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Abstract: Regulatory T cells (Treg) are a subset of T cells with immunosuppressive functions. According to the source and 

mechanism of Treg cells, they are divided into natural regulatory T cells (nTreg) and induced regulatory T cells (iTreg). 

According to the different properties of secreted cytokines, they are divided into two types: pro-inflammatory and 

anti-inflammatory cells. Pro-inflammatory Treg cells that secrete IFN-ã are closely related to the development of autoimmune 

diseases, while anti-inflammatory Treg cells that secrete IL-10 can reduce the development of slow inflammation. In addition to 

secreting a variety of inhibitory cytokines such as IL-10 and TGF-â, Treg cells also exert immunosuppressive effects through 

direct contact among cells to jointly maintain the body's immune tolerance and suppress immune responses. By suppressing the 

autoimmune response of effector T cells and promoting immune tolerance, it has a very important role in maintaining the 

homeostasis of the body. The differentiation and regulation of Treg cells and their relationship with autoimmune diseases have 

been hotspots in the field of immunology in recent years. This article reviews the source of Treg, differentiation regulation, 

classification, markers, functions and mechanisms of action so as to deepen the understanding of Treg cell differentiation and 

immune regulation mechanisms, and further broaden the research horizon and thinking. 
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1. Introduction 

T cells are derived from bone marrow lymphoid stem cells, 

which differentiate, develop and mature in the thymus, 

mainly including Cluster of differentiation (CD)4
+
 and 

CD8
+
T cells. The former accounts for about 65% of T cells, 

play an important role in immunity and assist in humoral 

immune response [1]. T lymphocytes are one of the most 

important immune cells, and their subgroups have many 

names. According to the different functions of the immune 

response, it is currently recognized that they can be divided 

into helper T cells that help cellular immunity and humoral 

immune function (helper T cell, Th), regulatory T cells (Treg) 

that regulate the immune response, and cytotoxic T 

lymphocytes (CTL) with the function of killing target cells. 

After being induced by T cell receptor (TCR) and induced by 

cytokines, CD4
+
T cells are mainly divided into 4 cell 

subpopulations: Th1, Th2, Th17, and Treg. Th1 and Th2 

cells are the first discovered CD4
+
T cell subsets and Th1/Th2 

immunization model is a classic immunology theory. Treg 

and Th17 originated from the same type of initial CD4
+
T 

cells. They have a close and complex relationship, which 

restricts each other in differentiation and antagonizes in 

function, and can be transformed into each other under 

certain conditions. Both of them constitute a relatively 

independent cell network system except Th1/Th2. Tregs are a 

type of T cell subset with immunosuppressive function, 

which plays a vital role in maintaining the immune tolerance 

of the body. It can regulate CD4+, CD8+ T cells, B cells, and 

natural killer cells（NK) in the body, natural killer T cells 

(NKT) and different antigen presenting cells (Antigen 
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presenting cells, APC) and other immune responses of 

various cells. Tregs have a variety of different regulatory 

mechanisms, and can adopt different immune regulation 

strategies [2] according to different microenvironments, 

which play an important role in the immune system. By 

inhibiting the activation and proliferation of other immune 

cells, it exerts its effects of inducing immune suppression and 

immune incompetence. Forkhead box p3 (Forkhead box p3, 

Foxp3) is a specific transcription factor of Treg, and its 

continuous expression can promote the differentiation of 

Treg cells and improve the immunosuppression [3]. Studies 

have confirmed that Treg cells and their cytokines and 

transcription factors are closely related to the maintenance of 

the body's immune homeostasis and the occurrence and 

development of autoimmune diseases (AID). The reduction 

in the number of Tregs cells or functional defects will lead to 

the occurrence of AID [4], and became a hot spot for AID 

occurrence, outcome and treatment. 

2. Discovery and Differentiation 

regulation of Treg Cells 

2.1. Discovery of Treg Cells 

As early as the 1970s, people realized that there was a 

class of immunosuppressive T cell subsets in the body. In the 

1980s, a class of T cell subsets with unique functions were 

discovered, which played an important role in preventing 

autoimmune reactions. It was not until 1995 that Sakaguchi 

et al. [5] first isolated CD4
+
CD25

+
T cell subsets in mouse 

spleen and peripheral blood, namely, due to their continuous 

function of expressing CD25 molecule, CD4
+
T cell subsets 

that had characteristic of expressing interleukin 2 receptor 

(IL-2R). Treg cells usually referred to a subset of CD4
+
T 

lymphocytes that highly expressed CD25 and Foxp3, can 

inhibit the activation of autoreactive T cells, and participate 

in the regulation of immune responses and immune tolerance. 

Knocking out CD4
+
CD25

+
T cells in mice can quickly induce 

autoimmunity and multiple organ damage in mice, and 

reinfusion of CD4
+
CD25

+
T cells can reverse or prevent the 

occurrence of autoimmune reactions [6]. Therefore, it is 

believed that CD4
+
CD25

+
T cells have dual functions of 

immunoregulation and immunosuppression, so concept of 

Tregs was first proposed that Treg cells had the function of 

inhibiting the activation of other T cells. Later, similar results 

in the human body were confirmed. In 2001, Stephens et al. 

found natural CD4
+
CD25

+
Treg cells in human thymus and 

peripheral blood, the content of which accounted for 5% to 

15% of T cells. In recent years, studies have found that Treg 

cells can perform immunosuppressive regulation by secreting 

interleukin 10 (interleukin, IL-10) and transforming growth 

factor-β (Transforming growth factor-β, TGF-β). Foxp3 is 

the best specific marker for Treg cells. CD4
+
CD25

+
Foxp3 

Treg cells are currently widely used specific surface 

molecular markers for Tregs. They are considered to be the 

most representative cell subgroup of Treg cells [7]. Foxp3 

plays a key role in the development and regulation of Treg 

cells. Reduced Treg number or loss of function affect the 

body's immune status, causing autoimmune tolerance 

disorders [8] and leading to the occurrence of AID. 

2.2. Differentiation Regulation of Treg Cells 

Both Treg and Th17 cells are derived from the same type 

of initial CD4
+
T cells. After differentiation into intermediate 

cells, the direction of their differentiation depends mainly on 

the type of cytokines in the environment, and they transform 

into each other under certain conditions. TGF-β mediates the 

differentiation of T cells into Treg. After adding IL-6, the 

differentiation is stopped, and the differentiation to Th17 

direction. Treg cell differentiation is inhibited to a certain 

extent, showing that IL-6 plays a decisive role in the 

direction of T cell differentiation. Large amounts of IL-6 and 

IL-21 can also transform differentiated Treg cells into Th17 

cells. Another study showed that TGF-β played an important 

role in the differentiation of T cells into Th17 or Treg cells 

[9]. Low levels of TGF-β and IL-6 together promote the 

differentiation of Th17 cells. High concentrations of TGF-β 

acting alone can induce high Foxp3 expression, promote 

Treg cell differentiation, and cause CD4
+
CD25

+
Treg cells to 

inhibit Th17. IL-17 and IL-6 can effectively inhibit the 

function of Th1 and transform Treg cells to Th17 cells. In the 

presence of IL-10, Th17 cells can be transformed into Treg 

cells. The differentiation of Treg cells was regulated by many 

factors. Under neutral conditions in vitro, TGF-β would tend 

to balance towards the development of functional 

Foxp3
+
Tregs. In the presence of inflammatory cytokines such 

as IL-1β, IL-2, IL-15, functional Tregs were transformed into 

non-functional Tregs that produced IL-17. IL-2 was a key 

factor in regulating the homeostasis of Treg cells, and 

immature Treg cells can be used to increase the expression of 

Foxp3 and CD25 and promote differentiation into mature 

Treg cells. IL-2 and TGF-β induced the differentiation of 

naive T cells into Treg cells. IL-2 induced STAT5, enhanced 

Foxp3 expression, and promoted Treg differentiation. TGF-β 

was mainly involved in the differentiation process of Treg 

through STAT5 induction, and retinoic acid activated the 

differentiation process by promoting TGF-β and inducing 

Foxp3 [10]. IL-35 was a new anti-inflammatory factor 

secreted by Treg cells after IL-10 and TGF-β. It had stronger 

immunological functions than IL-10 and TGF-β and played a 

negative immunoregulatory role in the differentiation of Treg 

cells [10]. IL-35 could inhibit the proliferation of T cells, 

expand Treg cells, and induce iTr35 with stronger inhibitory 

activity to exert its immunomodulatory effect [11]. iTr35 

could secrete IL-35 specifically, inhibit the proliferation of T 

cells, and was a key factor in inducing infectious tolerance 

[12], effectively preventing the occurrence and development 

of inflammation. The differentiation state of CD4
+
T cells was 

mainly determined by environmental factors and their 

transcription factors [13]. Under the stimulation of different 

cytokines, CD4
+
T cells can be differentiated into different 

effector T cells. The latter and Treg restricted each other in 

the process of function and differentiation, and jointly 

maintained the immune homeostasis of the body. The 
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imbalance of immune will lead to the occurrence of 

immune-related diseases [13, 14]. 

3. Classification and Markers of Treg 

Cells 

3.1. Classification of Treg Cells 

At present, the classification of the Tregs subgroup has not 

been unified. According to the origin, differentiation and 

mechanism of Treg, they are divided into two categories: 

natural regulatory T cells (nTregs) and induced regulatory T 

cells (iTregs). The vast majority of nTreg cells are derived 

from the thymus, which is mediated by endogenous 

superantigens and APCs derived from thymus and bone 

marrow, and induced differentiation, development and 

maturation by TCR, cytokines, cell surface receptors and 

costimulatory molecules, and then migrate to peripheral 

tissues. It is an intrinsic Treg cell produced by normal 

procedures in the thymus and also known as intrinsic or 

thymus-type Tregs (tTregs). In peripheral blood, nTreg 

mainly expresses CD4, CD25, Foxp3, PD-1, CCR4 and low 

levels of CD127, among which Foxp3 is considered to be the 

most specific marker for human and mouse Treg cells. iTreg, 

also known as adaptive regulatory T cells or peripheral Tregs 

(pTregs), is derived from the differentiation of peripheral 

primary CD4
+
T cells through antigens or cytokines such as 

IL-10, TGF-β, and 1L-2. iTreg is divided into two categories: 

one is the type I regulatory T cells characterized by IL-10 

and dendritic cells (DCs) that do not express Foxp3, but 

highly express IL-10, namely Tr1(CD4
+
 CD25 low Foxp3

-
), 

mainly through the secretion of IL-10 to suppress the initial 

and memory Thl and Th2 cell responses [15]. The other type 

is a subset of regulatory T cells (CD4
+
Treg) cells that 

specifically express Foxp3 induced by TGF-β1, namely Th3 

(CD4
+
CD25

-
Foxp3) cells, mainly through self-secreted TGF- 

β1, suppresses Th1 cell-mediated immune response and 

inflammatory response [16]. Two subgroups of iTreg derived 

from naive resting T cells after DCs stimulation, depending 

on the type and activation state of DCs. In fact, nTreg and 

iTreg cells do not have very strict boundaries, and there is a 

certain overlap. Generally speaking, CD4
+
CD25

+
Treg cells 

mainly refer to nTreg. In addition, Tregs cells also include 

CD8
+
Treg, CD4

-
CD25

-
Treg, CD4

+
LAP

+
Treg and NKT [17]. 

CD8
+
Treg in humans is mainly derived from CD8

+
CD28

+
T 

lymphocytes, and NKT cells express NK cell receptors 

NK1.1 or NK161 in addition to T cell receptor TCRαβ [18]. 

3.2. Markers of Treg Cells 

Many scholars believe that Foxp3 plays a key role in the 

development and function of Treg, and its expression 

determines the maturity and functional regulation of nTregs. 

It has been recognized by immunologists as a specific 

biomolecule marker to activate nTregs. Foxp3 is a 

traditionally recognized specific marker for CD4
+
CD25Treg 

cells. With the deepening of research, it has found that Foxp3 

is not only specifically expressed in nTregs, but also 

expressed in human activated Teff. Therefore, the rationality 

of Foxp3 as a specific biological marker for activated human 

nTregs has been questioned, and doing research on multiple 

markers of Treg cell subpopulations has been carried out. 

The immunophenotype of Tregs also includes CD127low, 

CD45RO, CD45RA, etc [19]. According to the positive 

expression of CD25 molecule on the surface of CD4
+
T cells, 

it can be divided into CD4
+
CD25

+
regulatory T cells (Treg) 

and CD4
+
CD25

-
 effector T cells (Teff), the former can 

suppress the immune response, and the latter can promote 

immune response. According to the phenotype of cells, the 

Treg subgroup mainly includes CD4
+
CD25

+
, 

CD4
+
CD25

+
CD62L

+
, CD4

+
CD25

+
CD103

+
, 

CD4
+
CD25

+
CD122

+
, CD4

+
CD152

+
, CD4

+
CD103

+
, 

CD4
+
CD25

+
Foxp3 and CD4

+
CD45RBlow Treg cells, among 

which CD4
+
CD25

+
Treg cells are currently the most studied, 

account for about 5%~10% of peripheral blood CD4
+
T cells 

[20], which can maintain autoimmune balance and prevent 

the occurrence of AID. According to the expression of CD25 

molecule, it can be used as the main basis for distinguishing 

Th cells and Treg cells, but the expression of CD25 on the 

surface of Th cells after infection and activation can be weak 

to moderate. Therefore, CD25 cannot be used as a specific 

marker for CD4
+
CD25

+
Treg cells [21, 9]. According to the 

combination of Poxp3 and CD45RA, Treg cells are divided 

into resting type (Poxp3 dim CD45RA
+
) and activated type 

(Poxp3 high CD45RA
-
). nTreg cells may have a full set of T 

cell receptor lineages that recognize their own antigens, also 

known as antigen non-specific Treg cells [22]. IL-2, CD28 

and TCR/CD3 complex are necessary factors to maintain the 

growth and proliferation of nTreg cells. According to the 

expression and level of CD45RA and Foxp3, human 

peripheral blood Tregs can be divided into activated type 

(CD4
+
CD45RA

-
Foxp3 high activated, aTregs), secreted 

(IFN-γ, IL-2) type (CD4
+
CD25

+
CD45RA

-
Foxp3 low) and 

resting type (CD4
+
CD45RA

+
Foxp3 low resting, rTregs) [11], 

these three types of cells have different expansion and 

inhibition capabilities, the first two can exert effective 

inhibition in vitro, while the latter cannot, indicating that 

Foxp3 alone cannot determine the true inhibitory Tregs. 

Using flow cytometry to detect Foxp3 in cells can identify 

human peripheral blood CD4
+
CD25

+
Treg cells. However, as 

Foxp3 is a nuclear protein existing in cells, it needs to be 

detected after membrane rupture staining. In addition, due to 

individual differences and cumbersome operation, the 

separated CD4
+
CD25

+
Foxp3

+
Treg cells are not suitable for 

the detection of cell function [12], and the activated 

CD4
+
CD25

-
Tcells can also express Foxp [13], which 

indicates that not all Foxp3 positive cells are 

CD4
+
CD25

+
Foxp3 Treg cells. CD127 (the alpha chain of 

IL-7 receptor) is another marker on the surface of human 

Treg cells. Foxp3 may be a "switch" for Treg cells to start the 

immunosuppressive function, which can inhibit the promoter 

of CD127, and over 90% express Foxp3. 

CD127+subpopulation CD127 showed low expression, 

namely, CD4+CD25+Foxp3+low expression CD127 Treg 
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cells indicating that CD127 and Foxp3 expression are 

negatively correlated, CD4
+
CD25

+
CD127

-
/low Treg and 

CD4
+
CD25

+
Foxp3 Treg cells may have the same effect in the 

body, that is, highly inhibit the function of Teff. Since C127 

is a specific molecular marker on the surface of Treg cells, it 

is expressed at high levels in naive and mature T cells, but at 

low levels in Treg cells. Combined detection of CD25 and 

CD127 can sort Treg cells for cell function testing [14]. 

Compared with Foxp3, the detection of 

CD4
+
CD25

+
CD127-/lowTreg cells is relatively simple, and it 

is more advantageous to detect Treg cells by flow cytometry. 

The combined detection of CD4, CD25 and CD127 can not 

only determine the Treg cells of CD4
+
CD25

+
CD127

-
/low, but 

also improve the purity of Treg cells, making it a type of 

Treg cell subgroup with higher specificity and easier to 

quantify. However, because Teff also expresses CD4 and 

CD25, and even the subpopulation of T cells with high 

expression of CD25 contains 50% of the newly activated T 

cells, it is difficult for Treg cells to effectively screen Teff. 

Therefore, the two markers CD4 and CD25 are not enough to 

distinguish Treg from conventional T cells, especially from 

Teff. In recent years, based on the discovery of cell surface 

marker latency-Associated peptide (LAP), it has become a 

new subset of Treg cells with immunosuppressive function, 

which is named LAP
+
CD4

+
T Cells [23] is a new marker of 

non-Foxp3
+
 suppressor cells in human peripheral blood. It 

can be mediated by IL-10 and TGF-β in vitro to inhibit the 

proliferation of other T cells. Scurr et al [24] believed that the 

LAP
+
CD4

+
Treg subgroup had stronger immunosuppressive 

activity than the classical CD4
+
CD25

+
Foxp3

+
T cells. As a 

propeptide, LAP was noncovalently bound to the amino 

terminal of TGF-β to form a latent TGF-β complex, which 

can be expressed in the cell membranes of various immune 

cells such as Tregs, DCs and platelets. There were also 

reports of Foxp3 expression in CD4
+
LAP Treg cells in the 

peripheral blood of healthy people, and there was no report 

or a small amount of expression in each subgroup of 

CD4
+
LAP

+
Treg [25]. Recent studies have found that 

glycoprotein A repetitions predominant (GARP) 

transmembrane proteins are considered to be specific surface 

markers for activating Tregs [26], and are only selectively 

expressed in human activated nTreg, enhancing Treg Cell 

function, but not expressed in activated Th cells, is currently 

considered to be a specific marker for human activation of 

nTreg cells. GARP (LRRC32) is mainly expressed on the 

surface of activated Foxp3
+
Tregs. CD25

+
GARP

+
Tregs have 

stronger immunosuppressive capacity than 

CD25
+
GARP

-
Tregs. More than 90% of CD25

+
GARP

+
T cells 

simultaneously express Foxp3 [18], and less than 3% of Teffs 

cells also express GARP. The expression of CD154 on the 

surface of Tregs is low, and the inhibitory ability of Tregs 

combined with GARP is significantly higher than that of 

CD4
+
CD25hiTregs and CD4

+
CD25

+
CD127lowTregs [26]. 

Most CD4
+
CD25

+
GARP

+
T cells express Foxp3, and only 

1%-2% express low levels of IL-17 and IFN-γ, while 

CD4
+
CD25

+
GARP

- 
T cells express high levels of IL-17. It is 

suggested that GARP can not only identify Tregs with higher 

inhibitory function, but also isolate Th17 cells from 

CD4
+
CD25

+
T cells, which improves the purity of Tregs. 

Therefore, GARP may be a surface marker of activated Tregs, 

which can be combined with other surface molecules to sort 

high-purity Tregs cells. CD4
+
CD25

+
Treg cells can also 

express a variety of non-specific markers, such as cytotoxic T 

lymphocyte-associated antigen-4 (CTLA-4), 

glucocorticoid-induced tumor necrosis factor 

(glucocorticoid-Induced tumor necrosis factor receptor, 

GITR), programmed death ligand-1 (Programmed 

death-ligand1, PD-L1), CD45RO, etc. are expressed in both 

Treg cells and Teff, so they cannot be used as specific 

molecules for Treg cells Mark [18]. A study [27] found that 

GARP can directly bind to the LAP of TGF-β on the surface 

of nTreg and upregulate the levels of LAP and GARP in 

active Treg cells. However, the use of Foxp3-siRNA to 

downregulate Foxp3 did not affect the expression of GARP 

and LAP. Therefore, Foxp3 in Treg cells was not necessary 

for GARP and LAP expression. At present, there are also 

methods for isolating and purifying the Treg cell 

subpopulation, removing CD127 cells with high levels of 

expression in the CD4
+
CD25

+
cell subpopulation, can 

concentrate Foxp3 high expression and high expansion 

potential Tregs subtypes, and jointly use anti-CD49d and 

CD127 antibody is used to extract high-purity, unlabeled 

Tregs with inhibitory effect, and its clinical application value 

needs to be further verified. Therefore, so far, Treg cells still 

lack more specific markers. On the basis of previous research, 

according to the principles of evidence-based laboratory 

medicine, CD4, CD25, CD127, Foxp3, LAP and GARP are 

optimized and combined, and according to the ROC curve, 

molecular markers with high sensitivity and specificity of 

Treg cells are determined imperative. 

4. Function and Mechanism of Action on 

Treg Cells 

4.1. Function of Treg Cells 

Tregs are a subset of T cells with immunosuppressive 

effects, mainly by inhibiting the activation of other T cells to 

exert immune regulation, inducing immune tolerance, and 

playing an important role in maintaining immune 

homeostasis and suppressing autoimmune reactions [28]. 

Treg cells can induce the production of cytokines in chronic 

inflammation, inhibit the effect of Teff, mediate immune 

tolerance and prevent tissue damage, and provide the 

necessary guarantee for the body's overactive immune 

response. CD4
+
CD25

+
Treg is a class of immunosuppressive 

T cell subsets. On the one hand, it secretes cytokines such as 

IL-10 and TGF-β to maintain the stability of the immune 

system; on the other hand, it can inhibit the reaction of IL-17 

and protect the body free from damage caused by 

inflammatory reactions [29]. NTregs directly differentiated 

from thymocytes function through intercellular contact, while 

iTreg cells, which are transformed from peripheral mature 

CD4
+
CD25

+
T cells through specific antigen stimulation and 
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cytokine induction, mainly play an immunosuppressive role 

by secreting inhibitory cytokines such as il-10 and TGF- 

inhibition [30]. Treg cells secrete IL-10, TGF-β and IL-35 

and other cytokines to suppress the body's autoimmune 

response [31], mainly manifested as two functions of 

immune anergy (anergic) and immune suppression 

(immunity suppressive) [32]: (1) Immune impotence means 

that Treg cells do not respond to high-concentration IL-2 

alone and the combined application of anti-CD3 and 

anti-CD28 monoclonal antibodies, namely, various 

stimulations cannot make Treg cells proliferate and 

differentiate, nor secrete IL- 2. Even under the joint action of 

TCR and IL-2, the proliferation and differentiation ability of 

Treg cells is also weak [33]; (2) Immunosuppression means 

that Treg cells are activated by TCR-mediated and 

high-concentration exogenous IL-2 in combination, further 

inhibiting the differentiation and proliferation of CD4+ and 

CD8+T cells, hindering the APC-mediated effect, resulting in 

the death of target cells. Its inhibitory effect is non-antigen 

specific. nTreg mediates inhibition and regulation through 

cell non-contact mechanisms, maintains the body's 

autoimmune homeostasis and immune tolerance, and controls 

inflammatory responses. The functions of iTreg and nTreg 

cells are similar. They mainly play a negative 

immunoregulatory role and suppress the immune function of 

the body. pTregs cells have more specificity than allogenic 

reactive T cells. However, the epigenetics of nTreg and iTreg 

are different. The former has the effect of inhibiting the 

activation and function of APCs such as DCs, Teff, B cells 

and monocytes [19]. Foxp3 expression is more stable and 

demethylation is more extensive. Data shows that iTreg is 

more effective than nTreg in inhibiting the activation of 

autoimmune cells, which may be related to the former's 

greater stability in the inflammatory environment [20]. 

Compared with CD39
-
iTreg cells, CD39

+
iTreg shows 

stronger proliferation and inhibitory capacity, and its 

inflammatory cytokine expression is lower [34]. 

4.2. Mechanism of Action on Treg Cells 

Due to surface Treg cells express a variety of molecules, 

cells and secrete numerous inhibitory factor and so on, 

through the combination of surface molecules, inhibitory 

cytokine secretion and release of toxic substances, inhibition 

of antigen presenting cells, dendritic cells induced resistance, 

outside secrete body immunity, etc. and immune cells and 

their factors influence each other, its mechanism of 

immunosuppression may be the interaction of multiple 

approaches, constitute the immune regulation network of 

complex and huge system, complete the body's immunity. 

However, the immunosuppressive mechanism of Treg cells is 

not fully understood, and there may be several ways: (i) 

Through the mechanism of inhibitory cytokines, Treg cells 

secrete sex cytokines such as IL-10, IL-35 or TGF-β to 

inhibit the effect of Teffs and to prevent excessive immune 

response in the body [35]. The inhibitory effect of the above 

cytokines on Treg cells is very important, and this pathway is 

considered to be the main inhibitory mechanism. In vivo 

experiments show that the inhibitory effect of IL-10 and 

TGF-β on Tregs is essential. IL-10 mainly inhibits the 

function of APC, and only depends on IL-10 in the innate 

immune system. As a soluble cytokine, TGF-β can be 

expressed on the surface of activated Tregs, and can function 

by membrane contact. IL-35 is mainly expressed by 

Foxp3+nTregs, which is necessary for Tregs to exert their 

maximum inhibitory activity. Foxp3 expression is 

significantly up-regulated in Tregs in the inhibitory role. 

IL-35 is ectopically expressed in sufficient amounts to make 

the original T cells rich in regulation activity, after 

recombination can inhibit the proliferation of T cells. After 

Foxp3+Treg is activated by TCR-mediated signal stimulation, 

it can inhibit the activation and proliferation of Foxp3-T cells 

by secreting inhibitory cytokines, IL-2 and other competitive 

depletion. Foxp3+Treg can also contact with target cells, 

secrete IL-10, TGFβ and IL-35, and exert the function of 

suppressing immune cells [32]. Under the effect of TGF-β 

and IL-6, naive T cells can preferentially differentiate into 

Teffs, which reduces Tregs. TGF-β can also inhibit IL-1 and 

IL-2, suppress immune cell activation and Teffs function. (ii) 
Through intercellular contact mechanism: Treg cells are in 

contact with Teffs, which promotes the combination of 

CTLA-4 on the surface of Treg cells and CD80 and CD86 on 

the surface of Teffs, blocking the signal pathway, which can 

inhibit the generation of the second signal, make T cells 

immune disabled, and induce Immune tolerance exerts 

immunosuppressive effects [36]. The CTLA-4, GITR, PD-L1 

and HLA-DR expressed by Treg cells induce the 

costimulatory factor (ICOS), and cross-link with APC to 

suppress the activity of immune cells, thereby exerting an 

immunosuppressive effect [37]. The high expression of GITR 

in Treg cells not only inhibits its immune activity, but also 

reduces the expression of FoxP3 in vivo, which negatively 

regulates the immunosuppression of Treg cells [38]. 

Overexpression of CTLA-4 on the surface of Treg cells, 

interacts with CD80 and CD86, promotes DC expression of 

indoleamine 2, 3-dioxygenase (IDO), inhibits activation of T 

cells and induces apoptosis [39]. It can also stimulate the 

expression of IDO in DC and induce the production of 

resistant IDO-DC cells. The increase in the number can 

inhibit the antigen presentation of DC cells [40]. The 

interaction between IDO and Treg cells may be the key to 

immune tolerance One of the mediating factors. (iii) Through 

cell lysis mechanism most studies believe that Treg cells 

promote the lysis of cells and mediate Teffs cell apoptosis by 

releasing the synergistic effect of granzyme B (GrB) and 

perforin (PFP). PFP causes target cells to form 

transmembrane channels. GrB is transported into target cells 

through the channels formed by PFP, and apoptosis is 

induced by osmotic contrast. GrB can also induce apoptosis 

of target cells through various ways. PFP can enhance GrB's 

Pro-apoptotic effect. The cell lysis mechanism induced by 

Tregs is mediated by granzyme B, which is 

perforin-dependent, and it may be that Tregs itself have 

cytolytic activity. GrB expressed by activated Treg cells can 

kill various target cells such as mature or immature DC, 
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CD4
+
/CD8

+
T cells through PFP-dependent cytotoxicity [41]. 

Studies have also shown that activated Tregs induce ligand 

death pathway through TNF-α and induce Teffs apoptosis. It 

has also been suggested that galectin mediates cell lysis in a 

GrB and PFP-dependent manner. GrB and PFP may also 

induce the release of cytokines in the particle-mediated lysis 

pathway. CD4
+
CD25

+
Treg cells express granzyme A under 

the synergy of CD3 and CD46 antibodies, killing activated 

CD4
+
T cells and CD8

+
T cells [42]. (iv) Through dendritic 

cell-mediated mechanism Tregs affect the activation and 

immunosuppression of Teffs by regulating DC maturation 

and function. Tregs regulate DC maturation and function by 

inhibiting surface molecule lymphocyte activation gene 

(LAG) 3 and CTLA-4, directly affect the immunosuppressive 

effect of Teffs, and can also inhibit the maturation of APCs 

or induce tolerance Sexual DCs play an immunosuppressive 

effect [43]. MHC Ⅱ expressed by mature DC binds to 

LAG-3, which can induce an inhibitory signaling pathway 

mediated by the immunoreceptor tyrosine activation motif 

(ITAM). SHP1 inhibits the maturation of DC and 

downregulates its immune activation ability. iIL-35 can 

induce Treg cells to express the co-inhibitory molecule 

CTLA-4 and APCs surface marker molecules CD80 and 

CD86 with high affinity binding to initiate the inhibitory 

signal. After T cells receive antigen stimulation, they 

proliferate and differentiate to form Teffs [44]. Recent 

studies have found that the low expression of 

immunomodulatory molecules such as CD40, CD80, CD86, 

CD45RA, CD45RA
+
CD45RB, MHC-II, and OX62 on the 

surface of DC cells can inhibit the immune response ability 

of DC cells [45]. Adenosine can also regulate the maturation 

of DC and induce the differentiation of Foxp3 and Tregs. 

Leukocyte function-associated antigen-1 (LFA-1) can 

accelerate theaccumulation of Tregs and immature DCs. By 

relying on LFA-1 and CTLA-4, it can down-regulate the 

expression of CD80 and CD86 on DCs. DC loses its ability 

to activate naive T cells, leading to immunosuppression and 

immune tolerance. Fibrinogenfi-like protein 2 (FGL2) 

secreted by Tregs may affect the function of DC. The 

application of its antibody can completely block the 

inhibitory effect of Tregs. FGL2 binds to the low-affinity Fc 

RIIB receptor, inhibits DC maturation, and induces B cell 

apoptosis. The number of DCs in FGL2-/-mice increased. 

After stimulation with LPS, the expressions of MHC-Ⅱand 

CD80 were up-regulated, and the number of Tregs increased, 

but its inhibitory effect decreased. Tregs can express 

neuropilin 1 (neuropilin 1, NRP1), which may promote the 

interaction between Tregs and immature DC. Blocking Nrp1 

weakens the effect of Tregs and DC. Foxp3
+
Treg can 

negatively regulate APC by inhibiting antigen presentation, 

reducing costimulatory signals, etc., resulting in high 

expression of LAG-3/CD233 on the cell membrane, which 

combines with APC's MHCⅡto inhibit DC activation [46] 

and block DC maturation. Treg can also inhibit the 

maturation of APC or induce tolerance DC to play an 

immunosuppressive effect [43]. (v) By inhibiting the 

metabolic mechanism and interfering with the metabolism of 

T cells, such as the glycoprotein receptor on the surface of T 

cells reacts with galectin, which can reduce the IL-2 and 

interferon gamma secreted by T cells, leading to metabolic 

disorders. The high expression of the IL-2 receptor CD25 on 

the surface of Tregs cells causes Teffs to be competitively 

bound to IL-2 and is consumed. By depleting the IL-2 that 

Teffs depends on to survive, it inhibits its proliferation and 

apoptosis. The highly expressed CD39 and CD73 molecules 

on the surface of Treg cells cleave extracellular ATP, 

catalyze the production of adenosine, further activate the 

adenosine A2A receptor, and promote the increase and 

adaptability of cyclic adenosine monophosphate (cAMP) in 

Teffs. The proliferation of Tregs interferes with its metabolic 

and biological functions and inhibits Teffs. In addition, 

galectin depletion of IDO by Treg cells reduces the local 

tissue tryptophan and inhibits the proliferation of T cells [47]. 

IDO plays an important role in the process of Treg's 

appreciation, differentiation and apoptosis. Tregs combine 

with CTLA-4 and CD80/CD86 with high affinity to increase 

the content of IDO in DC cells, induce the catabolism of 

tryptophan into pro-apoptotic metabolism, enhance the 

immunosuppressive capacity of cells, and suppress Teffs. 

The IFN-γ-IDO axis is essential for the production and 

function of Treg. Treg can promote the expression of IDO 

and enhance its activity. Through the feedback pathway 

between Treg and IDO, the interaction affects the immune 

tolerance environment. IDO also produces metabolites by 

breaking down tryptophan, binding to the cytoplasmic 

transcription factor aromatic hydrocarbon receptor (AhR), 

causing naive CD4+T cells to differentiate into Treg and 

Th17 cells. AhR also induces human DC to produce IDO in 

the feedback loop, further inhibiting T cell proliferation. (vi) 

The research on the mechanism of exosome production 

shows that Treg cells fuse with the target cells to release the 

content through the generated exosomes, or internalize the 

target cells to take up the content, or bind to specific proteins 

on the surface of the target cells [48], Regulating the function 

of Teffs by paracrine or endocrine methods to maintain 

autoimmune tolerance, and play the role of immune 

regulation [49]. Treg cell-derived exosomes contain various 

components from the cell itself, such as cytokines, membrane 

protein surface molecules, and RNA, and exert an 

immunosuppressive effect through high-efficiency 

interactions with target cells. Exosomes released after 

activation of CD8
+
CD25

+
Treg cells can be expressed in 

molecules such as CD25 and GITR. Agarwal et al. [50] 

found that exosomes derived from Treg cells can express 

CD25 and CTLA-4 at high levels, and induce immune 

tolerance by inhibiting the proliferation and activity of Teffs 

cells to exert an immunosuppressive effect. The CD73 

molecule expressed by Treg exosomes activates cAMP in 

Teffs through the adenosine/adenosine receptor pathway, 

promoted immune tolerance, and inhibits the effect of Teffs. 

Treg cells were interacted with CTL by releasing exosomes 

to suppress DC antigenpresenting cells and had the effect of 

inhibiting T cell proliferation. Chatila et al. believed that the 

secretion of exosomes by Treg cells can induce immune 
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tolerance [51]. The exosomes secreted by Treg cells contain 

unique miRNAs and iNOS molecules, which can induce 

apoptosis and promote the transformation of T cells to Treg 

[52]. Treg cell-derived exosome miRNAs suppress gene 

production and self-reactive T cells through gene silencing, 

or by containing inhibitory cytokines and surface molecules 

bound to target cells, suppress immune responses, participate 

in the maintenance of autoimmune processes, regulation and 

immune tolerance [53]. Aiello et al. [60] blocked the NF-κB 

signaling pathway by adenovirus vector transfer dominant 

suppressor gene nuclear factor kinase inhibitor (IKK2), and 

the immature DC obtained induced Treg cells in vitro, and 

the exosomes contained miRNA, interfered with T cell cycle 

protein expression, and inhibited T cell proliferation. 

Exosomes contained NO synthase (iNOS), which induced the 

production of large amounts of NO, leading to apoptosis of 

Teffs cells. The same amount of CD4
+
CD25

+
Foxp3

+
Treg 

cells secreted more exosomes than other immune cells such 

as Teffs and Th17, and Treg cells were more sensitive to DC 

exosomes than DC4
+
and CD8

+
Subtypes of T cells [54]. 

Studies have found that exosomes secreted by Treg cells 

have a similar effect to Treg cells, but their inhibitory ability 

is weaker than Treg cells themselves [55], inferring that 

exosomes are only a way for Treg cells to exert an 

immunosuppressive effect. It is not a decisive role in 

complementing its high-efficiency immune regulation [56]. 

Therefore, the regulatory mechanism of exosomes secreted 

by Treg cells needs further study. (vii) Notch signaling 

pathway is highly conserved. It activates receptors through 

transmembrane ligands and plays an important role in 

multiple steps and links. It participates in T cell activation 

and its mediated immune response [57]. The differentiation 

of cells is crucial, which can promote the Th2 response and 

regulate the differentiation of T cells towards Th1. Notch 

signaling pathway not only plays a key role in the 

differentiation of Th cells, but also plays an 

immunosuppressive role by regulating the differentiation and 

expression of Treg cells [58]. Notch1 binds to its ligand, 

induces Treg differentiation, regulates the number of Treg 

cells, and mediates immunosuppression. Inhibiting Notch 

signal can significantly promote Treg to secrete IL-10 and 

other anti-inflammatory cytokines, and inhibit the expression 

of IL-1β pro-inflammatory cytokines. Notch signaling 

pathway can also regulate the immunosuppressive function 

of Tregs, enhance the signal response of Th1 cells, 

down-regulate the stability of peripheral Foxp3+Treg [59], 

participate in the regulation of FoxP3+Treg in PBMC, block 

Notch signaling pathway, FoxP3 expression is significantly 

down-regulated This indicates that Notch signal has a greater 

influence on FoxP3 expression [60]. (viii) Foxp3 determines 

the differentiation and maintenance of Treg cells through the 

transcription factor mechanism [61]. The interruption of its 

expression can hinder the differentiation of Treg. Foxp3 and 

T cells act to inhibit the activity of Teffs and NKT. (ix) 

Through gap connection mechanism Tregs cells can connect 

through gaps to transfer the inhibitory second messenger 

cAMP to Teffs cells and DC, inhibiting Teffs to play a role. 

(x) Through Treg cell activation mechanism Treg cells are 

activated by TCR and can directly inhibit Teffs without being 

mediated by APC. That is, Treg cells directly “talk” with 

Teffs. In short, the mechanism of action of Treg cells is quite 

complex, which may be dominated by one pathway, or may 

be the result of the interaction of multiple pathways. 

5. Application and Prospect of Treg Cells 

T cells are derived from bone marrow lymphoid stem 

cells, which differentiate, develop and mature in the thymus, 

mainly including Cluster of differentiation (CD)4
+
 and 

CD8
+
2 T cells. The former accounts for about 65% of T 

cells, play an important role in immunity and assist in 

humoral immune response. T lymphocytes are one of the 

most important immune cells, and and their subgroups have 

many names. According to the different functions of the 

immune response, it is currently recognized that they can be 

divided into helper T cells that help cellular immunity and 

humoral immune function (helper T cell, Th), regulatory T 

cells (Treg) that regulate the immune response, and 

cytotoxic T lymphocytes (CTL) with the function of killing 

target cells. After being induced by T cell receptor (TCR) 

and induced by cytokines, CD4
+
T cells are mainly divided 

into 4 cell subpopulations: Th1, Th2, Th17, and Treg. Th1 

and Th2 cells are the first discovered CD4
+
T cell subsets 

and Th1/Th2 immunization model is a classic immunology 

theory. Treg and Th17 originate from the same type of 

initial CD4
+
T cells. They have a close and complex 

relationship, which restricts each other in differentiation 

and antagonizes in function, and can be transformed into 

each other under certain conditions. Both of them constitute 

a relatively independent cell network system except 

Th1/Th2. Tregs are a type of T cell subset with 

immunosuppressive function, which plays a vital role in 

maintaining the immune tolerance of the body. It can 

regulate CD4
+
, CD8

+
T cells, B cells, and (natural killer 

cells in the body. NK), natural killer T cells (NKT) and 

different antigen presenting cells (Antigen presenting cells, 

APC) and other immune responses of various cells. Tregs 

have a variety of different regulatory mechanisms, and can 

adopt different immune regulation strategies according to 

different microenvironments, which play an important role 

in the immune system. By inhibiting the activation and 

proliferation of other immune cells, it exerts its effects of 

inducing immune suppression and immune incompetence. 

Foxp3 is a specific transcription factor of Treg, and its 

continuous expression can promote the differentiation of 

Treg cells and improve the immunosuppression. Studies 

have confirmed that Treg cells and their cytokines and 

transcription factors are closely related to the maintenance 

of the body's immune homeostasis and the occurrence and 

development of autoimmune diseases (AID). The reduction 

in the number of Tregs cells or functional defects will lead 

to the occurrence of AID, and became a hot spot for AID 

occurrence, outcome and treatment. 
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