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Abstract 

Regulatory T cells (Tregs) are crucial for the maintenance of immune tolerance, ensuring that 

the immune system does not attack self-antigens and thereby preventing autoimmune 

diseases. These cells play a central role in regulating the immune response, balancing 

immune activation and suppression. Recent research has highlighted the importance of Tregs 

in both immune homeostasis and inflammation, particularly in inflammatory diseases. This 

paper explores the role of Tregs in immune tolerance and their involvement in various 

inflammatory conditions. The mechanisms by which Tregs suppress immune responses, their 

interactions with other immune cells, and the consequences of Treg dysfunction in 

inflammatory diseases are discussed. Additionally, potential therapeutic strategies targeting 

Tregs for the treatment of autoimmune and inflammatory disorders are explored. 

Keywords: Regulatory T cells, immune tolerance, inflammatory diseases, autoimmunity, 

immune regulation, therapeutic strategies. 

1. Introduction 

Immune tolerance is a critical process that ensures the immune system recognizes and 

eliminates harmful pathogens while avoiding the attack on the body's own tissues. Regulatory 

T cells (Tregs), a subset of CD4+ T cells, are pivotal in maintaining this balance. Tregs exert 

suppressive functions that control the activity of effector T cells, prevent the development of 

autoimmune diseases, and regulate inflammation. In recent years, a growing body of research 

has highlighted the importance of Tregs in the pathogenesis of various inflammatory 

diseases, suggesting their potential as therapeutic targets. 

Tregs are defined by the expression of the transcription factor Foxp3, which is essential for 

their development and function. These cells are instrumental in maintaining immune 

homeostasis and preventing pathological immune responses. However, dysfunction in Tregs 
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can lead to autoimmune diseases, chronic inflammation, and exacerbated tissue damage. This 

paper aims to review the role of Tregs in immune tolerance and their involvement in 

inflammatory diseases, including autoimmune diseases such as rheumatoid arthritis (RA), 

inflammatory bowel disease (IBD), and multiple sclerosis (MS). We will also discuss 

potential strategies for harnessing Tregs in therapeutic interventions for these conditions. 

2. Mechanisms of Treg Function 

Tregs suppress immune responses through multiple mechanisms. One of the primary ways 

Tregs exert their function is by producing immunosuppressive cytokines such as IL-10, TGF-

β, and IL-35. These cytokines inhibit the activation of effector T cells and other immune 

cells, including dendritic cells and macrophages (Sakaguchi et al., 2008). Furthermore, Tregs 

can also suppress immune responses through cell-cell contact-dependent mechanisms, 

including the expression of inhibitory receptors such as CTLA-4, which downregulates the 

activity of antigen-presenting cells (APCs) (Wing et al., 2008). 

Another mechanism by which Tregs maintain immune tolerance is through metabolic 

regulation. Tregs consume high levels of IL-2, depriving effector T cells of this growth 

factor, which leads to their inhibition (Kretschmer et al., 2005). This metabolic competition is 

an important aspect of Treg function in immune homeostasis. Additionally, Tregs can induce 

apoptosis in effector T cells and other immune cells that are involved in inflammatory 

responses (Sharma et al., 2019). Regulatory T cells (Tregs) are key players in maintaining 

immune homeostasis by suppressing excessive immune responses and promoting immune 

tolerance. These cells play a central role in preventing autoimmunity, maintaining tissue 

integrity, and controlling chronic inflammation. Tregs exert their suppressive function 

through various mechanisms that can be broadly categorized into cytokine-mediated 

suppression, cell-contact-dependent mechanisms, metabolic regulation, and induction of 

apoptosis in other immune cells. Below are the main mechanisms by which Tregs carry out 

their immune regulatory functions. 
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2.1. Cytokine-Mediated Suppression 

One of the primary ways that Tregs regulate immune responses is through the secretion of 

immunosuppressive cytokines. These cytokines act to inhibit the activation and proliferation 

of effector T cells and other immune cells, helping to prevent excessive immune activation. 

 Interleukin-10 (IL-10): IL-10 is a potent anti-inflammatory cytokine that is produced by 

Tregs. It helps to inhibit the function of various immune cells, including effector T cells, 

dendritic cells, and macrophages. IL-10 suppresses the production of pro-inflammatory 

cytokines and promotes immune tolerance (Saraiva & O'Garra, 2010). 

 Transforming Growth Factor-beta (TGF-β): TGF-β is another key cytokine produced 

by Tregs, which plays a major role in suppressing immune responses. It can inhibit the 

activation and differentiation of effector T cells, promote the differentiation of naive T 

cells into Tregs (a process known as "Treg conversion"), and suppress the activation of 

antigen-presenting cells (APCs) (Bettelli et al., 2006). 

 Interleukin-35 (IL-35): IL-35, a member of the IL-12 family, is also produced by Tregs. 

It has recently been shown to contribute to the immunosuppressive functions of Tregs, 

particularly in the regulation of Th17 responses (Collison et al., 2007). IL-35 can also 

suppress the activation of effector T cells and induce the expansion of Tregs in certain 

contexts. 

2.2. Cell-Contact-Dependent Mechanisms 

Tregs can also exert their suppressive effects through direct cell-cell interactions, particularly 

through the expression of inhibitory receptors and molecules that dampen the activation of 

other immune cells. 

 CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4): One of the most studied molecules 

involved in Treg-mediated suppression is CTLA-4. CTLA-4 is a homolog of CD28, a co-

stimulatory molecule on T cells, but it acts as an inhibitor of T cell activation. Tregs 

express high levels of CTLA-4, and through its interaction with CD80 and CD86 on 

antigen-presenting cells (APCs), CTLA-4 downregulates the costimulation required for 
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effector T cell activation (Walunas et al., 1994). This interaction not only reduces T cell 

activation but also inhibits the production of pro-inflammatory cytokines. 

 PD-1 (Programmed Cell Death Protein 1): Tregs also express PD-1, an inhibitory 

receptor that dampens immune responses by interacting with its ligands, PD-L1 and PD-

L2. The engagement of PD-1 on Tregs with PD-L1 on other immune cells suppresses the 

activation of both effector T cells and APCs, contributing to immune tolerance (Pardoll, 

2012). 

 LAG-3 (Lymphocyte Activation Gene-3): LAG-3 is another receptor expressed by 

Tregs that has been shown to mediate immune suppression. LAG-3 interacts with MHC 

class II molecules on APCs, contributing to the downregulation of APC activity and 

limiting the activation of effector T cells (Anderson et al., 2003). 

2.3. Metabolic Regulation 

Tregs also utilize metabolic mechanisms to suppress the immune response, primarily by 

controlling the availability of key nutrients that affect immune cell function. One of the key 

metabolic regulators of Treg function is the cytokine IL-2. 

 IL-2 Consumption: Tregs have a high affinity for IL-2, a cytokine that is critical for the 

survival and proliferation of T cells. By consuming IL-2, Tregs effectively limit the 

availability of this cytokine for effector T cells, thereby inhibiting their growth and 

activation. This mechanism helps to restrict the expansion of autoreactive T cells and 

promotes immune tolerance (Kretschmer et al., 2005). 

 mTOR Pathway and Energy Regulation: Tregs also utilize the mTOR (mechanistic 

target of rapamycin) pathway to regulate their function and energy production. The 

mTOR pathway is involved in cellular metabolism and differentiation. In Tregs, a specific 

form of mTOR inhibition promotes the development and function of Tregs. Rapamycin, 

an mTOR inhibitor, can enhance Treg function and stability, making it a potential 

therapeutic tool for autoimmune diseases and transplantation (Zhang et al., 2014). 
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2.4. Induction of Apoptosis 

Tregs can induce apoptosis in effector T cells and other immune cells as a means of 

maintaining immune tolerance. This function is particularly important in preventing the 

activation of autoreactive T cells. 

 Fas/FasL Interaction: One of the key pathways through which Tregs induce apoptosis is 

the Fas/FasL (Fas Ligand) pathway. Tregs express FasL, which can bind to Fas receptors 

on effector T cells, triggering apoptosis. This mechanism serves to eliminate effector T 

cells that are potentially harmful or autoreactive (Sharma et al., 2019). 

 Granzyme and Perforin: Tregs can also express granzyme and perforin, molecules that 

are typically associated with cytotoxic T cells. Through these molecules, Tregs can 

directly kill effector T cells by inducing cell death. This mechanism, although not as 

widely studied as others, contributes to the overall suppressive function of Tregs (Wang 

et al., 2008). 

2.5. Treg-Dependent Conversion of Effector Cells 

In addition to suppressing effector T cells, Tregs can induce the conversion of other immune 

cells into suppressive phenotypes. This includes the promotion of Treg differentiation from 

naive T cells, a process known as "Treg conversion" or "induced Tregs" (iTregs). 

 TGF-β-Driven Differentiation: One of the most important factors in the differentiation 

of iTregs is TGF-β. Tregs can release TGF-β, which induces the conversion of naive 

CD4+ T cells into Tregs. This process can occur in peripheral tissues and is critical in 

controlling immune responses in sites of inflammation (Bettelli et al., 2006). 

Tregs employ a multifaceted approach to suppress immune responses and maintain immune 

tolerance. Their functions are governed by cytokine production, cell-contact-dependent 

interactions, metabolic regulation, and induction of apoptosis in other immune cells. 

Together, these mechanisms help Tregs to control the balance between immune activation 

and suppression, ensuring the proper functioning of the immune system and preventing 

harmful autoimmune responses. Understanding these mechanisms is crucial for the 
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development of therapies aimed at enhancing or suppressing Treg function in the treatment of 

various autoimmune and inflammatory diseases. 

3. The Role of Tregs in Autoimmune Diseases 

In autoimmune diseases, the immune system mistakenly targets self-antigens, resulting in 

chronic inflammation and tissue damage. A breakdown in Treg function is often implicated in 

the pathogenesis of these diseases. For example, in rheumatoid arthritis (RA), a chronic 

inflammatory disorder that primarily affects the joints, Tregs are found to be functionally 

impaired (Kinne et al., 2000). The reduced number and function of Tregs in RA patients 

contribute to the uncontrolled activation of autoreactive T cells and the persistence of 

inflammation. 

Similarly, in inflammatory bowel disease (IBD), which includes conditions like Crohn's 

disease and ulcerative colitis, Treg dysfunction has been observed in both animal models and 

human patients (Anderson et al., 2017). The impaired ability of Tregs to suppress 

inflammation in the gut leads to the activation of inflammatory pathways that drive tissue 

damage and disease progression. 

Multiple sclerosis (MS), a central nervous system autoimmune disorder, also involves Treg 

dysfunction. MS patients exhibit a reduced frequency of Tregs and diminished Treg 

suppressive activity, which contributes to the inflammatory processes that lead to 

demyelination and neurodegeneration (Huan et al., 2005). These findings underscore the 

importance of Tregs in the regulation of autoimmune responses and their potential as targets 

for therapeutic intervention. Regulatory T cells (Tregs) are essential for maintaining immune 

homeostasis and preventing immune responses that attack the body’s own tissues. Their 

dysfunction is a key feature in the development of autoimmune diseases, where the immune 

system mistakenly targets self-antigens, leading to chronic inflammation and tissue damage. 

In autoimmune diseases, Tregs are often impaired in number, function, or both, contributing 

to the breakdown of self-tolerance and the activation of autoreactive immune responses. This 

section explores the critical role of Tregs in autoimmune diseases, including rheumatoid 

arthritis (RA), systemic lupus erythematosus (SLE), multiple sclerosis (MS), and type 1 

diabetes (T1D). 
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3.1. Rheumatoid Arthritis (RA) 

Rheumatoid arthritis (RA) is a chronic autoimmune disorder that primarily affects the joints, 

causing inflammation, pain, and eventually joint destruction. In RA, the immune system 

targets synovial tissue, and autoreactive T cells, particularly Th1 and Th17 cells, play a 

central role in disease progression. Tregs, which normally function to suppress these 

autoreactive T cells, are often found to be functionally impaired in RA patients. 

Studies have shown that RA patients exhibit reduced numbers of Tregs in their peripheral 

blood and synovial fluid compared to healthy individuals (Kinne et al., 2000). The reduced 

functionality of Tregs in RA is thought to be linked to the overproduction of pro-

inflammatory cytokines such as IL-6 and TNF-α, which impair the suppressive abilities of 

Tregs (Rojas et al., 2008). Moreover, Tregs in RA patients often exhibit a diminished ability 

to control the activation of effector T cells and to suppress the production of inflammatory 

cytokines. This dysregulation of Treg function contributes to the persistent inflammation and 

tissue damage seen in RA. 

3.2. Systemic Lupus Erythematosus (SLE) 

Systemic lupus erythematosus (SLE) is a prototypical autoimmune disease characterized by 

the production of autoantibodies against nuclear antigens, leading to inflammation and 

damage to various organs, including the skin, kidneys, and joints. Tregs are crucial in 

controlling the autoreactive immune response in SLE, and alterations in Treg function and 

numbers are commonly observed in this disease. 

In SLE, Tregs are often present in lower numbers, and those that are present exhibit impaired 

suppressive function. This Treg dysfunction is associated with increased activation of 

autoreactive B cells and T cells, contributing to the production of autoantibodies and the 

amplification of inflammation (Lo et al., 2005). In particular, a subset of Tregs in SLE 

patients expresses higher levels of the activation marker CD69, which is thought to impair 

their suppressive function (Baecher-Allan et al., 2004). Moreover, defective signaling 

through cytokines like TGF-β and IL-2 further hampers Treg-mediated suppression in SLE. 
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The dysfunction of Tregs in SLE highlights their critical role in controlling the autoimmune 

process. Restoring Treg function, through strategies such as low-dose IL-2 therapy, has 

shown promise in early clinical trials as a potential treatment for SLE (Zheng et al., 2016). 

3.3. Multiple Sclerosis (MS) 

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system (CNS) that 

leads to the demyelination of neurons and neurodegeneration. The immune system, 

particularly T cells, attacks the myelin sheath surrounding neurons, disrupting normal nerve 

function. Tregs play an important role in preventing the activation of autoreactive T cells that 

target myelin. 

In MS, the number and function of Tregs are often impaired. Reduced Treg numbers in the 

blood and cerebrospinal fluid of MS patients have been reported, and Tregs from MS patients 

may be less effective at suppressing autoreactive T cells (Huan et al., 2005). Furthermore, 

studies have shown that the balance between pro-inflammatory Th17 cells and Tregs is 

disrupted in MS, with an increased presence of Th17 cells contributing to disease 

pathogenesis (Liu et al., 2015). In experimental autoimmune encephalomyelitis (EAE), a 

mouse model of MS, the induction of Tregs has been shown to protect against disease, 

highlighting the potential therapeutic benefit of enhancing Treg function in MS. 

3.4. Type 1 Diabetes (T1D) 

Type 1 diabetes (T1D) is an autoimmune disease in which the immune system attacks and 

destroys insulin-producing beta cells in the pancreas, leading to insulin deficiency and 

hyperglycemia. Tregs play a crucial role in maintaining tolerance to pancreatic islet cells, and 

their dysfunction is a major factor in the pathogenesis of T1D. 

In individuals with T1D, there is often a significant reduction in the number and function of 

Tregs. Studies have shown that Tregs from T1D patients have a diminished ability to 

suppress the activation of autoreactive T cells that target beta cells (Shao et al., 2008). 

Moreover, a defect in TGF-β signaling in Tregs has been implicated in the development of 

T1D, as this signaling pathway is crucial for the differentiation and function of Tregs in 

maintaining tolerance to islet cells (Zhao et al., 2013). 
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In animal models of T1D, such as the non-obese diabetic (NOD) mouse, enhancing Treg 

function or increasing their numbers has been shown to delay or prevent the onset of diabetes 

(Baecher-Allan et al., 2006). This suggests that strategies aimed at increasing Treg function 

could have therapeutic potential in T1D. 

3.5. Other Autoimmune Diseases 

Beyond the diseases discussed above, Treg dysfunction has been implicated in various other 

autoimmune disorders, including inflammatory bowel disease (IBD), psoriasis, and 

thyroiditis. In IBD, for example, defective Treg function is associated with excessive 

inflammation in the gastrointestinal tract, as Tregs fail to adequately suppress Th1 and Th17 

responses (Anderson et al., 2017). Similarly, in psoriasis, a chronic skin disease, the 

suppression of inflammatory responses by Tregs is impaired, contributing to the development 

of the disease (Clark et al., 2006). 

3.6 Mechanisms of Treg Dysfunction in Autoimmune Diseases 

The dysfunction of Tregs in autoimmune diseases can result from several mechanisms: 

 Altered Treg Development: In some autoimmune diseases, the development of Tregs is 

impaired, leading to a reduced number of functional Tregs in the peripheral circulation. 

This can result from defects in the expression of key transcription factors, such as Foxp3, 

or defects in cytokine signaling pathways like TGF-β signaling. 

 Reduced Treg Stability and Function: In autoimmune diseases, Tregs may lose their 

suppressive function due to inflammatory cytokines or chronic activation. For instance, 

IL-6 and TNF-α, which are elevated in many autoimmune conditions, can interfere with 

the stability and function of Tregs (Kohlgruber et al., 2013). 

 Treg Resistance to Suppression: In certain autoimmune diseases, Tregs may become 

resistant to the suppressive signals they normally receive, leading to an imbalance in the 

immune system. This can be seen in the impaired ability of Tregs to control Th17 cell 

responses, which play a central role in many autoimmune diseases, including MS and RA. 

3.7 Therapeutic Strategies Targeting Tregs in Autoimmune Diseases 
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Given the pivotal role of Tregs in maintaining immune tolerance, there is growing interest in 

therapeutic strategies aimed at restoring or enhancing Treg function in autoimmune diseases. 

These strategies include: 

 IL-2 Therapy: Low-dose IL-2 therapy has been shown to selectively expand Tregs 

without significantly increasing effector T cells. Clinical trials of low-dose IL-2 have 

demonstrated its potential in treating autoimmune diseases such as SLE and vasculitis by 

restoring Treg function and promoting immune tolerance (Zheng et al., 2016). 

 Treg Expansion and Adoptive Transfer: Another approach is the ex vivo expansion of 

Tregs, followed by adoptive transfer into patients. This has shown promise in animal 

models and in some clinical trials for conditions such as graft-versus-host disease 

(GVHD) and autoimmune diseases like T1D (Shao et al., 2008). 

 Targeting Inflammatory Pathways: Strategies aimed at blocking inflammatory 

cytokines such as IL-6, TNF-α, and IL-17 may help restore Treg function and enhance 

their ability to suppress autoimmune responses. Drugs like TNF inhibitors and IL-6 

blockers are already in use for diseases such as RA and IBD, and their effects on Tregs 

are being explored. 

Tregs play a crucial role in maintaining immune tolerance and preventing the development of 

autoimmune diseases. Their dysfunction is a hallmark of many autoimmune conditions, 

contributing to the breakdown of self-tolerance and the activation of autoreactive immune 

responses. Understanding the mechanisms underlying Treg dysfunction in these diseases is 

essential for developing targeted therapies aimed at restoring or enhancing Treg function. 

Such therapies have the potential to provide effective treatments for a wide range of 

autoimmune diseases, offering new hope for patients suffering from these chronic and often 

debilitating conditions. 

4. Tregs in Chronic Inflammatory Diseases 

In addition to autoimmune diseases, Tregs also play a role in chronic inflammatory diseases, 

such as asthma, atherosclerosis, and sepsis. In asthma, an inflammatory disorder of the 

airways, Tregs are thought to be involved in controlling allergic responses and preventing 

excessive inflammation (Ding et al., 2010). However, in individuals with asthma, Tregs often 

https://scholarsdigest.org.in/index.php/sdji


Scholar’s Digest : Journal of Immunology 
Vol. 1, No. 1, Year 2025 

Website : https://scholarsdigest.org.in/index.php/sdji 

PUBLISHED: 2025-04-16 

115 | P a g e  

fail to adequately suppress the exaggerated Th2-driven immune responses, leading to chronic 

airway inflammation. 

Atherosclerosis, a condition characterized by the buildup of plaque in the arteries, has also 

been linked to Treg dysfunction. Tregs are involved in controlling inflammation in the 

vasculature, and a reduction in Treg numbers has been associated with the progression of 

atherosclerosis (Kitsoulis et al., 2009). Similarly, in sepsis, a systemic inflammatory response 

to infection, Tregs play a dual role in both promoting immune suppression and limiting 

excessive inflammation. However, in severe sepsis, Treg function may become dysregulated, 

contributing to immune dysfunction and poor clinical outcomes (Cassatella et al., 2012). 

Regulatory T cells (Tregs) are essential components of the immune system that play a key 

role in maintaining immune homeostasis and preventing excessive or inappropriate immune 

responses. Tregs exert suppressive functions that ensure the body does not mount damaging 

inflammatory responses against self-tissues or harmless antigens. However, in the context of 

chronic inflammatory diseases, Tregs can be dysfunctional or insufficient, contributing to the 

persistence of chronic inflammation and tissue damage. Understanding the role of Tregs in 

chronic inflammatory diseases provides insight into potential therapeutic strategies aimed at 

restoring immune tolerance and controlling inflammation. 

4.1. Chronic Inflammatory Diseases and Treg Dysfunction 

Chronic inflammatory diseases involve prolonged activation of the immune system, often in 

the absence of an infectious pathogen. This type of inflammation can lead to tissue 

destruction and functional impairments in affected organs. Diseases such as rheumatoid 

arthritis (RA), inflammatory bowel disease (IBD), atherosclerosis, and psoriasis are examples 

of chronic inflammatory conditions where Treg dysfunction is often a contributing factor. 

In these diseases, Tregs may exhibit one or more forms of dysfunction, including: 

 Reduced Number of Tregs: In some chronic inflammatory diseases, the absolute number 

of Tregs is significantly decreased, which may impair the immune system’s ability to 

control harmful inflammatory responses. 
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 Impaired Functionality of Tregs: Tregs may be present in normal or even elevated 

numbers in the inflamed tissue, but their suppressive function is compromised. This can 

result from various factors, including the chronic inflammatory environment, cytokine 

imbalances, and the presence of pro-inflammatory mediators that interfere with Treg 

activity. 

 Loss of Treg Stability: The stability of Tregs, which is crucial for their suppressive 

function, can be undermined in chronic inflammation. Inflammatory cytokines, such as 

IL-6 and TNF-α, can drive Tregs to lose their suppressive properties and acquire pro-

inflammatory phenotypes, thus contributing to the disease pathology. 

4.2. Tregs in Rheumatoid Arthritis (RA) 

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation in 

the synovial joints, leading to pain, swelling, and progressive joint damage. Tregs play a vital 

role in controlling inflammation and preventing the activation of autoreactive T cells in RA. 

In RA, studies have shown that the number of circulating Tregs may be decreased, and those 

present in the synovial fluid exhibit impaired suppressive function (Kinne et al., 2000). The 

inflammatory environment in RA, including high levels of pro-inflammatory cytokines like 

IL-6, IL-1, and TNF-α, can further impair Treg function, leading to a breakdown in immune 

tolerance. Tregs in the joints of RA patients often have decreased expression of Foxp3, a key 

transcription factor essential for Treg function, and they fail to adequately suppress the 

activation of effector T cells (Rojas et al., 2008). 

Interestingly, Treg therapy has shown potential in preclinical models of RA, where the 

expansion or transfer of Tregs has been able to ameliorate disease progression and reduce 

inflammation. These findings suggest that restoring Treg function could be a promising 

therapeutic approach in RA (Chaudhry et al., 2011). 

4.3. Tregs in Inflammatory Bowel Disease (IBD) 

Inflammatory bowel disease (IBD), including Crohn's disease and ulcerative colitis, is a 

group of chronic disorders characterized by inflammation in the gastrointestinal tract. Tregs 

play a central role in controlling intestinal inflammation and maintaining mucosal tolerance. 
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In IBD, however, Treg dysfunction contributes to the persistence of inflammation and tissue 

damage in the gut. 

Patients with IBD often exhibit a reduced number of circulating Tregs, and these cells show 

impaired suppressive activity. For instance, Tregs in IBD patients are less capable of 

suppressing effector T cell activation, leading to a dysregulated immune response in the gut 

(Danese et al., 2011). Moreover, studies suggest that the balance between Tregs and Th17 

cells is skewed in favor of Th17 cells, which are pro-inflammatory and have been implicated 

in the pathogenesis of IBD (Foster et al., 2006). In particular, inflammatory cytokines such as 

IL-6 and IL-23 promote the differentiation of Th17 cells while inhibiting Treg function, 

exacerbating the chronic inflammation. 

Therapeutic strategies aimed at restoring Treg function in IBD, such as the use of low-dose 

IL-2 or Treg expansion therapies, have shown promise in clinical studies. These approaches 

aim to restore the balance between Tregs and effector T cells in the gut, potentially reducing 

inflammation and preventing disease progression (Ghoreschi et al., 2011). 

4.4. Tregs in Atherosclerosis 

Atherosclerosis is a chronic inflammatory disease of the arteries characterized by the buildup 

of plaques composed of lipids, inflammatory cells, and fibrous tissue. The role of Tregs in 

atherosclerosis has become increasingly recognized, as these cells help modulate the immune 

responses that drive plaque formation and the associated vascular inflammation. 

In atherosclerosis, Tregs are generally considered to have a protective role by suppressing the 

inflammatory response to oxidized low-density lipoprotein (oxLDL) and preventing the 

activation of pro-inflammatory T cells. However, in individuals with advanced 

atherosclerosis, Treg numbers may be diminished in the plaques and blood, and their 

suppressive functions may be compromised (Ohta et al., 2011). The chronic inflammatory 

environment in the arterial walls, characterized by the presence of inflammatory cytokines 

and immune cell infiltration, can impair Treg function, contributing to the progression of the 

disease. 

Restoring Treg function in atherosclerosis models has shown potential as a therapeutic 

approach. Studies have demonstrated that increasing Treg numbers or enhancing their 
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function can reduce inflammation and plaque formation in animal models, suggesting that 

Treg-based therapies may hold promise in treating atherosclerosis (Ohta et al., 2011). 

4.5. Tregs in Psoriasis 

Psoriasis is a chronic inflammatory skin disease characterized by the rapid proliferation of 

keratinocytes and the infiltration of immune cells, including T cells, into the skin. The role of 

Tregs in psoriasis is complex, as these cells can both suppress inflammation and, under 

certain conditions, contribute to disease pathogenesis. 

In psoriasis, the balance between pro-inflammatory Th17 cells and Tregs is disrupted. Th17 

cells, which produce IL-17, play a central role in driving the inflammatory responses that 

cause epidermal hyperplasia in psoriasis. Tregs are present in the skin lesions of psoriasis 

patients, but their suppressive function is often impaired. They may exhibit reduced Foxp3 

expression and show an inability to adequately suppress Th17-driven inflammation (Clark et 

al., 2006). Additionally, the inflammatory cytokine IL-6, which is elevated in psoriasis, can 

destabilize Tregs and promote their conversion into Th17-like cells, further exacerbating the 

disease (Ghoreschi et al., 2010). 

Therapies aimed at restoring Treg function, such as the use of specific cytokine inhibitors or 

Treg expansion therapies, are being explored as potential treatments for psoriasis. In 

experimental models, increasing Treg numbers or enhancing their function has shown a 

reduction in disease severity, suggesting that Tregs could be a therapeutic target for this 

condition (Mizumoto et al., 2013). 

4.6. Tregs in Other Chronic Inflammatory Diseases 

Tregs have been implicated in the pathogenesis of many other chronic inflammatory diseases, 

including systemic sclerosis, asthma, and chronic obstructive pulmonary disease (COPD). In 

these conditions, Treg dysfunction contributes to persistent inflammation and tissue damage, 

often due to an imbalance between effector T cells and Tregs. In asthma, for example, 

impaired Treg function can lead to the unchecked activation of Th2 cells and eosinophils, 

driving airway inflammation (Bickel et al., 2008). 

4.7. Therapeutic Strategies Targeting Tregs in Chronic Inflammatory Diseases 
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Given the crucial role of Tregs in maintaining immune tolerance, several therapeutic 

strategies are being investigated to restore or enhance Treg function in chronic inflammatory 

diseases. These include: 

 Low-Dose IL-2 Therapy: IL-2 is a cytokine that promotes the expansion and function of 

Tregs. Low-dose IL-2 therapy has shown promise in restoring Treg function in diseases 

like RA, IBD, and psoriasis, with clinical trials exploring its potential in reducing chronic 

inflammation (Wei et al., 2013). 

 Treg Expansion and Adoptive Transfer: Ex vivo expansion of Tregs followed by 

adoptive transfer into patients has been investigated in several chronic inflammatory 

diseases. This approach aims to restore the Treg population and enhance immune 

regulation in inflamed tissues. 

 Targeting Inflammatory Pathways: Inhibiting pro-inflammatory cytokines (e.g., IL-6, 

TNF-α) or pathways that destabilize Tregs (e.g., IL-23/Th17 axis) may help restore Treg 

function and re-establish immune tolerance in chronic inflammatory diseases (Vignali et 

al., 2008). 

Tregs play a critical role in controlling inflammation and maintaining immune tolerance in 

chronic inflammatory diseases. However, in these diseases, Treg function is often impaired, 

leading to persistent inflammation and tissue damage. Understanding the mechanisms of Treg 

dysfunction and developing therapies aimed at restoring or enhancing Treg function holds 

significant promise for treating chronic inflammatory conditions. These therapies could 

provide new opportunities to manage diseases such as rheumatoid arthritis, inflammatory 

bowel disease, psoriasis, and atherosclerosis. 

5. Therapeutic Approaches Targeting Tregs 

Given the critical role of Tregs in immune tolerance and inflammatory diseases, therapeutic 

strategies aimed at modulating Treg function are under active investigation. These strategies 

can either aim to expand Tregs in cases of autoimmune diseases or suppress Tregs in cases of 

chronic infection or cancer, where excessive Treg activity can inhibit immune responses. 
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One potential approach for boosting Treg numbers is through the use of cytokines such as IL-

2, which promotes Treg survival and expansion (Robinson et al., 2016). Clinical trials 

involving low-dose IL-2 administration have shown promise in improving Treg function in 

autoimmune diseases such as systemic lupus erythematosus (SLE) (Zheng et al., 2016). 

Another approach involves the use of small molecules that enhance the stability and 

suppressive function of Tregs. For example, rapamycin, a mTOR inhibitor, has been shown 

to enhance Treg function and has been tested in autoimmune diseases and organ 

transplantation (Zhang et al., 2014). 

Conversely, in conditions like cancer, where Tregs contribute to immune evasion by 

suppressing antitumor immunity, strategies to deplete Tregs or block their suppressive 

functions are being explored. Agents targeting the CTLA-4 pathway, such as ipilimumab, 

have been used in cancer immunotherapy to reduce Treg-mediated immune suppression 

(Fraser et al., 2014). Regulatory T cells (Tregs) play a critical role in maintaining immune 

tolerance and preventing excessive inflammation and autoimmune responses. Their 

dysfunction is implicated in various autoimmune, chronic inflammatory, and even some 

malignant diseases. Therefore, strategies that target Tregs, either by expanding or enhancing 

their function, are being explored as potential therapies for these conditions. This section 

reviews the main therapeutic approaches that target Tregs to restore immune balance and 

treat a range of diseases, including autoimmune diseases, chronic inflammation, cancer, and 

transplant rejection. 

5.1. Low-Dose Interleukin-2 (IL-2) Therapy 

Interleukin-2 (IL-2) is a cytokine that is essential for the expansion, survival, and function of 

Tregs. IL-2 is typically produced by activated T cells and promotes the proliferation of both 

effector T cells and Tregs. However, in the context of autoimmune diseases and chronic 

inflammation, the focus is on selectively expanding Tregs to restore immune tolerance. 

 Mechanism: Low-dose IL-2 selectively promotes the survival and expansion of Tregs 

without significantly increasing effector T cells. This occurs because Tregs express higher 

levels of IL-2 receptors (CD25) compared to effector T cells, making them more 

responsive to lower levels of IL-2. 
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 Clinical Applications: 

o Systemic Lupus Erythematosus (SLE): Low-dose IL-2 therapy has shown 

promising results in clinical trials for treating SLE, as it restores Treg function, 

reduces disease activity, and helps maintain immune tolerance (Zheng et al., 

2016). 

o Rheumatoid Arthritis (RA): In RA, low-dose IL-2 has been shown to selectively 

expand Tregs and suppress inflammatory T cell responses, providing a potential 

therapeutic approach for treating autoimmune diseases (Konig et al., 2019). 

 Challenges: While low-dose IL-2 therapy has been effective in expanding Tregs, further 

research is needed to optimize dosing, assess long-term safety, and identify patient 

populations that would benefit the most. 

5.2. Treg Expansion and Adoptive Transfer 

Adoptive transfer of Tregs involves the isolation, expansion, and reinfusion of ex vivo-

expanded Tregs into patients. This approach aims to restore the function of Tregs in patients 

with autoimmune diseases, chronic inflammation, or post-transplant rejection. 

 Mechanism: Tregs are isolated from a patient's blood or a donor, expanded in culture 

under specific cytokine conditions (e.g., IL-2), and then reinfused into the patient. The 

goal is to restore immune tolerance by increasing the number of functional Tregs capable 

of suppressing autoreactive T cells or inflammatory responses. 

 Clinical Applications: 

o Graft-Versus-Host Disease (GVHD): Adoptive Treg therapy has shown great 

promise in preventing and treating GVHD, a common complication after stem cell 

or organ transplants. Tregs suppress the harmful immune responses directed 

against the transplanted tissue (Dutour et al., 2018). 

o Autoimmune Diseases: The adoptive transfer of Tregs has been studied in 

diseases such as type 1 diabetes (T1D) and multiple sclerosis (MS), with some 
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promising results in reducing disease severity and restoring immune tolerance 

(Baecher-Allan et al., 2006). 

 Challenges: One of the main challenges in Treg adoptive transfer is ensuring the stability 

and functional integrity of the expanded Tregs. Prolonged culture in vitro can lead to a 

loss of Foxp3 expression or the conversion of Tregs into pro-inflammatory effector T 

cells. Additionally, maintaining the long-term stability of transferred Tregs in the host 

remains a hurdle. 

5.3. Manipulating Cytokine Signaling to Enhance Treg Function 

Cytokines play a critical role in modulating the function and stability of Tregs. Therapeutic 

strategies that target cytokine signaling pathways to enhance Treg activity are an emerging 

area of interest. 

 TGF-β (Transforming Growth Factor-beta): TGF-β is a crucial cytokine for the 

development and function of Tregs. Enhancing TGF-β signaling can improve Treg 

differentiation and function. Some studies are investigating the use of TGF-β agonists to 

promote Treg stability and suppress inflammatory responses in autoimmune diseases (Li 

et al., 2020). 

 IL-10 (Interleukin-10): IL-10 is another anti-inflammatory cytokine that promotes Treg 

function and stability. Therapeutic strategies to boost IL-10 production or signaling can 

enhance Treg-mediated immune suppression and control inflammatory responses. IL-10-

based therapies are being tested in conditions such as IBD and chronic inflammatory 

diseases (Kuhn et al., 2016). 

 IL-2 Therapy: As mentioned, IL-2 is a critical cytokine for Treg survival and expansion. 

Low-dose IL-2 therapy is being used to selectively expand Tregs and enhance their 

function in autoimmune diseases (Marrack et al., 2019). 

 Challenges: One challenge with cytokine-based therapies is the potential for off-target 

effects or activation of unwanted immune responses. Fine-tuning cytokine signaling to 

specifically enhance Treg function without exacerbating other inflammatory pathways is 

critical for success. 
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5.4. Targeting Inflammatory Pathways to Restore Treg Function 

In chronic inflammatory diseases, the inflammatory milieu can impair Treg function. 

Targeting specific inflammatory pathways that affect Treg stability and activity offers a 

promising approach to restore immune homeostasis. 

 Th17 and IL-17: Tregs and Th17 cells share a complex relationship, where an imbalance 

between the two can lead to chronic inflammation. In diseases like psoriasis and 

rheumatoid arthritis, reducing the levels of pro-inflammatory cytokines such as IL-17 

(produced by Th17 cells) can improve Treg function. Drugs that inhibit IL-17 or its 

receptor, such as secukinumab and ixekizumab, are already used in clinical practice for 

conditions like psoriasis, and their effects on Tregs are under investigation (Yago et al., 

2018). 

 TNF-α (Tumor Necrosis Factor-alpha): TNF-α is a potent pro-inflammatory cytokine 

that can impair Treg function. Targeting TNF-α with biologics like infliximab or 

etanercept has been successful in conditions such as RA and IBD, and it may also 

improve Treg function by reducing the inflammatory environment that undermines Treg 

activity (Schellekens et al., 2018). 

 JAK Inhibitors: Janus kinase (JAK) inhibitors block signaling pathways involved in 

inflammation. Some studies suggest that JAK inhibitors may help restore Treg function in 

diseases like RA and IBD by reducing inflammatory cytokine signaling (van der Heijde et 

al., 2017). 

 Challenges: The challenge with these approaches is to avoid general immunosuppression, 

which may increase the risk of infections or cancer. Specific targeting of inflammatory 

pathways that affect Tregs without compromising the overall immune response is crucial. 

5.5. Epigenetic Modulation of Tregs 

Epigenetic modifications regulate gene expression without altering the DNA sequence itself. 

Modifying the epigenetic landscape of Tregs can provide a novel therapeutic approach for 

enhancing their function in chronic diseases. 
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 DNA Methylation and Histone Modifications: Studies suggest that Treg function can 

be enhanced by modifying the DNA methylation patterns or histone modifications that 

regulate genes involved in Treg development and function. Drugs that target these 

epigenetic regulators, such as DNA methyltransferase inhibitors or histone deacetylase 

inhibitors, are being explored for their potential to enhance Treg function in autoimmune 

diseases (Zhou et al., 2019). 

 Challenges: The challenge with epigenetic therapies is their complexity and potential for 

off-target effects. It is crucial to develop strategies that specifically target genes involved 

in Treg function and stability while minimizing unintended consequences. 

5.6. Gene Therapy to Enhance Treg Function 

Gene therapy is a cutting-edge approach that involves modifying the genetic material of cells 

to enhance their function. For Tregs, gene therapy could be used to introduce genes that 

promote their stability and suppressive function. 

 Gene Editing: Technologies such as CRISPR/Cas9 could be used to edit the genes 

involved in Treg differentiation, stability, or function. For instance, genes encoding 

Foxp3, the key transcription factor for Treg development, could be enhanced to increase 

Treg numbers or improve their function. 

 Challenges: Gene therapy faces challenges in terms of delivery mechanisms, safety, and 

off-target effects. Ensuring the long-term stability of gene-edited Tregs in patients and 

avoiding immune rejection are critical issues that need to be addressed. 

Targeting Tregs holds great promise as a therapeutic strategy for treating autoimmune 

diseases, chronic inflammation, cancer, and transplant rejection. Approaches such as low-

dose IL-2 therapy, adoptive Treg transfer, cytokine modulation, and gene therapy offer the 

potential to restore immune tolerance and prevent the harmful effects of chronic 

inflammation. However, challenges remain in optimizing these strategies, including ensuring 

the stability and function of Tregs and minimizing the risk of side effects. Ongoing research 

will be key to translating these therapies into effective clinical treatments for a variety of 

immune-mediated diseases. 
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6. Conclusion 

Regulatory T cells are fundamental in maintaining immune tolerance and preventing the 

development of autoimmune diseases and chronic inflammation. Their role in controlling 

immune responses has made them an attractive target for therapeutic strategies aimed at 

treating a wide range of inflammatory diseases. Future research focused on understanding the 

precise mechanisms underlying Treg function and dysfunction will be critical for developing 

more effective therapies for autoimmune and inflammatory diseases. Additionally, the use of 

Tregs in therapeutic applications will require careful consideration of their complex roles in 

various disease contexts. 
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