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Abstract
Kidney transplantation is recognised as the most 
effective treatment for patients with end-stage renal 
disease (ESRD). Kidney transplantation continues to face 

several challenges including long-term graft and patient 
survival, and the side effects of immunosuppressive 
therapy. The tendency in kidney transplantation is to 
avoid the side effects of immunosuppresants and induce 
immune tolerance. Regulatory T-cells (Tregs) contribute 
to self-tolerance, tolerance to alloantigen and transplant 
tolerance, mainly by suppressing the activation and 
function of reactive effector T-cells. Additionally, Tregs 
are implicated in the pathogenesis of diabetes, which is 
the leading cause of ESRD, suggesting that these cells 
play a role both in the pathogenesis of chronic kidney 
disease and the induction of transplant tolerance. 
Several strategies to achieve immunological tolerance 
to grafts have been tested experimentally, and include 
combinations of co-stimulatory blockade pathways, T-cell 
depletion, in vivo  Treg-induction and/or infusion of ex-
vivo  expanded Tregs. However, a successful regimen 
that induces transplant tolerance is not yet available for 
clinical application. This review brings together certain 
key studies on the role of Tregs in ESRD, diabetes 
and kidney transplantation, only to emphasize that 
many more studies are needed to elucidate the clinical 
significance and the therapeutic applications of Tregs. 
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INTRODUCTION
Immunological self-tolerance in the periphery is achi
eved by the negative regulation exerted on the im
mune response by a variety of cells of which the best 
characterized populations are the regulatory T cells 
(Tregs)[1]. Tregs mediate self-tolerance and tolerance 
to alloantigens by suppressing the activation of effector 
T-cells (Teffs), and exerting anti-inflammatory activity[2]. 

Of Tregs the best characterized and studied cells are the 
CD4+CD25+Foxp3+ Tregs, especially in the context of 
autoimmune diseases and organ transplantation[2,3].

Kidney transplantation is considered the most 
effective therapy for end-stage renal disease (ESRD); 
however, a major unresolved challenge is to avoid 
the side effects of immunosuppression by inducing 
immune tolerance[4]. Transplant tolerance has been 
defined as graft acceptance without long-term use 
of immunosuppressive drugs[5]. Transplant tolerance 
is characterized by decreased alloreactive Teffs and 
increased Treg count in grafts and associated lymphoid 
tissues in the periphery[4]. 

Diabetic nephropathy is the leading cause of ESRD[6]. 
Diabetes type I is a chronic autoimmune disease[7] 
and Tregs have been implicated in the pathogenesis of 
insulin resistance[8]. On the other hand, in a model of 
murine diabetes, adoptive transfer of Tregs improved 
insulin resistance and diabetic nephropathy[8], sugges
ting a complicated relationship between Tregs, diabetes 
and kidney transplantation[8,9]. 

Several strategies to achieve immunological tolerance 
to grafts have been tested experimentally, and include 
combinations of co-stimulatory blockade pathways, T-cell 
depletion, in vivo Treg-induction and/or infusion of ex-
vivo expanded Tregs[5,10]. However, a successful regimen 
that induces transplant tolerance is not yet available for 
clinical application.

TREGS
Several subsets of regulatory or tolerogenic cells have 
been characterized or partially characterized so far. 

In the 1970s, Gershon et al[11] reported that a 
subset of T-cells called “suppressor cells” might exhi
bit suppressive activity. In recent years, the term 
“suppressor T-cells” was replaced by the term “Tregs”. 
In 1995, Sakaguchi et al[12] reported that a subset of 
CD4+CD25+ T-cells exhibit regulatory functions in vitro 
and in vivo. In addition, Piccirillo et al[13] observed that 
murine CD4+CD25+ T-cells suppress the proliferation 
of CD4+ or CD8+ Teffs in vitro[13]. Subsequently, 
Dieckmann et al[14] identified a similar population of 
T-cells in humans. These cells play an important role in 
autoimmunity, allergy, inflammation, maintenance of 

maternal tolerance to the foetus, infections and cancer. 
In 2002, Graca et al[15] reported that the presence of 
Tregs mediated transplant tolerance. In addition, the 
authors observed that Tregs in tolerant skin grafts 
transfer transplant tolerance to fresh skin allografts if 
re-transplanted into naive recipients[15]. In 2007, Lair et 
al[16] reported that in a rat heart transplant model, long-
term survival is achieved in rat recipients by pre-graft 
donor-specific blood transfusion that resulted in splenic 
Tregs that were not only able and sufficient to mediate 
graft tolerance, but were also able to transfer long-term 
survival to naive recipients. 

Tregs include natural (n)Tregs that are generated in 
the thymus and inducible (iTregs) that are generated in 
the periphery. nTregs arise in the thymus and express 
the forkhead/winged helix transcription factor Foxp3 
that, in turn, controls nTreg differentiation[4]. iTregs 
arise in the periphery from memory and naive CD4+ 
Teffs following stimulation by self- or allo-antigens in 
the presence of IL-4, IL-10, TGF-β and IL-2. iTregs 
may or may not  express the transcription factor 
Foxp3, and exert their suppressive activity mainly via 
the secretion of anti-inflammatory cytokines, mainly 
TGF-β and IL-10[17,18]. TGF-β induces the expression of 
Foxp3, converting CD4+CD25- naive Teffs to Tregs in the 
periphery. nTregs are antigen non-specific, while iTregs 
are usually antigen-specific[17,18].

iTregs are further subdivided into Tr1 cells that 
mainly secrete IL-10 and Th3 cells that mainly secrete 
TGF-β. Both iTerg types inhibit the maturation of 
dendritic cells (DCs) and the activation and proliferation 
of both memory and naive Teffs[18].

Regulation of Tregs 
A well-studied regulator of Tregs at the molecular level 
is the transcription factor Foxp3, the expression of 
which is critical for their development and function[19-21]. 
Data from animal studies have provided evidence that 
Foxp3 deficiency causes loss of Treg suppressive activity 
leading to the development of a lethal autoimmune 
syndrome[5]. In accordance, adoptive transfer of 
CD4+CD25+Foxp3+ T-cells from wild-type mice can pre
vent the development of severe autoimmune diseases 
observed in Foxp3-deficient mice[5]. In humans, Foxp3 
deficiency has been associated with immune dys
regulation, polyendocrinopathy, enteropathy, X-linked  
syndrome[22-24]. 

Both DNA and histone protein modifications are 
implicated in the epigenetic regulation of Foxp3[25]. 
Regarding DNA modifications, the methylation status of 
cytosine at cytosine-phosphate diester-guanine sites in 
the locus of Foxp3 influences its expression[25]. 

Histone modifications entail the acetylation of lysine 
residues at the amino terminus of the histone tail, 
inducing Foxp3 gene expression. Interestingly, these 
epigenetic regulators can be used to enhance the 
function and number of Tregs, for potential therapeutic 
applications[26]. 
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Suppressive mechanisms of Tregs
Tregs express the T-cell receptor and may suppress 
innate and adaptive immune responses[4]. Tregs exert 
a cell-cell contact-dependent suppression, and they 
also exert suppressive activity mediated by cytokines, 
mainly IL-10 and TGF-β[27,28]. Tregs can block Teffs at 
any stage of their activation, proliferation, differentiation 
and effector functions[5,28,29]. 

Tregs suppress the activation of antigen presenting 
cells (APCs) through the expression of membrane-
associated inhibitory molecules such as the cytotoxic 
T lymphocyte antigen 4 (CTLA4) and lymphocyte 
activation gene-3, a CD4-related trans-membrane 
protein that binds HLA II on APCs (DCs in particular) 
and inhibits their activation and the ensuing antigen 
presentation[30]. 

In addition, Tregs induce the apoptosis of target 
cells by producing several cytolytic molecules such as 
granzymes A and B, perforin and galectin 1[5]. Tregs 
also exert suppressive activity by causing metabolic 
disruption of Teffs through IL-2 consumption (IL-2 is 
an essential growth factor for naive Teffs), suppression 
of cyclic adenosine monophosphate synthesis, and 
inhibition of the CD39-CD73 pathway[28,31]. Specifically, 
CD39 hydrolyzes ATP or ADP to AMP. CD39 is a dominant 
ectoenzyme expressed by Tregs. Catalytic inactivation 
of extracellular ATP by CD39 can be considered as an 
additional anti-inflammatory mechanism mediated by 
Tregs. Co-expression of CD39 and CD73 generates 
pericellular adenosine. Adenosine is an inhibitor of T-cell 
responses and exerts its effect via binding to the A2A 
receptor[28,31].

Wu et al[32] reported that the suppressive function 
of Tregs is mediated through a complex formed by the 
transcription factors NFAT and Foxp3, whereas in Teffs, 
NFAT forms a complex with the activator protein-1 
(AP-1) The authors suggested that a strategy to induce 
tolerance is to inhibit the NFAT:AP-1 interaction by small 
molecules, without interfering with the NFAT:FoxP3 
interaction. 

The recent finding that NFAT is a common regulator 
for both Teffs and Tregs[32,33], indicate that NFAT is an 
essential transcription factor for the functional integrity 
of both populations[32,33]. Therefore, immunosuppressive 
drugs targeting NFAT activity in stimulated T-cells, such 
as calcineurin inhibitors, may also suppress the activity 
of Tregs.

Both nTregs and iTregs also suppress B cell activation 
and the ensuing antibody production[34]. It has been 
reported that nTregs kill B cells directly by secreting 
perforin and granzyme B, whereas iTregs inhibit B-cell 
activation through the secretion of IL-10 and TGF-β[35]. 

Site of action of Tregs
In the setting of autoimmune diseases, Tregs are 
activated in the draining lymph nodes to prevent 
priming and clonal expansion of autoreactive Teffs; they 
then migrate to the inflamed tissues, exerting their 
suppressive activity in the periphery[36].

In the setting of transplantation, Treg migration 
to the graft is required to prevent graft rejection. Ear
ly trafficking of Tregs to the graft prevents the exit 
of donor-derived DCs to the drained lymph nodes, 
decreasing thus the extent of alloimmune priming[10]. 

TREGS AND DIABETIC NEPHROPATHY 
Diabetes is one of the major causes of ESRD[6]. Type 
1 diabetes (TID) has been described as a chronic 
autoimmune disease due to T-cell mediated destruction 
of pancreatic β-islets leading to insulin deficiency[7]. 
Data from experimental studies indicate that Treg cells 
are involved in the pathogenesis of TID[37-39]. 

It is not clear whether the peripheral blood count of 
CD4+CD25+ Foxp3 Tregs is altered in TID patients[40]. 
Jailwala et al[41] reported that the frequency of Tregs 
in TID patients is not altered but that these cells have 
an increased sensitivity to apoptosis. Studies in nono
bese diabetic (NOD) mice showed that depletion of 
CD4+CD25+ T-cells, leads to TID development[42]; 
in addition, abolishment of the CD28 and ICOS co-
stimulatory pathways, that are critical for Treg homeo
stasis and function, exacerbate TID[43]. Also in NOD 
mice, TID progression is linked with a reduction in 
Treg number and suppressive activity in the inflamed 
pancreatic islets, together with a diminished IL-2 
production by Teffs. In addition, Tregs may lose Foxp3 
expression with concomitant loss of their suppressive 
activity during TID progression[37].

Although type 2 diabetes is considered to be a 
metabolic disorder with no autoimmune etiology, recently 
an adiposity-associated chronic inflammation process 
mediated by immune mediators has been proposed as 
an underlying mechanism of this disease[44-46]. Interac
tions between metabolic disorders, hemodynamic 
changes, oxidative stress, inflammation and genetic 
predisposition, seem to contribute to the pathogenesis 
of diabetes and diabetic nephropathy. Interestingly, 
an increased expression of CD4+CD25+Foxp3 cells has 
been revealed in type 2 diabetic patients with micro 
and macroalbuminuria[47,48] suggesting a potential link 
between Tregs and disease progression. However, 
the relationship between CD4+CD25+Foxp3 Tregs and 
type-2 diabetic nephropathy is not well studied. In the 
db/db mouse with type 2 diabetes, CD4+CD25+Foxp3 
Treg depletion with anti-CD25 monoclonal antibody, 
enhanced insulin resistance, albuminuria and glomerular 
hyperfiltration[8]. Adoptive transfer of CD4+CD25+Foxp3 
Tregs increased FoxP3 mRNA synthesis in the recipients 
and improved insulin sensitivity and type 2 diabetic 
nephropathy[8].

TREGS AND KIDNEY TRANSPLANTATION
Tregs in transplantation tolerance and acute rejection
A large body of evidence supports the notion that 
CD4+CD25+Foxp3+ Tregs play a fundamental role in the 
establishment and maintenance of operational tolerance 
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et al[62] reported that renal transplant patients with an 
acute rejection episode expressed high levels of Foxp3 
mRNA in the urine, and that the lower levels of Foxp3 
were associated with a poorer response to anti-rejection 
therapy, postulating that this could be a future non-
invasive marker for the level of renal graft function. 
Bunnag et al[63] reported that Foxp3 expression in human 
kidney biopsies was linked to rejection and did not 
correlate with a favourable outcome. In accordance, data 
from studies that used Foxp3 analysis from graft biopsy 
cores, have demonstrated a higher Foxp3 expression 
in the allografts with acute rejection in comparison with 
stable renal allografts or with those displaying antibody-
mediated rejection[64,65]. It should be emphasized that 
these studies did not report any potential benefit of 
Foxp3-enriched infiltrate on renal allografts outcome, 
or even associated the level of in situ Foxp3 expression 
with tubulitis, higher scarring scores and worse pro
gnosis of renal allografts survival[61]. Contradictory, 
in the context of lower graft inflammation such us 
borderline changes and subclinical episodes of acute 
rejection, it seems that Treg-enriched graft infiltrate has 
a protective role in interstitial inflammation and graft 
function[66-68]. Data from protocol biopsies in recipients 
with episodes of subclinical cellular rejection, reported 
a correlation of low Foxp3/CD3 ratio with a poor graft 
function up to five years post-transplantation[67,68]. 

Tregs in chronic allograft nephropathy
The number of CD4+CD25+Foxp3+ Tregs usually decr
eases after transplantation. Renal transplant recipients 
with chronic rejection have a lower number of peripheral 
CD4+CD25+Foxp3+ Tregs compared to those with stable 
renal graft function[69,70]. In accordance, Al-Wedaie et 
al[71] reported a decreased count of CD4+CD25+ Tregs 
in the blood of renal allograft recipients with chronic 
rejection.

A decreased synthesis of Foxp3 mRNA in renal 
recipients with chronic rejection has been reported in 
comparison to stable or operationally tolerant renal 
allograft recipients or healthy controls[69,70]. On the other 
hand, an increased frequency of infiltrating Foxp3+ T-cells 
in renal grafts with chronic rejection and poor graft 
function has been reported[57,72]. It can be hypothesized 
that higher numbers of Tregs reflect an effort to suppress 
the immune response at the site of inflammation. 

Interestingly, Ashton-Chess et al[73] reported that the 
expression of Foxp3 both in blood and renal graft did not 
distinguish rejecting from non-rejecting renal recipients. 
The authors suggested that Foxp3 expression does not 
correlate with rejection but it depends on the time post-
transplantation and the age of the patients. 

An important issue that needs to be addressed 
is whether Tregs in renal allograft recipients have a 
normal suppressive capacity. Data from several studies 
on the development of chronic rejection have shown a 
quantitative defect of Tregs whereas data from other 
studies a functional deficit of Tregs[61,74]. Given that 

to renal allografts[15,49]. 
In animal models of transplantation, Tregs were 

present in tolerant allografts and were shown to migrate 
to the allograft tissue[15,50]. It was also shown that Tregs, 
induced in vitro, in vivo or expanded ex vivo after 
alloantigen stimulation, promoted transplant tolerance 
to the allograft[16,51-54]. 

Salama et al[55] were the first to demonstrate the 
existence of antigen-specific Tregs capable of suppres
sing alloresponses to donor HLA peptides in human 
kidney transplant recipients. In accordance, data 
from renal liver and lung transplantation in humans 
showed a high number of circulating and intragraft 
Tregs in tolerant stable recipients[56-59]. On the other 
hand, recruitment of Tregs into the graft, as part of an 
allogeneic inflammatory response, suggests a role for 
Tregs in immune-mediated graft injury[60]. 

Reports on the clinical and prognostic significance 
of Foxp3+ cell infiltrates in renal allograft recipients 
with acute rejection are contradictory[61]. Muthukumar 

  Cell Phenotype Properties Ref.

  T-cells 
  (Treg)

CD4+CD25+ Secrete mainly IL-10 
and TGF-β; some 
secrete IL-35 or 

IFN-γ

[1-4,17,77-79]
CD4+CD25+FoxP3+

CD4+CD25+CD127-/low

CD4+CD45RO+

CD8+ Secrete mainly 
IL-10 but also 

TGF-β, IFN-γ, CCL4; 
downregulate APC 
or DC maturation; 

direct killing of 
CD4+ Teffs and 

APCs

[80]
CD28+

CD8+CD28-(FoxP3+)

CTLA-4 Mainly inhibition of 
Teffs

[81]

CD4-CD8-TCRaβ+ Suppress antigen-
specific T-cells; 

secrete mainly IFN-γ 
but also IL-4

[82]

TCRγδ+ Secrete IL-10, TGF-β, 
IL-4

[83]

  T-cells or 
  monocytes

HLA-G Secrete IL-10, IL-35, 
TGF-b, soluble 

HLA-G

[84,85]

  iNKT CD3+CD16+CD56+ Can secrete IFN-γ ± 
IL-4 ± IL-10 ± TGF-γ, 

direct killing of 
target cells

[86]

  B-cells 
  (Breg)

CD19/20+, CD80/86+, 
CD40+, TLR4+, mainly 

IgG and IgA BCR

Secrete IL-10 and 
IL-35, induce Tregs, 
downregulate DC 

maturation

[87]

  tDC PD-L1/L2+, FasL+ Secrete IL-10 
and TGF-β; 

downregulate Teff 
activation

[88]

Table 1  Regulatory cells in humans

APC: Antigen presenting cell; DC: Dendritic cell; BCR: B-cell receptor; 
tDC: Tolerogenic dendritic cells; iNKT: Natural killer T regulatory cells; 
TGF: Transforming growth factor; IL:  Interleukin; IFN: Interferon; HLA-G: 
Human leukocyte antigen-G; CTLA-4: Cytotoxic T lymphocyte-associated 
antigen 4.
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immunosuppressive drugs can have detrimental effects 
on the number[74], induction, function and survival of 
Tregs, the answer to this question is difficult because 
all the renal allograft recipients enrolled in these studies 
were on double or triple immunosuppressive regimens. 
Thus it could be assumed that the decreased number 
of Tregs or their functional deficit reported in recipients 
with chronic rejection was partially due to the effect of 
immunosuppression. 

In addition, Tregs may contribute to chronic allograft 
nephropathy through new onset post-transplant dia
betes, hypertension[75] and hyperlipidemia[76], but these 
hypotheses need to be explored in experimental models 
and in the clinic.

CONCLUSION
Regarding the entire spectrum of studies on chronic 
kidney disease and renal transplantation, Tregs are 
clearly implicated both in the pathogenesis of diabetic 
nephropathy and in the induction of transplant tolerance. 
Nevertheless, up to date, a relatively small number 
of clinical and experimental studies have explored the 
mechanism of Treg involvement in diabetic nephropathy. 
In addition, although a large body of evidence implicates 
Tregs in the immune mechanisms of acute and chro
nic rejection, their exact role remains unclear. The 
therapeutic potential of Tregs in kidney transplantation 
is promising but challenging for human patients. More 
studies are needed to elucidate the clinical significance 
and the therapeutic applications of Tregs and, also, of all 
the emerging types of regulatory and tolerogenic cells 
(Table 1) in kidney diseases and transplantation.

REFERENCES
1	 Jiang H, Chess L. Regulation of immune responses by T cells. 

N Engl J Med 2006; 354: 1166-1176 [PMID: 16540617 DOI: 
10.1056/NEJMra055446]

2	 Sakaguchi S. Naturally arising Foxp3-expressing CD25+CD4+ 
regulatory T cells in immunological tolerance to self and non-self. 
Nat Immunol 2005; 6: 345-352 [PMID: 15785760 DOI: 10.1038/
ni1178]

3	 Yoshizawa A, Ito A, Li Y, Koshiba T, Sakaguchi S, Wood KJ, 
Tanaka K. The roles of CD25+CD4+ regulatory T cells in 
operational tolerance after living donor liver transplantation. 
Transplant Proc 2005; 37: 37-39 [PMID: 15808539 DOI: 10.1016/
j.transproceed.2004.12.259]

4	 Edozie FC, Nova-Lamperti EA, Povoleri GA, Scottà C, John S, 
Lombardi G, Afzali B. Regulatory T-cell therapy in the induction of 
transplant tolerance: the issue of subpopulations. Transplantation 2014; 
98: 370-379 [PMID: 24933458 DOI: 10.1097/TP.0000000000000243]

5	 Shalev I, Selzner N, Shyu W, Grant D, Levy G. Role of regulatory 
T cells in the promotion of transplant tolerance. Liver Transpl 2012; 
18: 761-770 [PMID: 22523007 DOI: 10.1002/lt.23458]

6	 Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH, 
Goldstein-Fuchs J, Hirsch IB, Kalantar-Zadeh K, Narva AS, 
Navaneethan SD, Neumiller JJ, Patel UD, Ratner RE, Whaley-
Connell AT, Molitch ME. Diabetic kidney disease: a report from an 
ADA Consensus Conference. Am J Kidney Dis 2014; 64: 510-533 
[PMID: 25257325 DOI: 10.1053/j.ajkd.2014.08.001]

7	 Hamari S, Kirveskoski T, Glumoff V, Kulmala P, Simell O, Knip 
M, Veijola R. Analyses of regulatory CD4+ CD25+ FOXP3+ T 

cells and observations from peripheral T cell subpopulation markers 
during the development of type 1 diabetes in children. Scand J 
Immunol 2016; 83: 279-287 [PMID: 26888215 DOI: 10.1111/
sji.12418]

8	 Eller K, Kirsch A, Wolf AM, Sopper S, Tagwerker A, Stanzl U, Wolf D, 
Patsch W, Rosenkranz AR, Eller P. Potential role of regulatory T cells 
in reversing obesity-linked insulin resistance and diabetic nephropathy. 
Diabetes 2011; 60: 2954-2962 [PMID: 21911743 DOI: 10.2337/
db11-0358]

9	 Abouzeid S, Sherif N. Role of alteration in Treg/Th17 cells’ 
balance in nephropathic patients with Type 2 diabetes mellitus. 
Electron Physician 2015; 7: 1613-1618 [PMID: 26816588 DOI: 
10.19082/1613]

10	 Tang Q, Bluestone JA, Kang SM. CD4(+)Foxp3(+) regulatory 
T cell therapy in transplantation. J Mol Cell Biol 2012; 4: 11-21 
[PMID: 22170955 DOI: 10.1093/jmcb/mjr047]

11	 Gershon RK, Kondo K. Cell interactions in the induction of 
tolerance: the role of thymic lymphocytes. Immunology 1970; 18: 
723-737 [PMID: 4911896]

12	 Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immunologic 
self-tolerance maintained by activated T cells expressing IL-2 receptor 
alpha-chains (CD25). Breakdown of a single mechanism of self-
tolerance causes various autoimmune diseases. J Immunol 1995; 155: 
1151-1164 [PMID: 7636184]

13	 Piccirillo CA, Shevach EM. Cutting edge: control of CD8+ T 
cell activation by CD4+CD25+ immunoregulatory cells. J Immu­
nol 2001; 167: 1137-1140 [PMID: 11466326 DOI: 10.4049/
jimmunol.167.3.1137]

14	 Dieckmann D, Plottner H, Berchtold S, Berger T, Schuler G. Ex 
vivo isolation and characterization of CD4(+)CD25(+) T cells with 
regulatory properties from human blood. J Exp Med 2001; 193: 
1303-1310 [PMID: 11390437 DOI: 10.1084/jem.193.11.1303]

15	 Graca L, Cobbold SP, Waldmann H. Identification of regulatory 
T cells in tolerated allografts. J Exp Med 2002; 195: 1641-1646 
[PMID: 12070291 DOI: 10.1084/jem.20012097]

16	 Lair D, Degauque N, Miqueu P, Jovanovic V, Guillet M, Mérieau E, 
Moreau A, Soulillou JP, Brouard S. Functional compartmentalization 
following induction of long-term graft survival with pregraft donor-
specific transfusion. Am J Transplant 2007; 7: 538-549 [PMID: 
17217443 DOI: 10.1111/j.1600-6143.2006.01660.x]

17	 Shevach EM, Thornton AM. tTregs, pTregs, and iTregs: similarities 
and differences. Immunol Rev 2014; 259: 88-102 [PMID: 24712461 
DOI: 10.1111/imr.12160]

18	 Gregori S, Goudy KS, Roncarolo MG. The cellular and molecular 
mechanisms of immuno-suppression by human type 1 regulatory T 
cells. Front Immunol 2012; 3: 30 [PMID: 22566914 DOI: 10.3389/
fimmu.2012.00030]

19	 Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the 
development and function of CD4+CD25+ regulatory T cells. Nat 
Immunol 2003; 4: 330-336 [PMID: 12612578 DOI: 10.1038/ni904]

20	 Gavin MA, Rasmussen JP, Fontenot JD, Vasta V, Manganiello 
VC, Beavo JA, Rudensky AY. Foxp3-dependent programme of 
regulatory T-cell differentiation. Nature 2007; 445: 771-775 [PMID: 
17220874 DOI: 10.1038/nature05543]

21	 Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell 
development by the transcription factor Foxp3. Science 2003; 299: 
1057-1061 [PMID: 12522256 DOI: 10.1126/science.1079490]

22	 Bennett CL, Christie J, Ramsdell F, Brunkow ME, Ferguson PJ, 
Whitesell L, Kelly TE, Saulsbury FT, Chance PF, Ochs HD. The 
immune dysregulation, polyendocrinopathy, enteropathy, X-linked 
syndrome (IPEX) is caused by mutations of FOXP3. Nat Genet 
2001; 27: 20-21 [PMID: 11137993 DOI: 10.1038/83713]

23	 Fuchizawa T, Adachi Y, Ito Y, Higashiyama H, Kanegane H, 
Futatani T, Kobayashi I, Kamachi Y, Sakamoto T, Tsuge I, Tanaka 
H, Banham AH, Ochs HD, Miyawaki T. Developmental changes 
of FOXP3-expressing CD4+CD25+ regulatory T cells and 
their impairment in patients with FOXP3 gene mutations. Clin 
Immunol 2007; 125: 237-246 [PMID: 17916446 DOI: 10.1016/
j.clim.2007.08.004]

24	 Morgan ME, van Bilsen JH, Bakker AM, Heemskerk B, Schilham 

Dousdampanis P et al . Tregs and kidney



561 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

MW, Hartgers FC, Elferink BG, van der Zanden L, de Vries RR, 
Huizinga TW, Ottenhoff TH, Toes RE. Expression of FOXP3 
mRNA is not confined to CD4+CD25+ T regulatory cells in 
humans. Hum Immunol 2005; 66: 13-20 [PMID: 15620457 DOI: 
10.1016/j.humimm.2004.05.016]

25	 Lal G, Bromberg JS. Epigenetic mechanisms of regulation of 
Foxp3 expression. Blood 2009; 114: 3727-3735 [PMID: 19641188 
DOI: 10.1182/blood-2009-05-219584]

26	 Lal G, Zhang N, van der Touw W, Ding Y, Ju W, Bottinger 
EP, Reid SP, Levy DE, Bromberg JS. Epigenetic regulation of 
Foxp3 expression in regulatory T cells by DNA methylation. J 
Immunol 2009; 182: 259-273 [PMID: 19109157 DOI: 10.4049/
jimmunol.182.1.259]

27	 Shalev I, Schmelzle M, Robson SC, Levy G. Making sense of 
regulatory T cell suppressive function. Semin Immunol 2011; 23: 
282-292 [PMID: 21592823 DOI: 10.1016/j.smim.2011.04.003]

28	 Shevach EM. Mechanisms of foxp3+ T regulatory cell-mediated 
suppression. Immunity 2009; 30: 636-645 [PMID: 19464986 DOI: 
10.1016/j.immuni.2009.04.010]

29	 Sojka DK, Huang YH, Fowell DJ. Mechanisms of regulatory 
T-cell suppression - a diverse arsenal for a moving target. 
Immunology 2008; 124: 13-22 [PMID: 18346152 DOI: 10.1111/
j.1365-2567.2008.02813.x]

30	 Liang B, Workman C, Lee J, Chew C, Dale BM, Colonna L, 
Flores M, Li N, Schweighoffer E, Greenberg S, Tybulewicz V, 
Vignali D, Clynes R. Regulatory T cells inhibit dendritic cells 
by lymphocyte activation gene-3 engagement of MHC class II. J 
Immunol 2008; 180: 5916-5926 [PMID: 18424711 DOI: 10.4049/
jimmunol.180.9.5916]

31	 Vignali DA, Collison LW, Workman CJ. How regulatory T cells 
work. Nat Rev Immunol 2008; 8: 523-532 [PMID: 18566595 DOI: 
10.1038/nri2343]

32	 Wu Y, Borde M, Heissmeyer V, Feuerer M, Lapan AD, Stroud 
JC, Bates DL, Guo L, Han A, Ziegler SF, Mathis D, Benoist C, 
Chen L, Rao A. FOXP3 controls regulatory T cell function through 
cooperation with NFAT. Cell 2006; 126: 375-387 [PMID: 16873067 
DOI: 10.1016/j.cell.2006.05.042]

33	 Rudensky AY, Gavin M, Zheng Y. FOXP3 and NFAT: partners 
in tolerance. Cell 2006; 126: 253-256 [PMID: 16873058 DOI: 
10.1016/j.cell.2006.07.005]

34	 Lim HW, Hillsamer P, Banham AH, Kim CH. Cutting edge: 
direct suppression of B cells by CD4+ CD25+ regulatory T cells. J 
Immunol 2005; 175: 4180-4183 [PMID: 16177055 DOI: 10.4049/
jimmunol.175.7.4180]

35	 Zhao DM, Thornton AM, DiPaolo RJ, Shevach EM. Activated 
CD4+CD25+ T cells selectively kill B lymphocytes. Blood 2006; 107: 
3925-3932 [PMID: 16418326 DOI: 10.1182/blood-2005-11-4502]

36	 Tang Q, Bluestone JA. Regulatory T-cell physiology and 
application to treat autoimmunity. Immunol Rev 2006; 212: 217-237 
[PMID: 16903917 DOI: 10.1111/j.0105-2896.2006.00421.x]

37	 Pop SM, Wong CP, Culton DA, Clarke SH, Tisch R. Single cell 
analysis shows decreasing FoxP3 and TGFbeta1 coexpressing 
CD4+CD25+ regulatory T cells during autoimmune diabetes. J 
Exp Med 2005; 201: 1333-1346 [PMID: 15837817 DOI: 10.1084/
jem.20042398]

38	 Gregori S, Giarratana N, Smiroldo S, Adorini L. Dynamics 
of pathogenic and suppressor T cells in autoimmune diabetes 
development. J Immunol 2003; 171: 4040-4047 [PMID: 14530324 
DOI: 10.4049/jimmunol.171.8.4040]

39	 Tritt M, Sgouroudis E, d’Hennezel E, Albanese A, Piccirillo CA. 
Functional waning of naturally occurring CD4+ regulatory T-cells 
contributes to the onset of autoimmune diabetes. Diabetes 2008; 57: 
113-123 [PMID: 17928397 DOI: 10.2337/db06-1700]

40	 Brusko T, Wasserfall C, McGrail K, Schatz R, Viener HL, Schatz D, 
Haller M, Rockell J, Gottlieb P, Clare-Salzler M, Atkinson M. No 
alterations in the frequency of FOXP3+ regulatory T-cells in type 
1 diabetes. Diabetes 2007; 56: 604-612 [PMID: 17327427 DOI: 
10.2337/db06-1248]

41	 Jailwala P, Waukau J, Glisic S, Jana S, Ehlenbach S, Hessner M, 
Alemzadeh R, Matsuyama S, Laud P, Wang X, Ghosh S. Apoptosis 

of CD4+ CD25(high) T cells in type 1 diabetes may be partially 
mediated by IL-2 deprivation. PLoS One 2009; 4: e6527 [PMID: 
19654878 DOI: 10.1371/journal.pone.0006527]

42	 Nakahara M, Nagayama Y, Ichikawa T, Yu L, Eisenbarth GS, 
Abiru N. The effect of regulatory T-cell depletion on the spectrum 
of organ-specific autoimmune diseases in nonobese diabetic mice at 
different ages. Autoimmunity 2011; 44: 504-510 [PMID: 21306188 
DOI: 10.3109/08916934.2010.548839]

43	 Kornete M, Sgouroudis E, Piccirillo CA. ICOS-dependent 
homeostasis and function of Foxp3+ regulatory T cells in islets of 
nonobese diabetic mice. J Immunol 2012; 188: 1064-1074 [PMID: 
22227569 DOI: 10.4049/jimmunol.1101303]

44	 Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N. Inflam
mation as a link between obesity, metabolic syndrome and type 
2 diabetes. Diabetes Res Clin Pract 2014; 105: 141-150 [PMID: 
24798950 DOI: 10.1016/j.diabres.2014.04.006]

45	 Kornete M, Mason ES, Piccirillo CA. Immune Regulation in 
T1D and T2D: Prospective Role of Foxp3+ Treg Cells in Disease 
Pathogenesis and Treatment. Front Endocrinol (Lausanne) 2013; 4: 
76 [PMID: 23805128 DOI: 10.3389/fendo.2013.00076]

46	 Navarro JF, Mora C. Diabetes, inflammation, proinflammatory 
cytokines, and diabetic nephropathy. ScientificWorldJournal 2006; 6: 
908-917 [PMID: 16906324 DOI: 10.1100/tsw.2006.179]

47	 Zhang C, Xiao C, Wang P, Xu W, Zhang A, Li Q, Xu X. The 
alteration of Th1/Th2/Th17/Treg paradigm in patients with type 
2 diabetes mellitus: Relationship with diabetic nephropathy. Hum 
Immunol 2014; 75: 289-296 [PMID: 24530745 DOI: 10.1016/
j.humimm.2014.02.007]

48	 Xu J, Su HL, Wang JH, Zhang CH. Role of CD4+CD25+Foxp3+ 
regulatory T cells in type 2 diabetic nephropathy. Nanfang Yike 
Daxue Xuebao 2009; 29: 137-139 [PMID: 19218134]

49	 Cobbold SP, Graca L, Lin CY, Adams E, Waldmann H. Regulatory 
T cells in the induction and maintenance of peripheral trans
plantation tolerance. Transpl Int 2003; 16: 66-75 [PMID: 12595967]

50	 Lee I, Wang L, Wells AD, Dorf ME, Ozkaynak E, Hancock WW. 
Recruitment of Foxp3+ T regulatory cells mediating allograft 
tolerance depends on the CCR4 chemokine receptor. J Exp 
Med 2005; 201: 1037-1044 [PMID: 15809349 DOI: 10.1084/
jem.20041709]

51	 Bushell A, Morris PJ, Wood KJ. Transplantation tolerance induced 
by antigen pretreatment and depleting anti-CD4 antibody depends 
on CD4+ T cell regulation during the induction phase of the 
response. Eur J Immunol 1995; 25: 2643-2649 [PMID: 7589139 
DOI: 10.1002/eji.1830250936]

52	 Kingsley CI, Karim M, Bushell AR, Wood KJ. CD25+CD4+ 
regulatory T cells prevent graft rejection: CTLA-4- and IL-10-
dependent immunoregulation of alloresponses. J Immunol 2002; 168: 
1080-1086 [PMID: 11801641 DOI: 10.4049/jimmunol.168.3.1080]

53	 Xia G, He J, Leventhal JR. Ex vivo-expanded natural CD4+CD25+ 
regulatory T cells synergize with host T-cell depletion to promote 
long-term survival of allografts. Am J Transplant 2008; 8: 298-306 
[PMID: 18190656 DOI: 10.1111/j.1600-6143.2007.02088.x]

54	 Joffre O, Santolaria T, Calise D, Al Saati T, Hudrisier D, Romagnoli 
P, van Meerwijk JP. Prevention of acute and chronic allograft 
rejection with CD4+CD25+Foxp3+ regulatory T lymphocytes. Nat 
Med 2008; 14: 88-92 [PMID: 18066074 DOI: 10.1038/nm1688]

55	 Salama AD, Najafian N, Clarkson MR, Harmon WE, Sayegh MH. 
Regulatory CD25+ T cells in human kidney transplant recipients. 
J Am Soc Nephrol 2003; 14: 1643-1651 [PMID: 12761267 DOI: 
10.1097/01.ASN.0000057540.98231.C1]

56	 Martínez-Llordella M, Puig-Pey I, Orlando G, Ramoni M, 
Tisone G, Rimola A, Lerut J, Latinne D, Margarit C, Bilbao I, 
Brouard S, Hernández-Fuentes M, Soulillou JP, Sánchez-Fueyo 
A. Multiparameter immune profiling of operational tolerance in 
liver transplantation. Am J Transplant 2007; 7: 309-319 [PMID: 
17241111 DOI: 10.1111/j.1600-6143.2006.01621.x]

57	 Bestard O, Cruzado JM, Mestre M, Caldés A, Bas J, Carrera 
M, Torras J, Rama I, Moreso F, Serón D, Grinyó JM. Achieving 
donor-specific hyporesponsiveness is associated with FOXP3+ 
regulatory T cell recruitment in human renal allograft infiltrates. J 

Dousdampanis P et al . Tregs and kidney



562 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

Immunol 2007; 179: 4901-4909 [PMID: 17878390 DOI: 10.4049/
jimmunol.179.7.4901]

58	 Meloni F, Morosini M, Solari N, Bini F, Vitulo P, Arbustini 
E, Pellegrini C, Fietta AM. Peripheral CD4+ CD25+ Treg cell 
expansion in lung transplant recipients is not affected by calcineurin 
inhibitors. Int Immunopharmacol 2006; 6: 2002-2010 [PMID: 
17161354 DOI: 10.1016/j.intimp.2006.07.019]

59	 Li Y, Koshiba T, Yoshizawa A, Yonekawa Y, Masuda K, Ito A, 
Ueda M, Mori T, Kawamoto H, Tanaka Y, Sakaguchi S, Minato N, 
Wood KJ, Tanaka K. Analyses of peripheral blood mononuclear 
cells in operational tolerance after pediatric living donor liver 
transplantation. Am J Transplant 2004; 4: 2118-2125 [PMID: 
15575917 DOI: 10.1111/j.1600-6143.2004.00611.x]

60	 Dijke IE, Weimar W, Baan CC. Regulatory T cells after organ 
transplantation: where does their action take place? Hum 
Immunol 2008; 69: 389-398 [PMID: 18638654 DOI: 10.1016/
j.humimm.2008.05.006]

61	 Zuber J, Grimbert P, Blancho G, Thaunat O, Durrbach A, Baron C, 
Lebranchu Y. Prognostic significance of graft Foxp3 expression in 
renal transplant recipients: a critical review and attempt to reconcile 
discrepancies. Nephrol Dial Transplant 2013; 28: 1100-1111 [PMID: 
23262436 DOI: 10.1093/ndt/gfs570]

62	 Muthukumar T, Dadhania D, Ding R, Snopkowski C, Naqvi 
R, Lee JB, Hartono C, Li B, Sharma VK, Seshan SV, Kapur S, 
Hancock WW, Schwartz JE, Suthanthiran M. Messenger RNA 
for FOXP3 in the urine of renal-allograft recipients. N Engl J 
Med 2005; 353: 2342-2351 [PMID: 16319383 DOI: 10.1056/
NEJMoa051907]

63	 Bunnag S, Allanach K, Jhangri GS, Sis B, Einecke G, Mengel 
M, Mueller TF, Halloran PF. FOXP3 expression in human 
kidney transplant biopsies is associated with rejection and 
time post transplant but not with favorable outcomes. Am J 
Transplant 2008; 8: 1423-1433 [PMID: 18510637 DOI: 10.1111/
j.1600-6143.2008.02268.x]

64	 Kollins D, Stoelcker B, Hoffmann U, Bergler T, Reinhold S, 
Banas MC, Rümmele P, Farkas S, Krämer BK, Banas B. FOXP3+ 
regulatory T-cells in renal allografts: correlation with long-term 
graft function and acute rejection. Clin Nephrol 2011; 75: 91-100 
[PMID: 21255537]

65	 Veronese F, Rotman S, Smith RN, Pelle TD, Farrell ML, Kawai T, 
Benedict Cosimi A, Colvin RB. Pathological and clinical correlates 
of FOXP3+ cells in renal allografts during acute rejection. Am J 
Transplant 2007; 7: 914-922 [PMID: 17286616 DOI: 10.1111/
j.1600-6143.2006.01704.x]

66	 Taflin C, Nochy D, Hill G, Frouget T, Rioux N, Vérine J, 
Bruneval P, Glotz D. Regulatory T cells in kidney allograft 
infiltrates correlate with initial inflammation and graft function. 
Transplantation 2010; 89: 194-199 [PMID: 20098282 DOI: 
10.1097/TP.0b013e3181c3ca11]

67	 Bestard O, Cruzado JM, Rama I, Torras J, Gomà M, Serón D, 
Moreso F, Gil-Vernet S, Grinyó JM. Presence of FoxP3+ regulatory 
T Cells predicts outcome of subclinical rejection of renal allografts. 
J Am Soc Nephrol 2008; 19: 2020-2026 [PMID: 18495961 DOI: 
10.1681/ASN.2007111174]

68	 Bestard O, Cuñetti L, Cruzado JM, Lucia M, Valdez R, Olek 
S, Melilli E, Torras J, Mast R, Gomà M, Franquesa M, Grinyó 
JM. Intragraft regulatory T cells in protocol biopsies retain foxp3 
demethylation and are protective biomarkers for kidney graft 
outcome. Am J Transplant 2011; 11: 2162-2172 [PMID: 21749644 
DOI: 10.1111/j.1600-6143.2011.03633.x]

69	 Louis S, Braudeau C, Giral M, Dupont A, Moizant F, Robillard N, 
Moreau A, Soulillou JP, Brouard S. Contrasting CD25hiCD4+T 
cells/FOXP3 patterns in chronic rejection and operational drug-free 
tolerance. Transplantation 2006; 81: 398-407 [PMID: 16477227]

70	 Akl A, Jones ND, Rogers N, Bakr MA, Mostafa A, El Shehawy el M, 
Ghoneim MA, Wood KJ. An investigation to assess the potential of 
CD25highCD4+ T cells to regulate responses to donor alloantigens 
in clinically stable renal transplant recipients. Transpl Int 2008; 21: 
65-73 [PMID: 17887959 DOI: 10.1111/j.1432-2277.2007.00560.x]

71	 Al-Wedaie F, Farid E, Tabbara K, El-Agroudy AE, Al-Ghareeb 

SM. T-regulatory cells in chronic rejection versus stable grafts. Exp 
Clin Transplant 2015; 13 Suppl 1: 170-176 [PMID: 25894149]

72	 Zuber J, Brodin-Sartorius A, Lapidus N, Patey N, Tosolini M, 
Candon S, Rabant M, Snanoudj R, Panterne C, Thervet E, Legendre 
C, Chatenoud L. FOXP3-enriched infiltrates associated with better 
outcome in renal allografts with inflamed fibrosis. Nephrol Dial 
Transplant 2009; 24: 3847-3854 [PMID: 19729462 DOI: 10.1093/
ndt/gfp435]

73	 Ashton-Chess J, Dugast E, Colvin RB, Giral M, Foucher Y, 
Moreau A, Renaudin K, Braud C, Devys A, Brouard S, Soulillou 
JP. Regulatory, effector, and cytotoxic T cell profiles in long-term 
kidney transplant patients. J Am Soc Nephrol 2009; 20: 1113-1122 
[PMID: 19357258 DOI: 10.1681/ASN.2008050450]

74	 Fourtounas C, Dousdampanis P, Sakellaraki P, Rodi M, 
Georgakopoulos T, Vlachojannis JG, Mouzaki A. Different 
immunosuppressive combinations on T-cell regulation in renal 
transplant recipients. Am J Nephrol 2010; 32: 1-9 [PMID: 20484893 
DOI: 10.1159/000313940]

75	 De Ciuceis C, Rossini C, La Boria E, Porteri E, Petroboni B, 
Gavazzi A, Sarkar A, Rosei EA, Rizzoni D. Immune mechanisms in 
hypertension. High Blood Press Cardiovasc Prev 2014; 21: 227-234 
[PMID: 24446309 DOI: 10.1007/s40292-014-0040-9]

76	 Bagley J, Yuan J, Chandrakar A, Iacomini J. Hyperlipidemia Alters 
Regulatory T Cell Function and Promotes Resistance to Tolerance 
Induction Through Costimulatory Molecule Blockade. Am J 
Transplant 2015; 15: 2324-2335 [PMID: 26079467 DOI: 10.1111/
ajt.13351]

77	 Seddiki N, Santner-Nanan B, Martinson J, Zaunders J, Sasson S, 
Landay A, Solomon M, Selby W, Alexander SI, Nanan R, Kelleher 
A, Fazekas de St Groth B. Expression of interleukin (IL)-2 and IL-7 
receptors discriminates between human regulatory and activated 
T cells. J Exp Med 2006; 203: 1693-1700 [PMID: 16818676 DOI: 
10.1084/jem.20060468]

78	 Liu W, Putnam AL, Xu-Yu Z, Szot GL, Lee MR, Zhu S, Gottlieb 
PA, Kapranov P, Gingeras TR, Fazekas de St Groth B, Clayberger C, 
Soper DM, Ziegler SF, Bluestone JA. CD127 expression inversely 
correlates with FoxP3 and suppressive function of human CD4+ T 
reg cells. J Exp Med 2006; 203: 1701-1711 [PMID: 16818678 DOI: 
10.1084/jem.20060772]

79	 Stock P, Akbari O, Berry G, Freeman GJ, Dekruyff RH, Umetsu 
DT. Induction of T helper type 1-like regulatory cells that express 
Foxp3 and protect against airway hyper-reactivity. Nat Immunol 
2004; 5: 1149-1156 [PMID: 15448689 DOI: 10.1038/ni1122]

80	 Suzuki M, Konya C, Goronzy JJ, Weyand CM. Inhibitory CD8+ 
T cells in autoimmune disease. Hum Immunol 2008; 69: 781-789 
[PMID: 18812196 DOI: 10.1016/j.humimm.2008.08.283]

81	 Verma C, Eremin JM, Robins A, Bennett AJ, Cowley GP, El-
Sheemy MA, Jibril JA, Eremin O. Abnormal T regulatory cells 
(Tregs: FOXP3+, CTLA-4+), myeloid-derived suppressor cells 
(MDSCs: monocytic, granulocytic) and polarised T helper cell 
profiles (Th1, Th2, Th17) in women with large and locally 
advanced breast cancers undergoing neoadjuvant chemotherapy 
(NAC) and surgery: failure of abolition of abnormal treg profile 
with treatment and correlation of treg levels with pathological 
response to NAC.J Transl Med 2013; 11: 16 [PMID: 23320561 
DOI: 10.1186/1479-5876-11-16]

82	 Fischer K, Voelkl S, Heymann J, Przybylski GK, Mondal K, 
Laumer M, Kunz-Schughart L, Schmidt CA, Andreesen R, 
Mackensen A. Isolation and characterization of human antigen-
specific TCR alpha beta+ CD4(-)CD8- double-negative regulatory 
T cells. Blood 2005; 105: 2828-2835 [PMID: 15572590 DOI: 
10.1182/blood-2004-07-2583]

83	 Paul S, Singh AK, Shilpi G. Phenotypic and functional plasticity 
of gamma-delta (γδ) T cells in inflammation and tolerance. Int Rev 
Immunol 2014; 33: 537-558 [PMID: 24354324 DOI: 10.3109/0883
0185.2013.863306]

84	 Lila N, Rouas-Freiss N, Dausset J, Carpentier A, Carosella ED. 
Soluble HLA-G protein secreted by allo-specific CD4+ T cells 
suppresses the allo-proliferative response: a CD4+ T cell regulatory 
mechanism. Proc Natl Acad Sci USA 2001; 98: 12150-12155 

Dousdampanis P et al . Tregs and kidney



563 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

[PMID: 11572934 DOI: 10.1073/pnas.201407398]
85	 Lazana I, Zoudiari A, Kokkinou D, Themeli M, Liga M, Papadaki 

H, Papachristou D, Spyridonidis A. Identification of a novel 
HLA-G+ regulatory population in blood: expansion after allogeneic 
transplantation and de novo HLA-G expression at graft-versus-
host disease sites. Haematologica 2012; 97: 1338-1347 [PMID: 
22419574 DOI: 10.3324/haematol.2011.055871]

86	 Tard C, Rouxel O, Lehuen A. Regulatory role of natural killer T 
cells in diabetes. Biomed J 2015; 38: 484-495 [PMID: 27013448 
DOI: 10.4103/2319-4170.158622]

87	 Shen P, Roch T, Lampropoulou V, O’Connor RA, Stervbo U, 

Hilgenberg E, Ries S, Dang VD, Jaimes Y, Daridon C, Li R, 
Jouneau L, Boudinot P, Wilantri S, Sakwa I, Miyazaki Y, Leech 
MD, McPherson RC, Wirtz S, Neurath M, Hoehlig K, Meinl E, 
Grützkau A, Grün JR, Horn K, Kühl AA, Dörner T, Bar-Or A, 
Kaufmann SH, Anderton SM, Fillatreau S. IL-35-producing B 
cells are critical regulators of immunity during autoimmune and 
infectious diseases. Nature 2014; 507: 366-370 [PMID: 24572363 
DOI: 10.1038/nature12979]

88	 Yoo S, Ha SJ. Generation of Tolerogenic Dendritic Cells and Their 
Therapeutic Applications. Immune Netw 2016; 16: 52-60 [PMID: 
26937232 DOI: 10.4110/in.2016.16.1.52]

P- Reviewer: Fulop T, Laghmani K, Montes SFP    S- Editor: Ji FF    
L- Editor: A    E- Editor: Wu HL

Dousdampanis P et al . Tregs and kidney



© 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	556
	WJTv6i3Back cover

