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In-depth research of ILC family in immunity panel is growing rapidly. Many studies have been 
done to know the specific ILCs function in different sites triggering immunity, tissue repair and 
inflammation. Therefore, microbial interaction with ILC group which play specific roles in host 
homeostasis is not fully understand. A very few studies have been done in the ILC1 and ILC3 with 
microbial interaction but not with the ILC2s. However, ILCs have elucidated research interests in 
the fields of infectious immunity, inflammatory diseases, and allergic diseases. In this review we are 
focusing about the ILCs and how microbes interact with innate lymphocytes.

Abstract

Introduction

Our immune system works with highly diverse infectious and non-infectious challenges in such a way to 
promotes the control of invading agents and restores the tissue homeostasis. The constitutive microbial 
exposure is required for the tissue-specific immunity which provides the spatial segregation from the 
microbiota to ensure maintenance of organ function and allow the equilibrium between tolerances to 
environmental antigens and regulates protective immunity [1].
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These balanced are important for the protection of tissue integrity. The breakdown in tissue homeostasis 
results to develop the inflammatory diseases and the subsequent failure to regulate immune responses to 
environmental or microbial antigens [2,3]. A number of environmental cue, including infections have been 
raised as possible triggers.

The mammalian gastrointestinal tract is inhabited by several species of symbiotic microbes, among those 
some have impact on host immune system [4,5]. The microbe host interactions are involve in both innate 
and adaptive immune system as well as non-immunologic protective defense mechanism like mucus 
barrier and antimicrobial peptides (AMPs) [6]. The gut microbiota plays an important role in educating 
and modulating the host immune system [7]. Germ-free (GF) mice show defects in multiple specific 
immunocyte populations, such as Th2 skewing of their CD4+ T cell compartments; compromised innate 
lymphoid cell (ILC) function; a deficiency in immunoglobulin A (IgA)-producing plasma cells; and, more 
generally, greater susceptibility to infection [8,9]. As we know the immune system is classified as innate and 
adaptive immune system (humoral immunity).

What is the ILCs and Why it is Important?

Prior to advent of Innate lymphoid cells (ILCs), Natural killer cells (cNKs) represent the ILC family [10,11]. 
ILCs are originating from the common lymphoid progenitor and lack antigen-specific receptors [12-14]. 
They initiate rapid response against microbes without prior exposer. Currently, it is found that progenitor 
cells and surface markers of ILC family members indicate that NK cells and non-cytotoxic ILCs group 
do not originate from same lineage [15-18]. ILCs are found throughout the whole body but commonly 
reside in the skin, lung and intestine where it’s participates in local immune responses and maintained the 
homeostatic. ILCs are divided on the basis of the expression of signature cytokines and the transcription 
factors that regulate their development, function and differentiation which ultimately responsible for the 
phenotypic distinguish.

Type of ILCs

According to a nomenclature [18] and classification system ILCs divided into three groups (Figure 1). 
ILC1: Which expressed transcription factor T-bet and produce Th1 type cytokines IFN-g and TNF-α; 
ILC2s: Which expressed transcription factors GATA3 and RORα and secrete Th2 Type cytokines IL-4, 
IL-5, IL-9, IL-13, and amphireguling; ILC3s: It expressed transcription factor RORyt and produce Th17 
cytokines IL-17 and Il-22. Like ILC1s, natural killer (NK) cells produce IFN-y. However, NK cells also 
specialize in the release of lytic lysosomes containing perforin and granzymes and therefore are considered 
as innate counterparts of cytotoxic CD8+ T cells. ILCs also include lymphoid tissue-inducer (LTi) cells, 
which promote lymphoid organogenesis during development [19]. LTi cells are often considered part of 
the ILC3 group because they depend on RORyt for development and secretion of IL-17 and IL-22, and 
expressing of several cell surface markers which belong to characteristic of ILC3s. However, they may be a 
distinct lineage. In mouse, ILC3 are particularly diverse lineage and include fetal lymphoid tissue inducer 
(LTi) cells as well as three adult subsets, T-bet-CCR6+ LTi-like ILC3, T-bet+ CCR6-NKp46- (DN) 
ILC3, and T-bet+ NKp46+ ILC3 [20,21].
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Figure 1: Innate Lymphoid Cells (ILCs) development and differential pathway with production of signature 
cytokines.
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How Microbes Interacts with Innate Immune System

Both innate and adaptive immune cells utilize the defense mechanisms which work through pattern 
recognition receptors (PRRs). PRRs initiate responses to microbes and regulate infections. PRRs recognize 
the microbe-specific molecules, which called as pathogen-associated molecular patterns (PAMPs) and 
damage-associated molecular patterns (DAMPs), which are associated with components of host’s cells that 
are released during cell damage or death [22,23]. Initial recognition of microbes through PRR, in switch to, 
activates cytokine and chemokine signaling pathways for anti-microbial killing (eg, antimicrobial proteins, 
phagocytosis, autophagy, reactive oxygen and nitrogen species). There are several subgroups of PRRs. They 
are classified according to their ligand specificity, function, localization and/or evolutionary relationships. 
Based on their localization, PRRs may be divided into membrane-bound PRRs and cytoplasmic PRRs.

1. Membrane bound PRRs involves of Toll like receptors (TLRs) and C-type lectin receptors (CLRs)

2.Cytoplasmic PRRs involves NOD-like receptors (NLRs) and RIG-I-like receptors (RLRs).

TLR boud to ligand and tend to dimerize with different forms of dimmers. The interaction of TLRs with 
its specific PAMP is mediated by MyD88 pathway which triggers NF-κB or MAP kinase pathway (Figure 
2). The binding of MyD88 to TLRs activates IL-1 receptor-associated kinases by MyD88, which causes 
downstream activation of complex containing TNF receptor-associated factor (TRAF)6 and transforming 
growth factor (TGF)-β-activated kinase 1. This activates TGF-β-activated kinase (TAK)-1. TAK-1 
leads to the activation of both NF-κB and MAPK signaling pathways to produce pro-inflammatory and 
inflammatory cytokines [24,25]. CLRs induced immune response and identified as TLR-dependent and 
TLR-independent signaling. TLR independent signaling includes Dectin-1 and Dectin-2 signaling lead 
to MAP kinase and NFkB activation. NLR signaling activate inflammatory caspases causing cleavage and 
activation of inflammatory cytokines like IL-1activating NF-κB signaling pathway to induce inflammatory 
molecules. The most important members of NLRs are NOD1 and NOD2. They recognise microbial 
peptidoglycans in the cytoplasm and henceforth, represent different level immune responses such as TLRs 
and CLRs [26]. RLRs are RNA helicases, which participate in intracellular recognition of viral double-
stranded (ds) and single stranded RNA which ultimately activate antiviral gene programs via N-terminal 
CARD domains. However they may be exploited in therapy against viral infections [27]. It has been found 
that antiviral program induced by RLR is based on ATPase activity. RLRs often interact with the TLRs in 
the innate and adaptive immune response [28].
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Figure 2: Microbial generated PRR (PAMps) mediated signaling pathway for immune response.

Known Facts About ILC and Microbes

Innate immune cells like dendritic cells (DCs) and mono-nuclear phagocytes (MNPs) interact with ILCs. 
Both DCs and MNPs induce IL-22 production in presence of ILC3 [29,30]. ILCs are involved in clearance 
of bacterial, fungal and viral infection in addition to maintenance of microbiota [31-34]. ILCs are more 
susceptible to microbial colonization or invasion by pathogens, such as barrier surfaces. The, microbial 
stimuli are dispensable for ILC3 development but necessary for Th17 cell differentiation. Moreover, ILC3s 
are naturally poised to secrete IL-22 in response to tissue IL-23 [35]. However, decreased numbers of 
ILC3s in arylhydrocarbon receptor (AHR) deficient mice result in more segmented filamentous bacteria in 
the microflora of the gastrointestinal tract and increased activation of Th17 cells in the attempt to decrease 
bacterial load [31]. Although, ILC3s act earlier than Th17 cells, the latter can override ILC3s as the adaptive 
response ensues, at least during primary immune responses.
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Many studies have done to know the specific ILCs function in different sites triggering immunity, tissue 
repair and inflammation. However, microbial interaction with ILC group which play specific roles in host 
homeostasis is not fully understand. Therefore, the above studies focus on how ILC responses are regulated 
in the presence of microbiomes. In summary, this first comprehensive description of the transcriptional and 
regulatory landscape of intestinal ILCs identifies high levels of diversity under conditions of homeostasis 
that are maintained by the commensal microbiota and that tend to an ILC3-like profile in the absence of 
microbial stimulation. But very few or none studied done in related to ILC2s populations which are very 
dominantly studies in the allergy and parasitic infection.
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