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Abstract

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder and one of the most common
inflammatory diseases of gastrointestinal (GI) tract in young adults. It is now equally prevalent in western
countries as well as in Asian countries. Recently, there has been an increasing IBD burden in low- to middle-
income countries as opposed to the earlier notion of this being a disease of the affluents. It occurs due to a
variety of factors, namely, local immune alteration, disruption and inflammation of the mucosa,
environmental factors, microbial commensals, and pathogen-induced genetic predisposition or genetic
alteration in protective factors, etc.

So far, an exact etiopathogenesis of IBD is yet to be completely elucidated. Several recent types of research
have emphasized the role of altered innate and humoral immunity in its causation, many of them based on
animal models of IBD. Due to the poor understanding of its etiopathogenesis, IBD is still a challenge for the
treating clinicians leading to persistent and recurrent disease in many cases.

Immune dysregulation in the GI tract incited by various pathogenic stimuli has gained great attention from
researchers in the field of IBD. This review focuses on highlighting the role of various T cell subsets, their
interplay, and associated cytokines involved in the pathogenesis of IBD along with a short description of
genetic as well as other immunological factors. A better understanding of the pathogenic factors and
subsequent randomized controlled trials targeting these factors is prudent for better therapeutic approaches
for IBD.
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Introduction And Background
Introduction

Inflammatory bowel disease (IBD) generically represents a chronic inflammatory disorder involving the
gastrointestinal (GI) tract that majorly includes two forms of diseases, namely, Crohn’s disease (CD) and
ulcerative colitis (UC) [1]. The key characteristic of these two conditions is an onset of the disease typically
during young adulthood with a prolonged period of relapse and remission [2]. The etiology of IBD is not
clear as there is a complex interplay of several factors such as immunological, genetic, environmental,
microbiological, and a complicated regulatory mechanism in association with the intestinal mucosal
immunity that impacts the development and onset of the disease [3].

UC presents as mucosal inflammation, particularly involving the colon, while CD manifests as patchy
inflammation within the proximal colon, mainly the ileum [4]. Both CD and UC are complex diseases where a
wide range of genetic loci facilitates disease susceptibility. Besides genetic factors, the role of
microbiological and environmental factors has also been identified owing to a high incidence of IBD
observed in identical twins (50% and 10% in CD and UC, respectively) [5]. An altered microflora within the
GI tract is a key contributing factor to increasing IBD susceptibility [4].

IBD is under the influence of the expression of various cytokines, their receptors, growth factors, and
proteins involved in molecular pathways such as interleukin (IL)-23R, IL-12B, positive regulatory domain I
element (PRDM1), Janus kinase 2 (JAK2), signal transducer and activator of transcription 3 (STAT3), signal
transducer and activator of transcription 4 (STAT4), and Ikaros family zinc finger protein 1 (IKZF1). All these
pathways indicate the critical role played by IL-12/IL-23 and T helper (Th)1/Th17 cells [6]. In addition, other
susceptible genes are also involved in the progression of UC and CD including suppressor of mothers against
decapentaplegic (SMAD)3, SMAD7, and SMAD ubiquitination-related factor (SMURF), the genes regulating
signaling of transforming growth factor (TGF) [7]. Recent evidence suggests a defect in immunosuppressive
cytokines in association with UC and CD such as IL-10 [8].
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Studies have shown that Th cells play a significant role in the pathogenesis of the disease, where Th1 cells
influence the severity of intestinal inflammation, particularly in the case of CD. On the other hand, Th2 cells
are believed to be actively participating in UC [9]. Recent evidence demonstrates engagement of Th17
cells and impairment of regulatory T cells (Tregs) as an important component regulating the intestinal
immune balance [10]. Therefore, various immune subsets of CD4+ T cells and other immune cells have a
crucial role in the development of IBD including Th1, Th2, Th17, and Tregs. The disease progression is
largely attributed to an immunological imbalance between the Th cells and Tregs, which disrupts the
immune homeostasis [9]. Tregs' immune regulation properties promote the expression of forkhead box P3
(FOXP?3) transcription factor and CD25, all of which are responsible for immune tolerance due to their
immunosuppressive abilities [11]. Recent research also highlights the role of certain novel pathogenic
lymphoid cells also known as innate lymphoid cells (ILCs) contributing to the pathogenesis of IBD.

The present review aims to elaborate on the role of CD4+ Th cells and other immune cells involved in the
pathogenesis of IBD. This will help to assess the Th lineage-specific transcription factors (TFs) and
associated cytokines involved in the etiopathogenesis of IBD [12].

Background

IBD is a chronic inflammatory disorder and one of the most common inflammatory diseases of the GI tract
in young adults. It is now equally prevalent in western countries as well as in Asian countries.

Recently, there has been an increasing IBD burden in low- to middle-income countries as opposed to the
earlier notion of this being a disease of the affluents. It occurs due to a variety of factors, namely, local
immune alteration, disruption and inflammation of the mucosa, environmental factors, microbial
commensals, and pathogen-induced genetic predisposition or genetic alteration in protective factors, etc.

So far, an exact etiopathogenesis of IBD is yet to be completely elucidated. Several recent pieces of research
have emphasized the role of altered innate and humoral immunity in its causation, including a few animal
models of IBD. Immune dysregulation in the GI tract incited by various pathogenic stimuli has also gained
great attention from researchers in the field of IBD. Various T cell subsets like Th1, Th2, Th17, Tregs, and
associated cytokines such as IL-1, IL-2, IL-12 IL-23, etc. with their corresponding receptors have been found
to be responsible for mucosal immune dysregulation and subsequent disease development. Due to the poor
understanding of its etiopathogenesis, IBD is still a challenge for the treating clinicians leading to persistent
and recurrent disease in many cases.

This review focuses on highlighting the role of various T cell subsets, their interplay, and associated
cytokines involved in the pathogenesis of IBD along with a short description of genetic as well as other
immunological factors. A better understanding of the pathogenic factors and subsequent randomized
controlled trials targeting these factors is prudent for better therapeutic approaches for IBD.

Review
Pathogenesis of IBD

In IBD, inflammation occurs within the intestine, which acts as the main site for disease development [13].
Intestine consists of a diverse and dense amount of commensal microbiota, making it a unique environment
for bacteria and other pathogens. The immune system within the intestine is engaged in a complex process
of homeostatic immunity [14]. Balanced homeostasis provides a symbiotic relationship between the host and
commensal. This is required for the maintenance of a healthy gut and, eventually, for the health of the host
[15]. Homeostatic immunity regulates the interaction between the host and bacteria by two crucial
mechanisms. First is the level of stability and immune tolerance toward commensals and potential
pathogens. Second is the integrity of the intestinal mucosal barrier in regulating the protective environment
within the gut [16]. Loss of mucosal barrier compromises the structural framework that is ensured by the
mucus layer produced by the goblet cells and a single layer of epithelial cells. This facilitates the entrance of
luminal microbial products in addition to the commensal bacteria that penetrate the subjacent lamina
propria and therefore results in the activation of an inflammatory immune response [17]. As a result, innate
and adaptive cells infiltrate the intestinal mucosa and accentuate the disruption of the mucosal barrier in
IBD. In this process of inflammation, effector T cells and dysregulation of T cell-mediated tolerance are
identified as major components contributing to the onset and progress of this condition [14]. A simplified
diagram to explain the different factors involved in the pathogenesis of IBD has been depicted in Figure 1.
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FIGURE 1: Simplified schema of immunological factors involved in the
causation of IBD

IBD: Inflammatory bowel disease; ROS: Reactive oxygen species; Th: T helper; Tr1: Regulatory T cell type 1.

Expression of Th1 and Th17 has been identified in both UC and CD patients, although variation in Th2
responses distinguishes CD from UC [8]. Patients with IBD have an increased percentage of mucosal
cytokines produced by Th17 and Th1/Th17 cells [18]. Studies have shown that patients with inflamed
mucosa have an increased activity of IL-22 and IL-17A/IL-23 axis in both CD and UC. A similar pattern of
the disease has been observed in experimental animal models with artificially enhanced IL-22 and IL-
17A/IL-23 levels. Furthermore, reduced responses of FOXP3 Tregs and regulatory T cell type 1 (Tr1) and
increased responses of Th1, Th2, and Th17 are believed to play a crucial role in the pathogenesis of IBD
8,19].

As mentioned earlier, balanced mucosal immunity is integral to maintaining immune homeostasis and
defense [20]. The main immune cells required for intestinal immunity are effector CD4+ or CD8+ T cells,
dendritic cells (DCs), macrophages, and Tregs. Active participation of different cell types is the main reason
accounting for heterogeneous effects and disease manifestations in relation to IBD. Genome-wide
association evidence reports more than 100 specific loci responsible for IBD development with critical
pathways, including reactive oxygen, innate immune response, microbial defense, antimicrobial activity,
and intestinal barrier [21].

To gain a better understanding of the underlying mechanism of IBD, several animal models have been
studied [22]. Mice models have been popularly used to assess the role of bacterial, genetic, and other specific
factors contributing to the onset of IBD [23]. Studies on mouse models have been conducted in all kinds of
environmental settings such as germ-free and xenobiotic mice to identify the importance of specific
microflora [19]. Additionally, experimental mouse models or genetic models have been developed to gain
insights into the etiology of IBD.

Role of cytokines

Various IBD-associated genes have been associated to be strongly involved in disease progression. The main
factor is the role of CD4+ Th cells in the onset and development of IBD, which affects the normal intestinal
barrier function [24]. The pathways interact in a suitable manner to minimize the risk of IBD; however,
impaired intestinal homeostasis augments it. Cytokines play an important part in regulating these
pathways, thus promoting molecular interaction between the epithelium, microbiota, and mucosal immune
cells. This shows that cytokines and numerous cytokine receptors are among the most strongly associated
class of genes regulating IBD such as IL-1R1, IL-2, IL-2RA, IL-12B, IL-27, IL-12R, and IL-23R [24].

Currently, the pathogenic role of Th1 and Th17 cells in UC and CD is suggested to be associated with the
occurrence of the p40 subunit as a common factor related to certain key cytokines including IL-23, IL-12,
and heterodimeric cytokines. IL-23 promotes the expression of Th17 cells and inhibits the Tregs response,
eventually facilitating gut inflammation with increased activity of the IL-23/IL-17 axis in IBD [25]. In recent
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times, growing evidence demonstrates the importance of cytokines in innate immunity and maintenance of
epithelial functions. T cells and, especially, CD4+ Th cells play a crucial role in this disease. A short
recapitulation of the cytokines, chemokines, and TFs involved in the pathogenesis of IBD has been listed in
Table 1.

Cytokine activity in IBD Chemokine receptors and adhesion molecules in IBD Transcription factors in IBD
Increased mucosal cytokines secreted by Th17, Th1/Th17 cells
Increased activity of IL-22 and IL-17A/IL-23 axis CCR4, CCR5, CCR7, CCR9, CD62L, aEb7 integrin, a4b7 integrin T-bet, STATs, GATA3, NF-kB, NOD2

Other cytokines: IL-1b, IL-2, IL-2Ra, IL-10, IL-12B, IL-12R, IL-15, IL-16, IL-18, IL-22, IL-23R, IL-27, TNF-alpha, TGF-beta

TABLE 1: A concise list of cytokines, chemokine receptors, adhesion molecules, and transcription
factors involved in the pathogenesis of IBD

IBD: Inflammatory bowel disease; Th: T helper; IL: Interleukin; TNF: Tumor necrosis factor; TGF: Transforming growth factor; CCR: Chemokine receptor;
CD: Cluster of differentiation; T-bet: T-box expressed in T cells; STAT: Signal transducer and activator of transcription; GATA: GATA transcription factor;
NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells; NOD2: Nucleotide-binding oligomerization domain-containing protein 2.

An understanding of Th cells and other immune cells provides an insight into the genetics of cytokine
dysregulation and relevant treatment options that can be used for its management by developing
therapeutics designed for tissue-specific functions [4].

CD4+ T cells and T cell subsets in IBD

Bone marrow precursor cells produce Th cells, while in the thymus, a specific T cell antigen receptor (TCR) is
acquired by these cells such that they enter peripheral circulation including the blood and lymphatic vessels.
The activation of naive Th cells occurs in the peripheral lymphoid organs such as the spleen and peripheral
lymph nodes where they are recognized by unique major histocompatibility complex class II (MHC-II)
expressed by DCs. Furthermore, the activation of Th cells stimulates clonal expansion along with
differentiation of the cells into distinct phenotypes that represent a wide number of effector and regulatory
subsets [26]. The variants usually depend on the cytokines present in the microenvironment. The Th subsets
include a list of functional cell types [26], which are (i) Th1 cells that express interferon-gamma (IFNY); (ii)
Th2 cells that secrete IL-4; (iii) Th22 cells that express IL-22; (iv) Th17 cells that secrete IL-17A, IL-17F, IL-
22, and “induced” Tregs (iTregs); (v) Th9 cells that secrete IL-9; and (vi) T follicular helper (Tfh) cells that
secrete IL-21 and control germinal center activities in lymphoid organs. The functions of all these Th cells
are maintained by the polarized expression of regulatory or effector cytokines.

The exact role of Th cells in UC and CD remains controversial. Particularly, the specificity of T cell response
is under the influence of the MHC; however, the significance of genetic susceptibility is more significant in
UC than in CD. For example, in certain chemically induced mouse models, T cell involvement was not
identified in IBD [24]. On the other hand, few chronic mouse models were Th cell-dependent such as
SAMP1/YitFc ileitis [4] and T cell transfer-induced colitis.

Role of T Helper 1 (Thl) Cells

Th1 cells are an integral component that provides effective protection against infectious pathogens. These
are mainly associated with the production of tumor necrosis factor (TNF) and IFNy, which in turn directly
activate cytotoxic CD8+ T cells and macrophages, respectively. The combined action of these cytokines
promotes the destruction of pathogenic bacteria and viruses [27]. Patients with IBD have higher Th1 cells
accumulated in their intestinal tract, particularly in CD individuals that directly influence the disease. The
antigen-presenting cells produce IL-12 that plays a major role in promoting the differentiation of naive T
cells into Th1 cells through the signal transducer and activator of transcription 4 (STAT4) [28].

Studies conducted in mice have shown that Th1/Th17 bias in IBD may be caused due to the specific
microenvironment in the ileum so that even in the absence of inflammation, there is a promotion of Th1
and Th17 cell development. Various mouse models have demonstrated the pathogenic potential of Th1 cells.

Moreover, Th cells obtained from STAT4 ™ mice were unable to transfer intestinal inflammation in recipients
with severe combined immunodeficiency [29].

Role of Th2 Cells

Th2 cells are considered important effectors when it comes to airway inflammation in asthma [30]. Studies
have mentioned high levels of Th2-related cytokines, especially IL-5 and IL-13 in intestinal immune cells of
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lamina propria of patients with UC. In addition, reports also demonstrate increased levels of GATA binding
protein 3 (GATA-3), a Th2 master transcription factor in IBD patients [31].

Th2 cells produce IL-5, a major cytokine that regulates differentiation of eosinophil (in bone marrow) and
tissue infiltration. The role of IL-5 and eosinophil in IBD is unclear, although a recent study conducted in a
mouse model reported the influence of IL-5 and granulocyte-macrophage colony-stimulating factor (GM-
CSF) in increasing the eosinophil activation and tissue damage, which were predominantly dependent on IL-
23. These findings are of paramount importance as they demonstrate the influence of various Th

cell subtypes (Th17/GM-CSF, Th2/IL-5) and how they can enhance mucosal inflammation [4]. However, the
involvement of various subsets of Th2 cells such as IL-446 and other associated cytokines remains
controversial. Further studies are required to establish its clear role in the pathogenesis of IBD.

Th17 Cells in IBD

The traditional approach includes a Th1/Th2 paradigm in both UC and CD, which was later challenged with
the introduction of IL-17-expressing Th17 cells [23]. Th17 cells play a significant part in restoring the
commensal population and promoting epithelial barriers at sites such as the skin and gut. However,
conditions, where the immune system is impaired disease, can exacerbate [32].

The differentiation of Th17 is largely regulated by IL-6 and TGF- and enhanced by accessory cytokines such
as IL-23 and IL-1B [33]. Th17 differentiation is downregulated by cytokines including IFN-y, IL-4, and IL-2
[34]. There are two different forms of Th17, mainly the pathogenic and non-pathogenic forms. The
pathogenic Th17 cells exhibit a special feature as they produce both IFN-y and IL-17A [35]. The production
of IL-17A/IFNY by T cells is one of the important characteristics of IBD patients, demonstrating the
development of inflamed intestinal tissue. This unique feature is also seen in other conditions such as
rheumatoid arthritis (RA) and psoriatic skin lesions [36]. On the contrary, non-pathogenic Th17 cells express
IL-17A with IL-10 and lack the expression of IFN-y. Pathogenic Th17 cells have a more specific
transcriptional profile than non-pathogenic Th17 cells and are expressed by higher levels of IL-23 receptor
(IL-23R). The strongest genetic association with CD is shown by IL-23R, together with NOD2, denoting the
fact that IL-23R regulates the signaling in IBD patients [37]. Interestingly, Th17-signature genes are seen to
be closely associated with human IBD with common genes presented by them such as the granulopoiesis
cytokine GM-CSF (colony-stimulating factor 2 [CSF2]), Th1-associated TFs (T-bet [Tbx21], STAT4), the IL-7
receptor alpha chain (I17r), and granzyme B (Gzmb) [24].

Regulatory T Cells (Tregs)

Regulatory T cells consist of heterogeneous subtypes of CD4+ T cells, exhibiting immunosuppressive
properties. These cells demonstrate an increased level of FOXP3, a master transcription factor, and IL-2
receptor (CD25), which are among the most significant populations related to immunosuppressive
phenotype [38]. FOXP3 presents with various immunosuppressive activities against intestinal inflammation,
infections, tumors, autoimmune diseases, and allergies. It has two main subsets, FOXP3-negative type 1
Treg (Trl) cells and FOXP3-positive Tregs.

Tregs play a crucial role in establishing gut immune homeostasis and regulating the inflammatory response
exhibited by innate and adaptive immune effectors [39]. Mouse models with severe autoimmune phenotype
in addition to the genetic defect of the FOXP3 gene prevent the development of Tregs resulting in impaired
activation of the gut immune system [40] and eventually leading to inflammation in the gut. Furthermore,
evidence shows that a mutation in the FOXP3 gene contributes to the development of immune
dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, a rare autoimmune disease,
along with other autoimmune conditions such as IBD, diabetes, and arthritis [41]. IBD patients generally
have a higher amount of Tregs in the inflamed mucosal epithelium compared to the non-inflamed mucosal
part. The functions and phenotype of the regulatory helper cells differ in the inflamed mucosa of IBD
patients from that of peripheral lymphoid organs of individuals in a healthy state. Patients with IBD have
decreased number of peripheral Tregs and a higher amount of peripheral Th17 cells [42]. Furthermore,
patients with IBD demonstrate higher expression of FOXP3 and increased levels of cytokines such as IL-17A,
IL-1, and IL-6 [34]. Additionally, Tregs are associated with the tissue repair mechanism within the intestine.
Considering all kinds of populations of intestinal Treg, it is observed that Tr1 cells are actively involved in
the repair of the intestinal mucosa, especially where co-expression of master TFs, GATA3 and Th2, occurs
[43]. Table 2 highlights the major alterations in Th and regulatory cells' activity in different IBDs and the
common genomic pathways that contribute to their pathogenesis.
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T cell activity in IBD

Increased response of Th1, Th2, Th17
Decreased response of Treg and Tr1
UC: Th2 predominant

CD: Th1 predominant

Genomic alterations in IBD (approx. > 100 loci) for critical protective pathways

Reactive oxygen species

Cytokine receptors

Innate immune responses

Microbial defense

Antimicrobial activity

Mucosal barrier of intestine

TABLE 2: Summary of predominant T cell type activity and the common genomic pathway
alterations contributing to the pathogenesis of IBD

IBD: Inflammatory bowel disease; Th: T helper; Tr1: Regulatory T cell type 1; UC: Ulcerative colitis; CD: Crohn’s disease.

The findings based on various clinical studies implicate the role of Tregs in controlling mucosal
inflammation, although altered Treg function remains an issue of concern. Few studies have reported a
decreased number of these cells in the inflamed mucosa of patients with IBD [41], while others have
mentioned a higher expression of FOXP3 [44]. The underlying mechanism associated with Treg-mediated
immune suppression needs further evaluation as several molecules have been linked with the regulation of
intestinal immune balance around Treg cells [45].

ILCs in IBD

ILCs ensure the protective immunity within the mucosal tissues. They are a recently identified class of
effector lymphocytes that produce important cytokines involved in IBD. ILCs are unique due to the absence
of antigen-specific receptors and phenotypic characteristics in association with immune cells, although they
have specific lymphoid morphology [46]. The cells can be categorized into three distinct subsets depending
on the expression of TFs associated with lineage differentiation, which include ILC1, ILC2, and ILC3.

The key ILCs implicated in the pathogenesis of IBD are the ones that express IL-17 and IFN-y. A
Helicobacter hepaticus IBD model demonstrated the pathogenicity of ILC3 [47]. Additionally, IBD patients
also express innate immune cells linked to ILC3 genes (for example, IL-17A, IL-22, and IL-23R) [48]. Patients
with CD have higher levels of IFN-y-producing ILC1. Another important factor seen in CD patients is an
increased amount of IL-12 and IL-15 expressed in relation to intraepithelial CD103+NKp46+ILC1 and
NKp46+ILC1 expressed in lamina propria, highlighting a significant role in the pathogenesis of the IBD
within the ileum [49].

To gain a better understanding of the underlying mechanism of IBD, several animal models have been
studied [21]. Mice models have been popularly used to assess the role of bacterial, genetic, and other specific
factors contributing to the onset of IBD [22]. Studies on mouse models have been conducted in all kinds of
environmental settings such as germ-free and xenobiotic mice to identify the importance of specific
microflora [23]. Additionally, experimental mouse models or genetic models have been developed to gain
insights into the etiology of IBD (Table 3) [19].
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Animal model

Chemical drug-induced

model

Adoptive transfer model

Bacteria-infected model

Agent implied

DSS (Dextran sulfate sodium)

TNBS (2,4,6-trinitrobenzene sulfonic

Outcome

TNF-a, IL-17, and reduced Treg cells of increased i in the intestine

IL-12, IL-17, and reduced Treg cells of increased i 1 in the intestine

acid)
Indomethacin Reduced prostaglandin E1 and E2. This resulted in increased levels of reactive oxygen species (ROS) and a few other free radicals, eventually causing IBD.
Oxazolon Increased production of IL-4 and IL-5 driven by Th2. This shows an association similar to human UC.

Naive T cell-Rag’"/SCID

CD8 transfer

C. acute infection

Helicobactor hepaticus

Recovery by Treg cell transfer as seen in IBD patients.

DNBS led to colitis, with the production of cytotoxic CD8+ T cell (Tc1) by IFN. The disease was inhibited by depleting the antibody of CD8+ and no other variants of

CD4+ T cells.

IL-17 as an active component of IBD.

The mice models infected with H. hepaticus exhibited CD45RB high T cells, suggesting abnormal immune response in IBD.

Gene-manipulated model -2 Reduced Treg cells indicating increased intestinal inflammation.
IL-10 Reduced Treg cells indicating increased intestinal inflammation.
Myd88 Impaired TLR signal indicating increased intestinal inflammation.
Mdria™ Reduced iTreg cell differentiation shows impaired immune balance.
CD4PDKI™- Reduced Treg cell indicating increased intestinal inflammation.
TNFAARE Increased TG and CD8 function suggestive of abnormal immune regulation.
B/CD40LTG Increased IFNy indicating increased intestinal inflammation.
TNBS Low-dose IL-2 used as a therapeutic intervention for expanding Tregs.
TNBS Higher colonic inflammation and small bowel enteropathy due to transfer of CD4+ T cells in animal models.
TNBS Low-dose (LD) IL-2 used as a therapeutic intervention for expanding Tregs.

TABLE 3: Short review of the animal models of IBD pathogenicity

Rag-/-/SCID: Recombination activating genes knockout model/severe combined immunodeficiency; TNF: Tumor necrosis factor; UC: Ulcerative colitis;
TLR: Toll-like receptors; Treg cells: Regulatory T cells; CD40LTG: CD40 ligand transgene; IFNy: Interferon-gamma; IBD: Inflammatory bowel disease.

Conclusions

In addition to other factors, immune cells and cytokines play a significant role in the pathogenesis of IBD.

Understanding of the pathogenetic factors, especially immune regulation in IBD pathogenesis, has increased
vastly in recent years. The important T cell subsets and other immune cells necessary for maintaining
mucosal immunity, epithelial barrier, and overall gut health have been discussed in this review article.
Findings obtained from several animal models emphasize that IBD therapy requires continued integration of
genomic analysis, functional assessment, and identification of specific risk factors that lead to the onset of
this chronic inflammatory disease. Immune dysregulation and its clear understanding will help to address
this prevalent disease more precisely. Further randomized clinical trials should be conducted to gain insights
into the underlying mechanism and develop advanced therapeutic strategies that can effectively treat IBD.
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