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Introduction
T cells play a fundamental role in initiating and mounting effective 

adaptive immune responses. They are activated by the interaction of 
their T cell antigen receptors (TCR) with peptide antigen presented on 
major histocompatibility complex (MHC) molecules on the surface of 
antigen presenting cells (APC) [1,2]. The CD4+ effector T cells (Teff) 
are classified into three major lineages, Th1, Th2 and Th17, based 
on the unique cytokine profile they produce [3]. The nature of the 
immune response, its specificity, intensity, and duration are intricately 
regulated by a fourth population of cells, the regulatory T cells 
(Treg). Treg possess immunosuppressive properties and are essential 
for maintaining peripheral tolerance, suppression of self-reactive 
lymphocytes, prevention of autoimmune responses, and restraining 
immune responses to chronic pathogens and commensals of the gut 
[4,5]. 

A productive interaction between a cognate TCR on the surface 
of a T cell and an MHC-bound peptide antigen on an APC requires 
a persistent engagement during which the two cells redistribute their 
receptors and cognate ligands to the interface. This initial step involves 
the polarization of additional membrane proteins, and recruitment of 
cytoplasmic molecules to the T cell-APC contact area. The resulting 
re-structuring of the cell membrane and proteins form a platform for 
effective signal transduction, and for communication between the cells 
[2]. This area of interface, termed the immunological synapse (IS), 
was discovered by Monks and colleagues who noted the occurrence 
of lateral segregation of proteins at the T cell-APC interface [6,7]. 
They showed that the TCR/CD3 receptors and protein kinase C theta 
(PKCθ) concentrate in the center of the contact region in a zone they 
have termed the central supramolecular activation complex (cSMAC). 
Other proteins, such as talin and the LFA-1 integrin, concentrate at 
a more peripheral zone within the IS, termed the peripheral SMAC 
(pSMAC). Later studies demonstrated the selective recruitment of 
additional effector molecules to the immunological synapse of activated 
T cells, including co-receptors (CD2, CD4, CD8 and CD28), tyrosine 
kinases (Lck and ZAP-70) and adaptor proteins (LAT, Gads, SLP-76) 
[1,8-11]. While the exact function of the immunological synapse in 
activated T cells is not fully understood, it may play an important role 
in stabilizing the engaged TCR and accessory molecules, and delivery 
of TCR-dependent signals via mechanisms, which may vary from one 
type of T cell to another. 

Human PKCθ was discovered in T cells in 1993 [12] and found 
to be involved in the regulation of a wide range of T cell functions 
[13,14]. It is a member of a large family of serine/threonine kinases that 

contribute to signal transduction networks in almost all cell types. In T 
cells, PKCθ plays an important role in T cell activation and survival and 
it links the TCR/CD3-signaling pathway to the activation of NF-κB, 
AP-1 and NF-AT transcription factors [15-17].

PKCθ received special attention after Monks and colleagues 
demonstrated that it recruits to the center of the IS in TCR activated 
T cells [7]. This process, which occurs in a CD28-costimulatory-
dependent manner [18-20], is made possible by a proline-rich 
motif within the PKCθ V3 domain that directly interacts with the 
CD28 cytoplasmic tail [21]. Furthermore, by phosphorylation of the 
CARMA1 protein, PKCθ links the CD28 costimulatory receptors to the 
CARMA1-Bcl10-Malt1 signaling pathway, leading to the activation of 
the transcription factor, NF-κB [22,23]. 

The initial observation of PKCθ- and TCR/CD3-residing cSMAC 
at the interface of cells was made in Th-B cell lymphoma [7]. A similar 
pattern of protein segregation was observed in Th cells overlaid on 
artificial supported planar bilayers containing fluorescently labeled 
MHC and ICAM-1 proteins [24]. An even more symmetric shape of 
IS, resembling a ‘bulls-eye’, was observed in CD8+ Tc cells, as well as in 
natural killer (NK) cells, where a peripheral ring of adhesion molecules 
surrounded a central region containing the TCR in Tc, and activating 
or inhibitory receptors in NK cells [25-27], demonstrating that the IS 
formation is not restricted to Th cells. 

In complete contrast to the above mentioned cell types, Zanin-
Zhorov and colleagues have found that human peripheral blood Treg 
responded to signals from an ICAM-1- and anti-CD3 Ab-containing 
supported planar bilayer, by sequestering PKCθ to the opposite cell 
pole away from the TCR and IS [23]. The amount of PKCθ observed 
at the center of the IS was six-fold lower in Treg compared to Teff. A 
similar reduction in PKCθ content at the Treg’s IS was also observed 
when CD80, the physiological ligand of CD28, was included in the 
planar bilayer. This is in contrast to the fact that the overall structure 
of IS in Teff and Treg had a similar symmetry with central clusters 

Journal of 

Clinical & Cellular ImmunologyJo
ur

na
l o

f C
lin

ical & Cellular Im
m

unology

ISSN: 2155-9899



Citation: Isakov N (2012) Differential Requirements for Protein Kinase C-Theta at The Immunological Synapse of Effector Versus Regulatory T Cells 
and Their Clinical Implications. J Clin Cell Immunol 3:e104. doi:10.4172/2155-9899.1000e104

Page 2 of 3

Volume 3 • Issue 1 • 1000e104
J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal 

of anti-CD3 Abs surrounded by a ring of ICAM-1, and comparable 
intensities of phosphorylated ZAP-70 at the IS of both cell types. These 
findings suggest that discrete localization of PKCθ could drive different 
functions in distinct T cells subsets. 

To test the potential involvement of PKCθ in the suppressive 
function of Treg, Zanin-Zhorov and her colleagues utilized two 
complementary approaches to inhibit PKCθ in Treg, either by CD20, 
a chemical compound that selectively inhibits PKCθ, or PKCθ-specific 
small interfering RNA (siRNA) that reduced PKCθ expression by ~80%. 
In both cases, inhibition of PKC augmented the suppressive activity 
of the Treg, even in the presence of CD28-mediated costimulatory 
signals [23]. These studies and additional data suggested that TCR-
induced activation of PKCθ functions to reduce the ability of Treg to 
suppress the activation of Teff and ability to respond by proliferation 
and cytokine secretion.

Because of the important role of CD4+CD25+ Treg in maintaining 
immunologic homeostasis and preventing the development of 
autoimmune diseases, their activity must be regulated by fine-tuned 
and balanced mechanisms. Recent studies demonstrated a reduced 
number of Treg and a Th17/Treg imbalance in the peripheral blood of 
rheumatoid arthritis (RA) patients [28,29]. In addition, Treg isolated 
from RA patients displayed an anergic phenotype upon stimulation 
with anti-CD3 and anti-CD28 Abs, and were unable to suppress 
proinflammatory cytokine secretion by activated T cells [30,31].

RA is a degenerative autoimmune disease characterized by 
chronic inflammation that may affect different tissues and organs. The 
pathogenesis in RA patients is driven by proinflammatory cytokine, 
predominantly TNFα, which binds to the TNFR2 on the surface of 
Treg [32]. The resulting TNFα-induced signals in Treg of RA patients 
downregulated mRNA production and protein expression of the 
transcription factor, Foxp3, a master regulator of the development and 
function of Treg [30-32]. 

TNFα treatment of Treg inhibited PKCθ recruitment to the distal 
pole and promoted its relocalization to the IS, to a position resembling 
that of PKCθ in the IS of activated Teff [23]. Treatment of RA patients 
with anti-TNFα Abs (infliximab) restored the suppressive function of 
the Treg, concomitantly with increasing FOXP3 mRNA production 
and protein expression. Anti-TNFα Ab treatment also restored the 
number of peripheral blood Treg in RA patients [30,31]. Furthermore, 
inhibition of PKCθ by C20 protected Treg from TNF-induced 
downregulation of their normal activity, prevented the downregulation 
of Foxp3 expression, and partially restored the suppressive activity 
of Treg from RA patients [23]. This study indicated that PKC is a 
critical molecule involved in the mechanism leading to the formation 
of functionally compromised Treg in RA patients. It therefore raises 
the possibility that targeting of PKCθ may restore Treg functions and 
ameliorate disease progression in RA or other autoimmune patients. 

The potential critical role of PKCθ in the regulation of Treg 
functions was further analyzed in an in vivo model of inflammatory 
colitis in mice. In this study, infusion of C20-treated Treg provided 
partial protection from colitis and increased the number of Treg in 
the lymphatic organs, in agreement with previous findings whereby 
inhibition of PKCθ increased the Treg-mediated suppressive 
capabilities [23].

The possibility of using PKCθ as a drug target for therapeutic 
intervention in T-cell-mediated diseases has been previously discussed 

[33-35], and was based on findings predominantly related to the role 
of PKCθ in the activation of Teff. The assumptions of this model were 
based on studies demonstrating that adoptive transferred PKCθ-
deficient T cells were less likely to induce a GVH response [36], 
while PKCθ-deficient mice were more resistant to the induction of 
experimentally induced autoimmune diseases [37-40]. 

The recent findings in Treg indicated that PKCθ exhibits 
proinflammatory effects that are further enhanced by TNFα, which 
increases the recruitment of PKCθ to the IS of Treg. Inhibition of PKCθ 
increased the suppressive functions of Treg, enhanced their ability 
to prevent autoimmune colitis in mice and restored the activity of 
impaired Treg from RA patients. The role of PKCθ in the regulation of 
Treg functions makes it an ideal drug target in a range of autoimmune 
disorders and chronic inflammatory diseases. The fact that inhibition 
of PKCθ can restore the ability of Treg to suppress Teff functions, such 
as the secretion of proinflammatory cytokines, may be of significant 
importance during adoptive immunotherapy for the treatment and/
or prevention of diseases such as autoimmunity and graft-versus-host 
following bone marrow allotransplantation. 

Acknowledgement

Work in our laboratory is funded in part by the USA-Israel Binational Science 
Foundation, the Israel Science Foundation administered by the Israel Academy of 
Science and Humanities, and a donation by Linda Osofsky. N.I. holds the Joseph 
H. Krupp Chair in Cancer Immunobiology. 

References 

1. Smith-Garvin JE, Koretzky GA, Jordan M S (2009) T cell activation.  Annu Rev 
Immunol 27: 591-619.

2. Fooksman DR, Vardhana S, Vasiliver-Shamis G, Liese J, Blair DA, et al. (2010) 
Functional anatomy of T cell activation and synapse formation.  Annu Rev 
Immunol 28: 79-105.

3. Alonso MN, Wong MT, Zhang AL, Winer D, Suhoski MM, et al. (2011) TH1, 
TH2, and TH17 cells instruct monocytes to differentiate into specialized 
dendritic cell subsets.  Blood 118: 3311-3320.

4. Sakaguchi S (2004) Naturally arising CD4+ regulatory t cells for immunologic 
self-tolerance and negative control of immune responses. Annu Rev Immunol 
22: 531-562

5. Sakaguchi S (2011) Regulatory T cells: history and perspective. Methods Mol 
biol 707: 3-17.

6. Monks CR, Freiberg BA, Kupfer H, Sciaky N, Kupfer A (1998) Three-
dimensional segregation of supramolecular activation clusters in T cells. Nature 
395: 82-86.

7. Monks CR, Kupfer H, Tamir I, Barlow A, Kupfer A (1997) Selective modulation 
of protein kinase C-theta during T-cell activation. Nature 385: 83-86.

8. Bunnell SC, Hong DI, Kardon JR, Yamazaki TY, McGlade CJ, et al. (2002) T 
cell receptor ligation induces the formation of dynamically regulated signaling 
assemblies. The Journal of cell biology 158: 1263-1275.

9. Yokosuka T, Sakata-Sogawa K, Kobayashi W, Hiroshima M, Hashimoto-Tane 
A, et al. (2005) Newly generated T cell receptor microclusters initiate and 
sustain T cell activation by recruitment of Zap70 and SLP-76. Nat Immunol 6: 
1253-1262.

10. Hashimoto-Tane A, Yokosuka T, Ishihara C, Sakuma M, Kobayashi W, et al. 
(2010) T-cell receptor microclusters critical for T-cell activation are formed 
independently of lipid raft clustering Mol cell biol 30: 3421-3429.

11. Anton, OM, Andres-Delgado L, Reglero-Real N, Batista A, Alonso MA (2011) 
MAL protein controls protein sorting at the supramolecular activation cluster of 
human T lymphocytes. J Immunol 186: 6345-6356.

12. Baier G, Telford D, Giampa L, Coggeshall KM, Baier-Bitterlich G (1993) 

http://www.ncbi.nlm.nih.gov/pubmed?term=Smith-Garvin%2C J. E.%2C G. A. Koretzky%2C and M. S. Jordan. 2009. T cell activation. Annual review of immunology 27%3A591-619.
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith-Garvin%2C J. E.%2C G. A. Koretzky%2C and M. S. Jordan. 2009. T cell activation. Annual review of immunology 27%3A591-619.
http://www.ncbi.nlm.nih.gov/pubmed?term=Functional anatomy of T cell activation and synapse formation Annual review of immunology 28%3A79-105
http://www.ncbi.nlm.nih.gov/pubmed?term=Functional anatomy of T cell activation and synapse formation Annual review of immunology 28%3A79-105
http://www.ncbi.nlm.nih.gov/pubmed?term=Functional anatomy of T cell activation and synapse formation Annual review of immunology 28%3A79-105
http://www.ncbi.nlm.nih.gov/pubmed?term=TH1%2C TH2%2C and TH17 cells instruct monocytes to differentiate into specialized dendritic cell subsets
http://www.ncbi.nlm.nih.gov/pubmed?term=TH1%2C TH2%2C and TH17 cells instruct monocytes to differentiate into specialized dendritic cell subsets
http://www.ncbi.nlm.nih.gov/pubmed?term=TH1%2C TH2%2C and TH17 cells instruct monocytes to differentiate into specialized dendritic cell subsets
http://www.ncbi.nlm.nih.gov/pubmed/15032588
http://www.ncbi.nlm.nih.gov/pubmed/15032588
http://www.ncbi.nlm.nih.gov/pubmed/15032588
http://www.ncbi.nlm.nih.gov/pubmed?term=Regulatory T cells%3A history and perspective Methods in molecular biology
http://www.ncbi.nlm.nih.gov/pubmed?term=Regulatory T cells%3A history and perspective Methods in molecular biology
http://www.ncbi.nlm.nih.gov/pubmed?term=Three-dimensional segregation of supramolecular activation clusters in T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Three-dimensional segregation of supramolecular activation clusters in T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Three-dimensional segregation of supramolecular activation clusters in T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Selective modulation of protein kinase C-theta during T-cell activation
http://www.ncbi.nlm.nih.gov/pubmed?term=Selective modulation of protein kinase C-theta during T-cell activation
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell receptor ligation induces the formation of dynamically regulated signaling assemblies
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell receptor ligation induces the formation of dynamically regulated signaling assemblies
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell receptor ligation induces the formation of dynamically regulated signaling assemblies
http://www.ncbi.nlm.nih.gov/pubmed?term=Newly generated T cell receptor microclusters initiate and sustain T cell activation by recruitment of Zap70 and SLP-76
http://www.ncbi.nlm.nih.gov/pubmed?term=Newly generated T cell receptor microclusters initiate and sustain T cell activation by recruitment of Zap70 and SLP-76
http://www.ncbi.nlm.nih.gov/pubmed?term=Newly generated T cell receptor microclusters initiate and sustain T cell activation by recruitment of Zap70 and SLP-76
http://www.ncbi.nlm.nih.gov/pubmed?term=Newly generated T cell receptor microclusters initiate and sustain T cell activation by recruitment of Zap70 and SLP-76
http://www.ncbi.nlm.nih.gov/pubmed?term=T-cell receptor microclusters critical for T-cell activation are formed independently of lipid raft clustering
http://www.ncbi.nlm.nih.gov/pubmed?term=T-cell receptor microclusters critical for T-cell activation are formed independently of lipid raft clustering
http://www.ncbi.nlm.nih.gov/pubmed?term=T-cell receptor microclusters critical for T-cell activation are formed independently of lipid raft clustering
http://www.ncbi.nlm.nih.gov/pubmed?term=MAL protein controls protein sorting at the supramolecular activation cluster of human T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=MAL protein controls protein sorting at the supramolecular activation cluster of human T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=MAL protein controls protein sorting at the supramolecular activation cluster of human T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular cloning and characterization of PKC theta%2C a novel member of the protein kinase C %28PKC%29 gene family expressed predominantly in hematopoietic cells


Citation: Isakov N (2012) Differential Requirements for Protein Kinase C-Theta at The Immunological Synapse of Effector Versus Regulatory T Cells 
and Their Clinical Implications. J Clin Cell Immunol 3:e104. doi:10.4172/2155-9899.1000e104

Page 3 of 3

Volume 3 • Issue 1 • 1000e104
J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal 

Molecular cloning and characterization of PKC theta, a novel member of the 
protein kinase C (PKC) gene family expressed predominantly in hematopoietic 
cells The Journal of biological chemistry 268: 4997-5004.

13. Altman A, Isakov N, Baier G (2000) Protein kinase Ctheta: a new essential 
superstar on the T-cell stage. Immunol today 21: 567-573.

14. Isakov N, Altman A (2002) Protein kinase Ctheta in T cell activation Ann Rev 
Immunol 20: 761-794.

15. Pfeifhofer C, Kofler K, Gruber T, Tabrizi NG, Lutz C, et al. (2003) Protein kinase
C theta affects Ca2+ mobilization and NFAT cell activation in primary mouse T 
cells. J Exp Med 197: 1525-1535.

16. Baier-Bitterlich G, Uberall F, Bauer B, Fresser F, Wachter H, et al. (1996) 
Protein kinase C-theta isoenzyme selective stimulation of the transcription 
factor complex AP-1 in T lymphocytes. Mol cell biol 16: 1842-1850.

17. Coudronniere N, Villalba M, Englund N, Altman A (2000) NF-kappa B activation
induced by T cell receptor/CD28 costimulation is mediated by protein kinase 
C-theta. Proc Natl Acad Sci U S A 97: 3394-3399.

18. Huang J, Lo PF, Zal T, Gascoigne NR, Smith BA, et al. (2002) CD28 plays a 
critical role in the segregation of PKC theta within the immunologic synapse. 
Proc Natl Acad Sci U S A 99: 9369-9373.

19. Yokosuka T, Kobayashi W, Sakata-Sogawa K, Takamatsu M, Hashimoto-Tane 
A, et al. (2008) Spatiotemporal regulation of T cell costimulation by TCR-CD28 
microclusters and protein kinase C theta translocation. Immunity 29:589-601.

20. Tseng SY, Waite JC, Liu M, Vardhana S, Dustin ML (2008) T cell-dendritic 
cell immunological synapses contain TCR-dependent CD28-CD80 clusters that 
recruit protein kinase C theta. J Immunol 181: 4852-4863.

21. Kong KF, Yokosuka T, Canonigo-Balancio AJ, Isakov N, Saito T, et al. (2011) A 
novel motif in the V3 domain of protein kinase C-theta (PKC-theta) determines 
its immunological synapse localization and functions in T cells via association 
with CD28. Nat Immunol 12: 1105-1112.

22. Takeda K, Harada Y, Watanabe R, Inutake Y, Ogawa S, et al. (2008) CD28 
stimulation triggers NF-kappaB activation through the CARMA1-PKCtheta-
Grb2/Gads axis. Int immunol 20: 1507-1515.

23. Zanin-Zhorov A, Ding Y, Kumari S, Attur M, Hippen KL, et al. (2010) Protein 
kinase C-theta mediates negative feedback on regulatory T cell function. 
Science 328: 372-376.

24. Grakoui A, Bromley SK, Sumen C, Davis MM, Shaw AS, et al. (1999) The 
immunological synapse: a molecular machine controlling T cell activation. 
Science 285: 221-227

25. Potter TA, Grebe K, Freiberg B, Kupfer A (2001) Formation of supramolecular 
activation clusters on fresh ex vivo CD8+ T cells after engagement of the T cell 
antigen receptor and CD8 by antigen-presenting cells. Proceedings of the Natl 
Acad Sci U S A 98: 12624-12629.

26. Barcia C, Thomas CE, Curtin JF, King GD, Wawrowsky K, et al. (2006) In vivo 
mature immunological synapses forming SMACs mediate clearance of virally 
infected astrocytes from the brain. J Exp Med 203: 2095-2107.

27. Krzewski K, Strominger JL (2008) The killer’s kiss: the many functions of NK 
cell immunological synapses. Curr opin cell biol 20: 597-605.

28. Wang W, Shao S, Jiao Z, Guo M, Xu H, et al. 2011 The Th17/Treg imbalance 
and cytokine environment in peripheral blood of patients with rheumatoid 
arthritis. Rheumatol Int. 

29. Niu Q, Cai B, Huang ZC, Shi YY, Wang LL (2011) Disturbed Th17/Treg balance
in patients with rheumatoid arthritis. Rheumatology international.

30. Ehrenstein MR, Evans JG, Singh A, Moore S, Warnes G, et al. (2004) 
Compromised function of regulatory T cells in rheumatoid arthritis and reversal 
by anti-TNFalpha therapy. J Exp Med 200: 277-285.

31. 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.

32. Taylor PC, Feldmann M (2009) Anti-TNF biologic agents: still the therapy of 
choice for rheumatoid arthritis. Nat Rev Rheumatol 5: 578-582.

33. Altman A, Villalba M (2002) Protein kinase C-theta (PKC theta): a key enzyme 
in T cell life and death. J biochem 132: 841-846.

34. Villalba M, Altman A (2002) Protein kinase C-theta (PKCtheta), a potential drug 
target for therapeutic intervention with human T cell leukemias. Curr Cancer 
Drug Targets 2: 125-137.

35. Chaudhary D, Kasaian M (2006) PKCtheta: A potential therapeutic target for 
T-cell-mediated diseases. Curr Opin Investig Drugs 7: 432-437

36. Valenzuela JO, Iclozan C, Hossain MS, Prlic M, Hopewell E, et al. (2009) 
PKCtheta is required for alloreactivity and GVHD but not for immune responses 
toward leukemia and infection in mice. J Clin Invest 119: 3774-3786.

37. Salek-Ardakani S, So T, Halteman BS, Altman A, Croft M (2004) Differential 
regulation of Th2 and Th1 lung inflammatory responses by protein kinase C 
theta. J Immunol 173: 6440-6447.

38. Tan SL, Zhao J, Bi C, Chen XC, Hepburn DL, et al. (2006) Resistance to 
experimental autoimmune encephalomyelitis and impaired IL-17 production in 
protein kinase C theta-deficient mice. J Immunol 176: 2872-2879.

39. Anderson K, Fitzgerald M, Dupont M, Wang , Paz N, et al. (2006) Mice deficient 
in PKC theta demonstrate impaired in vivo T cell activation and protection from 
T cell-mediated inflammatory diseases. Autoimmunity 39: 469-478.

40. Jurynczyk M, Jurewicz A, Raine CS, Selmaj K (2008) Notch3 inhibition in 
myelin-reactive T cells down-regulates protein kinase C theta and attenuates 
experimental autoimmune encephalomyelitis. J Immunol 180: 2634-2640.

http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular cloning and characterization of PKC theta%2C a novel member of the protein kinase C %28PKC%29 gene family expressed predominantly in hematopoietic cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular cloning and characterization of PKC theta%2C a novel member of the protein kinase C %28PKC%29 gene family expressed predominantly in hematopoietic cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular cloning and characterization of PKC theta%2C a novel member of the protein kinase C %28PKC%29 gene family expressed predominantly in hematopoietic cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase Ctheta%3A a new essential superstar on the T-cell
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase Ctheta%3A a new essential superstar on the T-cell
http://www.ncbi.nlm.nih.gov/pubmed/11861617
http://www.ncbi.nlm.nih.gov/pubmed/11861617
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C theta affects Ca2%2B mobilization and NFAT cell activation in primary mouse T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C theta affects Ca2%2B mobilization and NFAT cell activation in primary mouse T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C theta affects Ca2%2B mobilization and NFAT cell activation in primary mouse T cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta isoenzyme selective stimulation of the transcription factor complex AP-1 in T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta isoenzyme selective stimulation of the transcription factor complex AP-1 in T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta isoenzyme selective stimulation of the transcription factor complex AP-1 in T lymphocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=NF-kappa B activation induced by T cell receptor%2FCD28 costimulation is mediated by protein kinase C-theta
http://www.ncbi.nlm.nih.gov/pubmed?term=NF-kappa B activation induced by T cell receptor%2FCD28 costimulation is mediated by protein kinase C-theta
http://www.ncbi.nlm.nih.gov/pubmed?term=NF-kappa B activation induced by T cell receptor%2FCD28 costimulation is mediated by protein kinase C-theta
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 plays a critical role in the segregation of PKC theta within the immunologic synapse
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 plays a critical role in the segregation of PKC theta within the immunologic synapse
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 plays a critical role in the segregation of PKC theta within the immunologic synapse
http://www.ncbi.nlm.nih.gov/pubmed?term=Spatiotemporal regulation of T cell costimulation by TCR-CD28 microclusters and protein kinase C theta translocation
http://www.ncbi.nlm.nih.gov/pubmed?term=Spatiotemporal regulation of T cell costimulation by TCR-CD28 microclusters and protein kinase C theta translocation
http://www.ncbi.nlm.nih.gov/pubmed?term=Spatiotemporal regulation of T cell costimulation by TCR-CD28 microclusters and protein kinase C theta translocation
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell-dendritic cell immunological synapses contain TCR-dependent CD28-CD80 clusters that recruit protein kinase C theta.
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell-dendritic cell immunological synapses contain TCR-dependent CD28-CD80 clusters that recruit protein kinase C theta.
http://www.ncbi.nlm.nih.gov/pubmed?term=T cell-dendritic cell immunological synapses contain TCR-dependent CD28-CD80 clusters that recruit protein kinase C theta.
http://www.ncbi.nlm.nih.gov/pubmed?term=A novel motif in the V3 domain of protein kinase C-theta %28PKC-theta%29 determines its immunological synapse localization and functions in T cells via association with
http://www.ncbi.nlm.nih.gov/pubmed?term=A novel motif in the V3 domain of protein kinase C-theta %28PKC-theta%29 determines its immunological synapse localization and functions in T cells via association with
http://www.ncbi.nlm.nih.gov/pubmed?term=A novel motif in the V3 domain of protein kinase C-theta %28PKC-theta%29 determines its immunological synapse localization and functions in T cells via association with
http://www.ncbi.nlm.nih.gov/pubmed?term=A novel motif in the V3 domain of protein kinase C-theta %28PKC-theta%29 determines its immunological synapse localization and functions in T cells via association with
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 stimulation triggers NF-kappaB activation through the CARMA1-PKCtheta-Grb2%2FGads axis
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 stimulation triggers NF-kappaB activation through the CARMA1-PKCtheta-Grb2%2FGads axis
http://www.ncbi.nlm.nih.gov/pubmed?term=CD28 stimulation triggers NF-kappaB activation through the CARMA1-PKCtheta-Grb2%2FGads axis
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta mediates negative feedback on regulatory T cell function.&cmd=correctspelling
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta mediates negative feedback on regulatory T cell function.&cmd=correctspelling
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta mediates negative feedback on regulatory T cell function.&cmd=correctspelling
http://www.ncbi.nlm.nih.gov/pubmed?term=The immunological synapse%3A a molecular machine controlling T cell activation
http://www.ncbi.nlm.nih.gov/pubmed?term=The immunological synapse%3A a molecular machine controlling T cell activation
http://www.ncbi.nlm.nih.gov/pubmed?term=The immunological synapse%3A a molecular machine controlling T cell activation
http://www.ncbi.nlm.nih.gov/pubmed?term=Formation of supramolecular activation clusters on fresh ex vivo CD8%2B T cells after engagement of the T cell antigen receptor and CD8 by antigen-presenting cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Formation of supramolecular activation clusters on fresh ex vivo CD8%2B T cells after engagement of the T cell antigen receptor and CD8 by antigen-presenting cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Formation of supramolecular activation clusters on fresh ex vivo CD8%2B T cells after engagement of the T cell antigen receptor and CD8 by antigen-presenting cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Formation of supramolecular activation clusters on fresh ex vivo CD8%2B T cells after engagement of the T cell antigen receptor and CD8 by antigen-presenting cells
http://www.ncbi.nlm.nih.gov/pubmed?term=In vivo mature immunological synapses forming SMACs mediate clearance of virally infected astrocytes from the brain
http://www.ncbi.nlm.nih.gov/pubmed?term=In vivo mature immunological synapses forming SMACs mediate clearance of virally infected astrocytes from the brain
http://www.ncbi.nlm.nih.gov/pubmed?term=In vivo mature immunological synapses forming SMACs mediate clearance of virally infected astrocytes from the brain
http://www.ncbi.nlm.nih.gov/pubmed/18639449
http://www.ncbi.nlm.nih.gov/pubmed/18639449
http://www.ncbi.nlm.nih.gov/pubmed?term=The Th17%2FTreg imbalance and cytokine environment in peripheral blood of patients with rheumatoid arthritis
http://www.ncbi.nlm.nih.gov/pubmed?term=The Th17%2FTreg imbalance and cytokine environment in peripheral blood of patients with rheumatoid arthritis
http://www.ncbi.nlm.nih.gov/pubmed?term=The Th17%2FTreg imbalance and cytokine environment in peripheral blood of patients with rheumatoid arthritis
http://www.ncbi.nlm.nih.gov/pubmed?term=Disturbed Th17%2FTreg balance in patients with rheumatoid arthritis.
http://www.ncbi.nlm.nih.gov/pubmed?term=Disturbed Th17%2FTreg balance in patients with rheumatoid arthritis.
http://www.ncbi.nlm.nih.gov/pubmed?term=Compromised function of regulatory T cells in rheumatoid arthritis and reversal by anti-TNFalpha therapy
http://www.ncbi.nlm.nih.gov/pubmed?term=Compromised function of regulatory T cells in rheumatoid arthritis and reversal by anti-TNFalpha therapy
http://www.ncbi.nlm.nih.gov/pubmed?term=Compromised function of regulatory T cells in rheumatoid arthritis and reversal by anti-TNFalpha therapy
http://www.ncbi.nlm.nih.gov/pubmed?term=TNF downmodulates the function of human CD4%2BCD25hi T-regulatory cells.
http://www.ncbi.nlm.nih.gov/pubmed?term=TNF downmodulates the function of human CD4%2BCD25hi T-regulatory cells.
http://www.ncbi.nlm.nih.gov/pubmed?term=TNF downmodulates the function of human CD4%2BCD25hi T-regulatory cells.
http://www.ncbi.nlm.nih.gov/pubmed?term=TNF downmodulates the function of human CD4%2BCD25hi T-regulatory cells.
http://www.ncbi.nlm.nih.gov/pubmed?term=TNF downmodulates the function of human CD4%2BCD25hi T-regulatory cells.
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta %28PKC theta%29%3A a key enzyme in T cell life and death
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta %28PKC theta%29%3A a key enzyme in T cell life and death
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta %28PKCtheta%29%2C a potential drug target for therapeutic intervention with human T cell leukemias.
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta %28PKCtheta%29%2C a potential drug target for therapeutic intervention with human T cell leukemias.
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein kinase C-theta %28PKCtheta%29%2C a potential drug target for therapeutic intervention with human T cell leukemias.
http://www.ncbi.nlm.nih.gov/pubmed?term=PKCtheta%3A A potential therapeutic target for T-cell-mediated diseases
http://www.ncbi.nlm.nih.gov/pubmed?term=PKCtheta%3A A potential therapeutic target for T-cell-mediated diseases
http://www.ncbi.nlm.nih.gov/pubmed?term=PKCtheta is required for alloreactivity and GVHD but not for immune responses toward leukemia and infection in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=PKCtheta is required for alloreactivity and GVHD but not for immune responses toward leukemia and infection in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=PKCtheta is required for alloreactivity and GVHD but not for immune responses toward leukemia and infection in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential regulation of Th2 and Th1 lung inflammatory responses by protein kinase C theta
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential regulation of Th2 and Th1 lung inflammatory responses by protein kinase C theta
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential regulation of Th2 and Th1 lung inflammatory responses by protein kinase C theta
http://www.ncbi.nlm.nih.gov/pubmed?term=Resistance to experimental autoimmune encephalomyelitis and impaired IL-17 production in protein kinase C theta-deficient mice.
http://www.ncbi.nlm.nih.gov/pubmed?term=Resistance to experimental autoimmune encephalomyelitis and impaired IL-17 production in protein kinase C theta-deficient mice.
http://www.ncbi.nlm.nih.gov/pubmed?term=Resistance to experimental autoimmune encephalomyelitis and impaired IL-17 production in protein kinase C theta-deficient mice.
http://www.ncbi.nlm.nih.gov/pubmed?term=Mice deficient in PKC theta demonstrate impaired in vivo T cell activation and protection from T cell-mediated inflammatory diseases.
http://www.ncbi.nlm.nih.gov/pubmed?term=Mice deficient in PKC theta demonstrate impaired in vivo T cell activation and protection from T cell-mediated inflammatory diseases.
http://www.ncbi.nlm.nih.gov/pubmed?term=Mice deficient in PKC theta demonstrate impaired in vivo T cell activation and protection from T cell-mediated inflammatory diseases.
http://www.ncbi.nlm.nih.gov/pubmed?term=Notch3 inhibition in myelin-reactive T cells down-regulates protein kinase C theta and attenuates experimental autoimmune encephalomyelitis
http://www.ncbi.nlm.nih.gov/pubmed?term=Notch3 inhibition in myelin-reactive T cells down-regulates protein kinase C theta and attenuates experimental autoimmune encephalomyelitis
http://www.ncbi.nlm.nih.gov/pubmed?term=Notch3 inhibition in myelin-reactive T cells down-regulates protein kinase C theta and attenuates experimental autoimmune encephalomyelitis

	Title
	Corresponding author
	Keywords
	Introduction
	Acknowledgement
	References 

