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Abstract: Regulatory T cells are key immune cells to initiate tolerable immune responses. TGFβ is the key 
cytokine of regulatory T cells. TGFβ is also the master cytokine to stimulate tissue fibrosis. Systemic sclerosis 
is an autoimmune disease related to overt organ fibrosis. Thus, systemic sclerosis is a disease related to 
regulatory T cell over-representation. Besides, many end stage organ failures including heart failure, liver 
cirrhosis, uremia, and pulmonary fibrosis also related to tissue fibrosis. Thus, TGFβ producing regulatory T 
cells are also involved in the pathogenesis of these end stage organ failure. Once we know the significance of 
TGFβ and it induced tolerable immune reactions in the pathophysiology of end organ failure, we can develop 
better prevention or therapeutic strategies to combat these detrimental disorders. 
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Introduction 

Host immunological pathways can be categorized into IgG dominant eradicable immune 
responses and IgA dominant tolerable immune responses[1-4]. Regulatory CD4CD25 T cells (Treg) 
are key initiator cells to drive host tolerable immune responses. Treg cells can produce TGFβ to 
facilitate the tolerable immune reactions like TH17, TH9, TH1-like, and TH3 immune reactions. For 
examples: TH17 immune reaction is triggered by TGFβ plus interleukin-6. TH9 immune reaction is 
triggered by TGFβ plus interleukin-4. There is a misleading that Treg cells cause profound 
immunosuppression. Actually, the physiological role of profound immunosuppression is caused by 
corticosteroid. The physiological role of TGFβ is to initiate tolerable IgA dominant immune reactions 
to use milder control strategies to deal with chronic or extensive pathogen infections. IgA is a weak 
antibody to avoid profound severe host immune reactions to kill cells, tissues, or organs in extensive 
pathogen infections. Another function of Treg cells is to mediate tissue repair. TGFβ is the master 
regulator of tissue fibrosis to use collagens and other extracellular matrix to repair wounds or lost 
tissues or cells. Thus, there is a link between tissue fibrosis and Treg dominant tolerable host immune 
reactions. Tissue fibrosis is also a hallmark of scleroderma and end organ failures. Here, we will use 
literature review to point out the Treg dominant tolerable host immune reactions and their link to 
scleroderma and end organ failures.  

The Intricate Tapestry of Host Immunological Pathways 

The human immune system is a remarkably complex and intricate tapestry, woven by a myriad 
of interconnected pathways designed to safeguard the body against a diverse array of potential 
threats. At the heart of this immunological labyrinth lies a fundamental dichotomy: the eradicable 
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immune responses, dominated by the IgG antibody isotype, and the tolerable immune responses, 
governed by the IgA antibody isotype[1]. 

The Eradicable Immune Responses: A Formidable Force 

The eradicable immunological pathways represent the body's formidable defense mechanisms, 
meticulously orchestrated to eliminate pathogenic invaders. These pathways are initiated by a 
specialized subset of T cells known as follicular helper T cells (Tfh), characterized by their expression 
of the CXCR5 chemokine receptor and their secretion of interleukin-21 (IL-21). The transcription 
factors BCL6 and STAT5B play pivotal roles in mediating these immune reactions. 

The primary function of Tfh cells is to promote the production of antibodies by B cells within 
the germinal centers of lymphoid tissues. Crucially, they facilitate the class switch from IgM to IgG 
antibodies, a process mediated by the potent cytokine IL-21. This class switch is a critical step in the 
development of eradicable immune responses, as IgG antibodies are particularly adept at 
neutralizing and eliminating pathogens. 

Within the eradicable immune responses, four distinct branches have evolved to combat four 
specific categories of pathogens: 
1. The TH1 Immunological Pathway: Combating Intracellular Invaders 

The TH1 immunological pathway is the body's defensive line against intracellular 
microorganisms, such as intracellular bacteria, fungi, and protozoa. Key players in this pathway 
include type 2 myeloid dendritic cells (mDC2), type 1 innate lymphoid cells (ILC1), type 1 
macrophages (M1), IFN-γ-secreting CD4+ T cells, CD8+ T cells (Tc1), type 1 invariant natural killer T 
cells (iNKT1), and IgG3-producing B cells. 

Driven by the cytokine interleukin-12 (IL-12), the TH1 immune response is governed by the 
transcription factors STAT4 and STAT1. The effector cytokine IFN-γ activates M1 macrophages via 
inducible nitric oxide synthase (iNOS), leading to the generation of free radicals that cause lipid 
membrane peroxidation, ultimately killing the ingested microorganisms. This pathway is associated 
with type IV delayed-type hypersensitivity reactions. 
2. The TH2 Immunological Pathway: Combating Parasitic Foes 

The TH2 immunological pathway is the body's defense against parasitic invaders, further 
subdivided into two distinct subtypes: TH2a and TH2b. TH2a immunity targets endoparasites, such 
as helminths, while TH2b immunity targets ectoparasites, like insects. 

In the TH2a immune response, Langerhans cells serve as the antigen-presenting cells, while type 
2 interleukin-25-inducing natural innate lymphoid cells (nILCs2) are the innate lymphoid cells 
involved. The key cytokines are interleukin-4 (IL-4) and interleukin-5 (IL-5), with STAT6 and STAT1 
as the key transcription factors. The major effector cells include inflammatory eosinophils (iEOS), 
mast cells-tryptase (MCt), IL-4/IL-5-producing CD4+ T cells, iNKT2 cells, and IgG4-producing B cells. 

In the TH2b immune response, Langerhans cells remain the antigen-presenting cells, while type 
2 interleukin-33-inducing inflammatory innate lymphoid cells (iILCs2) are the innate lymphoid cells 
involved. The key cytokines are IL-4 and interleukin-13 (IL-13), with STAT6 and STAT3 as the key 
transcription factors. The major effector cells include basophils, mast cells-tryptase/chymase (MCtc), 
IL-4/IL-13-producing CD4+ T cells, iNKT2 cells, and IgE-producing B cells. 

The TH2 immunological pathway is associated with type I allergic hypersensitivity reactions, 
with TH2a immunity related to IgG4-dominant allergy and TH2b immunity related to IgE-dominant 
allergy. 
3. The TH22 Immunological Pathway: Combating Extracellular Threats 

The TH22 immunological pathway represents the body's immunity against extracellular 
microorganisms, such as extracellular bacteria, fungi, and protozoa. In this pathway, type 1 myeloid 
dendritic cells (mDC1) serve as the antigen-presenting cells, while type 3 NKp46+ innate lymphoid 
cells (NCR+ ILC3) are the innate lymphoid cells involved. 

The effector immune cells in this pathway include neutrophils (N1), IL-22-secreting CD4+ T cells, 
and IgG2-producing B cells. Driven by the cytokines interleukin-1 (IL-1), interleukin-6 (IL-6), and 
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tumor necrosis factor-alpha (TNF-α), the effector cytokine is IL-22, governed by the transcription 
factors STAT3 and STAT4. 

Neutrophil activation, including phagocytosis and NETosis (neutrophil extracellular trap 
formation), can effectively destroy extracellular microorganisms. Additionally, free radical 
generation during neutrophil phagocytosis can cause membrane lipid peroxidation, leading to the 
killing of these pathogens. This pathway is associated with type III immune complex-mediated 
hypersensitivity reactions. 
4. The THαβ Immunological Pathway: Combating Infectious Particles 

The THαβ immunological pathway represents the body's defense against infectious particles, 
such as viruses and prions. Plasmacytoid dendritic cells serve as the antigen-presenting cells, while 
interleukin-10-producing innate lymphoid cells (ILC10) are the innate lymphoid cells involved. 

The effector immune cells in this pathway include natural killer cells (NK1), IL-10-producing 
CD4+ T cells, CD8+ T cells (Tc2), and IgG1-producing B cells. Driven by type I interferons and IL-10, 
the major effector cytokine is IL-10, governed by the transcription factors STAT1, STAT1, and STAT3. 

Natural killer cell-mediated antibody-dependent cellular cytotoxicity (ADCC) with IgG1 
antibodies is the effector function of the THαβ immunity, leading to the apoptosis of virus- or prion-
infected cells. During apoptosis, DNA fragmentation destroys viral DNA or RNA, while protein 
digestion via caspases degrades prion pathogen proteins. This pathway is associated with type II 
antibody-dependent cellular cytotoxic hypersensitivity reactions. 

The Tolerable Immune Responses: A Delicate Balance 

While the eradicable immune responses represent the body's formidable defenses, there are 
instances where complete eradication of pathogens may prove challenging or potentially damaging 
to the host. In these scenarios, the body initiates tolerable immunological pathways, governed by 
regulatory CD4+CD25+ T cells (Treg). 

These FOXP3+ Treg cells produce transforming growth factor-beta (TGF-β), which activates 
STAT5 and STAT5, thereby triggering tolerable immunity. Notably, TGF-β also induces B cell 
antibody isotype class switching to IgA, the hallmark of tolerable immune responses. Other immune 
cells related to Treg cells include DCreg, Breg, and ILCreg. 

In situations where pathogen infections are severe or diverse, making complete eradication 
challenging due to the potential for severe organ damage or failure, the host initiates these tolerable 
immunological pathways as a coping mechanism. These pathways are further categorized into four 
distinct branches: 
1. The TH1-like Immunological Pathway: Tolerating Intracellular Invaders 

The TH1-like immunological pathway represents the host's tolerable immune response against 
intracellular microorganisms, such as intracellular bacteria, fungi, and protozoa. The effector cells 
include macrophages (M2), IFN-γ/TGF-β-secreting CD4+ T cells, CD8+ T cells, iNKT1 cells, and IgA1-
producing B cells. 

The antigen-presenting cells are type 2 myeloid dendritic cells, while the innate lymphoid cells 
involved are type 1 non-cytotoxic innate lymphoid cells (NCR- ILCs1). The driving cytokines are IL-
12 and TGF-β. This pathway is associated with type IV delayed-type hypersensitivity reactions. 
2. The TH9 Immunological Pathway: Tolerating Parasitic Foes 

The TH9 immunological pathway represents the host's tolerable immune response against 
parasites, including both ectoparasites and endoparasites. The effector cells include regulatory 
eosinophils (rEOS), basophils, mast cells (MMC9), IL-9-secreting CD4+ T cells, iNKT2 cells, and IgA2-
producing B cells. 

Langerhans cells serve as the antigen-presenting cells, while thymic stromal lymphopoietin 
(TSLP)-inducing type 2 innate lymphoid cells are the innate lymphoid cells involved. The driving 
cytokines are IL-4 and TGF-β. This pathway is associated with type I allergic hypersensitivity 
reactions. 
3. The TH17 Immunological Pathway: Tolerating Extracellular Threats 
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The TH17 immunological pathway represents the host's tolerable immune response against 
extracellular microorganisms, such as extracellular bacteria, fungi, and protozoa. The effector cells 
include neutrophils (N2), IL-17-secreting CD4+ T cells, iNKT17 cells, and IgA2-producing B cells. 

Type 1 myeloid dendritic cells serve as the antigen-presenting cells, while type 3 non-cytotoxic 
innate lymphoid cells (NCR- ILCs3) are the innate lymphoid cells involved. The driving cytokines 
are IL-6 and TGF-β. This pathway is associated with type III immune complex-mediated 
hypersensitivity reactions. 
4. The TH3 Immunological Pathway: Tolerating Infectious Particles 

The TH3 immunological pathway represents the host's immunity against infectious particles, 
such as viruses and prions. Plasmacytoid dendritic cells serve as the antigen-presenting cells, while 
IL-10-producing innate lymphoid cells (ILC10) are the innate lymphoid cells involved. 

The effector immune cells include natural killer cells (NK2), IL-10/TGF-β-producing CD4+ T 
cells, CD8+ T cells, and IgA1-producing B cells. The driving cytokines are TGF-β and IL-10, with IL-
10 and TGF-β being the major effector cytokines. The key transcription factors are STAT1, STAT1, 
STAT3, and STAT5α/β. This pathway is associated with type II antibody-dependent cellular cytotoxic 
hypersensitivity reactions. 

The Clonal Anergy Mechanism: Distinguishing Self from Non-Self 

At the heart of the immune system's intricate tapestry lies a fundamental mechanism that allows 
it to distinguish between foreign antigens and self-antigens: the clonal anergy mechanism. This 
process ensures that immune cells do not generate an immune response against the body's own 
tissues, thereby preventing autoimmune disorders. 

Each T cell or B cell is capable of recognizing only one specific antigen, a phenomenon known 
as the clonal mechanism. If a clonal T cell or B cell recognizes a self-antigen, it will generate no 
immune response, a state referred to as clonal anergy. 

The clonal anergy mechanism is believed to be mediated by gamma delta T cells or IgD B cells. 
Gamma delta T cells develop in the thymus earlier than the development of alpha beta T cells. Thus, 
if a T cell clone recognizes a self-antigen, it will differentiate into gamma delta T cells first. 
Consequently, the later development of alpha beta T cells will not recognize self-antigens, and they 
will only respond to foreign antigens. When gamma delta T cells recognize self-antigens, they induce 
clonal anergy. 

A similar mechanism applies to B lymphocytes. Mature B cells co-express IgD and IgM 
antibodies on their surface. When a self-antigen is recognized by the IgD antibody on the B cell 
surface, it triggers clonal anergy with no immune response. However, when a foreign antigen is 
recognized by the IgM antibody on the B cell surface, it prompts an immune response against the 
foreign pathogen. Subsequently, the IgM-bearing B cell can undergo antibody isotype class switching 
to IgG, IgE, or IgA antibodies. 

This exquisitely orchestrated clonal anergy mechanism serves as a safeguard, ensuring that the 
immune system's formidable defenses are directed solely against foreign threats while preserving 
tolerance to the body's own tissues. 

In conclusion, the host immunological pathways represent a remarkably complex and intricate 
network, meticulously woven to protect the body from a diverse array of potential threats. The 
eradicable immune responses, dominated by IgG antibodies, serve as the body's formidable defenses, 
poised to eliminate pathogenic invaders. In contrast, the tolerable immune responses, governed by 
IgA antibodies, provide a delicate balance, managing chronic or severe infections while minimizing 
collateral damage to the host. This intricate tapestry is further enriched by the clonal anergy 
mechanism, which ensures that the immune system's potent defenses are directed solely against 
foreign threats, preserving tolerance to the body's own tissues. This comprehensive immunological 
framework exemplifies the remarkable adaptability and sophistication of the human immune system, 
a marvel of evolutionary design. 
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The Enigmatic Role of Regulatory T Cells in Organ Fibrosis and Failure 

Within the intricate tapestry of the human immune system, a delicate balance exists between 
eradicable and tolerable immune responses, each serving a distinct purpose in safeguarding the body. 
Eradicable immune responses, dominated by IgG antibodies, represent the body's formidable 
defenses, poised to eliminate pathogenic invaders. In contrast, tolerable immune responses, governed 
by IgA antibodies, provide a delicate equilibrium, managing chronic or severe infections while 
minimizing collateral damage to the host. 

At the heart of these tolerable immune responses lies a specialized subset of cells, the regulatory 
T cells (Tregs), orchestrating a symphony of immunological processes that can have profound 
implications for organ health and function. 

Regulatory T Cells in Systemic Sclerosis 

Systemic sclerosis, or scleroderma, is a debilitating autoimmune disorder characterized by 
widespread fibrosis of the affected tissues. This condition can manifest in two major subgroups: 
diffuse cutaneous scleroderma and limited cutaneous scleroderma, distinguished by the degree of 
trunk involvement. The limited cutaneous form often presents with a subset called CREST syndrome, 
encompassing calcinosis cutis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and 
telangiectasia. 

Regardless of the subtype, scleroderma is defined by the replacement of normal tissue 
architecture with rigid, acellular connective tissues. This fibrosis can affect multiple organs, including 
the skin, lungs, gastrointestinal tract, kidneys, and heart, leading to a myriad of functional 
impairments and potential life-threatening complications. 

Intriguingly, regulatory T cells (Tregs) play a pivotal role in the pathogenesis of systemic 
sclerosis. These cells, characterized by the expression of the FOXP3 transcription factor, produce 
transforming growth factor-beta (TGF-β), a potent mediator of tissue fibrosis[5]. TGF-β is often 
referred to as the "master regulator" of fibrosis, capable of stimulating fibroblast proliferation and 
promoting epithelial-mesenchymal transition, a process implicated in the development of 
scleroderma[6]. 

Evidence from mouse models and clinical trials further underscores the significance of TGF-β in 
scleroderma[7]. Anti-TGF-β treatments have been shown to prevent skin and lung fibrosis in animal 
studies, while clinical trials have demonstrated the potential of these therapies to alleviate the 
symptoms of systemic sclerosis[7]. 

Moreover, the polymorphism of the FOXP3 gene, the major transcription factor of Treg cells, has 
been associated with the incidence of systemic sclerosis, further highlighting the intricate link 
between these cells and the disease pathogenesis[8]. 

The presence of both IgG and IgA autoantibodies in scleroderma patients provides additional 
insight into the role of Tregs. IgG antibodies are associated with eradicable immune responses, while 
IgA antibodies are linked to Treg-induced tolerable immune reactions. The presence of both antibody 
isotypes suggests that both eradicable and tolerable immune responses may contribute to the 
pathogenesis of systemic sclerosis. 

Furthermore, the levels of interleukin-2 and interleukin-35, cytokines known to promote Treg 
cell activity, are elevated in scleroderma patients, further supporting the involvement of these cells 
in the disease process[9]. 

Regulatory T Cells and the Heart Failure 

Heart failure, a debilitating condition characterized by the heart's inability to adequately pump 
blood, can have devastating consequences on overall health and quality of life. Symptoms such as 
shortness of breath, excessive fatigue, and lower leg edema are common, while complications like 
pulmonary edema, respiratory failure, and cardiac arrhythmias can be life-threatening. 
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Chronic inflammation and subsequent cardiac fibrosis are major contributors to the 
development of heart failure. Remarkably, regulatory T cells and the associated TGF-β signaling 
pathway play a crucial role in this fibrotic process. 

TGF-β signaling has been shown to stimulate cardiac fibroblast proliferation and promote heart 
fibrosis. In animal models, elevated TGF-β levels have been linked to cardiac remodeling and the 
progression of heart failure[10]. Moreover, the polymorphism of the TGF-β gene has been associated 
with end-stage heart failure, further emphasizing its significance in the disease pathogenesis[11]. 

The transcription factor SMAD7, known to inhibit TGF-β signaling, has been demonstrated to 
prevent post-infarction heart failure, highlighting the potential therapeutic implications of targeting 
this pathway[12]. 

Additionally, microRNAs and other non-coding RNAs that interact with TGF-β have been 
shown to influence the cardiac fibrosis process in heart failure, further underscoring the intricate 
interplay between these regulatory mechanisms. 

Interestingly, tolerable immune responses initiated by regulatory T cells, such as TH17 and TH9 
immunity, have also been implicated in the pathogenesis of heart failure. The central cytokines of 
these pathways, interleukin-17 and interleukin-9, respectively, have been linked to cardiac fibrosis, 
remodeling, and the progression of heart failure[13,14]. 

Regulatory T Cells and Liver Cirrhosis 

Liver cirrhosis, the end-stage of liver failure, is characterized by extensive liver fibrosis and the 
subsequent development of complications such as jaundice, esophageal varices, ascites, and 
splenomegaly. The underlying causes of liver cirrhosis are diverse, ranging from alcoholic liver 
disease and non-alcoholic steatohepatitis to chronic viral hepatitis and drug abuse. 

Chronic inflammation of the liver is a common pathway leading to cirrhosis, and TGF-β plays a 
pivotal role in the fibrotic process. Elevated levels of TGF-β have been observed in patients with liver 
cirrhosis, and this cytokine has also been implicated in the promotion of hepatocellular carcinoma, a 
malignancy often accompanied by cirrhosis[15]. 

Regulatory T cells and the associated chronic tolerable immune responses have been identified 
as key players in the pathophysiology of liver cirrhosis. Treg cell expansion has been observed in 
acute decompensation of liver cirrhosis, as well as in cirrhosis induced by hepatitis B virus (HBV) 
infection and Schistosoma-related liver fibrosis[15,16]. Additionally, Tregs have been implicated in 
primary biliary cirrhosis, another liver cirrhosis-related disorder[17]. 

Furthermore, IgA antibodies, which are associated with Treg-induced tolerable immune 
responses, are highly elevated in liver cirrhosis. The characteristic β-γ bridging pattern observed in 
serum electrophoresis, due to elevated serum IgA antibodies, is a hallmark of liver cirrhosis. IgA 
vasculitis and IgA nephropathy have also been correlated with the development of liver cirrhosis, 
further underscoring the link between IgA and this debilitating condition[18]. 

Notably, TH17 immune responses, which are initiated by regulatory T cells, have been reported 
to be upregulated in liver cirrhosis, further emphasizing the intricate interplay between Tregs and 
organ fibrosis[16]. 

Regulatory T Cells and Uremia 

Uremia, or chronic renal failure, represents the end-stage of kidney dysfunction, characterized 
by the impaired ability of the kidneys to remove metabolic waste products from the body. Without 
intervention through dialysis or kidney transplantation, uremia can progress to life-threatening 
complications such as coma and death. 

Underlying conditions that can lead to chronic renal failure include diabetes, hypertension, 
glomerulonephritis, interstitial nephritis, polycystic kidney disease, and recurrent urinary tract 
infections. Chronic inflammation is a common pathway contributing to the development of uremia. 

Interestingly, IgA nephropathy, a condition characterized by the presence of IgA antibodies, 
frequently leads to chronic renal failure. IgA antibodies are associated with Treg-induced tolerable 
immune reactions, suggesting a potential link between Tregs and the pathogenesis of uremia[19,20]. 
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TGF-β, produced by regulatory T cells, plays a crucial role in the progression of renal fibrosis, a 
hallmark of chronic renal failure. TGF-β has been implicated in the chronic progression of IgA 
glomerulonephritis and diabetes-related nephropathy[21-23]. Furthermore, the expression of the 
TGF-β/Smad signaling pathway has been reported in children with IgA nephropathy, underscoring 
its significance in the disease process[20]. 

TGF-β-induced epithelial-mesenchymal transition, a process in which epithelial cells undergo a 
transition to a mesenchymal phenotype, plays a vital role in renal fibrosis[24]. Latent transforming 
growth factor beta binding protein 4 (LTBP4), a regulator of TGF-β, has also been implicated in the 
pathogenesis of renal fibrosis[25]. 

Importantly, TGF-β/Smad inhibitors have demonstrated the potential to alleviate the 
progression of renal fibrosis, highlighting the therapeutic potential of targeting this pathway in the 
management of uremia[26-28]. 

Regulatory T Cells and Pulmonary Fibrosis 

Pulmonary fibrosis, a progressive and debilitating lung disease, is characterized by the scarring 
and stiffening of lung tissue, leading to impaired respiratory function. Symptoms such as shortness 
of breath, dry cough, fatigue, and weight loss can significantly impact the quality of life of affected 
individuals. Complications like pulmonary hypertension, respiratory failure, and pneumothorax can 
further exacerbate the condition. 

The underlying causes of pulmonary fibrosis are diverse, ranging from environmental 
pollutants and certain medications to autoimmune disorders, viral infections, and interstitial lung 
diseases. However, in many cases, the cause remains unknown, a condition termed idiopathic 
pulmonary fibrosis. 

Chronic inflammation is believed to be a common pathway leading to lung fibrosis, and TGF-β 
has been identified as a key mediator in the pathogenesis of this condition. TGF-β has been detected 
at sites of extracellular matrix gene expression in human pulmonary fibrosis, suggesting its 
involvement in the fibrotic process[29]. 

Acute respiratory distress syndrome (ARDS), a potentially life-threatening condition that can 
occur after viral or bacterial infections, has been associated with the development of pulmonary 
fibrosis. Notably, TGF-β has been implicated in the pathophysiology of ARDS, further underscoring 
its role in lung fibrosis[30,31]. 

Inhibition of TGF-β receptor signaling has been shown to prevent lung fibrosis in animal models, 
highlighting the potential therapeutic value of targeting this pathway. Additionally, microRNAs 
such as miR-133a, which inhibits TGF-β1-induced myofibroblast differentiation, have demonstrated 
the ability to prevent pulmonary fibrosis in mice models[32]. 

Regulatory T cells, through their production of TGF-β, play a vital role in the pathogenesis of 
pulmonary fibrosis. Inhibition of miR-182-5p, which attenuates pulmonary fibrosis via the TGF-
β/Smad pathway, further supports the involvement of Tregs in this debilitating condition[33]. 

The Interplay of End-Organ Damage: Heart, Kidney, Lung, and Liver 

The role of regulatory T cells in the pathogenesis of end-organ failure extends beyond individual 
organ systems, as evidenced by the intricate interplay between the heart, kidneys, lungs, and liver. 

Cardiorenal syndrome, a clinical term that describes the co-existence of heart failure and renal 
failure, highlights the interconnectedness of these organ systems. Similarly, hepatorenal syndrome 
refers to the concurrent presence of liver failure and renal failure, while the term "hepatocardiorenal 
syndrome" encompasses the interactions among all three organs[34]. 

Notably, in cardiorenal syndrome, regulatory T cell populations have been found to be elevated 
compared to patients with chronic kidney disease alone[35]. This observation suggests that Treg cells 
may act as key mediators in the interaction between end-organ damage processes. 

Furthermore, the concept of cardio-pulmonary-renal interaction underscores the intricate 
relationships among these vital organs, and the potential for regulatory T cells to contribute to the 
progression of multi-organ dysfunction[36]. 
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Therapeutic Implications and Conclusion 

The enigmatic role of regulatory T cells in organ fibrosis and failure presents both challenges 
and opportunities for therapeutic intervention. By elucidating the common pathophysiological 
mechanisms underlying conditions such as systemic sclerosis, heart failure, liver cirrhosis, uremia, 
and pulmonary fibrosis, we gain invaluable insights into potential therapeutic targets. 

Regulatory T cells, through their production of TGF-β, emerge as key mediators of end-stage 
organ fibrosis. Consequently, strategies aimed at controlling chronic inflammation and the associated 
tolerable immune reactions may hold the key to preventing and managing these debilitating 
conditions. 

Therapies targeting the TGF-β signaling pathway, such as TGF-β inhibitors or modulators of the 
associated signaling cascades, have shown promise in preclinical and clinical studies. Furthermore, 
the regulation of microRNAs and non-coding RNAs that interact with the TGF-β pathway presents 
a novel therapeutic avenue. 

Ultimately, by unraveling the intricate interplay between regulatory T cells, TGF-β, and organ 
fibrosis, we may unlock the potential to develop effective treatments that can alleviate the burden of 
these devastating conditions and improve the quality of life for countless individuals worldwide. 

 

Figure 1. The framework of tolerable immune responses and their relations to scleroderma, heart 
failure, liver cirrhosis, uremia, and pulmonary fibrosis. The tolerable immune responses are 
initiated by Treg cells and can be further divided into TH3, TH1-like, TH17, and TH9 immunological 
pathways. TH3 tolerable immune reaction is the immune response against viruses and prions. TH1-
like tolerable immune reaction is the immune response against intracellular bacteria, protozoa, and 
fungi. TH17 tolerable immune reaction is the immune response against extracellular bacteria, 
protozoa, and fungi. TH9 tolerable immune reaction is the immune response against parasites. 
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