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Although CD4+CD25+Foxp3+ regulatory or suppressor T cells 
(Tregs) play a crucial role in the maintenance of self-tolerance and 
immune homeostasis against self-antigen, the true role they play in 
autoimmune diseases is still less defined. The prospect for therapeutic 
roles of these cells in autoimmune diseases is somehow fuzzy. This 
editorial will discuss and update these issues and proposes several new 
directions to address the relative concerns. 

Thymus-derived, naturally-occurring CD4+CD25+ suppressor cells 
(nTregs) were originally described by Sakaguchi and his colleagues 
where they identified that CD4+CD25+ cells in the thymus are crucial for 
the control of autoimmunity [1]. As CD25 is also activation marker for 
lymphocytes and therefore its expression is unable to exclude other T 
effector (Teff) cell population that may contaminate Tregs. Subsequent 
studies have demonstrated that Foxp3, a member of the forkhead/
winged-helix family of transcription factors, is essentially important 
for the differentiation and function of Tregs, and is considered as the 
best marker for their phenotypic identification so far [2-4]. Mutation 
or disruption of the Foxp3 (in mouse) or FOXP3 (in human, an 
analogue of Foxp3 in mouse) gene resulted in fatal lymphoproliferative 
disorder in mice, and a severe multiple autoimmune disease called 
immune dysregulation, polyendocrinopathy, enteropathy X-linked 
syndrome (IPEX) in humans [5-7]. The abnormality in the numbers 
and function of Tregs in the periphery has been widely associated with 
the development and progression of many autoimmune diseases. 

It is questionable whether all CD4+CD25+Foxp3+ cells in the 
periphery originate from thymus. It is known that CD4+Foxp3+ T 
cells can be induced through antigen stimulation in the presence of 
IL-2 and TGF-β in vitro and in vivo and are known as induced Tregs 
(iTregs) [8-11]. It is very likely that CD4+FOXP3+ cells circulating in 
the periphery are comprised of blended nTregs and iTregs. As both 
nTregs and iTreg cells express similar phenotypic characteristics, it 
is difficult to distinguish nTregs from iTregs by phenotypic staining. 
Recently, Thronton et al. reported that helios, an Ikaros transcription 

family member, may be helpful for distinguishing nTregs from iTregs 
[12]. However, this ray of hope was immediately extinguished when 
others found that helios is also highly expressed on Th2 and T follicular 
helper cells and is associated with the differentiation of these cells [13]. 
Thus, the molecular makers that can distinguish both Treg subsets still 
require further investigation.

As Foxp3 is considered as a best marker for Tregs in mouse, it may 
not be the case for human cells. Several studies have demonstrated 
that FOXP3 may be upregulated in rapidly proliferating human T 
cells and might be viewed as an activation marker for human T cells 
[14,15]. More studies are needed to determine whether FOXP3 is also 
expressed on human Teff cells, and more specific marker(s) for human 
Tregs need to be identified.  

Many studies have demonstrated that the numbers and function 
of CD4+FOXP3+ Tregs are abnormal in many autoimmune diseases 
(Table 1). Thus, the restoration of the numbers and functional activity 
of these cells may be therapeutic in autoimmune diseases since current 
approaches are unable to cure these diseases. However, CD4+FOXP3+ 
cells are tiny cell population. Tregs must be expanded ex vivo to 
gain sufficient numbers for the therapeutic consideration. Although 
several groups have reported that expansion in vitro can result in 
sufficient numbers of these cells [16,17], other laboratories have also 
demonstrated that repeated expansion in vtiro alters Treg phenotype 
and function [18]. Thus, the development of a protocol that can expand 
Treg numbers and sustain Treg phenotypes and function is critically 
important. 

Another problem is the stability and plasticity of Tregs. Recent 
studies have demonstrated that nTregs are inherently unstable 
and can be converted to Th1, Th2, Th17 and Tfh effector cells in an 
inflammatory milieu [19-23]. It is reasonable to attempt to find novel 
approaches to overcome the plasticity of nTregs in the inflammatory 
condition. Indeed, nTregs pre-treated with IL-2 plus TGF-β or all-
trans retinoic acid (atRA), a vitamin A metabolite, are resistant to Teff 
cell conversion and can suppress the progress of autoimmune diseases 
[20,24], providing a potential promise that the manipulation of nTregs 
may treat autoimmune diseases. However, this finding needs to be 
validated in human nTregs, particularly, in nTregs from patients with 
autoimmune diseases. 

Autoimmune diseases Frequency (peripheral 
blood) Function

Systemic Lupus 
Erythematosus

No significant difference 
[27]
Decreased [28]
Increased [29,30]

Deficient [27,31]
Normal [32]

Rheumatoid Arthritis

No significant difference 
[33,34]
Decreased [35]
Increased [36]

Increased (synovial) 
[37]
Normal(peripheral) [37]

Type-I Diabetes
No significant difference 
[38,39]
Decreased [40]

Deficient [41]
Normal [38]

Multiple Sclerosis No significant difference 
[42] Deficient [43]

Myasthenia Gravis
Decreased [44]
No significant difference 
[45,46]

Deficient (thymus) [47]

Inflammatory Bowel Disease Decreased [48-50] Normal [49,50]

Table1: Abnormality of numbers and function of Tregs in patients with various 
autoimmune diseases.
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The suppressive activity of nTregs can be disrupted with pro-
inflammatory cytokines. For example, Pasare et al. have reported that 
Treg suppressive activity can be abolished by IL-6 [25]. Valencia et al. 
also revealed that elevated TNF-α may interfere with the suppressive 
capacity of nTregs [26]. There is no question that these pro-
inflammatory cytokines are elevated in many autoimmune diseases. 
Future studies will be needed to determine whether the combination 
of Treg therapy and anti-inflammatory cytokine therapy results in best 
therapeutic effect, or treatment of patient using anti-inflammatory 
cytokine antibodies first, sequentially use Treg cell treatment may 
restore and/or enhance their therapeutic effect on autoimmune 
diseases. 

Acknowledgement

We thank Dr. William Stohl at University of Southern California for his critical 
comment. This work was partially supported by grants from the NIH R01 AR 
059103, Arthritis Foundation; Wright Foundation; the Arthritis National Research 
Foundation; the Clinical Research Feasibility Fund; the James H. Zumberge 
Faculty Research and Innovation Fund; the Outstanding Youth Scientist Award 
from National Nature Science Foundation of China (30728007), the American 
College of Rheumatology Research and Education’s Within Our Reach: Finding 
a Cure for Rheumatoid Arthritis campaign (all to SGZ) as well as Le Studium and 
European FEDER grant support (BR).

References

1. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M (1995) 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 155: 1151-1164.

2. Hori S, Nomura T, Sakaguchi S (2003) Control of regulatory T cell development 
by the transcription factor Foxp3. Science 299: 1057-1061.

3. Fontenot JD, Gavin MA, Rudensky AY (2003) Foxp3 programs the development 
and function of CD4+CD25+ regulatory T cells. Nat Immunol 4: 330-336.

4. Khattri R, Cox T, Yasayko SA, Ramsdell F (2003) An essential role for Scurfin 
in CD4+CD25+ T regulatory cells. Nat Immunol 4: 337-342.

5. Brunkow ME, Jeffery EW, Hjerrild KA, Paeper B, Clark LB, et al. (2001) 
Disruption of a new forkhead/winged-helix protein, scurfin, results in the fatal 
lymphoproliferative disorder of the scurfy mouse. Nat Genet 27: 68-73.

6. Chatila TA, Blaeser F, Ho N, Lederman HM, Voulgaropoulos C, et al. (2000) 
JM2, encoding a fork head-related protein, is mutated in X-linked autoimmunity-
allergic disregulation syndrome. J Clin Invest 106: R75-81.

7. Wildin RS, Ramsdell F, Peake J, Faravelli F, Casanova JL, et al. (2001) X-linked 
neonatal diabetes mellitus, enteropathy and endocrinopathy syndrome is the 
human equivalent of mouse scurfy. Nat Genet 27: 18-20.

8. Zheng SG, Gray JD, Ohtsuka K, Yamagiwa S, Horwitz DA (2002) Generation 
ex vivo of TGF-beta-producing regulatory T cells from CD4+CD25- precursors. 
J Immunol 169: 4183-4189.

9. Zheng SG, Wang JH, Gray JD, Soucier H, Horwitz DA (2004) Natural and 
induced CD4+CD25+ cells educate CD4+CD25- cells to develop suppressive 
activity: the role of IL-2, TGF-beta, and IL-10. J Immunol 172: 5213-5221.

10. Chen W, Jin W, Hardegen N, Lei KJ, Li L, et al. (2003) Conversion of peripheral 
CD4+CD25- naive T cells to CD4+CD25+ regulatory T cells by TGF-beta 
induction of transcription factor Foxp3. J Exp Med 198: 1875-86.

11. Zheng SG, Wang J, Wang P, Gray JD, Horwitz DA  (2007) IL-2 is essential for 
TGF-beta to convert naive CD4+CD25- cells to CD25+Foxp3+ regulatory T 
cells and for expansion of these cells. J Immunol 178: 2018-2027.

12. Thornton AM, Korty PE, Tran DQ, Wohlfert EA, Murray PE, et al. (2010) 
Expression of Helios, an Ikaros transcription factor family member, differentiates 
thymic-derived from peripherally induced Foxp3+ T regulatory cells. J Immunol 
184: 3433-3441.

13. Serre K, Bénézech C, Desanti G, Bobat S, Toellner KM, et al. (2011) Helios is 
associated with CD4 T cells differentiating to T helper 2 and follicular helper T 
cells in vivo independently of Foxp3 expression. PLoS One 6: e20731. 

14. Morgan ME, van Bilsen JH, Bakker AM, Heemskerk B, Schilham MW, et 
al. (2005) Expression of FOXP3 mRNA is not confined to CD4+CD25+ T 
regulatory cells in humans. Hum Immunol 66: 13-20.

15. Allan SE, Crome SQ, Crellin NK, Passerini L, Steiner TS, et al. (2007) Activation-
induced FOXP3 in human T effector cells does not suppress proliferation or 
cytokine production. Int Immunol 19: 345-354.

16. Esensten JH, Wofsy D, Bluestone JA (2009) Regulatory T cells as therapeutic 
targets in rheumatoid arthritis. Nat Rev Rheumatol 5: 560-565.

17. Hippen KL, Merkel SC, Schirm DK, Nelson C, Tennis NC, et al. (2011) 
Generation and large-scale expansion of human inducible regulatory T cells 
that suppress graft-versus-host disease. Am J Transplant 11: 1148-1157.

18. Hoffmann P, Boeld TJ, Eder R, Huehn J, Floess S, et al. (2009) Loss of FOXP3 
expression in natural human CD4+CD25+ regulatory T cells upon repetitive in 
vitro stimulation. Eur J Immunol. 39: 1088-1097. 

19. Xu L, Kitani A, Fuss I, Strober W (2007) Cutting edge: regulatory T cells induce 
CD4+CD25-Foxp3- T cells or are self-induced to become Th17 cells in the 
absence of exogenous TGF-beta. J Immunol 178: 6725-6729.

20. Zhou X, Kong N, Wang J, Fan H, Zou H, et al. (2010) Cutting edge: all-trans 
retinoic acid sustains the stability and function of natural regulatory T cells in an 
inflammatory milieu. J Immunol 185: 2675-2679.

21. Wan YY, Flavell RA (2007) Regulatory T-cell functions are subverted and 
converted owing to attenuated Foxp3 expression. Nature 445: 766-770.

22. Tsuji M, Komatsu N, Kawamoto S, Suzuki K, Kanagawa O, et al. (2009) 
Preferential generation of follicular B helper T cells from Foxp3+ T cells in gut 
Peyer’s patches. Science 323: 1488-1492.

23. Lu L, Wang J, Zhang F, Chai Y, Brand D, et al. (2010) Role of SMAD and non-
SMAD signals in the development of Th17 and regulatory T cells. J Immunol 
184: 4295-4306.

24. Zheng SG, Wang J, Horwitz DA (2008) Cutting edge: Foxp3+CD4+CD25+ 
regulatory T cells induced by IL-2 and TGF-beta are resistant to Th17 
conversion by IL-6. J Immunol 180: 7112-7116.

25. Pasare C, Medzhitov R (2003) Toll pathway-dependent blockade of 
CD4+CD25+ T cell-mediated suppression by dendritic cells. Science 299: 
1033-1036.

26. Valencia X, Stephens G, Goldbach-Mansky R, Wilson M, Shevach EM, et al. 
(2006) TNF downmodulates the function of human CD4+CD25hi T-regulatory 
cells. Blood 108: 253-261.

27. Venigalla RK, Tretter T, Krienke S, Max R, Eckstein V, et al. (2008) 
Reduced CD4+, CD25- T cell sensitivity to the suppressive function of 
CD4+CD25highCD127 -/low regulatory T cells in patients with active systemic 
lupus erythematosus. Arthritis Rheum 58: 2120-2130.

28. Miyara M, Amoura Z, Parizot C, Badoual C, Dorgham K, et al. (2005) Global 
natural regulatory T cell depletion in active systemic lupus erythematosus. J 
Immunol 175: 8392-8400.

29. Lin SC, Chen KH, Lin CH, Kuo CC, Ling QD, et al. (2007) The quantitative 
analysis of peripheral blood FOXP3-expressing T cells in systemic lupus 
erythematosus and rheumatoid arthritis patients. Eur J Clin Invest 37: 987-996.

30. Yan B, Ye S, Chen G, Kuang M, Shen N, et al. (2008) Dysfunctional CD4+, 
CD25+ regulatory T cells in untreated active systemic lupus erythematosus 
secondary to interferon-alpha-producing antigen-presenting cells. Arthritis 
Rheum 58: 801-812.

31. Valencia X, Yarboro C, Illei G, Lipsky PE (2007) Deficient CD4+CD25high T 
regulatory cell function in patients with active systemic lupus erythematosus. J 
Immunol 178: 2579-2588.

32. Vargas-Rojas MI, Crispín JC, Richaud-Patin Y, Alcocer-Varela J (2008) 
Quantitative and qualitative normal regulatory T cells are not capable of 
inducing suppression in SLE patients due to T-cell resistance. Lupus 17: 289-
294.

33. Möttönen M, Heikkinen J, Mustonen L, Isomäki P, Luukkainen R, et al. (2005) 
CD4+ CD25+ T cells with the phenotypic and functional characteristics of 
regulatory T cells are enriched in the synovial fluid of patients with rheumatoid 
arthritis. Clin Exp Immunol 140: 360-367.

34. Cao D, Malmström V, Baecher-Allan C, Hafler D, Klareskog L, et al. (2003) 
Isolation and functional characterization of regulatory CD25brightCD4+ T cells 
from the target organ of patients with rheumatoid arthritis. Eur J Immunol 33: 
215-223.

35. Lawson CA, Brown AK, Bejarano V, Douglas SH, Burgoyne CH, et al. (2006) 

http://www.ncbi.nlm.nih.gov/pubmed/7636184
http://www.ncbi.nlm.nih.gov/pubmed/7636184
http://www.ncbi.nlm.nih.gov/pubmed/7636184
http://www.ncbi.nlm.nih.gov/pubmed/7636184
http://www.ncbi.nlm.nih.gov/pubmed/12522256
http://www.ncbi.nlm.nih.gov/pubmed/12522256
http://www.ncbi.nlm.nih.gov/pubmed/12612578
http://www.ncbi.nlm.nih.gov/pubmed/12612578
http://www.ncbi.nlm.nih.gov/pubmed/12612581
http://www.ncbi.nlm.nih.gov/pubmed/12612581
http://www.ncbi.nlm.nih.gov/pubmed/11138001
http://www.ncbi.nlm.nih.gov/pubmed/11138001
http://www.ncbi.nlm.nih.gov/pubmed/11138001
http://www.ncbi.nlm.nih.gov/pubmed/11120765
http://www.ncbi.nlm.nih.gov/pubmed/11120765
http://www.ncbi.nlm.nih.gov/pubmed/11120765
http://www.ncbi.nlm.nih.gov/pubmed/11137992
http://www.ncbi.nlm.nih.gov/pubmed/11137992
http://www.ncbi.nlm.nih.gov/pubmed/11137992
http://www.ncbi.nlm.nih.gov/pubmed/12370347
http://www.ncbi.nlm.nih.gov/pubmed/12370347
http://www.ncbi.nlm.nih.gov/pubmed/12370347
http://www.ncbi.nlm.nih.gov/pubmed/15100259
http://www.ncbi.nlm.nih.gov/pubmed/15100259
http://www.ncbi.nlm.nih.gov/pubmed/15100259
http://www.ncbi.nlm.nih.gov/pubmed/14676299
http://www.ncbi.nlm.nih.gov/pubmed/14676299
http://www.ncbi.nlm.nih.gov/pubmed/14676299
http://www.ncbi.nlm.nih.gov/pubmed/17277105
http://www.ncbi.nlm.nih.gov/pubmed/17277105
http://www.ncbi.nlm.nih.gov/pubmed/17277105
http://www.ncbi.nlm.nih.gov/pubmed/20181882
http://www.ncbi.nlm.nih.gov/pubmed/20181882
http://www.ncbi.nlm.nih.gov/pubmed/20181882
http://www.ncbi.nlm.nih.gov/pubmed/20181882
http://www.ncbi.nlm.nih.gov/pubmed/21677778
http://www.ncbi.nlm.nih.gov/pubmed/21677778
http://www.ncbi.nlm.nih.gov/pubmed/21677778
http://www.ncbi.nlm.nih.gov/pubmed/15620457
http://www.ncbi.nlm.nih.gov/pubmed/15620457
http://www.ncbi.nlm.nih.gov/pubmed/15620457
http://www.ncbi.nlm.nih.gov/pubmed/17329235
http://www.ncbi.nlm.nih.gov/pubmed/17329235
http://www.ncbi.nlm.nih.gov/pubmed/17329235
http://www.ncbi.nlm.nih.gov/pubmed/19798031
http://www.ncbi.nlm.nih.gov/pubmed/19798031
http://www.ncbi.nlm.nih.gov/pubmed/21564534
http://www.ncbi.nlm.nih.gov/pubmed/21564534
http://www.ncbi.nlm.nih.gov/pubmed/21564534
http://www.ncbi.nlm.nih.gov/pubmed/19283780
http://www.ncbi.nlm.nih.gov/pubmed/19283780
http://www.ncbi.nlm.nih.gov/pubmed/19283780
http://www.ncbi.nlm.nih.gov/pubmed/17513718
http://www.ncbi.nlm.nih.gov/pubmed/17513718
http://www.ncbi.nlm.nih.gov/pubmed/17513718
http://www.ncbi.nlm.nih.gov/pubmed/20679534
http://www.ncbi.nlm.nih.gov/pubmed/20679534
http://www.ncbi.nlm.nih.gov/pubmed/20679534
http://www.ncbi.nlm.nih.gov/pubmed/17220876
http://www.ncbi.nlm.nih.gov/pubmed/17220876
http://www.ncbi.nlm.nih.gov/pubmed/19286559
http://www.ncbi.nlm.nih.gov/pubmed/19286559
http://www.ncbi.nlm.nih.gov/pubmed/19286559
http://www.ncbi.nlm.nih.gov/pubmed/20304828
http://www.ncbi.nlm.nih.gov/pubmed/20304828
http://www.ncbi.nlm.nih.gov/pubmed/20304828
http://www.ncbi.nlm.nih.gov/pubmed/18490709
http://www.ncbi.nlm.nih.gov/pubmed/18490709
http://www.ncbi.nlm.nih.gov/pubmed/18490709
http://www.ncbi.nlm.nih.gov/pubmed/12532024
http://www.ncbi.nlm.nih.gov/pubmed/12532024
http://www.ncbi.nlm.nih.gov/pubmed/12532024
http://www.ncbi.nlm.nih.gov/pubmed/16537805
http://www.ncbi.nlm.nih.gov/pubmed/16537805
http://www.ncbi.nlm.nih.gov/pubmed/16537805
http://www.ncbi.nlm.nih.gov/pubmed/18576316
http://www.ncbi.nlm.nih.gov/pubmed/18576316
http://www.ncbi.nlm.nih.gov/pubmed/18576316
http://www.ncbi.nlm.nih.gov/pubmed/18576316
http://www.ncbi.nlm.nih.gov/pubmed/16339581
http://www.ncbi.nlm.nih.gov/pubmed/16339581
http://www.ncbi.nlm.nih.gov/pubmed/16339581
http://www.ncbi.nlm.nih.gov/pubmed/18036033
http://www.ncbi.nlm.nih.gov/pubmed/18036033
http://www.ncbi.nlm.nih.gov/pubmed/18036033
http://www.ncbi.nlm.nih.gov/pubmed/18311820
http://www.ncbi.nlm.nih.gov/pubmed/18311820
http://www.ncbi.nlm.nih.gov/pubmed/18311820
http://www.ncbi.nlm.nih.gov/pubmed/18311820
http://www.ncbi.nlm.nih.gov/pubmed/17277168
http://www.ncbi.nlm.nih.gov/pubmed/17277168
http://www.ncbi.nlm.nih.gov/pubmed/17277168
http://www.ncbi.nlm.nih.gov/pubmed/18413409
http://www.ncbi.nlm.nih.gov/pubmed/18413409
http://www.ncbi.nlm.nih.gov/pubmed/18413409
http://www.ncbi.nlm.nih.gov/pubmed/18413409
http://www.ncbi.nlm.nih.gov/pubmed/15807863
http://www.ncbi.nlm.nih.gov/pubmed/15807863
http://www.ncbi.nlm.nih.gov/pubmed/15807863
http://www.ncbi.nlm.nih.gov/pubmed/15807863
http://www.ncbi.nlm.nih.gov/pubmed/12594850
http://www.ncbi.nlm.nih.gov/pubmed/12594850
http://www.ncbi.nlm.nih.gov/pubmed/12594850
http://www.ncbi.nlm.nih.gov/pubmed/12594850
http://www.ncbi.nlm.nih.gov/pubmed/16571607


Volume 1 • Issue 2 • 1000e102Rheumatology
ISSN: 2161-1149 Rheumatology, an open access journal

Citation: Xu A, Liu Y, Ryffel B, Zheng SG (2011) Foxp3+ Regulatory T Cells: a Protagonist in the “Movie’’ of Autoimmune Diseases? Rheumatology 
1:e102. doi:10.4172/2161-1149.1000e102

Page 3 of 3

Early rheumatoid arthritis is associated with a deficit in the CD4+CD25high 
regulatory T cell population in peripheral blood. Rheumatology (Oxford) 45: 
1210-1217.

36. Han GM, O’Neil-Andersen NJ, Zurier RB, Lawrence DA (2008) CD4+CD25high
T cell numbers are enriched in the peripheral blood of patients with rheumatoid 
arthritis. Cell Immunol 253: 92-101.

37. van Amelsfort JM, Jacobs KM, Bijlsma JW, Lafeber FP, Taams LS (2004) 
CD4(+)CD25(+) regulatory T cells in rheumatoid arthritis: differences in the 
presence, phenotype, and function between peripheral blood and synovial fluid. 
Arthritis Rheum 50: 2775-2785.

38. Putnam AL, Vendrame F, Dotta F, Gottlieb PA (2005) CD4+CD25high 
regulatory T cells in human autoimmune diabetes. J Autoimmun 24: 55-62.

39. Brusko T, Wasserfall C, McGrail K, Schatz R, Viener HL, et al. (2007) No 
alterations in the frequency of FOXP3+ regulatory T-cells in type 1 diabetes. 
Diabetes 56: 604-612.

40. Kukreja A, Cost G, Marker J, Zhang C, Sun Z, et al. (2002) Multiple immuno-
regulatory defects in type-1 diabetes. J Clin Invest 109: 131-140.

41. Lindley S, Dayan CM, Bishop A, Roep BO, Peakman M, et al. (2005) Defective 
suppressor function in CD4(+)CD25(+) T-cells from patients with type 1 
diabetes. Diabetes 54: 92-99.

42. Putheti P, Pettersson A, Soderstrom M, Link H, Huang YM (2004) Circulating 
CD4+CD25+ T regulatory cells are not altered in multiple sclerosis and 
unaffected by disease-modulating drugs. J Clin Immunol 24: 155-161.

43. Viglietta V, Baecher-Allan C, Weiner HL, Hafler DA (2004) Loss of functional 
suppression by CD4+CD25+ regulatory T cells in patients with multiple 
sclerosis. J Exp Med 199: 971-979.

44. Masuda M, Matsumoto M, Tanaka S, Nakajima K, Yamada N, et al. (2010) 
Clinical implication of peripheral CD4+CD25+ regulatory T cells and Th17 cells 
in myasthenia gravis patients. J Neuroimmunol 225: 123-131.

45. Matsui N, Nakane S, Saito F, Ohigashi I, Nakagawa Y, et al. (2010) 
Undiminished regulatory T cells in the thymus of patients with myasthenia 
gravis. Neurology 74: 816-820.

46. Luther C, Poeschel S, Varga M, Melms A, Tolosa E (2005) Decreased 
frequency of intrathymic regulatory T cells in patients with myasthenia-
associated thymoma. J Neuroimmunol 164: 124-128.

47. Balandina A, Lécart S, Dartevelle P, Saoudi A, Berrih-Aknin S (2005) 
Functional defect of regulatory CD4(+)CD25+ T cells in the thymus of patients 
with autoimmune myasthenia gravis. Blood 105: 735-741.

48. Wang Y, Liu XP, Zhao ZB, Chen JH, Yu CG (2011) Expression of CD4(+) 
forkhead box P3 (FOXP3)(+) regulatory T cells in inflammatory bowel disease. 
J Dig Dis 12: 286-294.

49. Maul J, Loddenkemper C, Mundt P, Berg E, Giese T, et al. (2005) Peripheral 
and intestinal regulatory CD4+ CD25(high) T cells in inflammatory bowel 
disease. Gastroenterology 128: 1868-1878.

50. Saruta M, Yu QT, Fleshner PR, Mantel PY, Schmidt-Weber CB, et al. (2007) 
Characterization of FOXP3+CD4+ regulatory T cells in Crohn’s disease. Clin 
Immunol 125: 281-290.

http://www.ncbi.nlm.nih.gov/pubmed/16571607
http://www.ncbi.nlm.nih.gov/pubmed/16571607
http://www.ncbi.nlm.nih.gov/pubmed/16571607
http://www.ncbi.nlm.nih.gov/pubmed/18649874
http://www.ncbi.nlm.nih.gov/pubmed/18649874
http://www.ncbi.nlm.nih.gov/pubmed/18649874
http://www.ncbi.nlm.nih.gov/pubmed/15457445
http://www.ncbi.nlm.nih.gov/pubmed/15457445
http://www.ncbi.nlm.nih.gov/pubmed/15457445
http://www.ncbi.nlm.nih.gov/pubmed/15457445
http://www.ncbi.nlm.nih.gov/pubmed/15725577
http://www.ncbi.nlm.nih.gov/pubmed/15725577
http://www.ncbi.nlm.nih.gov/pubmed/17327427
http://www.ncbi.nlm.nih.gov/pubmed/17327427
http://www.ncbi.nlm.nih.gov/pubmed/17327427
http://www.ncbi.nlm.nih.gov/pubmed/11781358
http://www.ncbi.nlm.nih.gov/pubmed/11781358
http://www.ncbi.nlm.nih.gov/pubmed/15616015
http://www.ncbi.nlm.nih.gov/pubmed/15616015
http://www.ncbi.nlm.nih.gov/pubmed/15616015
http://www.ncbi.nlm.nih.gov/pubmed/15024182
http://www.ncbi.nlm.nih.gov/pubmed/15024182
http://www.ncbi.nlm.nih.gov/pubmed/15024182
http://www.ncbi.nlm.nih.gov/pubmed/15067033
http://www.ncbi.nlm.nih.gov/pubmed/15067033
http://www.ncbi.nlm.nih.gov/pubmed/15067033
http://www.ncbi.nlm.nih.gov/pubmed/20472307
http://www.ncbi.nlm.nih.gov/pubmed/20472307
http://www.ncbi.nlm.nih.gov/pubmed/20472307
http://www.ncbi.nlm.nih.gov/pubmed/20211905
http://www.ncbi.nlm.nih.gov/pubmed/20211905
http://www.ncbi.nlm.nih.gov/pubmed/20211905
http://www.ncbi.nlm.nih.gov/pubmed/15923045
http://www.ncbi.nlm.nih.gov/pubmed/15923045
http://www.ncbi.nlm.nih.gov/pubmed/15923045
http://www.ncbi.nlm.nih.gov/pubmed/15454488
http://www.ncbi.nlm.nih.gov/pubmed/15454488
http://www.ncbi.nlm.nih.gov/pubmed/15454488
http://www.ncbi.nlm.nih.gov/pubmed/21791023
http://www.ncbi.nlm.nih.gov/pubmed/21791023
http://www.ncbi.nlm.nih.gov/pubmed/21791023
http://www.ncbi.nlm.nih.gov/pubmed/15940622
http://www.ncbi.nlm.nih.gov/pubmed/15940622
http://www.ncbi.nlm.nih.gov/pubmed/15940622
http://www.ncbi.nlm.nih.gov/pubmed/17897887
http://www.ncbi.nlm.nih.gov/pubmed/17897887
http://www.ncbi.nlm.nih.gov/pubmed/17897887

	Title
	Corresponding author
	Acknowledgement
	Table 1
	References



