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Abstract

RNA splicing brings diversity to the eukaryotic proteome. Different spliced variants of a gene may differ in their
structure, function, localization, and stability influencing protein stoichiometry and physiological outcomes.
Alternate spliced variants of different genes are known to associate with various chronic pathologies including
cancer. Emerging evidence suggests precise regulation of splicing as fundamental to normal well-being. In
this context, infection-induced alternative splicing has emerged as a new pivot of host function, which
pathogenic microbes can alter—directly or indirectly—to tweak the host immune responses against the
pathogen. The implications of these findings are vast, and although not explored much in the case of
pathogenic infections, we present here examples from splicing mediated regulation of immune responses
across a variety of conditions and explore how this fascinating finding brings a new paradigm to host–
pathogen interactions.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Eukaryotic genes get expressed in discontinuous
stretches of exons with introns interspersed between
them. A matured mRNA involves careful removal of
introns and stitching together of exons through a
process called RNA splicing. By omitting or retaining
specific exons (through alternative splicing), the
sequence and therefore structure, function, and
stability of the translated protein products could be
altered. More than 90% of expressed human genes
undergo alternative splicing, and precise splicing of
pre-mRNAs is crucial to normal well-being of the cells
[1]. Interestingly, a large number of reported exonic
mutations linked to various diseasesmore dramatically
affect the splicing efficiency of the exons rather than
the ORF itself, underscoring the importance of this
process [2–4].
RNA splicing is a complex process, involving

assembly of large multi-molecular complexes at splice
junctions between introns and exons as well as
recognition of several splicing enhancer/silencer ele-
ments distributed adjacent to splice junctions, which
together decide the probability of inclusion or exclusion
of an exon in the final maturemRNA [5]. Some of these
uthors. Published by Elsevier Ltd. This
g/licenses/by-nc-nd/4.0/).
regulatory elements include “cis” elements like exonic
splicing enhancers, exonic splicing silencers, intronic
splicing enhancer, intronic splicing silencers, and
“trans” elements like snRNPs, hnRNPs, SR proteins,
and several other accessory proteins.
Alternative splicing is associated with several

chronic pathological conditions including neurological
disorders, cancers of different types, and atheroscle-
rosis [6–23]. Among infectious diseases, hijacking and
co-opting of the host splicing machinery especially
during viral infections including dengue, HIV, Zika, and
so on, is well explored [24–27]. Few recent studies,
including one from our group, now suggest that
pathogen co-opting of host RNA splicing machinery
could be part of a larger scheme of infection-mediated
perturbation of host response machinery [24,28].
Thus, while one study reports massive alteration in
host RNA splicing pattern upon dengue virus infection,
we and another group reported global alterations in the
RNA splicing pattern upon Mycobacterium tuberculo-
sis or Salmonella and Listeria infection of human
macrophages [24,28,29]. Here we will briefly review
what we know about alternative splicing in immune
regulation, factors both intrinsic and extrinsic known to
regulate those, and explore this new layer of pathogen-
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mediated regulatory interference on host physiology.
We would elaborate on the various implications
including the potential for re-strategizing novel thera-
peutics aswell as understanding disease susceptibility
and tolerance.
Intrinsic Factors Regulating Alternative
Splicing during Infection and Immune
Activation

Immune activation, which is fundamental to host
responses to pathogenic infections, is known to get
influenced by alternative splicing. During the activa-
tion of T cells, several specific splicing events decide
the fate of activation [30–36]. Similarly, in B
lymphocytes, several key features are regulated
through alternative splicing, for example, switch
between membrane-bound to secreted IgM as well
as roles of alternate spliced variants of Oct2 and
IL4R, each having distinct immunological conse-
quences [37,38].
In the cells of innate immunity, signaling downstream

to TLRs and other pattern receptors are among the
principal mechanisms for pathogen recognition, which
elicit inflammatory responses. Several TLRs like TLR2,
TLR3, and TLR4, rely on the cytosolic adaptor protein
MyD88 for activation ofNFκBand inflammation [39,40].
Signaling molecules like IRAK1, Tollip, and TFAR6
downstream to the pattern receptors and cytokine
receptor also get regulated through alternative splicing
[41,42]. We begin with reviewing some intrinsic
mechanisms, specifically reported in the immune
cells, which influence alternative splicing during infec-
tion or activation.

Co-transcriptional regulation

There is a consensus that RNA splicing occurs in
parallel to transcription. More recently, the role of
transcription and factors associated with it has
emerged as among the key regulatory components of
alternative splicing. For example, the rate of transcrip-
tion has emerged as a critical gatekeeper for specific
splicing event. An excellent set of examples is
presented by conditions, which cause pausing of
RNA pol II. Pausing of RNA pol II could ensure that
the newly transcribed splice junction is utilized, thereby
retaining the corresponding exon. On the other hand,
exon skipping may occur during rapid transcription of
genes [43]. Anexciting example is activation of T helper
1 effector cells, wherein recruitment of RNA Pol II
coincides with a genome-wide temporary slowdown in
co-transcriptional splicing [44]. Several splicing-asso-
ciated factors regulate the pausing or rate of transcrip-
tion. For example, RNA pol II is paused by U2-
associated protein Cus2 and only released by the
activity of ATPase prp5, which is part of the spliceo-
some complex [45]. Similarly, an important splicing
accessory protein SRSF2 negatively regulates tran-
scription pause of RNA pol II by releasing P-TEFb from
the 7SK complex [46]. On the flip side, several
transcriptional regulatory factors like TFs, coactivators,
transcriptional enhancers, and chromatin remodelers
end up impacting RNA splicing [47,48].
In yet another interesting observation, activated

macrophages were shown to maintain distinct pools
of chromosome-associated, nucleoplasmic and cyto-
plasmic messenger RNAs. Out of these, the chromo-
some associated ones are full-length transcripts but yet
to be completely spliced, a feature that is consistent
with the concept of co-transcriptional RNA splicing [31].
Macrophage activation being integral to host immune
response against a variety of pathogens, the rate of
transcription could play a massive role in regulating
infection-induced alternative splicing and host re-
sponse. Factors that could help link rate of transcription
with alternative splicing include the presence of strong
or weak splice junctions, and accessibility of splice
junctions due to secondary structures or due to the
stoichiometry of splicing accessory proteins which can
differentially bind to enhancers or silencers present in
the exons or introns [43,49].

Regulation by splicing factors or accessory
proteins

Among factors other than transcriptional kinetics and
transcription factors, a large number of splicing factors
and accessory proteins involved in splicing play a
critical role in regulating alternative splicing. The
serine–arginine containing proteins (SR proteins) and
hnRNPs are significant regulators of alternative splic-
ing. Functions of SR proteins are regulated through
phosphorylation by kinases like CDC2-like kinases
(CLKs), dual-specificity tyrosine-regulated kinases
(DYRKs), and SR-rich splicing factor protein-kinases
(SRPKs) [50–63]. Therefore activity, localization, and
concentration of these regulatory proteins can impact
on the cellular alternative splicing. Accordingly, these
intrinsic factors get modulated during diverse condi-
tions including cellular activation and pathogenic
infections. During T-cell activation, hnRNP U sup-
presses inclusion of exon 7 in MALT1 transcript, which
is needed for TRAF6 recruitment [64]. Inmacrophages,
during TLR activation by pathogen-associated molec-
ular patterns, theproductionof negatively acting spliced
variant of MyD88 gets inhibited by the recruitment of a
critical splicing factor SF3a, which then promotes
inflammation [41]. In the absence of SF3a, the
truncated MyD88 isoform gets increased inhibiting
TLR signaling and inflammation [41]. Generation of
short isoforms due to alternative splicing as soluble
membrane receptors is also known for molecules like
TLR4, IL-4R, and IL-5R [65–67]. However, in most of
these cases, molecular mechanisms are not evident.
While there are cell-intrinsic transcriptional regulators

and splicing factors as well as associated accessory
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proteins and upstream signaling molecules to regulate
inclusion or exclusion of specific exons, it is critical to
understand whether there are extrinsic factors that
could also alter the inclusion/exclusion of exons from
the mature mRNAs. The scope for such a possibility
arises through extensive studies involving viral infec-
tions and hijacking of the host machinery to help the
splicing of viral genes. Interestingly, in several cases,
especially those involving viral infections, infection-
induced alternative splicing depends on selective uses
of intrinsic regulators, thereby suggesting possible
crosstalk and cross-regulation between pathogenic
factors and host splicing machinery.
Extrinsic Factors Regulating Alternative
Splicing during Infection and Immune
Activation

Regulation of alternative splicing during viral
infection

Viral-encoded factors can modulate the complex
interplay between cis and trans-regulatory splicing
factors, thereby facilitating expression of its genes
and influencing the defense homeostasis. Such
interactions have been well established in papilloma-
virus, adenovirus, and HIV among others [68–71]. An
exciting example is presented by the NS1 protein of
Influenza A virus, which interacts with the spliceosome
complex and blocks the transition to active complex
inhibiting the cellular gene expression [24]. NS1 binds
to a 30-kDa subunit of CPSF (CPSF30), which is
essential for the processing of 3′-end during splicing.
Through this interaction, NS1 protein globally inhibits
the cellular polyadenylation as well [24]. Another
influenza A protein, NS1-BP, interacts with host
hnRNP K and facilitates the splicing of three RNA
segments of the virus. However, this interaction has a
cascading effect on the host RNA splicing as well
causing mis-splicing of some of the host genes [72].
Most viruses rely on host splicing machinery to
generate multiple proteins from their limited genome.
In many cases, viral splice sites match human splice
junction consensus sequences, which effectively drive
the splicing machinery preferentially toward viral pre-
mRNAs that need to get spliced. For example, human
parvovirus B19, which harbors an RNA binding motif
consensus site (5′-UGUGUG-3′) for its intronic splicing
enhancer 2 (ISE2) region, utilizes host factor RBM38
for processing of its pre-mRNA during virus replication
[73]. Many such examples of viral factors mediated
targeting of RNA splicing are depicted in Fig. 1 [74–79].
SomeRNAviruses replicatewithin cytoplasmic viral

factories independent of splicing. However, their
proteins might interact with host splicing factors,
modulating splicing for its benefit [79]. For example,
mammalian reovirus infection results in a global
change in alternative splicing pattern with about 240
alternative splicing events of transcripts frequently
involved in regulation of gene expression and RNA
metabolism [79,80]. On the similar line, μ2 protein
from T1L reovirus forms a complex with the pre-
mRNA splicing factor SRSF2 in nuclear speckles
altering the splicing of transcripts for genes involved in
RNA processing and maturation and enhances
reovirus replication and cytopathic effect [79]. Viruses
can also encode proteins, which serve as alternative
splicing factors. Like L4-33K of adenoviruses prefer-
entially activates splicing of transcripts with weak 3′-
splice sites [81]. In case of HIV-1 infection, the
accessory protein Tat directly interacts with TAU
RNA and inhibits inclusion of exon 10 in the TAU
mRNA in a DYRK1A-dependent manner, leading to
neurocognitive impairments [82]. Additional mecha-
nisms of viral infection-mediated alteration in host
RNA splicing include relocalization of cellular splicing
machinery components to the cytoplasm, thereby
impacting RNA splicing, like relocalization of hnRNPs
to the cytoplasm during VSV infection [83]. Similarly,
the expression of several splicing factors is altered
during HIV infection, which could impact host RNA
splicing through stochiometry of the regulatory factors
[84]. Regulation of RNA splicing and overall spliceo-
some machinery seems fundamental to all such
viruses, which rely on splicing to generate multiple
proteins from their small genomes. As some exam-
ples mentioned above show, they can influence by
directly interacting with the core or accessory splicing
proteins or by regulating expression, splicing and sub-
cellular distribution of splicing proteins.

Regulation of alternative splicing during bacter-
ial infection

Unlike the viral infections, not much is known
regarding bacterial factors interfering with the host
RNA splicing. Nonetheless, there is sufficient, mostly
circumstantial evidence now to suggest that bacte-
rial factors may also regulate alternative splicing,
either indirectly or direct. In case of M. tuberculosis,
overexpressing specific secreted proteins in the host
macrophage cell line showed co-immunoprecipita-
tion of splicing factors hnRNPU, hnRNP H, hnRNP
A2/B1 isoform A2, and SRSF3 with the bacterial
protein mtrA [85]. In a more recent study, several
mycobacterial proteins like EsxQ, Apa, Rv1827,
LpqN, Rv2074, and Rv1816 were used as a bait with
the macrophage cell lysates, and several host RNA
splicing proteins like SRSF2, SRRM2, SF1,
HTATSF1, GCN1L1, CPSF6, and so on, were
identified as their interacting partners, suggesting
the possibility that mycobacterial proteins could alter
host RNA splicing through physically interacting with
one or more splicing factors or accessory proteins
[86]. Interaction of the virulence factor of Listeria,
listeriolysin (LLO), with hnRNP M can specifically



Fig. 1. Viral and bacterial factors interacting with host RNA splicing machinery. The key players of the host RNA splicing
machinery depicted at the core including snRNAs/snRNPs, SR proteins, hnRNPs, and cis-elements like ESE, ESS, ISE,
and ISSs. Different pathogens target host RNA splicing through a variety of mechanisms (written in blue). For specific
examples mentioned in the figure, for each case, host factors are written at the left, followed by the pathogen and finally the
pathogen factors, which are known to interact with the corresponding host factors. For cases where interacting partner
from the host is not known, like in the case of Mtb, pathogen factors are not explicitly mentioned. ESE, exonic splicing
enhancer; ESS, exonic splicing silencer; ISE, intronic splicing enhancer; ISS, intronic splicing silencer.
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impact type IFN response in the host macrophages
[87]. All intracellular bacterial pathogens including
Mycobacterium, Salmonella, Listeria, and so on, are
known to have different secretory systems, which
allow them to secrete virulence factors and perturb
host physiology [88]. Through independent studies,
it is apparent that bacterial virulence factors can
indeed access host nucleus, raising the possibility
that they can also perturb splicing in the nucleus
[89,90].
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A handful of studies now suggest bacterial infection-
induced alternative splicing of host RNAs [28,29].
Alternative splicing during intracellular bacterial infec-
tions of macrophages is more pervasive than possibly
ever imagined. Global changes in the alternative
splicing during bacterial infection have been shown in
the case of Salmonella and Listeria [29]. A study from
our group shows global alterations in the pattern of
RNA splicing post Mtb infection of macrophages [28].
Intriguingly, in Mtb-infected macrophages, genes
involved in different stages of spliceosome assembly
are also regulated at the splicing level, which can
directly impact the functioning of splicing machinery.
There was also a considerable increase in the
expression of truncated/non-translatable variants of
several genes, specifically upon virulent infections [28].
As is evident from examples above, perturbation of

host RNA splicing during bacterial infections appears
as a common occurrence. However, currently there is
very limited, if any, understanding on involvement/role
of specific bacterial factors in regulating host RNA
splicing. We assume that work in this area must be
rapidly progressing considering its significance.
Physiological Impact of Infection-Induced
Alternative Splicing

How infection-induced alternative splicing impacts
the physiology of host and outcome of infection?
During viral infections, host cells recognize viral DNA
in cytosol via RIG-I, which initiates downstream
signaling via associating with different adapter
proteins like mitochondria antiviral-signaling protein
(MAVS) and activates TBK1, which is critical for
virus-triggered type I IFN signaling [91,92]. In the
condition of some virus infection, like upon Sendai
virus infection, TBK1s, an alternative spliced variant,
lacking in exon 3–6 gets induced, which binds to
RIG-1, and negatively regulates antiviral IFN-β
signaling pathway by disrupting the interaction
between RIG-I and MAVS [93]. Given the strong
anti-viral function of RIG-I, it could be a preferred
target by several viral virulent proteins. The recent
report on NS5 protein of dengue virus, which targets
RIG-I among many other proteins via alternative
splicing, clearly underscores this possibility [24].
Among several genes with perturbed splicing pat-
terns during dengue infection, RIG-1 stands out
being a part of the innate sensor mechanism against
intracellular danger (Fig. 2a). Thus, although the
changes in alternative splicing during infections are
global, they have highly targeted physiological
impact.
Macrophage infection of Salmonella and Listeria

results in massive alterations in RNA splicing in the
host, and a large number of genes belonging to
immune response functional class specifically undergo
alternative splicing [29]. Interestingly, a comparison
between alternative splicing events reported upon
Listeria or Salmonella and those reported upon Mtb
infection shows several common targets, especially for
those belonging to critical functional classes like RNA
processing, ribosomal proteins, autophagy and immu-
nity, RNA splicing, trafficking and vesicle transport,
secretion, translation, immunity to infection, and so on
[28,29]. While these two studies highlight the global
patterns of alternative splicing during infections, in our
recent study, we also establish how the changed
splicing products impacts on the host innate defense
mechanisms in themacrophages duringMtb infections
[28]. In Mtb-infected cells, a key regulator of phago-
some maturation RAB8B gets spliced in a manner that
instead of forming a functional protein, the mRNA gets
degraded through a process called nonsense-mediat-
ed decay [28]. As the RAB8B transcript fails to get
translated into a functional protein, it leads to effectively
lowered protein level in the cell, hampering the
phagosome maturation process (Fig. 2b). While it is
difficult to establish at this stage, it is highly likely that
increased transcription of RAB8B locus may represent
a host response to Mtb infection, whereas alternative
splicing to form a truncatedmaturedmRNA reflects the
outcome of bacterial intervention in the cellular
physiological processes. During Mtb infection of DCs,
truncated and alternate spliced form of IL12Rβ1 gets
induced, which enhances DC migration and Mtb-
specific CD4+ T-cell activation [94]. In the case of
Mycobacterium avium subsp. paratuberculosis infec-
tion 46.2%ofgenes undergoalternative splicing, out of
which splice variants of two genes related to macro-
phage maturation (monocyte tomacrophage differenti-
ation-associated) and lysosomefunction (adenosine
deaminase) result in reduced M. avium subsp. para-
tuberculosis clearance from the site of infection during
the early stage of infection due to failure ofmacrophage
maturation and lysosome function [95]. How RNA
splicing gets regulated in such a specific manner
constitutes an exciting question and deserves more
attention.
It is evident that during global regulation of alternative

splicing upon infection, targets do not get randomly
selected for altered splicing; instead, they are specially
chosen, which enhances the chances of pathogen
survival. We performed an interesting analysis of
RNAseq data from Mtb-infected macrophages on this
aspect [96]. We looked at the most dominant isoform,
which gets regulated upon infection across the entire
family of protein kinases in the host. A large number of
kinases, which get dominantly regulated, our analysis
revealed, did not express critical functional domains
like kinase domain or protein–protein interaction
domains like SH2, SH3, and PH domains [96]. It is
possible that in the presence of virulence factors from
bacterial or viral pathogenic factors, several cryptic or
week splice sites get activated, thereby altering the
splicing pattern. While the exact mechanisms are
probably work in progress, the role of isoform diversity



Fig. 2. Impact of infection-induced alternative splicing on host defense pathways. (a) Regulation of RIG1mediated anti-viral
response by Sendai virus and Dengue virus. By inhibiting RIG1-MAVS interaction, IFNβ expression gets blocked which helps
viral survival and replication. (b) Phagosomematuration is the integral innate defense mechanism against bacterial pathogens
likeM. tuberculosis. RAB8B is among the several small GTPases, which is required for phagosomematuration and fusion with
the lysosome, leading to bacterial killing. However duringMtb infection, due to alternative splicing, RAB8B pre-mRNA is spliced
in a way that the resulting RAB8B transcript has a premature stop codon and therefore undergoes non-sensemediated decay.
NonewRAB8Bproteins can therefore be synthesized and result in an effective decline in theRAB8Bprotein levels. Thedecline
in RAB8B protein level helps Mtb escape targeting from the lysosomes.
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due to the alternative in determining the outcome of
infection is established beyond doubt.
Splicing Regulators: Potential New Ther-
apeutics Against Infectious Diseases

Targeting host factors to contain the survival of
intracellular pathogens is a non-conventional thera-
peutic strategy, which has received significant traction
over the past two decades. It was based on the
realization that certain host factors regulate cellular
physiology in a manner that is beneficial to the
pathogen. By high-throughput screening in cell-
based assays, several such host factors have been
identified for viral infections likeHIV, dengue,WestNile
viruses, and bacterial pathogens like M. tuberculosis,
Salmonella species, and so on [97–100]. Addition of
RNA splicing regulators, as among the potential pro-
bacterial host factors, widens the repertoire of targets
for host-directed therapy. While it is too premature to
assume and discuss further in this direction, several
specific splicing inhibitors are already available, and
some of them are also getting tested for chronic
diseases like cancer. Mechanisms of alternative
splicing during viral infections are relatively more
explored; some specific inhibitors are being tested
against host splicing factors like SR proteins as well as
HIV proteins like Rev. and Tat for regulation of splicing
during HIV infection [101]. Accordingly, a novel
compound that acts on host SRSF10, a splicing factor,
impairs HIV replication [102]. There are three major
classes of inhibitors used to inhibit RNA splicing:
oligonucleotides, RNA binding activators or inhibitors,
and splicing factor kinase inhibitor [63]. Among these,
the most versatile family of splicing regulators is
splicing factor kinase inhibitors [63]. Involvement of
these kinases bridges the splicing machinery with
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cellular signaling, potentially explaining, in part, context
specificity. However, during pathogenic infections,
especially bacterial infections, how cellular signaling
could impact the splicing factors remains poorly
understood.
Impact of SNPs on Isoform Diversity and
Susceptibility/Tolerance to Infections

A perplexing aspect of most pathogenic infections
is the diversity of responses different individuals may
have against same pathogenic agent. It is specifi-
cally contrasting in the case ofMtb infections since a
large number of individuals who get exposed to the
bacteria in the endemic countries do not develop
active tuberculosis. Only 5%–10% of exposed
individuals get active disease initially [103]. Remain-
ing population either eliminates the infection or
controls them where the bacilli stay in a metabolically
altered latent phase. Why individuals differ in their
susceptibility and tolerance to infection with the
same pathogen. For a variety of conditions, genome-
wide association studies have revealed the associ-
ation of specific single-nucleotide polymorphisms
(SNPs) with specific conditions [104].
As estimated, around ~15% of all point mutations,

causing human inherited disorders, disrupt splice-site
consensus sequences, particularly at intronic positions
[105,106]. Polymorphisms in high-impact exonic splic-
ing enhancers strongly influence the activity of
disease-associated genes and modify their associa-
tion with different pathological conditions [105–107].
Some examples to this include SLC2A2 isoform
diversity in type 2 diabetes, nmMLCK1 and nmMLCK2
in inflammation, and oxidized LDL receptor (LOX-1) in
lipid homeostasis and inflammation [107–109]. In the
case of Mtb infections, so far several SNPs are
identified which presumably determines the disease
susceptibility [110]. Explicit examples are steadily
emerging suggesting a role of isoform diversity caused
by silent mutations in exonic splice sites, and SNPs in
intronic sites could play a major role in determining the
diversity of host responses against pathogens. For
example, a tuberculosis susceptibility locus identified
in the intronic region of human ASAP1 gene regulates
dendritic cell migration [110]. However, the study does
not refer to the effect onRNAsplicing. Amore definitive
report has emerged very recently, showing that
polymorphism in IL7RA results in impaired splicing of
IL-7Rα and helps protect against tuberculosis [111].
Similarly, through studies on Mendelian susceptibility
to mycobacterial disease, a splice site mutation in
SPPL2A was shown responsible for this susceptibility
[112]. While the examples mentioned above report the
presence of cis-variants, which intrinsically and con-
stitutively impact the alternative splicing, there is no
study yet that correlates splice-site variants and their
activity upon mycobacterial infection. We believe that
such studies are poised to emerge rapidly, identifying
newer associations for susceptibility and tolerance to
infections.

Conclusions

Alternative splicing of transcripts brings unprece-
dented diversity to the eukaryotic proteome. It serves
as a mechanism that brings dynamism to otherwise
static genome in an individual generating diverse
isoforms of the same protein with unique functional
abilities. Here we have tried to bring examples from the
literature that highlight the role alternative splicing could
play during pathogenic infection and regulation of
immunity as well as inflammation, critical aspects for
the well-being of an individual. It is evident through the
limited examples discussed here that alternative
splicing does impact the outcome of any infection. In
several non-infectious pathologies including cancer,
such splicingevents areexplicitly studied andattributed
for the pathology. This understanding has led to the
development of specific small-molecule inhibitors,
which targets explicitly certain splicing events and
therefore allows for a handle to regulate the cellular
outcomes. Finally, as is evident in the final section,
several SNPs in the human genomes could impact the
alternative splicing pattern rather than impacting the
ORFs. These observations highlight the enormous role
alternative splicing could play in deciding the individu-
ality whether in the context of physical attributes or
tolerance/susceptibility to infectious or chronic dis-
eases. These lines of investigations, however, are
very limited in the context of bacterial infections.
Future Perspective

Role of alternative splicing in pathogenic infections is
slowly but steadily getting recognized. It has opened up
an immense possibility for future directions in order to
better understand host–pathogen interactions, disease
pathogenesis, and therapeutic strategies. While at one
level it will be important how perturbed signaling events
during various infections impact host RNA splicing, it is
also desirable to explore possible pathogenic factors,
which could interact with the splicing machinery and
alter the host response machinery. Finally, the fact that
individuals may vary in terms of the propensity of
specific splicing events due to SNPs in coding or non-
coding regions, there is unimaginable implications for
the development of personalized treatment strategies.
Moreover, it will be interesting to test whether one could
indeed predict specific disease susceptibility and
tolerance based on specific SNPs, which impact the
alternative splicing. While several reports do show
association between splice-site-specific SNPs and
tuberculosis susceptibility, there is no report yet that
shows such association for an infection-induced
alternative splicing event. It is imperative to note that
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Mendelian susceptibility tomycobacterial disease is the
extreme representation of tuberculosis susceptibility,
whereas there is a broad spectrum between suscep-
tibility to tolerance. How external factors (like bacterial
virulence factors) could impact alternative splicing in an
SNP-dependentmanner could provide resolution to the
spectrum of tuberculosis susceptibility.
Altered isoform diversity and the consequent

impact on protein domain expression reveal an
additional layer of complexity to the host–pathogen
interactions during infections [96]. There is a
possibility to develop tools to analyze the expression
of critical protein domains involved during host
defense against bacterial infections and develop
novel strategies to integrate this information into
deciphering the host response to infection. Adding
information about splice-site variations will further
personalize the intervention strategies.
While the field of alternative splicing has grown

tremendously in the last decade, tools available now
in terms of next-generation sequencing and high-
end computational capabilities, investigations on the
aspects of alternative splicing discussed here,
especially in the context of infectious diseases,
could yield significant dividends.
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