopus tropicalis) and zebrafish 
(Danio rerio) possesses IFIT5 only. The genes from IFIT1 family 
have conserved gene structure and gene arrangement. The 
expansion of this gene family as studied by phylogenetic analyses 
has been occurred through lineage-specific and species-specific 
gene duplication. Much evidencehas been found by genomic 
structure analysis of mammalian IFIT gene family which reveals a 
common evolutionary origin possibly by gene duplication. These 
evidence include.

1. 4 human IFIT members, including IFIT1, 2, 3&5 are tandem 
located in a locus on chromosome 10 and consistently 3 
mouse homologues of IFIT members are also clustered 
together [5].

2. All mammalian IFIT proteins are classified into 4 subgroups 
with clear orthologous relationship [10,18, 19].

3. Most of the mammalian gene shows a similar exon-intron 
organization with 2 exons separated by an intron of few kilo 
bases in length [20,21].

4. These genes possess a similar promoter structure characterized 
by two or three ISRE motif normally located within 200 bp 
upstream of TATA box [22,23].

Thus comprehensive analyses of genomic structure and 
phylogenetic tree indicated that evolutionary origin of IFIT gene is 
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temporally associated with the appearance of jawed vertebrate and 
family members are involved in an active expansion by lineage-
specific duplication [22,20,21,]. 

Ifit Proteins: Expression and Localization
Most cell type does not express IFIT family proteins under basal 

condition, with the exception of some myeloid cell subsets such as 
primary macrophage [24]. They are significantly induced by type1 
and type 3 IFNs, especially IFNα/β [2]. In addition to IFN treatment, 
expression of these families of gene is triggered by virus infection, 
dsRNA and lipopolysaccharides; implying a crucial role under 
various cellular stresses. Thus IFIT genes have been described as viral-
stress inducible genes [10]. These genes are also induced directly at 
transcriptional level by Interferon Regulatory Factors (IRF-1, IRF-3, 
IRF-5 and IRF-7) which are activated soon after virus infection but 
before the induction of type1 IFN [25,26]. IRF-3 is a key transcriptional 
factor that signals the host cell to control viral infection by initiating 
IFN response in different cell types. The differential cell-specific 
expression of pathogen recognition receptors (PRRs) and selective 
IFITs against a particular viral infection alters the baseline antiviral 
state of cell and thus explains the induction of particular set of ISGs 
against a specific viral infection [24]. IFIT gene expression can also 
be induced independently through signal generated after the binding 
of cytoplasmic or endosome receptors such as TLR3, TLR4, MDA-5 
and RIG-I by PAMPs (such as LPS, viral dsRNA,poly (dI:dC), etc.). 
Retinoic acid is also associated with the induction of human IFIT 
genes although much than PAMP dependent induction [27]. 

IFIT1 family gene transcription is efficiently elicited by both DNA 
and RNA viruses. Among DNA viruses Human Cytomegalovirus 
(HCMV) [28] and Adenovirus [29] stimulates the expression of IFIT2 
and IFIT1&IFIT2 in human fibroblasts, respectively. Simianvirus40 
(SV40) and Polyomavirus also trigger IFIT family gene expression. 
Whereas among RNA viruses, West Nile Virus(WNV)  induces 
IFIT1&IFIT2  in mice [30], Hantavirus infection results in strong 
induction of IFIT3 expression in human endothelial cells [31]and 
Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) 
activates IFIT1&3 in porcine alveolar macrophages [31,32]. During 
Influenza A virus infection IFIT1, 2&3 were up-regulated in human 
primary macrophages [32]. While IFIT2 was strongly expressed in 
peripheral blood during acute stage of the infection [33]. Other RNA 
viruses which stimulate IFIT family expression include Japanese 
Encephalitis Virus, Lymphocytic Choriomeningitis Virus (LCMV), 
Rabies and Dengue virus.

Inspite of the structural similarity in IFIT family genes, their 
expression patterns only partially overlap in vivo and in vitro. The 
upstream promoter regions of IFIT genes contain ISRE which is 
responsible for the expression pattern of the IFIT genes [7,20,21]. 
Furthermore the expression kinetics of IFIT genes is cell type and 
tissue specific as supported by the selective induction of subsets of 
IFIT genes after stimulation with viral infections or IFNs. Also the 
IFIT mRNA levels can be persistent or ephemeral depending upon 
the cell type [4,36,30,37]. It was reported that IFIT3 is extensively 
expressed in kidney cells, T and B cells, neurons, plasmacytoid 
dendritic cells and myeloid dendritic cells [30,37]. Moreover a 
recent study utilized intracranial LCMV infection in mice to study 

the distinct pattern of preferential expression of different genes by 
the anatomic distribution of IFIT family transcripts in the brain. The 
astrocytes and hippocampal CA1/CA2 pyramidal cells mainly express 
IFIT1, deep cerebellar neurons express all the IFITs whereas IFIT2 
transcript levels are highest in olfactory bulb [30]. This differential 
expression of IFIT genes conferred the important non-redundant 
antiviral function against particular viral infection [36,30].

The function of the protein mainly depends on their sub-cellular 
location. Usually IFIT1 family proteins function in the cytoplasm. 
IFIT1 is primarily located in the cytosol. But Li and coworkers found 
that IFIT1 is also located in the mitochondria where it interacts with 
mitochondrial membrane protein MAVS [38]. IFIT3 is also located 
in mitochondria and cytoplasm [39].  Whereas IFIT2 also appears 
in microtubules in addition to cytoplasm and mitochondria [40]. 
Instead of general cytoplasmic distribution, IFIT5 concentrates in 
actin rich protrusions from apical cell surfaces co-localized with the 
RNA- binding Retinoic acid- inducible gene-I ( RIG-I) [15].

Antiviral Functions of Ifit Family Proteins

1) Ifit1 Antiviral Functions

Inhibition of Hepatitis C virus translation initiation

The cellular function of IFIT1 is the inhibition of translation 
initiation [41]. Hepatitis C virus (HCV) is a positive-stranded RNA 
virus with an internal ribosome entry site (IRES). IFIT1inhibits HCV 
infection by blocking translation of the HCV RNA [42]. Human 
IFIT1 bind to eukaryotic initiation factor 3 (eIF3), a translation 
initiation factor and it fractionate with the initiator ribosome HCV 
RNA complex [43]. IFIT1 inhibits the function of the HCV IRES, but 
mutant IFIT1 protein lacking eIF3-binding activity failed to inhibit 
HCV replication. In addition, over expres sion of IFIT1 decreased 
HCV infection in hepatocytes [44]. As a result, IFIT1 blocks HCV 
replication by target ing eIF3-dependent steps in the viral RNA 
translation initiation process; these steps include the recognition of 
the 43S pre-initiation complex by the HCV IRES and the assembly of 
the 43S-mRNA complex [45].

Inhibition of Human Papilloma Virus (HPV) Replication

IFIT1 inhibit human papillomavirus (HPV) replication by 
binding to the viral helicase E1 [46]. E1 is a multifunctional viral 
phosphoprotein that shuttles between the nucleus and cytoplasm, 
and has ATPase and DNA helicase activities. IFIT1 binds directly to 
HPV E1 where it restricts E1in the cyto plasm, and also inhibits E1 
enzymatic activity needed for HPV replication [47].

Inhibition of the Translation of Viral mRNAs

Many viruses have evolved with N7- and 2′-O-methyltransferases 
which methylate their mRNA cap structures. IFIT1 inhibits the 
translation of viral mRNAs that are not properly capped. Mutants 
of West Nile virus, Vaccinia and mouse Coronavirus virus, lacking 
2′-Omethyltransferase activity are highly sensitive to IFN and IFIT 
protein [48]. It has also been reported that IFIT1 binds uncapped 
triphosphorylated RNA, which is found at the 5′ end of some RNA 
viruses and viral transcripts [49]. Recent studies have shown that 
IFIT1 recognizes RNA of Japanese encephalitis virus (JEV) lacking 
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2′-O methyltransferase (MTase) activity. IFIT1 inhibits the translation 
of mRNA through direct binding to mRNA 5′ structures and thereby 
restricts the replication of JEV mutated in 2′-O methyltransferase 
[50]. However, some other recent work suggests that Parainfluenza 
virus type 5 (PIV5) mRNAs are methylated at the hydroxyl group 
but IFIT1 inhibits the translation of PIV5 mRNA by unrecognized 
mechanism [51].

Activation of Innate Immunity
The antiviral innate immunity relies on the recognition of various 

microbial patterns by several transmembrane (Toll like Receptors) 
and cytoplasmic receptors (e.g. RIG-I and Mda-5). Homology 
modelling and site-specific mutational analyses demonstrated that 
IFIT1 is likely to recognize unique ‘non-self’ signature of 5′PPP-
RNA, which occurs during life cycle of large number of viruses, 
through its TPR motif. IFIT1 binds to PPP-RNA with nanomolar 
affinity and thus is central to antiviral activity against 5′ PPP-RNA 
generating viruses such as VSV and influenza A virus [49]. In the 
absence of IFIT1, the growth and pathogenicity of such viruses 
was much higher. Thus IFIT1 antagonize virus by specifically 
sequestering viral nucleic acid. IFIT1 has also been validated as 
the important bottleneck in controlling innate immune functions 
initiated by the toll like receptors as evident from the fact that it’s 
silencing resulted in the suppression of predicted downstream genes 
thus exerting a positive regulatory effect on these downstream genes 
[52]. It has also been shown to be a negative feedback regulator of 
virus-triggered signaling because over expression of ISG56 inhibited 
the Sendai virus triggered activation of IRF3 and IFN β promoter 
and reversed the inhibition of VSV replication induced by poly(I:C) 
[38]. IFIT1 is also rapidly produced in response to stress induced by 
bacterial lipopolysaccharides and IL-1 and may involve in cell death 
pathways by interacting with eukaryotic elongation factor-1A [53]. 
Many studies revealed the association of IFIT1 in the pathogenesis 
of systemic lupus erythomatous (SLE) as it interacts with Rho/Rac 
guanine nucleotide exchange factor and regulate their activation. Thus 
inhibition of the expression of IFIT1 may become novel therapeutic 
approach to SLE [54]. Also IFIT1 serves as an important molecule to 
restrict Hepatitis C virus infection and may have implications in the 
development of therapeutic modalities. Six TPR motif located at the 
N-terminal sequence of IFIT1 interact with ribosomal protein RPL15.
RPL15 protein overexpress on the gastric cancer cells and contribute 
to antiproliferative capacity on gastric cancer cells. This interaction 
may facilitate the development of several new anticancer regimes 
[55].

Diagnostic marker

IFIT1 is also a potential diagnostic marker for ongoing viremia 
during Hepatitis E infection and acts as a marker for several diseases 
like myelodysplastic syndrome and chronic graft vs host disease [56].  

2) Ifit2 Antiviral Functions:

IFIT1 and IFIT2 proteins are encoded by two closely related genes 
but their induction kinetics in response to IFNβ were quite different 
[57]. IFIT1 and IFIT2 bind with eukaryotic initiation factor 3,eIF3e 
and eIF3c, containing PCI motif to inhibit translation initiation of 
Hepatitis C virus [57]. IFIT2 interacts with both subunits of eIF3 

whereas IFIT1 interacts with ‘e’ and not the ‘c’ subunit of the initiation 
factor. The resolved X-ray crystallographic structure of IFIT2 defined 
it as a novel RNA binding structure which interacts specifically with 
AU-rich RNA region and cellular RNA motif possessing AU-rich 
element [11]. This RNA binding ability seems to be associated with 
its antiviral activity. IFIT2 expression plays a significant role in the 
induction of cellular apoptosis in response to viral infection or IFN 
signaling by interacting with multiprotein complex such as IFIT1 
and IFIT3 [58]. Also IFIT2 shows antiviral activity against West Nile 
virus and Corona virus by binding on the capped viral mRNA [59]. 
IFIT2 co-localizes with cytokeratin 18 and inhibit cell migration in 
oral squamous cell carcinoma (OSCC) cells. It was observed that 
with increase in the expression levels of IFIT2 the life span of OSCC 
patient increases which is probably associated with the reduced 
migration of tumor cell [60]. Recent studies have shown that IFIT2 
restricts WNV infection and pathogenesis in different tissue in a 
cell type specific manner, yet had small effect on the induction and 
extent of the innate and adaptive antiviral immune responses. When 
the results were compared to congenic wild-type control, Ifit2-/- mice 
showed enhanced WNV infection in a tissue-restricted manner 
with preferential replication in the central nervous system (CNS) of 
animals lacking Ifit2. The experiments also revealed no appreciable 
difference in B and T cell responses betweenIfit2-/- and wild-type mice 
during WNV infection. This indicates that the absence of Ifit2 does 
not influence the development of effective adaptive immunity during 
viral infection [45].

3) Ifit3 Antiviral Functions:

IFIT3 play important role in IFN-α antiviral activity. Over 
expression of IFIT3 in VERO cells decreases virus titers of VSV and 
Murine encephalomyelitis virus (EMCV). The siRNA knockdown of 
IFIT3 confirms the decreased efficiency of IFN antiviral effect [61]. 
IFIT3 also serves as an important adaptor in innate immunity. IFIT3 
interacts specifically with the N terminus of TBK1 (TANK binding 
kinase 1) which results in bridging TBK1 to MAVS (Mitochondrial 
antiviral signaling) on the mitochondrion. As a result IRF3 gets 
phosphorylated. Finally, phosphorylated IRF3 translocate into the 
nucleus to promote antiviral gene transcription such as IFNβ, ISG56, 
Rantes etc [62]. The induced expression of IFIT3 by Dengue virus 
infection was demonstrated in human dendritic cells and it play 
important protective roles in Dengue virus infection of human 
lung epithelial cells. Furthermore, the results demonstrated that 
knockdown of IFIT3 led to the expression of several apoptotic 
regulator such as caspase 3, caspase 8, caspase 9, and Bcl-2-associated 
X protein (BAX). These results reveal that IFIT3 might be critical for 
maintaining cell survival [63].

4) Ifit5 Antiviral Functions:

Human IFIT5crystal structure reveals a novel arrangement 
of TPR domain that directly bindonly PPP- single stranded RNA 
in anon sequence specific manner. Functional analysis in human 
embryonic kidney (HEK) cells reveal a reduction of viral replication 
only in the presence of proper PPP-RNA binding by IFIT5 or IFIT1 
[14]. Recent studies have reported that both the mRNA and protein 
levels of IFIT5 are up-regulated in response to RNA virus infection or 
polyinosinic-cytidylic acid stimulation (polyI:C) stimulation. Ectopic 
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S.NO IFIT Gene family Antiviral Functions Reference

1 IFIT1 Inhibition of HCV translation initiation by binding to eIF3.
[41].
[43].
[44].

2 Inhibits the translation of viral mRNAs which lacking N7- and 2′-O-methyltransferases. [48].
[49].

3 Inhibits the translation of PIV5 mRNA by unrecognized mechanism. [51].

4 Antiviral activity against 5′PPP-RNA generating viruses such as vesicular stomatitis virus and influenza A virus. [49].

5 Inhibition of human papillomavirus (HPV) replication by binding to the viral helicase E1. [46].
[47].

6 Inhibits the Japanese encephalitis virus replication through binding to 5' capped 2'-O unmethylated RNA [50].

7 IFIT 2 Inhibition of HCV translation initiation by binding to eIF3e and eIF3c containing PCI motif. [57].

8 Crystal structure revels novel RNA binding structure, Binds specifically AU-rich RNA regions, some cellular RNA motifs such 
as AU-rich elements (ARE). [11].

9 Induction of cellular apoptosis. [58].

10 Inhibits the infection of West Nile virus and corona virus by binding on the capped viral mRNA. [59].

11 Inhibition of cell migration. [60].

12 IFIT 2Restricts West Nile Virus Infection in the Brain. [45].

13 IFIT3 Decreases the virus titers of Vesicular stomatitis virus (VSV) and Murine encephalomyelitis virus. [61].

14 Promote antiviral gene transcription. [62].

15 Protective Roles ofIFIT3in Dengue Virus Infection of  dendritic cells. [63].

16 IFIT5 Binds to viral 5′- triphosphate RNA. [49].

17 Interacts with endogenous 5′-phosphate-
capped RNAs, including transfer RNAs. [14].

18 IFIT5 enhancing innate immune signaling pathways. [64].

Table 1:  shows IFIT genes and their function with references.

Figure 1: Schematic showing the induction of IFITs and their Functions. Viral RNA and DNA are detected by cytosolic RIG-I like receptors (RLRs) or 
endosomal Toll Like Receptors (TLRs) including TLR3, 7, 9 and TLR4. The downstream signaling leads to the activation of IRFs and produces IFNs which signals 
through IFN receptors (IFNAR) and JAK/STAT pathway followed by the activation of ISGF3 complex which translocate into the nucleus and activates ISREs. This 
activation of ISRE elements results in the transcription of IFIT gene family. These IFIT proteins thus generate antiviral state by functioning as antiviral molecules.
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expression of IFIT5 could synergize IRF3- and NF-κB-mediated gene 
expression whereas knockdown of IFIT5 impair the transcription of 
these genes. This study demonstrates that IFIT5 potentiate anti-viral 
response through enhancing innate immune signaling pathways [64] 
(Table 1, Figure1).
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