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BACKGROUND: Although regulatory T cells (Tregs) are key to the maintenance of immunologic 

homeostasis and tolerance, little is known about Treg-mediated immunosuppression in the stage of 

sepsis. This article aimed to review the current literature on the role of Tregs in the pathophysiology 

of septic response, attempting to investigate the role of Tregs in immune dysfunction during sepsis.

DATA SOURCES: A literature search was conducted in January 2014 using the China National 

Knowledge Infrastructure and PubMed. Articles on the role of Tregs in immune dysfunction during 

sepsis were identifi ed.

RESULTS: The identifi ed articles indicated that Treg levels can be used for the assessment of 

the course of sepsis. The inhibition of Treg activity can promote the recovery of immune function.

CONCLUSION: Since the mechanism of Tregs is complex during the sepsis, more studies are 

needed.
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INTRODUCTION
Sepsis is defined as a complex syndrome, which 

results from a serious infection followed by amplified 

and dysregulated inflammatory response. The complex 

immune response associated with sepsis results in a 

high rate of morbidity and mortality, despite substantial 

basic science and clinical advances. The mortality rate 

of sepsis in ICU is 33%, whereas that of severe sepsis 

is as high as 50%. A multicenter epidemiology survey
[1]

 

shows that in China the occurrence rate of severe sepsis 

was 8.68% in ICU and the mortality rate was as high as 

44.7%. The treatment of sepsis has become a worldwide 

problem in the modern critical care medicine.

A recent report
[2]

 has shown that regulatory T cells 

(Tregs) play an important role in suppression of immune 

response, as demonstrated by the increase in number 

and functional enhancement following the onset of 

severe sepsis or septic shock. This might be associated 

with the increased morbidity and mortality in septic 

patients. Although Tregs are key to the maintenance of 

immunologic homeostasis and tolerance, little is known 

about Treg-mediated immunosuppression in the stage 

of sepsis. Thus, an increasing interest has emerged 

regarding the investigation of the biology of Tregs as 

well as their potential mechanisms underlying immune 

dysfunction after acute insults, infection, and sepsis or 

septic shock. This review aimed to investigate the role of 

Tregs in immune dysfunction during sepsis.

Biological characteristics of Tregs and their 

regulation mechanism
In general, there are two kinds of Tregs that 

impact on peripheral immunity. The first is natural 

CD4
+
CD

+
Foxp3

+ 
T cells that are derived from the 

thymus, which have been extensively studied for their 

roles in autoimmunity and tolerance. The second group, 

such as Treg1 and helper T cells, comprises a group 

of Treg cells that develop from the activation, which 
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contains interleukin-1 and transforming growth factor-β, 

and differentiation of mature CD4
+
CD25

– 
T cells in the 

periphery; these Tregs are called adaptive or induced 

Tregs.

Natural Tregs are now classified as CD4
+
CD25

+ 

Tregs, which are derived from the thymus and have been 

extensively studied. In humans or an animal model, the 

latter cells comprise 5%–10% of CD4
+ 

T cells in the 

peripheral circulation and lymphoid compartment,
[3]

 but 

are relatively scarce in tissues and bone marrow.
[4]

The crucial role of T cell system in the pathogenesis 

of immunopathological disorders has been fully 

accepted. The anergic and suppressive function are 

the most important functional properties for Tregs. In 

addition to T cell receptor (TCR) signals, costimulatory 

molecules and cytokines, which include CD28 and IL-2 

respectively, contribute to the development of Tregs. 

Tregs can inhibit the activation and proliferation of CD4
+
 

and CD8
+
 T cells in the TCR mediated signal activated.

[5]
 

In addition, studies have shown that Tregs could inhibit 

neutrophil, B lymphocytes, monocytes/macrophages, and 

dendritic cells.

From a functional perspective, the suppression 

mechanisms for Tregs can be grouped into four basic 

"modes of action": suppression by inhibitory cytokines 

like interleukin-10 (IL-10), IL-35 and transforming 

growth factor-β (TGF-β), suppression by cytolysis, 

suppression by metabolic disruption, and suppression by 

modulation of dendritic-cell (DC) maturation or function. 

Tregs can also infl uence immune responses by modulating 

the recruitment and function of other cell types.
[6]

 For 

instance, Treg-cell-derived IL-9 can activate mast cells, 

which are essential to regulatory intermediaries in the 

establishment of peripheral allograft tolerance.

Forkhead/winged helix transcription factor p3 (Foxp3) 

belongs to the family of X chromosomes. The gene 

mutation affects the function of Tregs, leading to a series 

of autoimmune/inflammatory diseases. Mice (known as 

scurfy mice) and individuals that lack Foxp3 develop a 

profound autoimmune-like lymphoproliferative disease 

that graphically emphasizes the importance of Tregs in 

the maintenance of peripheral tolerance.
[7]

 Humans that 

lack functional Foxp3 develop immunodysregulation, 

polyendocrinopathy and enteropathy X-linked syndrome 

(IPEX). IPEX is a severe autoimmune disease that 

develops early in infancy.
[8]

 It is known that Foxp3 is 

essential for the differentiation and development of 

Tregs, meanwhile, these processes require Foxp3 gene 

stable
[9]

 and high level expression.
[10]

 Brunkow et al
[11]

 

found that CD4
+
CD25

–
 T cells can express high level of 

Foxp3 by the retroviral Foxp3 gene transfection carrier 

technology, and this phenotypic and functional activity 

was similar to Tregs. Foxp3 is considered as one of 

the most reliable markers of Tregs as a result of Foxp3 

mRNA and its encoded protein is specifi cally expressed 

in Tregs, and directly influences the development, 

phenotype and activity of Tregs.

Varieties of Tregs in sepsis and their clinical 

value
It is well-known that sever sepsis and septic shock 

undermine immune homeostasis by inducing an initial 

intense systemic inflammatory response that is rapidly 

followed by a negative feedback of anti-inflammatory 

process. Moreover, this inhibitory response may decrease 

host resistance to secondary nosocomial infections, 

thereby having a deleterious effect on patient outcome. 

More data have revealed the importance of immune 

function disorder in patients with sepsis and septic 

shock. It is considered that resistance to infection and its 

outcome is influenced by a complex interplay between 

the host, microbe, and environment.
[12]

 Tregs play a 

pivotal role in the pathogenesis of septic complications 

with considerable effect on suppressing the adaptive 

immune response. Thus, it is important to understand the 

pathogenic mechanism of sepsis and to develop novel 

preventative and treatment strategies.

Although Tregs comprise only a small fraction of T 

lymphocytes in the immune system, these cells appear 

to possess potent regulatory properties on cellular 

activation, which make them an important participant in 

the inhibition of immune responsiveness during sepsis.

An animal study
[13]

 revealed that the percentages of 

CD4
+
CD25

+ 
Tregs were signifi cantly increased 24 hours 

after cecal ligation and puncture (CLP) in comparison 

with sham animals. A recent study
[14]

 found that after 

the onset of septic shock, the number of Tregs and 

their suppressive function were increased progressively 

and significantly, indicating that they are active in the 

inhibition of immune responsiveness during sepsis. 

Another study
[15]

 demonstrated that the increased 

proportion of Tregs was not due to a proliferation of 

Tregs but rather to a selective depletion of CD4
+
CD25

- 

T cells. Hence we concluded that prolonged existence 

of CD4
+
CD25

+ 
T cells leads to severe immunoparalysis 

and is associated with a poor prognosis. Therefore, the 

sequential monitoring of Tregs in peripheral blood from 

septic patients might be helpful to appraise the patient's 

condition and to judge the prognosis.
[13]

Tregs are involved in the induction of lymphocyte 
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anergy after sepsis, and the activity is cell-contact 

dependent and is mediated by increased cytokines. 

Anergy of T cells is a state of failure to proliferate or 

secrete cytokines and non-response to their specific 

antigen. A study
[16]

 demonstrated that Tregs from 

septic mice showed more suppression of in vitro T cell 

proliferation and more suppression of TH1-type cytokine 

production than Tregs from sham-injured animals. 

We found that as the cecal ligation and puncture 

(CLP) model was used to induce polymicrobial sepsis 

in mice, the proliferative activity of CD4
+
CD25

– 
T cells 

was inhibited when co-cultured with CD4
+
CD25

+ 
Tregs. 

In addition, the apoptosis of D25
– 
T cells was enhanced. 

Tregs acted on monocytes by inhibiting LPS-induced 

survival through a pro-apoptotic mechanism involving 

the Fas/FasL pathway or secretion of IL-10, which 

affects the apoptosis of monocyte and neutrophil.
[17]

Apart from a higher percentage of circulating Tregs 

in the blood samples from patients with septic shock, 

the expressions of Treg phenotypes such as CTLA-4 and 

Foxp3 and gene/protein expression of cytokines (IL-10 

and TGF-β) were all elevated after burn. And there were 

obvious differences in various burn sizes. They were 

also higher in septic patients than those without sepsis. 

Among the septic patients, the expressions of Treg 

phenotypes and the levels of cytokines were markedly 

lower in the survival group than those in patients with 

fatal outcome.
[18]

Concomitantly, the mRNA expression of Foxp3 

levels was found to show a similar pattern as the protein 

expression of Foxp3. It has been reported that the 

function of Tregs is governed by Foxp3, and without 

this expression Treg function is lost.
[19]

 Whereas the 

transduction of Foxp3, the special transcription factor for 

the development and function of natural Tregs, induced 

the expression of CD25, CTLA-4, and GITR, and it 

exerted anergic and suppressive effects.

The aforementioned studies demonstrated that sepsis 

leads to a relative increase in the number of Tregs and 

increases their suppressive function. Consequently, a 

question emerging from these findings regarding the 

depth of Tregs investigation might indicate the outcome 

of patients with sepsis. 

Hein et al
[20]

 reported a negative correlation between 

severities of sepsis, assessed by simplified acute 

physiology score-II, sequential organ failure assessment 

or arterial lactate concentration and percentage of Tregs. 

Another study
[21]

 revealed that sepsis was characterized 

by the increase in percentages of circulating CD4
+
CD25

+ 

Tregs and plasma level of soluble CD25, and the 

elevation of these parameters might be a useful marker 

of infections in SIRS.

The interventional strategy of Tregs for 

sepsis
Clinical and experimental evidences have indicated 

that sepsis causes a relative and absolute elevation 

in Treg number and enhancement of its suppressive 

function. For this reason, it is expected that a better 

understanding of Tregs and their physiological action 

will help develop new therapeutical approaches for 

modulating the immune response in conditions such as 

severe sepsis and septic shock. How to manage Tregs for 

the improvement of sepsis outcome has only received 

minor attention, limited to animal studies.

Heuer et al
[22]

 reported that the adoptive transfer of 

in vitro–stimulated Tregs but not CD4
+
CD25

– 
T cells 

significantly improved the survival in a mouse sepsis 

model before or after 6 hours CLP. It was the fi rst time to 

demonstrate that Tregs improved the survival of mouse 

sepsis through host T cells. The reason may be that the 

adoptive Tregs significantly increased the secretion of 

TNF-α and improved peritoneal bacterial clearance. This 

result was supported by Murphy et al
[23]

 who reported 

that immune function recovered by injecting exogenous 

Tregs into burned mice.

Heuer et al
[22]

 reported treatment of mice before CLP 

models with antibody against CD25 could markedly 

down-regulate the percentage of Tregs, which restored 

proliferative capacity and Th1 cytokine release. 

Surprisingly, the depletion of CD25
+
 cells before the 

occurrence of sepsis did not alter the mortality rate of sepsis. 

These fi ndings were supported by other studies.
[22,24]

 On the 

contrary, another experimental study reported that after 

the administration of anti-CD25 antibody 3 days before 

CLP, the depletion of Tregs decreased the mortality 

rate of sepsis after CLP. This finding suggested that the 

levels of TNF-α elevated by interacting with TNFR2 

predominantly expressed by Tregs, together with the 

sepsis-induced expansion of Tregs, might contribute to 

post-septic immunosuppression and fatal consequences.

What's arousing our interests is the aforementioned 

studies which demonstrate that the depletion of 

CD4
+
CD25

+ 
T cells does not alter the mortality rate of 

sepsis.
[25]

 However, dispute could not be considered 

to be so simplistic, since CD4
+
CD25

+ 
Tregs are not 

the only cells that express the CD25 receptor. For this 

reason, such a depletion approach might remove both 

the detrimental effects of CD4
+
CD25

+ 
Tregs and CD25

+
 

non-Tregs. For example, most activated CD4
+
CD25

–
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T cells are beneficial to a functional innate/adaptive 

immune response to septic challenge. This indicates 

that the ablation of CD25
+ 

cells does not give rise to 

advantage or disadvantage in survival. In addition, the 

time of observation may affect the final result as well. 

The relatively elevated Tregs may not be enough early 

to play a role in sepsis, but a large volume of infusion of 

exogenous Tregs is probably related to immune effect.
[26]

High mobility group box 1 protein (HMGB1) is a 

non-histone DNA-binding protein, which plays a critical 

role in regulating gene transcription.
[27]

 HMGB1 has been 

identifi ed as a late proinfl ammatory cytokine. A study
[19]

 

reported that HMGB1 stimulation can markedly down-

regulate the expressions of CTLA-4 and Foxp3 from 

splenic Tregs in mice. HMGB1 appears to be involved in 

modulating cell-mediated immunity by influencing the 

proliferation of effector T cells, secretion of IL-2, and 

cell polarization.

Inoue et al
[28]

 reported that mice underwent sham 

or CLP, and after surgery the spleens were harvested 

at various time points. Using anti-CTLA-4 antibody 

to block CTLA-4 apoptosis, they found the expression 

of CTLA-4 on CD4
+
, CD8

+
, and Tregs was increased 

during sepsis. Anti-CTLA-4 therapy decreased sepsis-

induced apoptosis, but had little effect on pro- or anti-

inflammatory cytokines. There was a dose dependent 

effect of anti-CTLA-4 on survival. At a high dose, anti-

CTLA-4 lowered the survival, but at a lower dose, the 

survival was signifi cantly improved.

GITR was expressed in both CD4
+
CD25

+
 Tregs and 

CD4
+
CD25

–
 effector T cells. This indicated that CD4

+
 

CD25
–
 T cells but not CD4

+
CD25

+
 Tregs were necessary 

for the survival benefit offered by anti-GITR treatment. 

Scumpia et al
[29]

 reported that in a septic mice model, 

treatment with GITR agonistic antibody corrected 

adaptive immune dysfunction. Surprisingly, the depletion 

of CD4
+
 T cells, but not CD25

+
 Tregs, eliminated the 

survival benefit of anti-GITR treatment. This study 

indicated that the depletion of CD4
+ 
or CD4

+
CD25

+ 
Tregs 

did not alter the mortality rate of sepsis.

Another experiment duplicated sepsis murine models 

and ex vivo down-regulated Foxps3 expression using 

siRNA transfection. The relative increase in circulating 

Tregs might play a role in lymphocyte anergy after septic 

shock and represent a standard surrogate marker of 

declining proliferative capacity after sepsis.
[30]

Prospect
Further research would enable us to know more 

about changes and clinical significance of Tregs during 

sepsis, but problems need to be studied including 

the relationship among Treg changes, sepsis-induced 

immune disorders, the exact pathophysiology of Tregs 

in sepsis, and the effects of Tregs on the outcome of 

sepsis at different stages. With the understanding of 

the relationship between Tregs and sepsis immune 

disorder and between the immune status and regulation 

mechanism, we will find a new way for the prevention 

and treatment of sepsis.

Funding: This study was supported by the National Natural 

Science Foundation of China (81170296).

Ethical approval: Not needed.

Conflicts of interest: The authors declare that no competing 

interest and no personal relationships with other people or 

organizations that could inappropriately infl uence their work.

Contributors: Cao C proposed the study and wrote the fi rst draft. 

All authors read and approved the fi nal manuscript.

REFERENCES

1 Cheng B, Xie G, Yao S, Wu X, Guo Q, Gu M, et  al . 

Epidemiology of sever sepsis in critically ill surgical patients 

in ten university hospitals in China. Crit Care Med 2007; 35: 

2538–2546.

2 Wan YY. Regulatory T cells: immune suppression and beyond. 

Cell Mol Immunol 2010; 7: 204–210.

3 Ohkura N, Sakaguchi S. Regulatory T cells: roles of T 

cell receptor for their development and function. Semin 

Immunopathol 2010; 32: 95–106.

4 Wang L, Xie Y, Zhu LJ, Chang TT, Mao YQ, Li J. An association 

between immunosenescence and CD4
+
CD25

+
 regulatory T cells: 

a systematic review. Biomed Environ Sci 2010; 23: 327–332. 

5 Yao YM, Huang LF. The potential role of regulatory T cells in 

postburn sepsis. Zhonghua Shao Shang Za Zhi 2011; 27: 81–83.

6 Vignali DA, Collison LW, Workman CJ. How regulatory T cells 

work. Nat Rev Immunol 2008; 8: 523–532. 

7 Brunkow ME, Jeffery EW, Hjerrild KA, Paeper B, Clark LB, 

Yasayko SA, et al. Disruption of a new forkhead/ winged-helix 

protein, scurfi n, results in the fatal lymphoproliferative disorder 

of the scurfy mouse. Nat Genet 2001; 27: 68–73.

8 Jane Hoyt Buckner. Mechanisms of impaired regulation by 

CD4
+
CD25

+
FOXP3

+
 regulatory T cells in human autoimmune 

diseases. Nat Rev Immunol 2010; 10: 849–859.

9 Williams LM, Rudensky AY. Maintenance of the Foxp3-

dependent developmental program in mature regulatory T cells 

requires continued expression of Foxp3. Nat lmmunol 2007; 8: 

277–284.

10 Wan YY, Flavell RA. Regulatory T-cell functions are subverted 

and converted owing to attenuated Foxp3 expression. Nature 

2007; 445: 766–770.

11 Brunkow ME, Jeffery EW, Hjerrild KA, Paeper B, Clark LB, 

Yasayko SA, et al. Disruption of a new forkhead/winged-helix 

protein, scurfi n, results in the fatal lymphoproliferative disorder 

of the scurfy mouse. Nat Genet 2001; 27: 68–73.



www.wjem.org

9World J Emerg Med, Vol 6, No 1, 2015

12 Pandey NR, Bian YY, Shou ST. Significance of blood pressure 

variability in patients with sepsis. World J Emerg Med 2014; 5: 

42–47.

13 Venet F, Pachot A, Debard AL, Bohé J, Bienvenu J, Lepape A, et 

al. Increased percentage of CD4
+
CD25

+
 regulatory T cells during 

septic shock is due to the decrease of CD4
+
CD25

–
 lymphocytes. 

Crit Care Med 2004; 32: 2329–2331.

14 Taylor AL, Llewelyn MJ. Superantigen-induced proliferation of 

human CD4
+
CD25

–
T cells is followed by a switch to a functional 

regulatory phenotype. J Immunol 2010; 185: 6591–6598.

15 Zou Q, Wen W, Zhang XC. Presepsin as a novel sepsis 

biomarker. World J Emerg Med 2014; 5: 16–19.

16 Wisnoski N, Chung CS, Chen Y, Huang X, Ayala A. The 

contribution of CD4
+
CD25

+
 T- regulatory-cells to immune 

suppression in sepsis. Shock 2007; 27: 251–257.

17 Venet F, Pachot A, Debard AL, Bohe J, Bienvenu J, Lepape 

A, et al. Human CD4
+
CD25

+
 regulatory T lymphocytes inhibit 

lipopolysaccharide-induced monocyte survival through a Fas/Fas 

ligand-dependent mechanism. J Immunol 2006; 177: 6540–6547.

18 Huang LF, Yao YM, Dong N, Yu Y, He LX, Sheng ZY. 

Association between regulatory T cell activity and sepsis and 

outcome of severely burned patients: a prospective, observational 

study. Crit Care 2010; 14 (R3). Epub 2010 Jan 11.

19 Zhang Y, Yao YM, Huang LF, Dong N, Yu Y, Sheng ZY. The 

potential effect and mechanism of high-mobility group box 1 

protein on regulatory T cell-mediated immunosuppression. J 

Interferon Cytokine Res 2011; 31: 249–257. 

20 Hein F, Massin F, Cravoisy-Popovic A, Barraud D, Levy B, 

Bollaert PE, et al. The relationship between CD4
+
 CD25

+
CD127- 

regulatory T cells and inflammatory response and outcome 

during shock states. Crit Care 2010; 14: 132–142.

21 Saito K, Wagatsuma T, Toyama H, Ejima Y, Hoshi K, Shibusawa 

M, et al. Sepsis is characterized by the increase in percentages 

of circulating CD4
+
CD25

+
 regulatory T cells and plasma level of 

soluble CD25. J Exp Med 2008; 216: 61–68.

22 Heuer JG, Zhang T, Zhao J, Ding C, Cramer M, Justen KL, et al. 

Adopfi ve transfer of in vitro-stimulated CD4
+
CD25

+
 regulatory 

T cells increases bacterial clearance and improves survival in 

polymicrobial sepsis. J Immunol 2005; 174: 7141–7146.

23 Murphy TJ, Choileain N, Zang Y, Mannick JA, Lederer JA. 

CD4
+
CD25

+
 regulatory T cells control innate immune reactivity 

after injury. J Immunol 2005; 174: 2957–2963.

24 Scumpia PO, Delano MJ, Kelly KM, O'Malley KA, Efron PA, 

McAuliffe PF, et al. Increased natural CD4
+
CD25

+
 regulatory T 

cells and their suppressor activity do not contribute to mortality 

in murine polymicrobial sepsis. J Immunol 2006; 177: 7943–

7949.

25 Chen X, Bäumel M, Männel DN, Howard OM, Oppenheim 

JJ. Interaction of TNF with TNF receptor type 2 promotes 

expansion and function of mouse CD4
+
CD25

+
 T regulatory cells. 

J Immunol 2007; 179: 154–161.

26 Venet F, Chung CS, Monneret G, Huang X, Horner B, Garber 

M, et al. Regulatory T cell populations in sepsis and trauma. J 

Leukoc Biol 2008; 83: 523–535.

27 Thomas JO, Travers AA. HMG1 and 2, and related 'architectural' 

DNA-binding proteins. Trends Biochem Sci 2001; 26: 167–174.

28 Inoue S, Bo L, Bian J, Unsinger J, Chang K, Hotchkiss RS. 

Dose-dependent effect of anti-CTLA-4 on survival in sepsis. 

Shock 2011; 36: 38–44.

29 Scumpia PO, Delano MJ, Kelly-Scumpia KM, Weinstein JS, 

Wynn JL, Winfield RD, et al. Treatment with GITR agonistic 

antibody corrects adaptive immune dysfunction in sepsis. Blood 

2007; 110: 3673–3681.

30 Venet F, Chung CS, Kherouf H, Geeraert A, Malcus C, 

Poitevin F, et al. Increased circulating regualtroy T cells 

(CD4
+
CD25

+
CD127

-
) contribute to lymphocyte anergy in septic 

shock patients. Intensive Care Med 2009; 35: 678–686.

Received July 8, 2014

Accepted after revision December 26, 2014


