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1. ABSTRACT 
 

Studies on the pathogenesis of autoimmune 
diseases have begun to delve into the molecular and 
cellular mechanisms, and transcription factors, as key 
regulators of immune effector cell development and 
function, have received growing attention. Their 
involvement has been investigated in immune cells, such as 
T and B lymphocytes, macrophages and neutrophils, but 
also end-organ tissues, such as synoviocytes, keratinocytes 
and epithelial cells, and has revealed particularly dominant 
roles for NF-kappaB, STAT and AP-1 family members. 
This review summarizes recent findings and current 
knowledge regarding the roles of transcription factors in 
autoimmunity, focusing on their role in pathogenesis, as 
evidenced by both biological and genetic studies, as well as 
the implications of these findings for anti-inflammatory 
therapies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 
 Extensive and continuing efforts over the past 
several years has elucidated a multitude of information 
regarding the transcription factors (TFs) that regulate 
immune cell fate and function (Figure 1). For instance, it is 
now clear that members of the Ets, GATA, Ikaros and Myb 
families play critical roles in early hematopoietic stem cell 
fate determination, including the decision to form the 
common lymphocyte progenitor (CLP) versus the myeloid 
or dendritic cell (DC) lineages. Subsequent differentiation 
of the CLP into the NK, T and B cell lineages reflects 
differential activity of transcription factors of the E2, Id, 
Pax5, and Lef1 families, as well as Notch effector factors. 
Generation of mature T cells, of both the CD4 and CD8 
lineages, is now known to require TFs involved in the 
wingless (Wnt) and Notch pathways, as well as several 
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Figure 1. Transcription factors in the developmental fates of immune cell lineages. Shown are transcription factors which have 
been demonstrated to regulate the developmental and/or effector cell states shown. For simplicity, some assumptions have been 
made regarding specific lineage (e.g., derivation of Treg cells from Th0 cells). AP-1, activating protein-1; Atf, activating 
transcription factor; Bach, BTB and CNC homology 1, basic leucine zipper transcription factor; Bcl, B cell lymphoma; Blimp-1, 
B lymphocyte-induced maturation protein 1; Bright, B cell regulator of Ig heavy chain transcription; C/EBP, CCAAT/enhancer 
binding protein; CLP, common lymphoid progenitor; c-maf, v-maf musculoaponeurotic fibrosarcoma (avian) oncogene homolog; 
c-myb, v-myb avian myeloblastosis viral oncogene homolog; c-rel, v-rel avian reticuloendotheliosis viral oncogene homolog; DC, 
dendritic cell; E2A, immunoglobulin enhancer binding factors E12/E47 (transcription factor 3, Tcf3); EBF, early B cell factor; 
Egr1, early growth response protein 1; Eomes, eomesodermin; Ets, v-ets erythroblastosis virus E26 oncogene homolog; FDC, 
follicular DC; Fox, forkhead; GATA, GATA-binding transcription factor; GC, geminal center; Gfi, growth factor independence; 
Hes, hairy and enhancer of split; Hlx, H2.0.-like homeobox; HSC, hematopoietic stem cell; Id, inhibitor of DNA binding; IRF, 
interferon regulatory factor; Lef, lymphocyte enhancer factor; LKLF, lung Kruppel-like zinc finger transcription factor (KLF2); 
MEF, myeloid elf-1 like factor (Elf4); Mphi, macrophage; Mitf, microphthalmia transcription factor; MZ, marginal zone; N-
CoR1, nuclear receptor corepressor 1; NFAT, nuclear factor of activated T cells; NF-kappaB, nuclear factor, kappaB; NK, natural 
killer; NKT, NK-T cell; Nrf, nuclear factor erythroid 2-related factor; OCA-B, B-cell-specific coactivator OBF-1; Oct, octamer 
binding transcription factor; pDC, plasmacytoid DC; Pax5, paired-box gene 5 (BSAP); PPAR, peroxisome proliferator activated 
receptor; PU.1, Purine-box binding factor 1; RBP-J, recombining binding protein suppressor of hairless (Jkappa-recombination 
signal binding protein); RelA, v-rel avian reticuloendotheliosis viral oncogene homolog A (nuclear factor of kappalight 
polypeptide gene enhancer in B-cells 3 (p65); RelB, avian reticuloendotheliosis viral (v-rel) oncogene ; Runx, runt-related 
transcription factor; Satb1, special AT-rich sequenc-binding protein; SC, stem cell; Sox, Sry-box containing gene; Spi-B, Spi-
1/PU.1-related; STAT, signal transducer and activator of transcription; Tbx21, T-box 21 (T-bet); Tcf1, T-cell factor, 1 (Tcf7); 
Tcf8, transcription factor 8 (dEF1); Tcf12, transcription factor 12 (HEB); Tfec, transcription factor EC; Th, helper T cell; Treg, 
regulatory T cell; Tob, transducer of erbB2; Xbp, X-box binding protein. 
 
members among multiple TF families, including forkhead, 
GATA, and Runx. Mature T cell differentiation is regulated 

by antagonistic effects of forkhead versus immediate-early 
activating (NF-kappaB, NFAT, AP-1) family members, and 



Transcription factors in autoimmune diseases  
 

4220 

the development and effector function of T cell subsets, 
even within the CD4 versus CD8 lineages, requires distinct 
TF subgroups: e.g., Foxp3 for regulatory T (Treg) cells; 
GATA-3, c-maf, and STAT6 for Th2 cells; T-bet, STAT1, 
and STAT4 for Th1 cells; Eomes for Tc1 cells; and likely 
Bcl-6 for follicular helper T (TFH) cells. Similarly, distinct 
TF groups regulate the development and effector 
differentiation of mature B cells, including NF-kappaB and 
Notch-responsive family members for B1 and marginal 
zone (MZ) B cell subsets; Bcl-6 and several other TFs for 
the generation of germinal center (GC) B cells and their 
respective functions of isotype switching, somatic 
hypermutation and affinity maturation; as well as Xbp-1, 
IRF-4 and Blimp-1 for the generation of antibody-secreting 
plasma cells. Since a detailed review of these processes 
extends beyond the scope of this review, the reader is 
directed to one of several reviews for further details (1-8). 
 
3. TRANSCRIPTION FACTORS FUNCTIONALLY 
DEMONSTRATED IN THE PATHOGENESIS OF 
AUTOIMMUNITY 
 
3.1. NF-kappaB  

Members of the nuclear factor kappaB (NF-
kappaB) family, which includes RelA (p65), c-REL, RelB, 
p105/p50 (NF-kappaB1) and p100/p52 (NF-kappaB2), play 
critical roles in the induction of and response to both innate 
and adaptive immunity (reviewed in refs. 9-11). In general, 
the NF-kappaB proteins are retained in an inactive form in 
the cytoplasm by the inhibitor of NF-kappaB (IkappaB) 
proteins. Cellular stimulation, such as by the pro-
inflammatory cytokines TNF-alpha or IL-1 or from stress 
signals, activates the inhibitor of NF-kappaB kinase (IKK) 
complex, which phosphorylates the IkappaBs, leading to 
their ubiquitination and subsequent proteosomal 
degradation, freeing NF-kappaB to translocate to the 
nucleus where it transactivates inflammatory target genes, 
including several NF-kappaB genes themselves as well as 
proinflammatory cytokines like TNF-alpha, IL-1 or IL-6. 
Collectively, these TFs are now known to play critical roles 
in the pathogenesis of multiple autoimmune diseases. 

 
3.1.1. NF-kappaB in arthritis 

NF-kappaB has been heavily implicated in the 
pathogenesis of inflammatory arthritides, particularly 
rheumatoid and psoriatic arthritis, where several studies 
have demonstrated that afflicted tissues contain elevated 
levels and/or activities of NF-kappaB family members, and 
multiple interventions -- including germline NF-kappaB 
deficiencies, dominant-negative IKK or repressor IkappaB 
constructs and decoy or antisense NF-kappaB 
oligonucleotides -- effectively treat and/or prevent the 
production of inflammatory cytokines in cultured 
synoviocytes as well as the development of arthritis in 
animal models (summarized in refs. 12-14). Recent work 
has extended these observations, suggesting that these 
abnormal NF-kappaB activities result not only from pro-
inflammatory cytokines known to participate in RA, such 
as TNF-alpha and IL-1, but also IL-17, as well as the 
extracellular newly identified receptor for advanced 
glycation end products binding protein (EN-RAGE) 
S100A12, and DNA-binding cytokine high mobility group 

box chromosomal protein 1 (HMGB-1), which are highly 
expressed in RA and can induce arthritis via NF-kappaB 
and IL-1 (15-19). Furthermore, NF-kappaB likely 
contributes to the production of multiple chemokines in the 
rheumatoid synovium by monocytes/macrophages (20), as 
well as to the transformed-like and proliferative nature of 
RA synoviocytes by regulating the expression of FLIP 
(Fas-associated death domain-like interleukin-1beta 
converting enzyme (FLICE) inhibitory protein), which 
renders cells resistant to the otherwise apoptotic effects of 
TNF-alpha (21). Reinforcing the roles of both the canonical 
and alternative NF-kappaB pathways, the IKK inhibitor 
NEMO binding domain (NBD) peptide can inhibit arthritis 
in mice (22), and mice deficient in NF-kappaB-inducing 
kinase (NIK) are resistant to antigen-induced and KRN T 
cell receptor transgenic arthritis (23).  

 
Interestingly, NF-kappaB expression and/or 

activity is most prominent at sites of joint destruction in RA 
(24). Here, NF-kappaB likely plays also a prominent role in 
osteoclast activity, probably in the response to the 
osteoclastogenic receptor activator of NF-kappaB ligand 
(RANKL, ref. 25), since a dominant-negative IkappaB 
protein induces the apoptosis of osteoclasts, and systemic 
administration of IkappaB proteins to mice undergoing 
arthritis prevents bone erosion (26, 27). Thus, evidence for 
NF-kappaB hyperactivity in inflammatory arthritis, 
particularly RA, continues to accumulate in both animal 
models and human tissues, not only in the inflammatory 
response that comprises synovitis, but also the osteoclast 
response that promotes bone erosion. This TF family 
therefore remains a key target in both arthritis pathogenesis 
and therapy (28). 
 
3.1.2. NF-kappaB in intestinal inflammatory disorders 

NF-kappaB has also been strongly implicated in 
the pathogenesis of inflammatory intestinal disorders (IIDs), 
which include Crohn’s disease (CD), celiac disease and 
ulcerative colitis (UC). Several studies have demonstrated 
the increased activity of NF-kappaB family members in UC, 
CD and celiac disease, as well as the efficacy of IkappaB 
constructs and antisense NF-kappaB oligonucleotides in 
animal inflammatory bowel disease (IBD) models 
(summarized in ref. 12). Recent studies indicate that several 
experimental treatments for IBD inhibit NF-kappaB, at 
least in mice, including the IKK inhibitor BMS-345541, 
conjugated linoleic acid, butyrate, curcurmin, as well as 
anti-TNF therapies (29-33). 
 
3.1.3. NF-kappaB in multiple sclerosis 

Similarly, multiple studies have suggested the 
importance of NF-kappaB in multiple sclerosis, including 
its increased expression and/or activity in both animal 
models and humans, as well as the resistance of p50 and c-
Rel-deficient mice to experimental autoimmune 
encephalomyelitis (summarized in ref. 12). Recent studies 
have furthered this view, demonstrating the ability of NBD 
peptides to inhibit EAE (34), as well as the efficacy in EAE 
of several relatively novel treatments which inhibit NF-
kappaB, including 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase inhibitors, the AMP-activated 
protein kinase activator 5-aminoimidazole-4-carboxamide 
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ribonucleoside, and the major green tea constituent 
epigallocatechin-3-gallate (35-37). 
 
3.1.4. NF-kappaB in type 1 diabetes mellitus 

Studies primarily in rodent diabetes models have 
strongly implicated NF-kappaB as pathogenic in type 1 
diabetes. Both diabetic mice and humans possess increased 
NF-kappaB activity in leukocytes (summarized in ref. 12). 
Mice deficient in p50 and p52 are both resistant to 
streptozotocin-induced diabetes (38, 39), and the anti-
inflammatory cytokine IL-11 can prevent streptozotocin-
induced diabetes, correlating with effective inhibition of 
NF-kappaB (40). Furthermore, reduction of NF-kappaB 
activity in dendritic cells by treatment with NF-kappaB-
specific oligonucleotides resulted in reduced IL-12 
expression, making them effective at preventing the 
development of diabetes in NOD mice (41). Thus, NF-
kappaB plays a critical role in the pathogenesis of type 1 
diabetes, at least in mice. 
 
3.1.5. NF-kappaB in other autoimmune diseases 

NF-kappaB has been implicated in the 
pathogenesis of several other autoimmune diseases, 
although definitive data remain somewhat lacking. In 
systemic lupus erythematosus (SLE), for example, 
seemingly paradoxical findings include the presence of 
high levels of c-Rel but decreased levels of RelA in T cells 
from patients (42, 43), and macrophages from lupus-prone 
(NZB x NZW)F1 mice possess increased p50, IkappaBbeta 
and IkappaBepsilon activity despite a reduction in the 
levels of IL-12 (44). Nonetheless, in the gld murine model 
of a lymphoproliferation-related lupus syndrome, a super-
repressor IkappaBalpha was protective against 
lymphoproliferation, autoantibody production and end 
organ disease (45). In other autoimmune diseases, effective 
therapies analogously correlate with NF-kappaB inhibition, 
including pyrrolidine dithiocarbamate in experimental 
autoimmune anterior uveitis (46) and HMG-CoA reductase 
inhibitors in experimental autoimmune myocarditis (47), as 
well as TNF antagonism in human psoriasis (48). Thus NF-
kappaB likely plays a broad role in the pathogenesis of 
multiple autoimmune syndromes which remain to be 
elucidated completely. 
 
3.2. STAT 
         The signal transducer and activator of transcription 
(STAT) family, which includes STAT1, STAT2, STAT3, 
STAT4, STAT5a, STAT5b and STAT6, play critical roles 
in cellular responses to cytokines. Activation of cytokine 
receptors leads to phosphorylation of Janus kinases (Jaks), 
followed by recruitment and phosphorylation of STATs, 
leading to nuclear translocation and transcriptional 
activation. The STAT proteins exhibit a preference for 
specific cytokine receptors, e.g., STAT1/2 for interferons, 
STAT3 for IL-6, STAT4 for IFNs and/or IL-12, STAT5 for 
IL-2, and STAT6 for IL-4 and IL-13 (reviewed in refs. 49, 
50). 
 
3.2.1. STAT in arthritis 

STAT activation is extensive in inflammatory 
arthritides like RA (51-53), and the importance of 
particularly STAT4 has been demonstrated in mutant 

mouse models of arthritis, including the resistance of 
STAT4-deficient mice to proteoglycan-induced arthritis 
and the correlation of arthritis resistance in the B10.Q/J 
strain with defective STAT4 activation (summarized in refs. 
12, 13), as well as the ability of STAT4-specific antisense 
oligonucleotides and STAT4 deficiency to attenuate 
collagen-induced arthritis (54). Indeed, human STAT4 
polymorphisms have been found to confer susceptibility to 
RA (55, 56). Otherwise, some work has implicated STAT3 
as a potentially protective member, since overexpression of 
the STAT3 inhibitor SOCS-3 protects against collagen-
induced arthritis (57); but the Jak2-STAT3 pathway has 
been implicated in the pathogenesis of arthritis in IL-1RA-
deficient and gp130 F759 mice (58, 59). In addition, 
STAT3 may contribute to an autocrine inflammatory loop 
in RA synoviocytes (60), and the antirheumatic drugs 
aurothiomalate and auranofin reduce STAT3 activity in 
vitro (61, 62). At the same time, a constitutively active 
STAT6 construct can inhibit NF-kappaB and JNK 
activation in the serum-transfer K/BxN model of arthritis, 
associated with protection from erosive disease (63), and in 
the collagen antibody-induced arthritis model, STAT4-
deficient mice developed more severe arthritis than 
STAT6-deficient counterparts (64). Thus the STAT family 
members appear to exhibit varied effects in animal models 
of arthritis, suggesting differential activity in specific cell 
types. 
 
3.2.2. STAT in type 1 diabetes 

Similarly varied roles for the STATs in type 1 
diabetes likely exist. Increased activity of STAT1, STAT4 
and STAT5 have all been demonstrated in human and/or 
NOD mouse samples (12, 65). STAT4-deficient mice are 
protected from diabetes in several animal models, including 
the LCMV transgenic, streptozotocin-induced and NOD 
models, while STAT6-deficient mice demonstrate normal 
or increased susceptibility (66-70). Pathogenic involvement 
of other STATs have been suggested by recent studies – for 
instance, the presence of a dysregulated STAT5 expression 
and/or activity associated with the NOD Idd4 locus (65, 71, 
72), which might relate to dysregulated expression of Crkl 
(73), and together might contribute to diabetes via 
dysregulation of IL-2, Foxp3 and/or regulatory T cells (74). 
Indeed, expression of a dominant negative STAT5 in 
pancreatic beta cells increases susceptibility to 
streptozotocin-induced diabetes (75). Increased levels of 
STAT1 may account for the increased susceptibility of p53-
deficient mice to streptozotocin-induced diabetes (76), and 
STAT1-deficient NOD mice are protected from insulitis 
and diabetes (77); while studies in SOCS3-deficient mice 
with the streptozotocin-induced diabetes model suggest that 
STAT3 may protect beta cells (78). 
  
3.2.3. STAT in IIDs 

Elevated levels and/or activity of several STATs 
have been demonstrated in both murine and human IIDs, 
including STAT1, STAT3, and STAT4, and several studies 
have demonstrated the importance of STAT4 in murine 
colitis via both transgenic and knockout studies 
(summarized in ref. 12, 79).  In contrast, STAT3 has been 
thought to be protective against intestinal inflammation, 
since STAT3 deficiency leads to severe inflammatory 
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bowel syndromes (80, 81), perhaps relating to a need for 
STAT3 in antigen-presenting cells to induce peripheral 
tolerance (82, 83); similarly, STAT6 deficiency may 
increase the severity and/or susceptibility of murine colitis 
models, such as DSS-induced or TCRalpha-deficiency-
induced (84, 85). However, recent studies indicate that 
STAT3 is upregulated in monocytes and T cells in IIDs, 
particularly at areas of gut inflammation (86), and 
exogenous growth hormone is capable of inhibiting murine 
IBD, associated with inhibition of STAT3 (87). Also, 
STAT3 antisense oligonucleotides block colitis in the 
TNBS-induced mouse model (88), and STAT3 activity, 
especially in response to IL-6 signaling, correlates with 
disease activity in SAMP1/Yit mice (89). STAT5b-
deficient mice are more prone to, and STAT5b appears to 
be required to mediate the beneficial effects of 
rosiglitazone in, TNBS-induced colitis (90), but on the 
other hand, the exacerbated inflammatory bowel syndrome 
seen in sphingosine kinase 2-deficient mice correlates with 
enhanced STAT5 activity (91). Thus, the specific roles of 
the STATs in IID remain varied and likely context-
dependent. 
 
3.2.4. STAT in MS 

Several STAT family members, including 
STAT1, STAT3 and STAT4, are upregulated in EAE and 
patients with multiple sclerosis, but in mice, STAT4 
appears to date to have demonstrated the most consistent 
role in pathogenesis, while STAT6 is protective, both in 
knockout animals and during response to effective 
therapies (summarized in ref. 12, 69, 92-94).  STAT1 also 
appears to play a predominantly protective role, since 
STAT1-deficient mice are potentially more susceptible to 
EAE, perhaps reflecting defects in the regulatory T cell 
lineage (95, 96). However, systemic glucocorticoid therapy 
in multiple sclerosis results in an attenuation of STAT1 
activity (97), suggesting that here again roles of the specific 
STATs may vary depending on the animal model and/or 
disease context. 
 
3.2.5. STAT in systemic lupus erythematosus 

In SLE, abnormal STAT activity, particularly of 
STAT1, STAT3 and STAT4, have been described: both 
STAT4 and STAT6 appear to be required in murine lupus 
(summarized in ref. 12; 98), and STAT4 polymorphisms 
confer susceptibility to human SLE (55). Recent work has 
suggested additional pathogenic relevance of STAT3, since 
its activity is increased in human SLE (99); IL-6, a 
cytokine which correlates with B cell activation and disease 
activity in SLE, induces the proposed SLE susceptibility 
gene Ifi202 via STAT3; and the Sle1ab loci in murine lupus 
confers increased STAT3 activation, which may account 
for autoantibody production via its role in the generation of 
T-dependent plasma cells (100-102). STAT1 activity is also 
high in both mice and humans with nephritis (103, 104). 
 
3.2.6. STAT in other autoimmune diseases 

Similar to observations in the preceding diseases, 
dysregulated STAT activity has been seen in many 
autoimmune diseases, but seemingly paradoxical findings 
are often observed. For example, STAT4-deficeint mice are 
more susceptible, while STAT6-deficient mice are 

relatively resistant, to an experimental Graves’ thyroiditis 
model (105, 106), while STAT4-, but not STAT6-, 
deficient mice are resistant to experimental autoimmune 
myasthenia gravis (107). In psoriasis, reduced STAT1alpha 
responses to IFN-gamma have been described (108), while 
a constitutively active STAT3 confers a psorasis-like 
phenotype in transgenic mice (109). Also, STAT5a/b 
deficiency leads to multi-organ autoimmunity (110), 
perhaps connected to its role in the development and/or 
activity of regulatory T cells (111). In NOD mice, STAT6 
deficiency protects against the development of Sjögren’s 
syndrome-like sialadenitis (112). Thus, understanding of 
the STAT pathways in autoimmunity remains incomplete: 
although specific family members, such as STAT4, are 
emerging as key regulators in multiple autoimmune 
diseases, systematic investigation of the STATs in these 
various autoimmune syndromes is warranted to elucidate 
the specific mechanisms and clinical contexts of the 
individual family members. 
 
3.3. AP-1 

Activator protein 1 (AP-1) refers to a large basic 
region-leucine zipper (bZIP) family of proteins, including 
ATF2, LRF1/ATF3, B-ATF, JDP1, JDP2, c-Fos, FosB, 
Fra-1, Fra-2, c-Jun, JunB, JunD, c-Maf, MafA, MafB, 
MafG/F/K and Nrl, which have the ability to form homo- 
and heterodimers with each other and other transcription 
factor proteins such as nuclear factor of activated T-cells 
(NFAT; 113). Collectively, these proteins play key roles in 
many biological processes, including cell growth, 
differentiation, development and apoptosis (114).  
 
3.3.1. AP-1 in arthritis 

Rheumatoid synovium contains significantly 
elevated levels of AP-1 proteins, particularly c-Fos and c-
Jun (summarized in refs. 12, 13), which likely reflect the 
combined activities of local IL-1beta, TNF-alpha and IL-17, 
among other cytokines (17, 115-117). AP-1 decoy 
oligonucleotides and catalytic DNAs against c-Jun 
effectively prevent inflammation and joint destruction in 
collagen-induced arthritis (118, 119), likely in part due to a 
role for c-Fos in osteoclastogenesis (120), and efficacy of 
some therapies in mice correlate in large part with 
reductions in AP-1 activity, such as vasoactive intestinal 
peptide in collagen-induced arthritis (121). The calcineurin 
inhibitors tacrolimus and cyclosporine A, which are 
effective in human RA (122, 123), appear to inhibit 
osteoclast formation at least in part via blockade of c-Jun 
(124), although the majority of osteoclast differentiation 
and activity has been attributed to c-Fos (120, 125). 
Interestingly, though, combined deficiency of c-Jun and 
JunB in mice leads to a spontaneous psoriatic arthritis-like 
syndrome (126). Thus, AP-1 appears to be an attractive 
target in inflammatory arthritis, although the roles of 
specific AP-1 family members, especially those besides c-
Fos and c-Jun and their potential for intra-family 
antagonistic effects, remain incompletely understood. 
 
3.3.2. AP-1 in other autoimmune diseases 

In other autoimmune diseases, however, specific 
roles for AP-1 seem tantalizing but still largely undefined, 
with defective activity often associated with disease 
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activity. For example, T cells in humans with SLE exhibit 
diminished AP-1 activity, particularly of c-Fos, perhaps 
due to increased activity of cAMP response element 
modulator (CREM, 127), although increased c-Jun activity 
has been observed in some renal lesions (128). Psoriasis 
has been associated with both diminished AP-1 activity 
(129), and accentuated (JunB) AP-1 activity (130); yet 
mice deficient in JunB and c-Jun develop a syndrome 
highly reminiscent of psoriasis, as well as psoriatic arthritis 
(126). Similarly, defective c-Maf activity in non-obese 
diabetic (NOD) mice likely accounts for defective IL-4 
expression (131), and transgenic expression of c-Maf 
protects at least some strains of mice from experimental 
diabetes (132); but treatment with the anti-inflammatory 
cytokine IL-11 inhibits AP-1 activity and streptozotocin-
induced diabetes (40). In animal models of colitis, 
poly(ADP-ribose) polymerase-1 (PARP-1) deficiency 
results in reduced TNBS-induced colitis, correlating with 
reduced AP-1 activity (133), but c-Maf overexpression can 
prevent or augment a Th1-like colitis model involving the 
adoptive transfer of CD4+CD62L+ T cells into Rag-
deficient mice, depending on the specific T cell population 
used (134). Elevated AP-1 activity has also been observed 
in multiple sclerosis (summarized in ref. 12) and Sjögren’s 
syndrome (135), and has been implicated in the accentuated 
collagen production by scleroderma fibroblasts (136). Thus, 
AP-1 proteins likely play significant immunomodulatory 
roles in several autoimmune diseases, but the specific pro- 
versus anti-inflammatory roles of individual family 
members remains to be elucidated fully. 
 
3.4. T-bet (Tbx21) 

T-bet (Tbx21), a member of the T-box family of 
transcription factors, has received significant attention 
recently due to its critical role in establishing a Th1-like 
effector fates in multiple cell types, including T cells, B 
cells and dendritic cells (reviewed in ref. 137). Because of 
the substantial relationship between Th1-like responses and 
autoimmune diseases in general, several studies have 
sought evidence for a pathogenic role of T-bet in specific 
autoimmune states. 

 
Not surprisingly, T-bet’s importance has been 

most well described in the Th1-related autoimmune 
syndromes of multiple sclerosis and IBD, at least in mice. 
In EAE, both siRNA knockdown of and targeted deficiency 
in T-bet prevents the development of disease (95, 138, 139), 
and gamma-secretase inhibitors, which inhibit Notch1 
activity, effectively treat EAE, correlated with inhibition of 
T-bet activity (140). T-bet expression is increased in 
multiple sclerosis patients, diminishing during 
glucocorticoid therapy (93, 97). Similarly, T-bet deficiency 
protects mice against Th1-related colitis models, but 
enhances Th2-related models; and several studies have 
demonstrated an increased expression of T-bet in CD and 
celiac disease, as well as in Th1 models of colitis (e.g., IL-
10 knockout mice, TNBS-induced colitis), while in contrast, 
Th2 models of colitis (e.g., oxazolone-induced) are 
associated with diminished T-bet (summarized in ref. 12, 
141). Interestingly, T-bet may interact with the AP-1 
transcription factor c-Maf:  in an experimental colitis model, 
c-Maf confers protection when transduced into naïve T 

cells, but exacerbates disease when transduced into 
memory T-bet-expressing cells (134). Nonetheless, in these 
two diseases, T-bet seems to play a strong pathogenic role. 

 
 In other autoimmune diseases, T-bet may play a 
less important or varied role. In the MRL/lpr mouse model 
of lupus, for instance, T-bet is required for autoantibody 
production and immune-complex end-organ disease, but its 
deficiency also results in an exacerbation of cellular 
autoimmunity, such as in the salivary gland (142). 
Nonetheless, T-bet expression correlates with treatment 
response in the 16/6-Id mouse model of lupus (143), 
disease activity in SLE (144), and is increased in the 
urinary sediment during flares of SLE nephritis (145, 146). 
In arthritis, Th1 cells may contribute to a significant 
proportion of inflammation, at least in some animal models 
(147), but RA demonstrates interestingly low T-bet or T-
bet/GATA-3 ratios (148, 149), and T-bet-deficient mice 
demonstrate increased joint pathology and infection control 
in staphylococcal arthritis (150). In systemic sclerosis, T-
bet may antagonize the fibrotic process, at least as 
suggested in bleomycin-induced fibrosis models in T-bet-
deficient mice (151), and analogously, T-bet-deficient mice 
are prone to autoimmune myocarditis (152). Finally, in 
mouse models of type 1 diabetes, T-bet is required for 
LCMV-induced diabetes, likely relating to a role in the 
regulation of the CD8 response (153), but in an insulin-
peptide induced model of diabetes, T-bet was dispensable 
(154). Thus, T-bet’s role interestingly seems highly specific 
for the autoimmune processes of multiple sclerosis, with 
relevance to at least some aspects or forms of IBD, diabetes, 
and lupus, and perhaps other autoimmune pathologies. 
 
3.5. NFAT 

The nuclear factor of activated T cells (NFAT) 
family includes the calcium-regulated members NFATc1 
(NFATc, NFAT2), NFATc2 (NFATp, NFAT1), NFATc3 
(NFAT4, NFATx), and NFATc4 (NFAT3), as well as the 
osmotic stress-regulated NFAT5 (TonEBP, NFATL1, 
NFATz), all of which are structurally related to Rel (155). 
NFATs typically reside in a phosphorylated form in the 
cytoplasm. Upon receptor ligation (e.g., T cell receptor, B 
cell receptor, TNF superfamily receptor, etc.), calcium 
signaling activates protein phosphatase 2B (PP2B, 
calcineurin), which dephosphorylates the NFATs and 
allows their translocation to the nucleus, where they 
interact with co-activators like AP-1 to transactivate target 
genes.  

 
Although NFATs have been strongly implicated 

in the pathogenesis of multiple autoimmune diseases due to 
the clinical efficacies of cyclosporin A and FK506, which 
inhibit NFAT activity via the inhibition of calcineurin (156, 
157), these compounds can affect other cellular pathways, 
such as NF-kappaB, and definitive studies regarding 
specific NFAT isoforms have not been unreported. Some 
data, though, indicate that NFATs may regulate at least 
some aspects of arthritis (158), since NFATc2 deficiency in 
mice interestingly converts the symmetric arthritis of the 
K/BxN serum transfer model into an asymmetric, 
oligoarticular disease (159). In addition, NFATc1 plays a 
key role in the differentiation of osteoclasts (160), and 
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interventions which inhibit osteoclastogenesis, such as IL-4 
or leflunomide and perhaps even tacrolimus and 
cyclosporine A treatment, appear to do so at least in part by 
inhibiting NFATc1 activation in response to RANKL (124, 
125, 161). Also, NFATs likely participate in the regulation 
of intestinal inflammation, since NFATc2 deficiency 
confers a spontaneous inflammatory bowel syndrome on a 
Rag-deficient background, mediated by non-T, non-B 
innate immune cells (162). In human SLE, the NFATc2 
isoform in particular has been implicated, where its activity 
appears abnormally elevated and may mediate 
dysregulation of CD154 and IL-2 (163, 164). Thus, some 
initial studies have begun to elucidate the 
immunomodulatory roles of specific NFAT isoforms in 
autoimmunity, but insufficient data exist to make more 
definitive conclusions. 
 
3.6. Forkhead  

Forkhead (Fox) proteins constitute a family of 
“winged helix” transcription factors involved in many 
cellular processes relevant to cancer, aging and 
autoimmunity (6, 165). Much investigation has focused on 
Foxp3 (scurfin, JM2), which is required for the generation 
of regulatory T (Treg) cells; mutations in human FOXP3 
account for the immunodysregulation, polyendocrinopathy, 
enteropathy, X linked (IPEX) syndrome, which includes 
intractable diarrhea, eczema, hemolytic anemia, diabetes 
mellitus, and/or thyroid autoimmunity (166, 167). However, 
more broadly, Foxp3 likely affects the pathogenesis of 
multiple autoimmune diseases via its role in disease-
suppressive Tregs, including inflammatory arthritis (168, 
169), inflammatory bowel disease (170, 171), multiple 
sclerosis (172, 173), lupus (174-176), pemphigus (177), 
pemphigoid (178), myasthenia gravis (179), autoimmune 
myocarditis (180), and primary biliary cirrhosis (181). 

 
Recent work has begun to elucidate the relevance 

of other Fox genes in autoimmunity: Foxj1 (Fkhl13, Hfh4), 
Foxd1 (Fkhl8, Freac4) and Foxo3a (Fkhrl1), for example, 
exhibit diminished activity in murine lupus, and likely 
restrain spontaneous T cell activation in part collectively by 
inhibiting NF-kappaB and NFAT (182-185). Indeed, 
exogenous Foxj1 can repress the autoimmune phenotype of 
lupus-prone MRL/lpr mice (186), and osteopontin may 
promote T cell survival in EAE by inhibiting Foxo3a 
activity (296). Interestingly, Foxo3a deficiency specifically 
confers resistance to the K/BxN serum transfer arthritis 
model by making neutrophils susceptible to inflammation-
induced apoptosis (187), and dysregulation of Foxo family 
members has been observed in rheumatoid arthritis and 
SLE (188, 189, 297). Continued work on the specific 
multiple Fox genes will therefore likely demonstrate their 
broad applicability to immunoregulation in multiple 
immune cell lineages (6, 165, 190). 
 
3.7. IRF 

The interferon regulatory factor (IRF) family 
includes several helix-turn-helix family members which 
play critical roles in the responses to interferons and other 
stimuli (191). The canonical member IRF-1 is now known 
to play key roles in several autoimmune syndromes, at least 
in mice. IRF-1-deficient animals are protected from both 

IL-1- and LPS-induced synovitis as well as collagen-
induced arthritis (192, 193), EAE (193, 194), DSS-induced 
colitis (195, 196), and MRL/lpr lupus (197). Interestingly, 
IRF-1 deficiency also protects NOD mice from insulitis 
(198), but perhaps predisposes the animals to lymphocytic 
thyroiditis (199). The relevance of other family members 
have begun to be defined, as evidenced by observations of 
aberrant expression of IRF-2 in psoriasis (200) and IRF-7 
in cutaneous lupus and psoriasis (201, 202), while IRF-2 
deficiency predisposes some mouse strains to a psoriasis-
like inflammatory syndrome (203). Also, RA synovia 
exhibit increased IRF-3 activity, perhaps related to IKK to 
mediate the expression of chemokines such as CCL5 (204); 
and IRF5 polymorphisms have been observed in SLE and 
RA (256, 258). Thus, although IRF-1 appears to be a key 
regulator of multiple autoimmune disorders, at least in mice, 
other IRF family members likely further contribute to 
disease pathogenesis. 
 
3.8. Ets 

Several members of the Ets transcription factor 
family, which includes over 30 members related to the v-ets 
avian erythroblastosis virus E26 ongogene homolog (Ets)-1, 
have been found in abnormal levels in rheumatoid arthritis 
and lupus (summarized in ref. 12). Abnormal expression 
Elf-1, for instance, may contribute to the defective TCR-
zeta chain expression in human SLE (205), and Fli-1 likely 
promotes autoimmunity in murine lupus by enhancing B 
cell hyperactivity (206, 207). Dysregulation of Ets-1 and 
other family members may contribute to 
neuroinflammation and demyelination in mouse models of 
multiple sclerosis (208, 209). 
 
3.9. Other transcription factors 

Many additional transcription factors have been 
implicated in autoimmune disorders, though their roles 
remain less well-characterized. For instance, both murine 
and human rheumatoid arthritis have demonstrated 
abnormal expression of TFs like CAAT enhancer binding 
protein C/EBP-beta, XBP-1, and Id proteins (summarized 
in ref. 12), as well as hypoxia-inducible factor (HIF)-1alpha 
(210). Similarly, other transcription factors have been 
found elevated in autoimmune diseases will still uncertain 
functional relevance, e.g., Id1 in psoriasis (211), Brn-3 in 
SLE (212), HIFs and hedgehog-related Gli transcription 
factors in psoriasis (213, 214), GATA-3 in cord blood from 
infants at risk for type 1 diabetes (215), and the recently 
described transcription factor lipopolysaccharide-induced 
TNF-alpha factor (LITAF) in inflammatory bowel disease 
tissues (216). Others still have been demonstrated to have 
functional relevance in isolated reports, such as the ability 
of T cell transgenic expression of GATA-3 to improve 
glomerulonephritis in BXSB lupus-prone mice (217), and 
the bHLH factor Olig1, which is required for re-
myelination during recovery from EAE (218). Smad 
proteins may contribute to scleroderma, e.g. through their 
role in the signal transduction of the pro-fibrotic candidate 
cytokine TGF-beta (219, 220), and hc-Krox may further 
regulate collagen expression in this disease (221). 
Dysregulation of Tcf-4 may regulate the expression of 
defensins and therefore intestinal microbial environments 
in inflammatory bowel disease (222). 
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Table 1. Evidence for transcription factor involvement in autoimmune diseases 
 Evidence1 for pathogenic (+) versus protective (-) involvement in: 
Family/member Arthritis DM IBD MS SLE psoriasis 
AP-1 +++ +/- +/- +/- +/- +/- 
NF-kappaB2 ++++ ++++ ++++3  ++ + 
    RELA (p65) ++ + ++++3  +/-  
    c-REL +++ +++  +++ +  
    NF-kappaB1 (p105/p50) ++++ +++ ++ +++ +  
STAT       
    STAT1 +/- + ++ -- +/- - 
    STAT3 +/- - +/- + ++ + 
    STAT4 ++++ +++ +++3 +++ +++  
    STAT5a/b  - +/-    
    STAT6 +/- - --3 --- ++  
NFAT       
    NFATc1 +      
    NFATc2 +  -  +  
Forkhead       
    Foxp3 +/- +/- +/- +/- +/- +/- 
    Foxd1     +/-  
    Foxj1     +/-  
    Foxo3a +++    +/-  
Interferon (type 1)-related (non-STAT)       
    Ifi202     +/-  
    IRF-1 +++ +++  +++ +++  
    IRF-3 +      
    IRF-4 +/-      
    IRF-7     +/- +/- 
    T-bet +/- ++++ ++++3 ++++ +++  
IL-4 (type 1)-related (non-STAT)       
    GATA-3 +/-    -- - 
    c-Maf  --- +/-    
Ets       
    Egr-1 +      
    Elf-1     -  
    Ets-1,2 +   +   
    Fli-1     +  
Miscellaneous       
    C/EBP-� +      
    c-Myb     +  
    Olig1    -   
    Runx1 +    + + 
    Runx3   +    
    Tcf7 (Tcf1)  +     
    Xbp-1 +    +  

1  + or +/-, supported by limited, controversial and/or conflicting studies; ++ or --, supported largely by in vitro or modest and/or 
non-definitive in vivo analyses; +++ or ---, supported strongly by genetic targeting in at least one animal model (via knockouts, 
inhibitory transgenes or oligonucleotides); ++++, strongly and consistently supported by multiple studies involving genetic 
targeting in animal models (via knockouts, inhibitory transgenes or oligonucleotides) and/or analogous studies in humans (e.g., 
genetics). Blanks indicate that insufficient knowledge is available for the transcription factor in the particular disease state. 
Updated from ref. (12). 2 Evaluation here reflects interventions that were not specific to individual NF-kappaB family members 
(e.g., decoy oligonucleotides or IkappaB super-repression).  3  In Th1 IBD models. T-bet has been shown to be protective (----) in 
Th2 IBD models.  DM, diabetes mellitus; IBD, inflammatory bowel disease;  MS, multiple sclerosis; SLE, systemic lupus 
erythematosus. 

 
A growing number of still additional transcription 

factors has been demonstrated to regulate autoimmunity in 
mice, such as Aiolos and Stra13 (summarized in ref. 12), as 
well as E2A (223), Id3 (224) and nuclear factor erythroid 
2-related factor 2 (Nrf2) (225), all of which appear to be 
required to prevent spontaneous inflammatory syndromes 
including autoantibodies and end-organ disease. Similarly, 
Runx3 deficiency leads to colitis in mice (226), and a 
critical role in organ-specific tolerance has been 
demonstrated for the autoimmune regulator (AIRE), 
mutations in which result in the autoimmune 
polyendocrinopathy-candidiasis-ectodermal dystrophy 
(APECED) syndrome, related in part to defective 
expression of peripheral organ autoantigens and central 
tolerance in the thymus (227). 

These transcription factors clearly play 
fundamental roles in the maintenance of immune tolerance 
and/or homeostasis; however, solitary defects in any of 
these genes seem unlikely to account for the majority of 
autoimmune syndromes (228), in part because none of 
the mutant animals completely resemble any typical 
autoimmune disease. Still, it is tempting to speculate 
that loss of function in one or more of the pathways that 
regulate or are regulated by these genes contribute to 
disease incidence and/or severity, perhaps by 
converging upon and/or otherwise interacting with 
aforementioned inflammatory pathways like NF-kappaB, 
STAT or AP-1, or even T-bet, NFAT, Forkhead, or Ets. 
Table 1 summarizes the evidence for TFs in 
autoimmune diseases. 
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Table 2. Genetic evidence for transcription factor associations with human autoimmune disorders 

Family/member RA DM IBD MS Ps SLE Other 
AP-1      FCGRB2B  
   JunB     JUNB   
Foxa1, Foxa2   AGR2     
IRF        
   IRF-2     IRF2   
   IRF-5 IRF5     IRF5  
NF-kappaB TNFR2  NOD2  NOD2 TNFR2  
   NFKB1  NFKB1 NFKB1     
   NFKBIA NFKBIA  NFKBIA NFKBIA    
   NFKBIL1 NFKBIL1   NFKBIL1   NFKBIL1 
   RELA   TNF-alpha     
Runx1 SLC22A4 PDCD1   SLC9A3R1 PDCD1  
STAT        
   STAT4 STAT4     STAT4  
   STAT6   STAT6     
Tbx21  TBX21     TBX21 
Tcf7  TCF7      

Listed are transcription factors, polymorphisms in which or affecting which have been associated with the autoimmune diseases 
indicated. For polymorphisms within the transcription factor genes, the transcription factor itself is indicated in the table. For 
polymorphisms which affect the binding site of the indicated transcription factor, the gene in which the polymorphism resides is 
indicated. For example, a Runx1 binding site polymorphism in SLC22A4 has been identified in RA. DM, type I diabetes mellitus; 
IBD, inflammatory bowel disease; MS, multiple sclerosis; Ps, psoriasis; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus. 
 
4. GENETICS OF TRANSCRIPTION FACTORS IN 
AUTOIMMUNITY 
 
 A growing number of transcription factors have 
been linked to the pathogenesis of autoimmune diseases 
through genetic studies (Table 2). Although a few examples 
exist of monogenic polymorphisms in specific diseases, 
these are limited to relatively rare syndromes, such as AIRE 
and APECED (227), or FOXP3 and IPEX (166). More 
relevant to the sporadic (and sometimes familial) 
autoimmune diseases, like RA, SLE, IBD and psoriasis, are 
polymorphisms within several transcription factors 
themselves, or in binding sites for the transcription factors 
in specific target genes (229). 
 
4.1. Runx 
 The runt related transcription factors, which 
include Runx1 (AML1, Cbfa2, Pebp2a2, Pebpa2b), Runx2 
(AML3, Cbf, Cbfa1, Pebp2a1, Pebpa2a) and Runx3 
(AML2, Cbfa3, Pebp2a3), exhibit both tumor suppressor 
and oncogenic properties and play key roles in the 
regulation of hematopoiesis and cancer (230, 231). In the 
immune system, these factors are now known to play 
critical roles in T cell development (reviewed in ref. 4). 
 

Recently, Runx1 has been implicated in a few 
autoimmune syndromes via genetic studies that have 
associated SNPs affecting Runx1 binding sites with 
specific diseases (232). The inhibitory costimulatory 
molecule programmed cell death 1 gene (PDCD1, PD-1), 
for instance, contains an intronic enhancer SNP which 
affects Runx1 binding, and has been associated with SLE, 
accounting for SLEB2 (233, 234), as well as type 1 diabetes 
(235). Similarly, a loss-of-Runx1 binding SNP has been 
linked to psoriasis between SLC9A3R1, a PDZ domain-
containing phosphoprotein which associates with members 
of the ezrin-radixin-moesin family, and NAT9, an N-
acetyltransferase (PSORS2, 236). Also, one RA study has 

revealed in SLC22A4, an organic cation transporter whose 
expression is specific to hematological and immunological 
tissues and enhanced in the inflammatory joints of mice 
undergoing collagen-induced arthritis, but whose 
physiological function remains largely unknown, an 
intronic SNP affecting Runx1 binding and transcriptional 
efficiency (237-239). Thus, Runx1 has emerged as a 
heavily implicated transcription factor in autoimmunity; 
however, these genetic studies await functional biological 
confirmation. 
 
4.2. NF-kappaB 

Several NF-kappaB genes have been linked to 
autoimmunity, not only via the functional studies 
summarized above, but also by genetics. For instance, 
NFKB1 polymorphisms have been linked to Type I diabetes 
susceptibility in some populations (240-242), Grave’s 
disease (243), as well as some populations for UC (244, 
245), and an NFKBIA polymorphism has been 
demonstrated in CD (246). Also, IBD-associated variants 
of NOD2, an intracellular sensor of bacterial muramyl 
dipeptide, accentuate NF-kappaB responses (247), and the 
IBD3 susceptibility locus contains a polymorphism in the 
TNF promoter that affects the cooperative binding of Oct1 
and RelA (248). In MS, polymorphisms in NFKBIA may 
protect against susceptibility, while polymorphisms in 
nuclear factor of kappa light polypeptide gene enhancer in 
B-cells inhibitor-like 1 (NFKBIL1) may predispose (249). 
NFKBIL1 polymorphisms may also contribute to 
susceptibility to RA and Takayasu arteritis (250). Finally, a 
M196R polymorphism in TNF receptor 2 (TNFR2), which 
has been associated with SLE and familial RA, results in 
significantly lower NF-kappaB activation (251), and 
NFKBIA may interact with FCRL3 in RA susceptibility 
(252). Thus, multiple genetic studies in several 
autoimmune diseases have implicated genetic 
polymorphisms in NF-kappaB family members as 
contributing to disease susceptibility. 
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Table 3. Some current and potential therapies in autoimmune diseases and their demonstrated or potential effect upon 
transcription factors 

Therapy Applicable Disease(s) Intended Target(s) Transcription factor(s) affected References 
Antimalarials (chloroquine, 
hydroxychloroquine) 

RA, SLE Endosome acidification AP-1, NF-kappaB (270-273) 

Gold compounds RA  AP-1, NF-kappaB, STAT3 (61, 62) 
Costimulatory Blockade RA, SLE    

AP-1, NFAT, NF-kappaB (278)    CTLA4-Ig RA, SLE CD28-B7 
Foxo3a (280, 281) 

   CD86 RA, SLE CD28-B7.2. Oct-2 (282) 
Cyclophosphamide SLE DNA akylation NF-kappaB (275) 

 
Cytokine modulation    (49, 279) 
   Type I IFN blockade SLE Type I IFN STAT1/2/4  
   IFNs (IFN-alpha, -beta, etc.) MS IFN-I receptor STAT1/2/4, T-bet  
   IL-2 blockade SLE, MS, IBD IL-2 STAT5  
   IL-6 blockade RA, SLE IL-6 STAT3  
   IL-10 blockade SLE IL-10 STAT3  
   IL-12/23 blockade IBD, Ps, PsA, RA, SLE IL-12/23 STAT4  
Glucocorticoids Many GR NF-kappaB (263, 264) 
IL-1/TLR family RA, SLE  NF-kappaB, IRF-3 (294, 295) 
   IL-1 antagonism (anakinra, 
etc) 

 IL-1   

   TLR antagonism  TLRs   
Immunophilin ligands Many  NFAT, AP-1 (124, 274) 
   Cyclosporin A  Cyclophilin – calcineurin   
   FK506, pimecrolimus  FKBP12 - calcineurin   
Leflunomide  Pyrimidine synthesis NF-kappaB (269) 
NSAIDs (aspirin, salicylates, 
traditional NSAIDs, COX-2 
inhibitors) 

Many Cyclooxygenases NF-kappaB (266) 

Sulfasalazine IBD, PsA, RA, SLE, SpA Adenosine metabolism? 
NSAID-like? 

NF-kappaB (265) 
 

TNF superfamily members   NF-kappaB (277) 
   TNF antagonists 
(adalimumab, etanercept, 
infliximab, etc) 

IBD, Ps, PsA, RA TNF-alpha  (48) 

   BLyS family blockade (anti-
BLyS, TACI-Ig) 

RA, SLE BLyS/APRIL  
TACI/BCMA/BAFF-R 

  

   CD40 blockade RA, SLE CD40 – CD40L   
   OX40 blockade RA, SLE OX40 – OX40L   

Shown are current therapies in autoimmune diseases that regulate or likely regulate transcription factor activity. COX, cyclo-
oxygenase; GR, glucocorticoid receptor; IBD, inflammatory bowel disease; IFN, interferon; MS, multiple sclerosis; NSAID, non-
steroidal anti-inflammatory drug; Ps, psoriasis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SpA, spondyloarthropathy; SLE, 
systemic lupus erythematosus. 
 
4.3. Other transcription factors 
 Other studies have found association 
between additional transcription factors and disease. 
For instance, diabetes has been associated with 
polymorphisms in TBX21 (253), as well as T cell-
specific transcription factor (TCF) 7 (254). A 3’ UTR 
SNP in STAT6 is associated with Crohn’s (255), and 
SLE susceptibility polymorphisms have been found in 
IRF5 (256) as well as in an AP-1 binding site in the 
FCGR2B promoter (257). STAT4 polymorphisms have 
been found to confer susceptibility to RA and SLE 
(55, 56), and IRF5 mutations have also been observed 
in RA (258). The psoriasis susceptibility locus 
PSORS6 contains JUNB (126, 259), and 
polymorphisms in IRF-2 has been proposed as 
PSORS3 (260). Also, promoter polymorphisms in the 
goblet cell protein anterior gradient protein 2 (AGR2) 
have been linked to inflammatory bowel disease, 
correlating with differential regulation by the 
forkhead family members Foxa1 and Foxa2 (261). 
Thus, polymorphisms in several transcription factors 
may underlie the susceptibility to specific 
autoimmune syndromes. 

5. TREATMENTS OF AUTOIMMUNE DISEASE 
AND INTERPLAY WITH TRANSCRIPTION 
FACTORS 

 
Although several drugs which target transcription 

factors are in wide therapeutic use, they were all initially 
developed based upon their ability to modulate specific 
biological processes, with the effect upon TFs discovered 
later (Table 3) (262). For instance, aspirin and salicylates, 
sulfasalazine, and glucocorticoids -- which are all used for 
diverse indications, including IBD, MS, RA, Ps, PsA, SLE, 
and SpA -- all strongly inhibit NF-kappaB activities (263-
266), and given the dominant role for NF-kappaB in each 
of these diseases, it is not surprising that efficacy has been 
demonstrated. Similarly, leflunomide (HWA-486), an 
inhibitor of de novo pyrimidine synthesis developed 
primarily for arthritis and/or lupus indications, inhibits NF-
kappaB (267-269). Antimalarials such as chloroquine and 
hydroxychloroquine exhibit multiple cellular effects, 
including inhibition of endosomal acidification and acidic 
sphingomyelinase, which are required for the cellular 
response to several mitogenic signals, such as toll-like 
receptors (TLR, especially TLR-9) or costimulatory 
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molecules that activate AP-1 and NF-kappaB (270-273). 
Common immunusuppressants include the immunophilin 
ligands, such as cyclosporine A and FK506, also applicable 
to all such autoimmune diseases, which inhibit NFAT 
transcription factors by, in conjunction with the 
immunophilins cyclophilin or FK506-binding protein 
(FKBP) 12, binding to and inhibiting the activity of 
calcineurin (274). Antimalarials, often used in 
inflammatory arthritides and SLE, have been demonstrated 
to inhibit AP-1 and NF-kappaB activities (270-273), and 
cyclophosphamide may inhibit NF-kappaB activity by 
altering DNA binding (275). Thus many anti-inflammatory 
and immunosuppressive medications likely act at least in 
part via TF inhibition, predominantly members of the NF-
kappaB, NFAT and/or AP-1 families. 

 
Recently introduced and upcoming therapies are 

similarly likely to regulate TF activity. The TNF-alpha 
antagonists, for instance, which have been extensively 
employed for inflammatory arthritides and IBD, all inhibit 
NF-kappaB, a major TF target of the TNF receptor pathway 
(276). Indeed, NF-kappaB activation is a common pathway 
of the TNF superfamily in general, such that inhibitors of 
other TNF superfamily pathways would be expected to 
inhibit NF-kappaB as well: BLyS (BAFF, TALL-1, 
THANK, zTNF4)-APRIL (TALL-2)-BCMA (B cell 
maturation factor)-TACI (transmembrane activator and 
CAML interactor)-BAFF-R (BAFF receptor), CD40-
CD40L (CD154), RANK/OPG (osteoprotegerin)- RANKL, 
OX40 (CD134)-OX40L, etc (277). Analogously, IL-1 
antagonists, such as anakinra, are expected to modulate NF-
kappaB and/or IRF-3 (263, 264); costimulatory modulators 
like CTLA4-Ig would be expected to modulate NF-kappaB, 
NFAT and AP-1 activities (278); and cytokines and/or their 
antagonists would be expected to modulate their respective 
STAT family members (49) and/or T cell differentiation 
TFs, such as T-bet for IFN-gamma or IL-12 (279). 
However, effects upon other TFs seem highly likely to 
explain the diverse biological roles of these receptors. For 
instance, CTLA4 ligation may also affect T cell survival 
via Foxo3a (280, 281); CD86 signaling can also activate 
Oct-2 (282); and TNF antagonism can affect synovial Treg 
activity, suggesting that Foxp3 may be affected as well 
(283). Thus, as novel drugs are developed, an increasing 
relevance and diversity of transcription factors to the 
mechanisms of action of therapy is highly likely. 
 
6. SUMMARY AND PERSPECTIVE 
 

Transcription factors play important roles in the 
development, differentiation and function of immune 
effector cells, and therefore also critical roles in the 
pathogenesis of autoimmune disorders (Table 1). The most 
abundant data emphasize the importance of the NF-kappaB, 
STAT and AP-1 families in the pathogenesis of multiple 
autoimmune diseases, but exciting data is accumulating for 
additional TFs and their families, such as T-bet, NFAT, 
IRF, Forkhead, and Ets proteins. Interestingly, but perhaps 
not surprisingly, the relative importance of each of these TF 
families in specific autoimmune diseases remains is varied 
and remains still relatively poorly understood.  

 

Nonetheless, continuing progress in the 
understanding of the roles of TFs in disease pathogeneses 
offers hope for a new generation of therapeutic strategies 
targeted at the modulation of transcription factor activity, 
e.g. by altering their synthesis, their activity via post-
translational modifications and/or their protein-DNA or 
protein-protein interactions (262, 284). Indeed, progress 
has been made at targeting specific members within a 
known pathway, such as inhibitors of IKK for NF-kappaB 
(285), as well as AP-1 (286). Other strategies involve 
library screens via cell-based assays for transcription factor 
activities, such as the identification of small molecule or 
peptide inhibitors for NFAT (287-289), decoy 
oligonucleotides for NF-kappaB (290, 291), or siRNAs 
targeting novel components of the STAT pathway (292, 
293). Disease-targeted investigations continue to be needed 
to yield not only a further understanding of these critical 
pathways in disease pathogenesis, but also additional 
disease-relevant pathways and targets for therapeutic 
intervention.  
 
7. ACKNOWLEDGEMENT 
 
 This work was supported in part by NIH grant 
R01 AI057571. 
 
8. REFERENCES 
 
1. R. Berland and H. H. Wortis: Origins and functions of B-
1 cells with notes on the role of CD5. Annu Rev Immunol 
20, 253-300 (2002) 
2. M. Busslinger: Transcriptional control of early B cell 
development. Annu Rev Immunol 22, 55-79 (2004) 
3. J. Richards, F. Le Naour, S. Hanash and L. Beretta: 
Integrated genomic and proteomic analysis of signaling 
pathways in dendritic cell differentiation and maturation. 
Ann N Y Acad Sci 975, 91-100 (2002) 
4. E. V. Rothenberg and T. Taghon: Molecular genetics of 
T cell development. Annu Rev Immunol 23, 601-49 (2005) 
5. K. M. Murphy and S. L. Reiner: The lineage decisions of 
helper T cells. Nature Rev Immunol Immunology. 2, 933-
44 (2002) 
6. H. Jonsson and S. L. Peng: Forkhead transcription 
factors in immunology. Cell Mol Life Sci 62, 397-409 
(2005) 
7. M. Shapiro-Shelef and K. Calame: Regulation of 
plasma-cell development. Nature Rev Immunol 
Immunology. 5, 230-42 (2005) 
8. F. Rosenbauer and D. G. Tenen: Transcription factors in 
myeloid development: balancing differentiation with 
transformation. Nature Rev Immunol 7, 105-17 (2007) 
9. J. Caamano and C. A. Hunter: NF-kappaB family of 
transcription factors: central regulators of innate and 
adaptive immune functions. Clin Microbiol Rev 15, 414-29 
(2002) 
10. Q. Li and I. M. Verma: NF-kappaB regulation in the 
immune system. Nature Rev Immunol 2, 725-34 (2002) 
11. M. S. Hayden, A. P. West and S. Ghosh: NF-kappaB 
and the immune response. Oncogene 25, 6758-80 (2006) 
12. S. L. Peng: Transcription factors in the pathogenesis of 
autoimmunity. Clin Immunol 110, 112-23 (2004) 



Transcription factors in autoimmune diseases  
 

4229 

13. D. Aud and S. L. Peng: Mechanisms of disease: 
Transcription factors in inflammatory arthritis. Nature Clin 
Pract Rheumatol 2, 434-42 (2006) 
14. J. A. Roman-Blas and S. A. Jimenez: NF-kappaB as a 
potential therapeutic target in osteoarthritis and rheumatoid 
arthritis. Osteoarthritis Cartilage 14, 839-48 (2006) 
15. D. Foell, D. Kane, B. Bresnihan, T. Vogl, W. Nacken, 
C. Sorg, O. Fitzgerald and J. Roth: Expression of the pro-
inflammatory protein S100A12 (EN-RAGE) in rheumatoid 
and psoriatic arthritis. Rheumatology 42, 1383-9 (2003) 
16. R. Pullerits, I. M. Jonsson, M. Verdrengh, M. Bokarewa, 
U. Andersson, H. Erlandsson-Harris and A. Tarkowski: 
High mobility group box chromosomal protein 1, a DNA 
binding cytokine, induces arthritis. Arthritis Rheum 48, 
1693-700 (2003) 
17. C. Granet, W. Maslinski and P. Miossec: Increased AP-
1 and NF-kappaB activation and recruitment with the 
combination of the proinflammatory cytokines IL-1beta, 
tumor necrosis factor alpha and IL-17 in rheumatoid 
synoviocytes. Arthritis Res Ther 6, R190-8 (2004) 
18. S. Y. Hwang, J. Y. Kim, K. W. Kim, M. K. Park, Y. 
Moon, W. U. Kim and H. Y. Kim: IL-17 induces 
production of IL-6 and IL-8 in rheumatoid arthritis synovial 
fibroblasts via NF-kappaB- and PI3-kinase/Akt-dependent 
pathways. Arthritis Res Ther 6, R120-8 (2004) 
19. I. Dichamp, A. Bourgeois, C. Dirand, G. Herbein, D. 
Wendling, Isabelle Dichamp, Alain Bourgeois, Carine 
Dirand, Georges Herbein and Daniel Wendling: Increased 
nuclear factor-kappaB activation in peripheral blood 
monocytes of patients with rheumatoid arthritis is mediated 
primarily by tumor necrosis factor-a. J Rheumatol 34, 
1976-83 (2007) 
20. J. T. Beech, E. Andreakos, C. J. Ciesielski, P. Green, B. 
M. Foxwell and F. M. Brennan: T-cell contact-dependent 
regulation of CC and CXC chemokine production in 
monocytes through differential involvement of NFkappaB: 
implications for rheumatoid arthritis. Arthritis Res Ther 8, 
R168 (2006) 
21. S. Bai, H. Liu, K. H. Chen, P. Eksarko, H. Perlman, T. 
L. Moore and R. M. Pope: NF-kappaB-regulated 
expression of cellular FLIP protects rheumatoid arthritis 
synovial fibroblasts from tumor necrosis factor alpha-
mediated apoptosis. Arthritis Rheum 50, 3844-55 (2004) 
22. S. Dai, T. Hirayama, S. Abbas and Y. Abu-Amer: The 
IkappaB kinase (IKK) inhibitor, NEMO-binding domain 
peptide, blocks osteoclastogenesis and bone erosion in 
inflammatory arthritis. J Biol Chem 279, 37219-22 (2004) 
23. K. Aya, M. Alhawagri, A. Hagen-Stapleton, H. Kitaura, 
O. Kanagawa and D. Veis Novack: NF-kappaB-inducing 
kinase controls lymphocyte and osteoclast activities in 
inflammatory arthritis. J Clin Invest 115, 1848-54 (2005) 
24. M. J. Benito, E. Murphy, E. P. Murphy, W. B. van den 
Berg, O. FitzGerald and B. Bresnihan: Increased synovial 
tissue NF-kappaB1 expression at sites adjacent to the 
cartilage-pannus junction in rheumatoid arthritis. Arthritis 
Rheum 50, 1781-7 (2004) 
25. T. Nakashima, T. Wada and J. M. Penninger: RANKL 
and RANK as novel therapeutic targets for arthritis. Curr 
Opin Rheumatol 15, 280-7 (2003) 
26. S. Abbas and Y. Abu-Amer: Dominant-negative 
IkappaB facilitates apoptosis of osteoclasts by tumor 
necrosis factor-a. J Biol Chem 278, 20077-82 (2003) 

27. J. C. Clohisy, B. C. Roy, C. Biondo, E. Frazier, D. 
Willis, S. L. Teitelbaum and Y. Abu-Amer: Direct 
inhibition of NF-kappaB blocks bone erosion associated 
with inflammatory arthritis. J Immunol 171, 5547-53 
(2003) 
28. G. S. Firestein: NF-kappaB: Holy Grail for rheumatoid 
arthritis? Arthritis Rheum 50, 2381-6 (2004) 
29. J. Bassaganya-Riera, K. Reynolds, S. Martino-Catt, Y. 
Cui, L. Hennighausen, F. Gonzalez, J. Rohrer, A. U. 
Benninghoff and R. Hontecillas: Activation of PPAR 
gamma and delta by conjugated linoleic acid mediates 
protection from experimental inflammatory bowel disease. 
Gastroenterology 127, 777-91 (2004) 
30. L. Guidi, M. Costanzo, M. Ciarniello, I. De Vitis, C. 
Pioli, L. Gatta, L. Pace, A. Tricerri, C. Bartoloni, L. 
Coppola, P. Balistreri, G. Doria, G. Fedeli and G. B. 
Gasbarrini: Increased levels of NF-kappaB inhibitors 
(IkappaBalpha and IkappaBgamma) in the intestinal 
mucosa of Crohn's disease patients during infliximab 
treatment. Int J Immunopathol Pharmacol 18, 155-64 
(2005) 
31. J. F. MacMaster, D. M. Dambach, D. B. Lee, K. K. 
Berry, Y. Qiu, F. C. Zusi and J. R. Burke: An inhibitor of 
IkappaB kinase, BMS-345541, blocks endothelial cell 
adhesion molecule expression and reduces the severity of 
dextran sulfate sodium-induced colitis in mice. Inflamm 
Res 52, 508-11 (2003) 
32. B. Salh, K. Assi, V. Templeman, K. Parhar, D. Owen, 
A. Gomez-Munoz and K. Jacobson: Curcumin attenuates 
DNB-induced murine colitis. Am J Physiol Gastroint Liver 
Physiol 285, G235-43 (2003) 
33. A. Venkatraman, B. S. Ramakrishna, R. V. Shaji, N. S. 
Kumar, A. Pulimood and S. Patra: Amelioration of dextran 
sulfate colitis by butyrate: role of heat shock protein 70 and 
NF-kappaB. Am J Physiol Gastroint Liver Physiol 285, 
G177-84 (2003) 
34. S. Dasgupta, M. Jana, Y. Zhou, Y. K. Fung, S. Ghosh 
and K. Pahan: Antineuroinflammatory effect of NF-kappaB 
essential modifier-binding domain peptides in the adoptive 
transfer model of experimental allergic encephalomyelitis. 
J Immunol 173, 1344-54 (2004) 
35. O. Aktas, T. Prozorovski, A. Smorodchenko, N. E. 
Savaskan, R. Lauster, P. M. Kloetzel, C. Infante-Duarte, S. 
Brocke and F. Zipp: Green tea epigallocatechin-3-gallate 
mediates T cellular NF-kappaB inhibition and exerts 
neuroprotection in autoimmune encephalomyelitis. J 
Immunol 173, 5794-800 (2004) 
36. N. Nath, S. Giri, R. Prasad, M. L. Salem, A. K. Singh 
and I. Singh: 5-aminoimidazole-4-carboxamide 
ribonucleoside: a novel immunomodulator with therapeutic 
efficacy in experimental autoimmune encephalomyelitis. J 
Immunol 175, 566-74 (2005) 
37. N. Nath, S. Giri, R. Prasad, A. K. Singh and I. Singh: 
Potential targets of 3-hydroxy-3-methylglutaryl coenzyme 
A reductase inhibitor for multiple sclerosis therapy. J 
Immunol 172, 1273-86 (2004) 
38. S. E. Lamhamedi-Cherradi, S. Zheng, B. A. Hilliard, L. 
Xu, J. Sun, S. Alsheadat, H. C. Liou and Y. H. Chen: 
Transcriptional regulation of type I diabetes by NF-kappaB. 
J Immunol 171, 4886-92 (2003) 
39. J. G. Mabley, G. Hasko, L. Liaudet, F. Soriano, G. J. 
Southan, A. L. Salzman and C. Szabo: NFkappaB1 (p50)-



Transcription factors in autoimmune diseases  
 

4230 

deficient mice are not susceptible to multiple low-dose 
streptozotocin-induced diabetes. J Endocrinol 173, 457-64 
(2002) 
40. A. Lgssiar, M. Hassan, P. Schott-Ohly, N. Friesen, F. 
Nicoletti, W. L. Trepicchio and H. Gleichmann: 
Interleukin-11 inhibits NF-kappaB and AP-1 activation in 
islets and prevents diabetes induced with streptozotocin in 
mice. Exp Biol Med 229, 425-36 (2004) 
41. R. D. Ellis, J. R. Goodlad, G. A. Limb, J. J. Powell, R. 
P. Thompson and N. A. Punchard: Activation of nuclear 
factor kappaB in Crohn's disease. Inflamm Res 47, 440-5 
(1998) 
42. P. Burgos, C. Metz, P. Bull, R. Pincheira, L. Massardo, 
C. Errazuriz, M. R. Bono, S. Jacobelli and A. Gonzalez: 
Increased expression of c-rel, from the NF-kappaB/Rel 
family, in T cells from patients with systemic lupus 
erythematosus. J Rheumatol 27, 116-27 (2000) 
43. H. K. Wong, G. M. Kammer, G. Dennis and G. C. 
Tsokos: Abnormal NF-kappaB activity in T lymphocytes 
from patients with systemic lupus erythematosus is 
associated with decreased p65-RelA protein expression. J 
Immunol 163, 1682-9 (1999) 
44. J. Liu and D. I. Beller: Distinct pathways for NF-
kappaB regulation are associated with aberrant macrophage 
IL-12 production in lupus- and diabetes-prone mouse 
strains. J Immunol 170, 4489-96 (2003) 
45. S. Vallabhapurapu, R. P. Ryseck, M. Malewicz, D. S. 
Weih and F. Weih: Inhibition of NF-kappaB in T cells 
blocks lymphoproliferation and partially rescues 
autoimmune disease in gld/gld mice. Eur J Immunol 31, 
2612-22 (2001) 
46. I. M. Fang, C. H. Yang, C. P. Lin, C. M. Yang and M. 
S. Chen: Effects of pyrrolidine dithiocarbamate, an NF-
kappaB inhibitor, on cytokine expression and ocular 
inflammation in experimental autoimmune anterior uveitis. 
J Ocular Pharmacol Ther 21, 95-106 (2005) 
47. R. W. Azuma, J. Suzuki, M. Ogawa, H. Futamatsu, N. 
Koga, Y. Onai, H. Kosuge and M. Isobe: HMG-CoA 
reductase inhibitor attenuates experimental autoimmune 
myocarditis through inhibition of T cell activation. 
Cardiovascular Res 64, 412-20 (2004) 
48. P. F. Lizzul, A. Aphale, R. Malaviya, Y. Sun, S. Masud, 
V. Dombrovskiy and A. B. Gottlieb: Differential 
expression of phosphorylated NF-kappaB/RelA in normal 
and psoriatic epidermis and downregulation of NF-kappaB 
in response to treatment with etanercept. J Invest Dermatol 
124, 1275-83 (2005) 
49. W. J. Leonard and J. J. O'Shea: Jaks and STATs: 
biological implications. Annu Rev Immunol 16, 293-322 
(1998) 
50. J. J. O'Shea, M. Gadina and R. D. Schreiber: Cytokine 
signaling in 2002: new surprises in the Jak/Stat pathway. 
Cell 109 Suppl, S121-31 (2002) 
51. J. G. Walker, M. J. Ahern, M. Coleman, H. Weedon, V. 
Papangelis, D. Beroukas, P. J. Roberts-Thomson and M. D. 
Smith: Changes in synovial tissue Jak-STAT expression in 
rheumatoid arthritis in response to successful DMARD 
treatment. Ann Rheum Dis 65, 1558-64 (2006) 
52. J. G. Walker, M. J. Ahern, M. Coleman, H. Weedon, V. 
Papangelis, D. Beroukas, P. J. Roberts-Thomson and M. D. 
Smith: Expression of Jak3, STAT1, STAT4, and STAT6 in 
inflammatory arthritis: unique Jak3 and STAT4 expression 

in dendritic cells in seropositive rheumatoid arthritis. Ann 
Rheum Dis 65, 149-56 (2006) 
53. J. G. Walker, M. J. Ahern, M. Coleman, H. Weedon, V. 
Papangelis, D. Beroukas, P. J. Roberts-Thomson and M. D. 
Smith: Characterisation of a dendritic cell subset in 
synovial tissue which strongly expresses Jak/STAT 
transcription factors from patients with rheumatoid arthritis. 
Ann Rheum Dis 66, 992-9 (2007) 
54. K. M. Hildner, P. Schirmacher, I. Atreya, M. Dittmayer, 
B. Bartsch, P. R. Galle, S. Wirtz and M. F. Neurath: 
Targeting of the transcription factor STAT4 by antisense 
phosphorothioate oligonucleotides suppresses collagen-
induced arthritis. J Immunol 178, 3427-36 (2007) 
55. E. F. Remmers, R. M. Plenge, A. T. Lee, R. R. Graham, 
G. Hom, T. W. Behrens, P. I. de Bakker, J. M. Le, H. S. 
Lee, F. Batliwalla, W. Li, S. L. Masters, M. G. Booty, J. 
P. Carulli, L. Padyukov, L. Alfredsson, L. Klareskog, W. 
V. Chen, C. I. Amos, L. A. Criswell, M. F. Seldin, D. L. 
Kastner and P. K. Gregersen: STAT4 and the risk of 
rheumatoid arthritis and systemic lupus erythematosus. 
New Engl J Med 357, 977-86 (2007) 
56. H. S. Lee, E. F. Remmers, J. M. Le, D. L. Kastner, S. 
C. Bae, P. K. Gregersen, Hye-Soon Lee, Elaine F. 
Remmers, Julie M. Le, Daniel L. Kastner, Sang-Cheol 
Bae and Peter K. Gregersen: Association of STAT4 with 
rheumatoid arthritis in the Korean population. Mol Med 
13, 455-60 (2007) 
57. T. Shouda, T. Yoshida, T. Hanada, T. Wakioka, M. 
Oishi, K. Miyoshi, S. Komiya, K. Kosai, Y. Hanakawa, 
K. Hashimoto, K. Nagata and A. Yoshimura: Induction 
of the cytokine signal regulator SOCS3/CIS3 as a 
therapeutic strategy for treating inflammatory arthritis. J 
Clin Invest 108, 1781-8 (2001) 
58. M. L. Cho, J. W. Kang, Y. M. Moon, H. J. Nam, J. 
Y. Jhun, S. B. Heo, H. T. Jin, S. Y. Min, J. H. Ju, K. S. 
Park, Y. G. Cho, C. H. Yoon, S. H. Park, Y. C. Sung 
and H. Y. Kim: STAT3 and NF-kappaB signal pathway 
is required for IL-23-mediated IL-17 production in 
spontaneous arthritis animal model IL-1 receptor 
antagonist-deficient mice. J Immunol 176, 5652-61 
(2006) 
59. S. Sawa, D. Kamimura, G. H. Jin, H. Morikawa, H. 
Kamon, M. Nishihara, K. Ishihara, M. Murakami and T. 
Hirano: Autoimmune arthritis associated with mutated 
interleukin (IL)-6 receptor gp130 is driven by 
STAT3/IL-7-dependent homeostatic proliferation of 
CD4+ T cells. J Exp Med 203, 1459-70 (2006) 
60. M. Katoh and M. Katoh: STAT3-induced WNT5A 
signaling loop in embryonic stem cells, adult normal 
tissues, chronic persistent inflammation, rheumatoid 
arthritis and cancer. Int J Mol Med 19, 273-8 (2007) 
61. K. M. Stuhlmeier: The anti-rheumatic gold salt 
aurothiomalate suppresses interleukin-1beta-induced 
hyaluronan accumulation by blocking HAS1 
transcription and by acting as a COX-2 transcriptional 
repressor. J Biol Chem 282, 2250-8 (2007) 
62. N. H. Kim, M. Y. Lee, S. J. Park, J. S. Choi, M. K. 
Oh, I. S. Kim, Nam-Hoon Kim, Mun-Yong Lee, Seon-
Joo Park, Jeong-Sun Choi, Mi-Kyung Oh and In-Sook 
Kim: Auranofin blocks interleukin-6 signalling by 
inhibiting phosphorylation of JAK1 and STAT3. 
Immunology 122, 607-14 (2007) 



Transcription factors in autoimmune diseases  
 

4231 

63. T. Hirayama, S. Dai, S. Abbas, Y. Yamanaka and Y. 
Abu-Amer: Inhibition of inflammatory bone erosion by 
constitutively active STAT-6 through blockade of JNK and 
NF-kappaB activation. Arthritis Rheum 52, 2719-29 (2005) 
64. K. S. Nandakumar and R. Holmdahl: Arthritis induced 
with cartilage-specific antibodies is IL-4-dependent. Eur J 
Immunol 36, 1608-18 (2006) 
65. S. A. Litherland, K. M. Grebe, N. S. Belkin, E. Paek, J. 
Elf, M. Atkinson, L. Morel, M. J. Clare-Salzler and M. 
McDuffie: Nonobese diabetic mouse congenic analysis 
reveals chromosome 11 locus contributing to diabetes 
susceptibility, macrophage STAT5 dysfunction, and 
granulocyte-macrophage colony-stimulating factor 
overproduction. J Immunol 175, 4561-5 (2005) 
66. A. Holz, A. Bot, B. Coon, T. Wolfe, M. J. Grusby and 
M. G. von Herrath: Disruption of the STAT4 signaling 
pathway protects from autoimmune diabetes while 
retaining antiviral immune competence. J Immunol 163, 
5374-82 (1999) 
67. D. Homann, A. Holz, A. Bot, B. Coon, T. Wolfe, J. 
Petersen, T. P. Dyrberg, M. J. Grusby and M. G. von 
Herrath: Autoreactive CD4+ T cells protect from 
autoimmune diabetes via bystander suppression using the 
IL-4/Stat6 pathway. Immunity 11, 463-72 (1999) 
68. Z. Yang, M. Chen, J. D. Ellett, L. B. Fialkow, J. D. 
Carter, M. McDuffie and J. L. Nadler: Autoimmune 
diabetes is blocked in Stat4-deficient mice. J Autoimmun 
22, 191-200 (2004) 
69. R. J. Boyton, S. Davies, C. Marden, C. Fantino, C. 
Reynolds, K. Portugal, H. Dewchand and D. M. Altmann: 
Stat4-null non-obese diabetic mice: protection from 
diabetes and experimental allergic encephalomyelitis, but 
with concomitant epitope spread. Int Immunol 17, 1157-65 
(2005) 
70. M. Cetkovic-Cvrlje and F. M. Uckun: Effect of targeted 
disruption of signal transducer and activator of 
transcription (Stat)4 and Stat6 genes on the autoimmune 
diabetes development induced by multiple low doses of 
streptozotocin. Clin Immunol 114, 299-306 (2005) 
71. A. Davoodi-Semiromi, M. Laloraya, G. P. Kumar, S. 
Purohit, R. K. Jha and J. X. She: A mutant Stat5b with 
weaker DNA binding affinity defines a key defective 
pathway in nonobese diabetic mice. J Biol Chem 279, 
11553-61 (2004) 
72. A. Davoodi-Semiromi, M. McDuffie, S. Litherland and 
M. Clare-Salzler: Truncated pStat5B is associated with the 
Idd4 locus in NOD mice. Biochem Biophys Res Commun 
356, 655-61 (2007) 
73. M. Laloraya, A. Davoodi-Semiromi, G. P. Kumar, M. 
McDuffie and J. X. She: Impaired Crkl expression 
contributes to the defective DNA binding of Stat5b in 
nonobese diabetic mice. Diabetes 55, 734-41 (2006) 
74. M. R. Murawski, S. A. Litherland, M. J. Clare-Salzler 
and A. Davoodi-Semiromi: Upregulation of Foxp3 
expression in mouse and human Treg is IL-2/STAT5 
dependent: implications for the NOD STAT5B mutation in 
diabetes pathogenesis. Ann N Y Acad Sci 1079, 198-204 
(2006) 
75. M. Jackerott, A. Moldrup, P. Thams, E. D. Galsgaard, J. 
Knudsen, Y. C. Lee and J. H. Nielsen: STAT5 activity in 
pancreatic b-cells influences the severity of diabetes in 

animal models of type 1 and 2 diabetes. Diabetes 55, 2705-
12 (2006) 
76. S. J. Zheng, S. E. Lamhamedi-Cherradi, P. Wang, L. 
Xu and Y. H. Chen: Tumor suppressor p53 inhibits 
autoimmune inflammation and macrophage function. 
Diabetes 54, 1423-8 (2005) 
77. S. Kim, H. S. Kim, K. W. Chung, S. H. Oh, J. W. Yun, 
S. H. Im, M. K. Lee, K. W. Kim and M. S. Lee: Essential 
role for signal transducer and activator of transcription-1 in 
pancreatic beta-cell death and autoimmune type 1 diabetes 
of nonobese diabetic mice. Diabetes 56, 2561-8 (2007) 
78. H. Mori, T. Shichita, Q. Yu, R. Yoshida, M. Hashimoto, 
F. Okamoto, T. Torisu, M. Nakaya, T. Kobayashi, G. 
Takaesu and A. Yoshimura: Suppression of SOCS3 
expression in the pancreatic beta-cell leads to resistance to 
type 1 diabetes. Biochem Biophys Res Commun 359, 952-8 
(2007) 
79. J. Mudter, B. Weigmann, B. Bartsch, R. Kiesslich, D. 
Strand, P. R. Galle, H. A. Lehr, J. Schmidt and M. F. 
Neurath: Activation pattern of signal transducers and 
activators of transcription (STAT) factors in inflammatory 
bowel diseases. Am J Gastroenterol 100, 64-72 (2005) 
80. T. Alonzi, I. P. Newton, P. J. Bryce, E. Di Carlo, G. 
Lattanzio, M. Tripodi, P. Musiani and V. Poli: Induced 
somatic inactivation of STAT3 in mice triggers the 
development of a fulminant form of enterocolitis. Cytokine 
26, 45-56 (2004) 
81. T. Welte, S. S. Zhang, T. Wang, Z. Zhang, D. G. 
Hesslein, Z. Yin, A. Kano, Y. Iwamoto, E. Li, J. E. Craft, A. 
L. Bothwell, E. Fikrig, P. A. Koni, R. A. Flavell and X. Y. 
Fu: STAT3 deletion during hematopoiesis causes Crohn's 
disease-like pathogenesis and lethality: a critical role of 
STAT3 in innate immunity. Proc Natl Acad Sci U S A 100, 
1879-84 (2003) 
82. F. Cheng, H. W. Wang, A. Cuenca, M. Huang, T. 
Ghansah, J. Brayer, W. G. Kerr, K. Takeda, S. Akira, S. P. 
Schoenberger, H. Yu, R. Jove and E. M. Sotomayor: A 
critical role for Stat3 signaling in immune tolerance. 
Immunity 19, 425-36 (2003) 
83. W. Reindl, S. Weiss, H. A. Lehr and I. Forster: 
Essential crosstalk between myeloid and lymphoid cells for 
development of chronic colitis in myeloid-specific signal 
transducer and activator of transcription 3-deficient mice. 
Immunology 120, 19-27 (2007) 
84. Y. Okuda, I. Takahashi, J. K. Kim, N. Ohta, K. Iwatani, 
H. Iijima, Y. Kai, H. Tamagawa, T. Hiroi, M. N. Kweon, S. 
Kawano, K. Takeda, S. Akira, Y. Sasaki, M. Hori and H. 
Kiyono: Development of colitis in signal transducers and 
activators of transcription 6-deficient T-cell receptor a-
deficient mice: a potential role of signal transducers and 
activators of transcription 6-independent interleukin-4 
signaling for the generation of Th2-biased pathological 
CD4+ alpha/beta T cells. Am J Pathol 162, 263-71 (2003) 
85. J. W. Elrod, F. S. Laroux, J. Houghton, A. Carpenter, T. 
Ando, M. H. Jennings, M. Grisham, N. Walker and J. S. 
Alexander: DSS-induced colitis is exacerbated in STAT-6 
knockout mice. Inflamm Bowel Dis 11, 883-9 (2005) 
86. A. Musso, P. Dentelli, A. Carlino, L. Chiusa, A. Repici, 
A. Sturm, C. Fiocchi, M. Rizzetto, L. Pegoraro, C. Sategna-
Guidetti and M. F. Brizzi: Signal transducers and activators 
of transcription 3 signaling pathway: an essential mediator 



Transcription factors in autoimmune diseases  
 

4232 

of inflammatory bowel disease and other forms of intestinal 
inflammation. Inflamm Bowel Dis 11, 91-8 (2005) 
87. X. Han, D. Sosnowska, E. L. Bonkowski and L. A. 
Denson: Growth hormone inhibits signal transducer and 
activator of transcription 3 activation and reduces disease 
activity in murine colitis. Gastroenterology 129, 185-203 
(2005) 
88. A. Bai, P. Hu, J. Chen, X. Song, W. Chen, W. Peng, Z. 
Zeng and X. Gao: Blockade of STAT3 by antisense 
oligonucleotide in TNBS-induced murine colitis. Int J 
Colorectal Dis 22, 625-35 (2007) 
89. K. Mitsuyama, S. Matsumoto, S. Rose-John, A. Suzuki, 
T. Hara, N. Tomiyasu, K. Handa, O. Tsuruta, H. Funabashi, 
J. Scheller, A. Toyonaga and M. Sata: STAT3 activation 
via interleukin 6 trans-signalling contributes to ileitis in 
SAMP1/Yit mice. Gut 55, 1263-9 (2006) 
90. X. Han, B. Osuntokun, N. Benight, K. Loesch, S. J. 
Frank and L. A. Denson: Signal transducer and activator of 
transcription 5b promotes mucosal tolerance in pediatric 
Crohn's disease and murine colitis. Am J Pathol 169, 1999-
2013 (2006) 
91. E. T. Samy, C. A. Meyer, P. Caplazi, C. L. Langrish, J. 
M. Lora, H. Bluethmann, S. L. Peng: Cutting edge: 
Modulation of intestinal autoimmunity and IL-2 signaling 
by sphingosine kinase 2 independent of sphingosine 1-
phosphate. J Immunol 179, 5644-8 (2007) 
92. G. Muthian and J. J. Bright: Quercetin, a flavonoid 
phytoestrogen, ameliorates experimental allergic 
encephalomyelitis by blocking IL-12 signaling through 
JAK-STAT pathway in T lymphocyte. J Clin Immunol 24, 
542-52 (2004) 
93. G. Frisullo, F. Angelucci, M. Caggiula, V. Nociti, R. 
Iorio, A. K. Patanella, C. Sancricca, M. Mirabella, P. A. 
Tonali and A. P. Batocchi: pSTAT1, pSTAT3, and T-bet 
expression in peripheral blood mononuclear cells from 
relapsing-remitting multiple sclerosis patients correlates 
with disease activity. J Neurosci Res 84, 1027-36 (2006) 
94. M. Rodriguez, L. Zoecklein, J. D. Gamez, K. D. 
Pavelko, L. M. Papke, S. Nakane, C. Howe, S. 
Radhakrishnan, M. J. Hansen, C. S. David, A. E. 
Warrington and L. R. Pease: STAT4- and STAT6-signaling 
molecules in a murine model of multiple sclerosis. FASEB 
Journal 20, 343-5 (2006) 
95. E. Bettelli, B. Sullivan, S. J. Szabo, R. A. Sobel, L. H. 
Glimcher and V. K. Kuchroo: Loss of T-bet, but not 
STAT1, prevents the development of experimental 
autoimmune encephalomyelitis. J Exp Med 200, 79-87 
(2004) 
96. T. Nishibori, Y. Tanabe, L. Su and M. David: Impaired 
development of CD4+ CD25+ regulatory T cells in the 
absence of STAT1: increased susceptibility to autoimmune 
disease. J Exp Med 199, 25-34 (2004) 
97. G. Frisullo, V. Nociti, R. Iorio, A. Katia Patanella, A. 
Bianco, M. Caggiula, C. Sancricca, P. A. Tonali, M. 
Mirabella, A. P. Batocchi, Giovanni Frisullo, Viviana 
Nociti, Raffaele Iorio, Agata Katia Patanella, Assunta 
Bianco, Marcella Caggiula, Cristina Sancricca, Pietro 
Attilio Tonali, Massimiliano Mirabella and Anna Paola 
Batocchi: Glucocorticoid treatment reduces T-bet and 
pSTAT1 expression in mononuclear cells from relapsing 
remitting multiple sclerosis patients. Clin Immunol 124, 
284-93 (2007) 

98. Z. Xu, B. Duan, B. P. Croker and L. Morel: STAT4 
deficiency reduces autoantibody production and 
glomerulonephritis in a mouse model of lupus. Clin 
Immunol 120, 189-98 (2006) 
99. T. Harada, V. Kyttaris, Y. Li, Y. T. Juang, Y. Wang 
and G. C. Tsokos: Increased expression of STAT3 in SLE 
T cells contributes to enhanced chemokine-mediated cell 
migration. Autoimmunity 40, 1-8 (2007) 
100. J. L. Fornek, L. T. Tygrett, T. J. Waldschmidt, V. Poli, 
R. C. Rickert and G. S. Kansas: Critical role for Stat3 in T-
dependent terminal differentiation of IgG B cells. Blood 
107, 1085-91 (2006) 
101. R. Pramanik, T. N. Jorgensen, H. Xin, B. L. Kotzin 
and D. Choubey: Interleukin-6 induces expression of Ifi202, 
an interferon-inducible candidate gene for lupus 
susceptibility. J Biol Chem 279, 16121-7 (2004) 
102. K. Liu, C. Liang, Z. Liang, K. Tus and E. K. 
Wakeland: Sle1ab mediates the aberrant activation of 
STAT3 and Ras-ERK signaling pathways in B 
lymphocytes. J Immunol 174, 1630-7 (2005) 
103. J. Dong, Q. X. Wang, C. Y. Zhou, X. F. Ma and Y. C. 
Zhang: Activation of the STAT1 signalling pathway in 
lupus nephritis in MRL/lpr mice. Lupus 16, 101-9 (2007) 
104. L. Martinez-Lostao, J. Ordi-Ros, E. Balada, A. 
Segarra-Medrano, J. Majo-Masferrer, M. Labrador-Horrillo 
and M. Vilardell-Tarres: Activation of the signal transducer 
and activator of transcription-1 in diffuse proliferative 
lupus nephritis. Lupus 16, 483-8 (2007) 
105. K. J. Land, J. S. Moll, M. H. Kaplan and G. S. 
Seetharamaiah: Signal transducer and activator of 
transcription (Stat)-6-dependent, but not Stat4-dependent, 
immunity is required for the development of autoimmunity 
in Graves' hyperthyroidism. Endocrinology 145, 3724-30 
(2004) 
106. K. J. Land, P. Gudapati, M. H. Kaplan and G. S. 
Seetharamaiah: Differential requirement of signal 
transducer and activator of transcription-4 (Stat4) and Stat6 
in a thyrotropin receptor-289-adenovirus-induced model of 
Graves' hyperthyroidism. Endocrinology 147, 111-9 (2006) 
107. W. Wang, N. S. Ostlie, B. M. Conti-Fine and M. 
Milani: The susceptibility to experimental myasthenia 
gravis of STAT6-/- and STAT4-/- BALB/c mice suggests a 
pathogenic role of Th1 cells. J Immunol 172, 97-103 
(2004) 
108. M. Jackson, S. E. Howie, R. Weller, E. Sabin, J. A. 
Hunter and R. C. McKenzie: Psoriatic keratinocytes 
show reduced IRF-1 and STAT-1a activation in 
response to gamma-IFN. FASEB Journal 13, 495-502 
(1999) 
109. S. Sano, K. S. Chan, S. Carbajal, J. Clifford, M. 
Peavey, K. Kiguchi, S. Itami, B. J. Nickoloff and J. 
DiGiovanni: Stat3 links activated keratinocytes and 
immunocytes required for development of psoriasis in a 
novel transgenic mouse model. Nat Med 11, 43-9 (2005) 
110. J. W. Snow, N. Abraham, M. C. Ma, B. G. 
Herndier, A. W. Pastuszak and M. A. Goldsmith: Loss 
of tolerance and autoimmunity affecting multiple organs 
in STAT5A/5B-deficient mice. J Immunol 171, 5042-50 
(2003) 
111. A. Antov, L. Yang, M. Vig, D. Baltimore and L. 
Van Parijs: Essential role for STAT5 signaling in 
CD25+CD4+ regulatory T cell homeostasis and the 



Transcription factors in autoimmune diseases  
 

4233 

maintenance of self-tolerance. J Immunol 171, 3435-41 
(2003) 
112. C. Q. Nguyen, J. H. Gao, H. Kim, D. R. Saban, J. G. 
Cornelius and A. B. Peck: IL-4-STAT6 signal transduction-
dependent induction of the clinical phase of Sjogren's 
syndrome-like disease of the nonobese diabetic mouse. J 
Immunol 179, 382-90 (2007) 
113. F. Macian, C. Lopez-Rodriguez and A. Rao: Partners 
in transcription: NFAT and AP-1. Oncogene 20, 2476-89 
(2001) 
114. E. Shaulian and M. Karin: AP-1 as a regulator of cell 
life and death. Nat Cell Biol 4, E131-6 (2002) 
115. S. E. Sweeney, D. Hammaker, D. L. Boyle and G. S. 
Firestein: Regulation of c-Jun phosphorylation by the 
IkappaB kinase-e complex in fibroblast-like synoviocytes. 
J Immunol 174, 6424-30 (2005) 
116. M. L. Cho, Y. O. Jung, Y. M. Moon, S. Y. Min, C. H. 
Yoon, S. H. Lee, S. H. Park, C. S. Cho, D. M. Jue, H. Y. 
Kim, Mi-La Cho, Young Ok Jung, Young-Mi Moon, So-
Youn Min, Chong-Hyeon Yoon, Sang-Heon Lee, Sung-
Hwan Park, Chul-Soo Cho, Dae-Myung Jue and Ho-Youn 
Kim: Interleukin-18 induces the production of vascular 
endothelial growth factor (VEGF) in rheumatoid arthritis 
synovial fibroblasts via AP-1-dependent pathways. 
Immunol Lett 103, 159-66 (2006) 
117. F. L. Liu, C. H. Chen, S. J. Chu, J. H. Chen, J. H. Lai, 
H. K. Sytwu and D. M. Chang: Interleukin (IL)-23 p19 
expression induced by IL-1beta in human fibroblast-like 
synoviocytes with rheumatoid arthritis via active nuclear 
factor-kappaB and AP-1 dependent pathway. 
Rheumatology 46, 1266-73 (2007) 
118. S. Shiozawa, K. Shimizu, K. Tanaka and K. Hino: 
Studies on the contribution of c-fos/AP-1 to arthritic joint 
destruction. J Clin Invest 99, 1210-6 (1997) 
119. R. G. Fahmy, A. Waldman, G. Zhang, A. Mitchell, N. 
Tedla, H. Cai, C. R. Geczy, C. N. Chesterman, M. Perry 
and L. M. Khachigian: Suppression of vascular 
permeability and inflammation by targeting of the 
transcription factor c-Jun. Nat Biotechnol 24, 856-63 
(2006) 
120. B. F. Boyce, T. Yamashita, Z. Yao, Q. Zhang, F. Li 
and L. Xing: Roles for NF-kappaB and c-Fos in 
osteoclasts. J Bone Miner Metab 23 Suppl, 11-5 (2005) 
121. Y. Juarranz, C. Abad, C. Martinez, A. Arranz, I. 
Gutierrez-Canas, F. Rosignoli, R. P. Gomariz and J. 
Leceta: Protective effect of vasoactive intestinal peptide 
on bone destruction in the collagen-induced arthritis 
model of rheumatoid arthritis. Arthritis Res Ther 7, 
R1034-45 (2005) 
122. D. E. Furst, K. Saag, M. R. Fleischmann, Y. 
Sherrer, J. A. Block, T. Schnitzer, J. Rutstein, A. 
Baldassare, J. Kaine, L. Calabrese, F. Dietz, M. Sack, R. 
G. Senter, C. Wiesenhutter, M. Schiff, C. M. Stein, Y. 
Satoi, A. Matsumoto, J. Caldwell, R. E. Harris, L. W. 
Moreland, E. Hurd, D. Yocum and D. A. Stamler: 
Efficacy of tacrolimus in rheumatoid arthritis patients 
who have been treated unsuccessfully with 
methotrexate: a six-month, double-blind, randomized, 
dose-ranging study. Arthritis Rheum 46, 2020-8 (2002) 
123. P. Tugwell, T. Pincus, D. Yocum, M. Stein, O. 
Gluck, G. Kraag, R. McKendry, J. Tesser, P. Baker and 
G. Wells: Combination therapy with cyclosporine and 

methotrexate in severe rheumatoid arthritis. New Engl J 
Med 333, 137-41 (1995) 
124. M. Miyazaki, Y. Fujikawa, C. Takita and H. Tsumura: 
Tacrolimus and cyclosporine A inhibit human osteoclast 
formation via targeting the calcineurin-dependent NFAT 
pathway and an activation pathway for c-Jun or MITF in 
rheumatoid arthritis. Clin Rheumatol 26, 231-9 (2007) 
125. S. G. Kamel Mohamed, E. Sugiyama, K. Shinoda, H. 
Hounoki, H. Taki, M. Maruyama, T. Miyahara and M. 
Kobayashi: Interleukin-4 inhibits RANKL-induced 
expression of NFATc1 and c-Fos: a possible mechanism 
for downregulation of osteoclastogenesis. Biochem Biophys 
Res Commun 329, 839-45 (2005) 
126. R. Zenz, R. Eferl, L. Kenner, L. Florin, L. Hummerich, 
D. Mehic, H. Scheuch, P. Angel, E. Tschachler and E. F. 
Wagner: Psoriasis-like skin disease and arthritis caused by 
inducible epidermal deletion of Jun proteins. Nature 437, 
369-75 (2005) 
127. V. C. Kyttaris, Y. T. Juang, K. Tenbrock, A. 
Weinstein and G. C. Tsokos: Cyclic adenosine 5'-
monophosphate response element modulator is responsible 
for the decreased expression of c-fos and activator protein-
1 binding in T cells from patients with systemic lupus 
erythematosus. J Immunol 173, 3557-63 (2004) 
128. M. H. De Borst, J. Prakash, W. B. Melenhorst, M. C. 
van den Heuvel, R. J. Kok, G. Navis, H. van Goor, M. H. 
De Borst, J. Prakash, W. B. W. H. Melenhorst, M. C. van 
den Heuvel, R. J. Kok, G. Navis and H. van Goor: 
Glomerular and tubular induction of the transcription factor 
c-Jun in human renal disease. J Pathol 213, 219-28 (2007) 
129. C. Johansen, K. Kragballe, M. Rasmussen, T. N. Dam 
and L. Iversen: Activator protein 1 DNA binding activity is 
decreased in lesional psoriatic skin compared with 
nonlesional psoriatic skin. Br J Dermatol 151, 600-7 (2004) 
130. A. S. Haider, J. Duculan, J. A. Whynot and J. G. 
Krueger: Increased JunB mRNA and protein expression in 
psoriasis vulgaris lesions. J Invest Dermatol 126, 912-4 
(2006) 
131. X. P. Chen, D. H. Falkner and P. A. Morel: Impaired 
IL-4 production by CD8+ T cells in NOD mice is related to 
a defect of c-Maf binding to the IL-4 promoter. Eur J 
Immunol 35, 1408-17 (2005) 
132. M. E. Pauza, A. Nguyen, T. Wolfe, I. C. Ho, L. H. 
Glimcher, M. von Herrath and D. Lo: Variable effects of 
transgenic c-Maf on autoimmune diabetes. Diabetes 50, 39-
46 (2001) 
133. B. Zingarelli, P. W. Hake, T. J. Burroughs, G. Piraino, 
M. O'Connor and A. Denenberg: Activator protein-1 
signalling pathway and apoptosis are modulated by 
poly(ADP-ribose) polymerase-1 in experimental colitis. 
Immunology 113, 509-17 (2004) 
134. B. Weigmann, A. Nemetz, C. Becker, J. Schmidt, D. 
Strand, H. A. Lehr, P. R. Galle, I. C. Ho and M. F. Neurath: 
A critical regulatory role of leucin zipper transcription 
factor c-Maf in Th1-mediated experimental colitis. J 
Immunol 173, 3446-55 (2004) 
135. K. Soejima, H. Nakamura, M. Tamai, A. Kawakami 
and K. Eguchi: Activation of MKK4 (SEK1), JNK, and c-
Jun in labial salivary infiltrating T cells in patients with 
Sjogren's syndrome. Rheumatol Int 27, 329-33 (2007) 
136. J. W. Cho, J. Y. Kim, C. W. Kim and K. S. Lee: 
Down-regulation of TGF-beta1-induced type I collagen 



Transcription factors in autoimmune diseases  
 

4234 

synthesis by AP-1 transcription factor decoy in scleroderma 
fibroblasts. J Dermatol Sci 43, 207-9 (2006) 
137. S. L. Peng: The T-box transcription factor T-bet in 
immunity and autoimmunity. Cell Mol Immunol 3, 87-95 
(2006) 
138. A. E. Lovett-Racke, A. E. Rocchini, J. Choy, S. C. 
Northrop, R. Z. Hussain, R. B. Ratts, D. Sikder and M. K. 
Racke: Silencing T-bet defines a critical role in the 
differentiation of autoreactive T lymphocytes. Immunity 21, 
719-31 (2004) 
139. N. Nath, R. Prasad, S. Giri, A. K. Singh and I. Singh: 
T-bet is essential for the progression of experimental 
autoimmune encephalomyelitis. Immunology 118, 384-91 
(2006) 
140. L. M. Minter, D. M. Turley, P. Das, H. M. Shin, I. 
Joshi, R. G. Lawlor, O. H. Cho, T. Palaga, S. Gottipati, J. C. 
Telfer, L. Kostura, A. H. Fauq, K. Simpson, K. A. Such, L. 
Miele, T. E. Golde, S. D. Miller and B. A. Osborne: 
Inhibitors of gamma-secretase block in vivo and in vitro T 
helper type 1 polarization by preventing Notch 
upregulation of Tbx21. Nat Immunol 6, 680-8 (2005) 
141. W. S. Garrett, G. M. Lord, S. Punit, G. Lugo-Villarino, 
S. K. Mazmanian, S. Ito, J. N. Glickman, L. H. Glimcher, 
Wendy S. Garrett, Graham M. Lord, Shivesh Punit, 
Geanncarlo Lugo-Villarino, Sarkis K. Mazmanian, Susumu 
Ito, Jonathan N. Glickman and Laurie H. Glimcher: 
Communicable ulcerative colitis induced by T-bet 
deficiency in the innate immune system. Cell 131, 33-45 
(2007) 
142. S. L. Peng, S. J. Szabo and L. H. Glimcher: T-bet 
regulates IgG class switching and pathogenic autoantibody 
production. Proc Natl Acad Sci U S A 99, 5545-50 (2002) 
143. U. Sela, M. Dayan, R. Hershkoviz, L. Cahalon, O. 
Lider and E. Mozes: The negative regulators Foxj1 and 
Foxo3a are up-regulated by a peptide that inhibits systemic 
lupus erythematosus-associated T cell responses. Eur J 
Immunol 36, 2971-80 (2006) 
144. L. C. Lit, C. K. Wong, E. K. Li, L. S. Tam, C. W. Lam 
and Y. M. Lo: Elevated gene expression of Th1/Th2 
associated transcription factors is correlated with disease 
activity in patients with systemic lupus erythematosus. J 
Rheumatol 34, 89-96 (2007) 
145. R. W. Chan, F. M. Lai, E. K. Li, L. S. Tam, K. M. 
Chow, P. K. Li and C. C. Szeto: Expression of T-bet, a type 
1 T-helper cell transcription factor, in the urinary sediment 
of lupus patients predicts disease flare. Rheumatology 46, 
44-8 (2007) 
146. R. W. Chan, F. M. Lai, E. K. Li, L. S. Tam, K. M. 
Chow, P. K. Li and C. C. Szeto: Imbalance of Th1/Th2 
transcription factors in patients with lupus nephritis. 
Rheumatology 45, 951-7 (2006) 
147. J. Chen, X. M. Zhang and Q. Xu: Involvement of 
lymphocytes with a Th1 cytokine profile in bone cell 
damage associated with MMP-9 production in collagen-
induced arthritis. Inflamm Res 53, 670-9 (2004) 
148. M. Kawashima and P. Miossec: mRNA quantification 
of T-bet, GATA-3, IFN-gamma, and IL-4 shows a 
defective Th1 immune response in the peripheral blood 
from rheumatoid arthritis patients: link with disease activity. 
J Clin Immunol 25, 209-14 (2005) 
149. M. Kawashima and P. Miossec: Effect of treatment of 
rheumatoid arthritis with infliximab on IFN gamma, IL4, 

T-bet, and GATA-3 expression: link with improvement of 
systemic inflammation and disease activity. Ann Rheum Dis 
64, 415-8 (2005) 
150. O. H. Hultgren, M. Verdrengh and A. Tarkowski: T-
box transcription-factor-deficient mice display increased 
joint pathology and failure of infection control during 
staphylococcal arthritis. Microbes Infect 6, 529-35 (2004) 
151. A. O. Aliprantis, J. Wang, J. W. Fathman, R. Lemaire, 
D. M. Dorfman, R. Lafyatis and L. H. Glimcher: 
Transcription factor T-bet regulates skin sclerosis through 
its function in innate immunity and via IL-13. Proc Natl 
Acad Sci U S A 104, 2827-30 (2007) 
152. M. Rangachari, N. Mauermann, R. R. Marty, S. 
Dirnhofer, M. O. Kurrer, V. Komnenovic, J. M. Penninger 
and U. Eriksson: T-bet negatively regulates autoimmune 
myocarditis by suppressing local production of interleukin 
17. J Exp Med 203, 2009-19 (2006) 
153. A. E. Juedes, E. Rodrigo, L. Togher, L. H. Glimcher 
and M. G. von Herrath: T-bet controls autoaggressive CD8 
lymphocyte responses in type 1 diabetes. J Exp Med 199, 
1153-62 (2004) 
154. E. Melanitou, E. Liu, D. Miao, L. Yu, L. H. Glimcher 
and G. Eisenbarth: Absence of the T-bet gene coding for 
the Th1-related transcription factor does not affect 
diabetes-associated phenotypes in Balb/c mice. Ann N Y 
Acad Sci 1005, 187-91 (2003) 
155. F. Macian: NFAT proteins: key regulators of T-cell 
development and function. Nature Rev Immunol 
Immunology. 5, 472-84 (2005) 
156. C. A. Langford, J. H. Klippel, J. E. Balow, S. P. James 
and M. C. Sneller: Use of cytotoxic agents and 
cyclosporine in the treatment of autoimmune disease. Part 
1: rheumatologic and renal diseases. Ann Intern Med 128, 
1021-8 (1998) 
157. C. A. Langford, J. H. Klippel, J. E. Balow, S. P. 
James and M. C. Sneller: Use of cytotoxic agents and 
cyclosporine in the treatment of autoimmune disease. 
Part 2: Inflammatory bowel disease, systemic vasculitis, 
and therapeutic toxicity. Ann Intern Med 129, 49-58 
(1998) 
158. F. Pessler, L. Dai, R. Q. Cron and H. R. 
Schumacher: NFAT transcription factors--new players 
in the pathogenesis of inflammatory arthropathies? 
Autoimmun Rev 5, 106-10 (2006) 
159. A. J. Gerth, C. T. Pham and S. L. Peng: Regulation 
of the symmetry and intensity of immune complex-
mediated synovitis by nuclear factor of activated T cells. 
Arthritis Rheum 50, 3392-5 (2004) 
160. H. Takayanagi, S. Kim, T. Koga, H. Nishina, M. 
Isshiki, H. Yoshida, A. Saiura, M. Isobe, T. Yokochi, J. 
Inoue, E. F. Wagner, T. W. Mak, T. Kodama and T. 
Taniguchi: Induction and activation of the transcription 
factor NFATc1 (NFAT2) integrate RANKL signaling in 
terminal differentiation of osteoclasts. Dev Cell 3, 889-
901 (2002) 
161. M. Urushibara, H. Takayanagi, T. Koga, S. Kim, M. 
Isobe, Y. Morishita, T. Nakagawa, M. Loeffler, T. 
Kodama, H. Kurosawa and T. Taniguchi: The 
antirheumatic drug leflunomide inhibits 
osteoclastogenesis by interfering with receptor activator 
of NF-kappaB ligand-stimulated induction of nuclear 



Transcription factors in autoimmune diseases  
 

4235 

factor of activated T cells c1. Arthritis Rheum 50, 794-
804 (2004) 
162. A. J. Gerth, L. Lin, M. F. Neurath, L. H. Glimcher and 
S. L. Peng: An innate cell-mediated, murine ulcerative 
colitis-like syndrome in the absence of nuclear factor of 
activated T cells. Gastroenterology 126, 1115-21 (2004) 
163. Y. Fujii, K. Fujii, S. Iwata, K. Suzuki, T. Azuma, K. 
Saito and Y. Tanaka: Abnormal intracellular distribution of 
NFAT1 in T lymphocytes from patients with systemic 
lupus erythematosus and characteristic clinical features. 
Clin Immunol 119, 297-306 (2006) 
164. V. C. Kyttaris, Y. Wang, Y. T. Juang, A. Weinstein 
and G. C. Tsokos: Increased levels of NF-ATc2 
differentially regulate CD154 and IL-2 genes in T cells 
from patients with systemic lupus erythematosus. J 
Immunol 178, 1960-6 (2007) 
165. P. J. Coffer and B. M. Burgering: Forkhead-box 
transcription factors and their role in the immune system. 
Nature Rev Immunol 4, 889-99 (2004) 
166. C. L. Bennett, J. Christie, F. Ramsdell, M. E. Brunkow, 
P. J. Ferguson, L. Whitesell, T. E. Kelly, F. T. Saulsbury, P. 
F. Chance and H. D. Ochs: The immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked syndrome 
(IPEX) is caused by mutations of FOXP3. Nat Genet 27, 
20-1 (2001) 
167. S. Hori, T. Nomura and S. Sakaguchi: Control of 
regulatory T cell development by the transcription factor 
Foxp3. Science 299, 1057-61 (2003) 
168. E. Gonzalez-Rey, A. Fernandez-Martin, A. Chorny 
and M. Delgado: Vasoactive intestinal peptide induces 
CD4+,CD25+ T regulatory cells with therapeutic effect 
in collagen-induced arthritis. Arthritis Rheum 54, 864-
76 (2006) 
169. L. T. Nguyen, J. Jacobs, D. Mathis and C. Benoist: 
Where FoxP3-dependent regulatory T cells impinge on 
the development of inflammatory arthritis. Arthritis 
Rheum 56, 509-20 (2007) 
170. J. Kelsen, J. Agnholt, H. J. Hoffmann, J. L. Romer, 
C. L. Hvas and J. F. Dahlerup: 
FoxP3(+)CD4(+)CD25(+) T cells with regulatory 
properties can be cultured from colonic mucosa of 
patients with Crohn's disease. Clin Exp Immunol 141, 
549-57 (2005) 
171. S. Makita, T. Kanai, Y. Nemoto, T. Totsuka, R. 
Okamoto, K. Tsuchiya, M. Yamamoto, H. Kiyono and 
M. Watanabe: Intestinal lamina propria retaining 
CD4+CD25+ regulatory T cells is a suppressive site of 
intestinal inflammation. J Immunol 178, 4937-46 (2007) 
172. K. Venken, N. Hellings, K. Hensen, J. L. Rummens, 
R. Medaer, B. D'Hooghe M, B. Dubois, J. Raus and P. 
Stinissen: Secondary progressive in contrast to 
relapsing-remitting multiple sclerosis patients show a 
normal CD4+CD25+ regulatory T-cell function and 
FOXP3 expression. J Neurosci Res 83, 1432-46 (2006) 
173. U. Feger, C. Luther, S. Poeschel, A. Melms, E. 
Tolosa and H. Wiendl: Increased frequency of CD4+ 
CD25+ regulatory T cells in the cerebrospinal fluid but 
not in the blood of multiple sclerosis patients. Clin Exp 
Immunol 147, 412-8 (2007) 
174. J. H. Lee, L. C. Wang, Y. T. Lin, Y. H. Yang, D. T. 
Lin and B. L. Chiang: Inverse correlation between 
CD4+ regulatory T-cell population and autoantibody 

levels in paediatric patients with systemic lupus 
erythematosus. Immunology 117, 280-6 (2006) 
175. P. P. Sfikakis, V. L. Souliotis, K. G. Fragiadaki, H. M. 
Moutsopoulos, J. N. Boletis and A. N. Theofilopoulos: 
Increased expression of the FoxP3 functional marker of 
regulatory T cells following B cell depletion with rituximab 
in patients with lupus nephritis. Clin Immunol 123, 66-73 
(2007) 
176. X. Valencia, C. Yarboro, G. Illei and P. E. Lipsky: 
Deficient CD4+CD25high T regulatory cell function in 
patients with active systemic lupus erythematosus. J 
Immunol 178, 2579-88 (2007) 
177. H. Sugiyama, H. Matsue, A. Nagasaka, Y. Nakamura, 
K. Tsukamoto, N. Shibagaki, T. Kawamura, R. Kitamura, 
N. Ando and S. Shimada: CD4+CD25high regulatory T cells 
are markedly decreased in blood of patients with 
pemphigus vulgaris. Dermatology 214, 210-20 (2007) 
178. A. Rensing-Ehl, B. Gaus, L. Bruckner-Tuderman and 
S. F. Martin: Frequency, function and CLA expression of 
CD4+CD25+FOXP3+ regulatory T cells in bullous 
pemphigoid. Exp Dermatol 16, 13-21 (2007) 
179. J. R. Sheng, L. Li, B. B. Ganesh, C. Vasu, B. S. 
Prabhakar and M. N. Meriggioli: Suppression of 
experimental autoimmune myasthenia gravis by 
granulocyte-macrophage colony-stimulating factor is 
associated with an expansion of FoxP3+ regulatory T cells. 
J Immunol 177, 5296-306 (2006) 
180. M. Ono, J. Shimizu, Y. Miyachi and S. Sakaguchi: 
Control of autoimmune myocarditis and multiorgan 
inflammation by glucocorticoid-induced TNF receptor 
family-related proteinhigh, Foxp3-expressing CD25+ and 
CD25- regulatory T cells. J Immunol 176, 4748-56 (2006) 
181. R. Y. Lan, C. Cheng, Z. X. Lian, K. Tsuneyama, G. X. 
Yang, Y. Moritoki, Y. H. Chuang, T. Nakamura, S. Saito, S. 
Shimoda, A. Tanaka, C. L. Bowlus, Y. Takano, A. A. 
Ansari, R. L. Coppel and M. E. Gershwin: Liver-targeted 
and peripheral blood alterations of regulatory T cells in 
primary biliary cirrhosis. Hepatology 43, 729-37 (2006) 
182. L. Lin, S. L. Brody and S. L. Peng: Restraint of B cell 
activation by Foxj1-mediated antagonism of NF-kappaB 
and IL-6. J Immunol 175, 951-8 (2005) 
183. L. Lin, J. D. Hron and S. L. Peng: Regulation of NF-
kappaB, Th activation, and autoinflammation by the 
forkhead transcription factor Foxo3a. Immunity 21, 203-13 
(2004) 
184. L. Lin and S. L. Peng: Coordination of NF-kappaB 
and NFAT antagonism by the forkhead transcription factor 
Foxd1. J Immunol 176, 4793-803 (2006) 
185. L. Lin, M. S. Spoor, A. J. Gerth, S. L. Brody and S. L. 
Peng: Modulation of Th1 activation and inflammation by 
the NF-kappaB repressor Foxj1. Science 303, 1017-20 
(2004) 
186. S. Srivatsan and S. L. Peng: Cutting edge: Foxj1 
protects against autoimmunity and inhibits thymocyte 
egress. J Immunol 175, 7805-9 (2005) 
187. H. Jonsson, P. Allen and S. L. Peng: Inflammatory 
arthritis requires Foxo3a to prevent Fas ligand-induced 
neutrophil apoptosis. Nat Med 11, 666-71 (2005) 
188. K. A. Reedquist, J. Ludikhuize and P. P. Tak: 
Phosphoinositide 3-kinase signalling and FoxO 
transcription factors in rheumatoid arthritis. Biochem Soc 
Trans 34, 727-30 (2006) 



Transcription factors in autoimmune diseases  
 

4236 

189. J. Ludikhuize, D. de Launay, D. Groot, T. J. Smeets, 
M. Vinkenoog, M. E. Sanders, S. W. Tas, P. P. Tak and K. 
A. Reedquist: Inhibition of forkhead box class O family 
member transcription factors in rheumatoid synovial tissue. 
Arthritis Rheum 56, 2180-91 (2007) 
190. S. L. Peng: Immune regulation by Foxo transcription 
factors. Autoimmunity 40, 462-9 (2007) 
191. T. Taniguchi, K. Ogasawara, A. Takaoka and N. 
Tanaka: IRF family of transcription factors as regulators of 
host defense. Annu Rev Immunol 19, 623-55 (2001) 
192. A. Shiraishi, J. Dudler and M. Lotz: The role of IFN 
regulatory factor-1 in synovitis and nitric oxide production. 
J Immunol 159, 3549-54 (1997) 
193. Y. Tada, A. Ho, T. Matsuyama and T. W. Mak: 
Reduced incidence and severity of antigen-induced 
autoimmune diseases in mice lacking interferon regulatory 
factor-1. J Exp Med 185, 231-8 (1997) 
194. T. Buch, C. Uthoff-Hachenberg and A. Waisman: 
Protection from autoimmune brain inflammation in mice 
lacking IFN-regulatory factor-1 is associated with Th2-type 
cytokines. Int Immunol 15, 855-9 (2003) 
195. E. E. Mannick, R. L. Cote, J. R. Schurr, H. S. 
Krowicka, G. D. Sloop, A. Zapata-Velandia, H. Correa, B. 
Ruiz, R. Horswell, J. J. Lentz, P. Byrne, M. M. Gastanaduy, 
C. A. Hornick and Z. Liu: Altered phenotype of dextran 
sulfate sodium colitis in interferon regulatory factor-1 
knock-out mice. J Gastroenterol Hepatol 20, 371-80 
(2005) 
196. B. Siegmund, J. A. Sennello, H. A. Lehr, G. Senaldi, 
C. A. Dinarello and G. Fantuzzi: Frontline: interferon 
regulatory factor-1 as a protective gene in intestinal 
inflammation: role of TCR gamma delta T cells and 
interleukin-18-binding protein. Eur J Immunol 34, 2356-64 
(2004) 
197. C. M. Reilly, S. Olgun, D. Goodwin, R. M. Gogal, Jr., 
A. Santo, J. W. Romesburg, S. A. Ahmed and G. S. 
Gilkeson: Interferon regulatory factor-1 gene deletion 
decreases glomerulonephritis in MRL/lpr mice. Eur J 
Immunol 36, 1296-308 (2006) 
198. T. Nakazawa, J. Satoh, K. Takahashi, Y. Sakata, F. 
Ikehata, Y. Takizawa, S. I. Bando, T. Housai, Y. Li, C. 
Chen, T. Masuda, S. Kure, I. Kato, S. Takasawa, T. 
Taniguchi, H. Okamoto and T. Toyota: Complete 
suppression of insulitis and diabetes in NOD mice lacking 
interferon regulatory factor-1. J Autoimmun 17, 119-25 
(2001) 
199. S. Hoshikawa, K. Mori, J. Tani, Z. Jin, Y. Nakagawa, 
J. Satoh, S. Ito and K. Yoshida: Spontaneous lymphocytic 
thyroiditis in interferon regulatory factor-1 deficient non-
obese diabetic mice. J Endocrinol Invest 28, 340-5 (2005) 
200. L. van der Fits, L. I. van der Wel, J. D. Laman, E. P. 
Prens and M. C. Verschuren: Psoriatic lesional skin 
exhibits an aberrant expression pattern of interferon 
regulatory factor-2 (IRF-2) J Pathol 199, 107-14 (2003) 
201. S. Meller, F. Winterberg, M. Gilliet, A. Muller, I. 
Lauceviciute, J. Rieker, N. J. Neumann, R. Kubitza, M. 
Gombert, E. Bunemann, U. Wiesner, P. Franken-Kunkel, H. 
Kanzler, M. C. Dieu-Nosjean, A. Amara, T. Ruzicka, P. 
Lehmann, A. Zlotnik and B. Homey: Ultraviolet radiation-
induced injury, chemokines, and leukocyte recruitment: An 
amplification cycle triggering cutaneous lupus 
erythematosus. Arthritis Rheum 52, 1504-16 (2005) 

202. J. Chen, Z. Tan, H. Liu, Z. Liu, Y. Wu, J. Li: 
Expression of plasmacytoid dendritic cells, IRF-7, IFN-
alpha mRNA in the lesions of psoriasis vulgaris. J 
Huazhong Univ Sci Technolog Med Sci 26, 747-9 (2006) 
203. F. Arakura, S. Hida, E. Ichikawa, C. Yajima, S. 
Nakajima, T. Saida, S. Taki: Genetic control directed 
toward spontaneous IFN-alpha/IFN-beta responses and 
downstream IFN-gamma expression influences the 
pathogenesis of a murine psoriasis-like skin disease. J 
Immunol 179, 3249-57 (2007) 
204. S. E. Sweeney, L. Mo and G. S. Firestein: Antiviral 
gene expression in rheumatoid arthritis: role of IKKe and 
interferon regulatory factor 3. Arthritis Rheum 56, 743-52 
(2007) 
205. Y. T. Juang, K. Tenbrock, M. P. Nambiar, M. F. 
Gourley and G. C. Tsokos: Defective production of 
functional 98-kDa form of Elf-1 is responsible for the 
decreased expression of TCR zeta-chain in patients with 
systemic lupus erythematosus. J Immunol 169, 6048-55 
(2002) 
206. X. K. Zhang, S. Gallant, I. Molano, O. M. Moussa, P. 
Ruiz, D. D. Spyropoulos, D. K. Watson and G. Gilkeson: 
Decreased expression of the Ets family transcription factor 
Fli-1 markedly prolongs survival and significantly reduces 
renal disease in MRL/lpr mice. J Immunol 173, 6481-9 
(2004) 
207. T. K. Nowling and G. S. Gilkeson: Regulation of Fli1 
gene expression and lupus. Autoimmun Rev 5, 377-82 
(2006) 
208. I. Gerhauser, S. Alldinger and W. Baumgartner: Ets-1 
represents a pivotal transcription factor for viral clearance, 
inflammation, and demyelination in a mouse model of 
multiple sclerosis. J Neuroimmunol 188, 86-94 (2007) 
209. J. Satoh, Z. Illes, A. Peterfalvi, H. Tabunoki, C. Rozsa 
and T. Yamamura: Aberrant transcriptional regulatory 
network in T cells of multiple sclerosis. Neurosci Lett 422, 
30-3 (2007) 
210. C. L. Peters, C. J. Morris, P. I. Mapp, D. R. Blake, C. 
E. Lewis and V. R. Winrow: The transcription factors 
hypoxia-inducible factor 1alpha and Ets-1 colocalize in the 
hypoxic synovium of inflamed joints in adjuvant-induced 
arthritis. Arthritis Rheum 50, 291-6 (2004) 
211. E. Bjorntorp, R. Parsa, M. Thornemo, A. M. 
Wennberg and A. Lindahl: The helix-loop-helix 
transcription factor Id1 is highly expressed in psoriatic 
involved skin. Acta Derm Vener 83, 403-9 (2003) 
212. B. J. Ripley, M. A. Rahman, D. A. Isenberg and D. S. 
Latchman: Elevated expression of the Brn-3a and Brn-3b 
transcription factors in systemic lupus erythematosus 
correlates with antibodies to Brn-3 and overexpression of 
Hsp90. Arthritis Rheum 52, 1171-9 (2005) 
213. H. Endo, Y. Momota, A. Oikawa and H. Shinkai: 
Psoriatic skin expresses the transcription factor Gli1: 
possible contribution of decreased neurofibromin 
expression. Br J Dermatol 154, 619-23 (2006) 
214. C. Rosenberger, C. Solovan, A. D. Rosenberger, L. 
Jinping, R. Treudler, U. Frei, K. U. Eckardt and L. F. 
Brown: Upregulation of hypoxia-inducible factors in 
normal and psoriatic skin. J Invest Dermatol 127, 2445-52 
(2007) 
215. K. Luopajarvi, S. Skarsvik, J. Ilonen, H. K. Akerblom 
and O. Vaarala: Reduced CCR4, interleukin-13 and 



Transcription factors in autoimmune diseases  
 

4237 

GATA-3 up-regulation in response to type 2 cytokines of 
cord blood T lymphocytes in infants at genetic risk of type 
1 diabetes. Immunology 121, 189-96 (2007) 
216. A. Stucchi, K. Reed, M. O'Brien, S. Cerda, C. 
Andrews, A. Gower, K. Bushell, S. Amar, S. Leeman and J. 
Becker: A new transcription factor that regulates TNF-a 
gene expression, LITAF, is increased in intestinal tissues 
from patients with CD and UC. Inflamm Bowel Dis 12, 
581-7 (2006) 
217. K. Yoh, K. Shibuya, N. Morito, T. Nakano, K. 
Ishizaki, H. Shimohata, M. Nose, S. Izui, A. Shibuya, A. 
Koyama, J. D. Engel, M. Yamamoto and S. Takahashi: 
Transgenic overexpression of GATA-3 in T lymphocytes 
improves autoimmune glomerulonephritis in mice with a 
BXSB/MpJ-Yaa genetic background. J Am Soc Nephrol 14, 
2494-502 (2003) 
218. H. A. Arnett, S. P. Fancy, J. A. Alberta, C. Zhao, S. R. 
Plant, S. Kaing, C. S. Raine, D. H. Rowitch, R. J. Franklin 
and C. D. Stiles: bHLH transcription factor Olig1 is 
required to repair demyelinated lesions in the CNS. Science 
306, 2111-5 (2004) 
219. A. Kreuter, J. Hyun, M. Skrygan, A. Sommer, N. S. 
Tomi, F. Breuckmann, P. Altmeyer and T. Gambichler: 
Ultraviolet A1 phototherapy decreases inhibitory SMAD7 
gene expression in localized scleroderma. Arch Dermatol 
Res 298, 265-72 (2006) 
220. F. Verrecchia, A. Mauviel and D. Farge: Transforming 
growth factor-beta signaling through the Smad proteins: 
role in systemic sclerosis. Autoimmun Rev 5, 563-9 (2006) 
221. M. Kypriotou, G. Beauchef, C. Chadjichristos, R. 
Widom, E. Renard, S. A. Jimenez, J. Korn, F. X. Maquart, 
T. Oddos, O. Von Stetten, J. P. Pujol, P. Galera: Human 
collagen Krox up-regulates type I collagen expression in 
normal and scleroderma fibroblasts through interaction 
with Sp1 and Sp3 transcription factors. J Biol Chem 282, 
32000-14 (2007) 
222. J. Wehkamp, G. Wang, I. Kubler, S. Nuding, A. 
Gregorieff, A. Schnabel, R. J. Kays, K. Fellermann, O. 
Burk, M. Schwab, H. Clevers, C. L. Bevins, E. F. Stange: 
The Paneth cell alpha-defensin deficiency of ileal Crohn's 
disease is linked to Wnt/Tcf-4. J Immunol 179, 3109-18 
(2007) 
223. L. Pan, C. Bradney, B. Zheng and Y. Zhuang: Altered 
T-dependent antigen responses and development of 
autoimmune symptoms in mice lacking E2A in T 
lymphocytes. Immunology 111, 147-54 (2004) 
224. H. Li, M. Dai and Y. Zhuang: A T cell intrinsic role of 
Id3 in a mouse model for primary Sjogren's syndrome. 
Immunity 21, 551-60 (2004) 
225. Q. Ma, L. Battelli and A. F. Hubbs: Multiorgan 
autoimmune inflammation, enhanced lymphoproliferation, 
and impaired homeostasis of reactive oxygen species in 
mice lacking the antioxidant-activated transcription factor 
Nrf2. Am J Pathol 168, 1960-74 (2006) 
226. O. Brenner, D. Levanon, V. Negreanu, O. Golubkov, 
O. Fainaru, E. Woolf and Y. Groner: Loss of Runx3 
function in leukocytes is associated with spontaneously 
developed colitis and gastric mucosal hyperplasia. Proc 
Natl Acad Sci U S A 101, 16016-21 (2004) 
227. J. Villasenor, C. Benoist and D. Mathis: AIRE and 
APECED: molecular insights into an autoimmune disease. 
Immunol Rev 204, 156-64 (2005) 

228. E. K. Wakeland, K. Liu, R. R. Graham and T. W. 
Behrens: Delineating the genetic basis of systemic lupus 
erythematosus. Immunity 15, 397-408 (2001) 
229. P. K. Gregersen and T. W. Behrens: Genetics of 
autoimmune diseases--disorders of immune homeostasis. 
Nature Reviews Genetics 7, 917-28 (2006) 
230. K. Blyth, E. R. Cameron and J. C. Neil: The RUNX 
genes: gain or loss of function in cancer. Nature Rev 
Cancer 5, 376-87 (2005) 
231. J. J. Westendorf and S. W. Hiebert: Mammalian runt-
domain proteins and their roles in hematopoiesis, 
osteogenesis, and leukemia. J Cell Biochem Suppl 32-33, 
51-8 (1999) 
232. M. E. Alarcon-Riquelme: Role of RUNX in 
autoimmune diseases linking rheumatoid arthritis, psoriasis 
and lupus. Arthritis Res Ther 6, 169-73 (2004) 
233. L. Prokunina, C. Castillejo-Lopez, F. Oberg, I. 
Gunnarsson, L. Berg, V. Magnusson, A. J. Brookes, D. 
Tentler, H. Kristjansdottir, G. Grondal, A. I. Bolstad, E. 
Svenungsson, I. Lundberg, G. Sturfelt, A. Jonssen, L. 
Truedsson, G. Lima, J. Alcocer-Varela, R. Jonsson, U. B. 
Gyllensten, J. B. Harley, D. Alarcon-Segovia, K. Steinsson 
and M. E. Alarcon-Riquelme: A regulatory polymorphism 
in PDCD1 is associated with susceptibility to systemic 
lupus erythematosus in humans. Nat Genet 32, 666-9 
(2002) 
234. L. Prokunina, I. Gunnarsson, G. Sturfelt, L. Truedsson, 
V. A. Seligman, J. L. Olson, M. F. Seldin, L. A. Criswell 
and M. E. Alarcon-Riquelme: The systemic lupus 
erythematosus-associated PDCD1 polymorphism PD1.3.A 
in lupus nephritis. Arthritis Rheum 50, 327-8 (2004) 
235. C. Nielsen, D. Hansen, S. Husby, B. B. Jacobsen and 
S. T. Lillevang: Association of a putative regulatory 
polymorphism in the PD-1 gene with susceptibility to type 
1 diabetes. Tissue Antigens 62, 492-7 (2003) 
236. C. Helms, L. Cao, J. G. Krueger, E. M. Wijsman, F. 
Chamian, D. Gordon, M. Heffernan, J. A. Daw, J. Robarge, 
J. Ott, P. Y. Kwok, A. Menter and A. M. Bowcock: A 
putative RUNX1 binding site variant between SLC9A3R1 
and NAT9 is associated with susceptibility to psoriasis. Nat 
Genet 35, 349-56 (2003) 
237. S. Tokuhiro, R. Yamada, X. Chang, A. Suzuki, Y. 
Kochi, T. Sawada, M. Suzuki, M. Nagasaki, M. Ohtsuki, M. 
Ono, H. Furukawa, M. Nagashima, S. Yoshino, A. 
Mabuchi, A. Sekine, S. Saito, A. Takahashi, T. Tsunoda, Y. 
Nakamura and K. Yamamoto: An intronic SNP in a 
RUNX1 binding site of SLC22A4, encoding an organic 
cation transporter, is associated with rheumatoid arthritis. 
Nat Genet 35, 341-8 (2003) 
238. R. Yamada, S. Tokuhiro, X. Chang and K. Yamamoto: 
SLC22A4 and RUNX1: identification of RA susceptible 
genes. J Mol Med 82, 558-64 (2004) 
239. T. Maeda, M. Hirayama, D. Kobayashi, K. Miyazawa 
and I. Tamai: Mechanism of the regulation of organic 
cation/carnitine transporter 1 (SLC22A4) by rheumatoid 
arthritis-associated transcriptional factor RUNX1 and 
inflammatory cytokines. Drug Metab Dispos 35, 394-401 
(2007) 
240. T. Gylvin, R. Bergholdt, J. Nerup and F. Pociot: 
Characterization of a nuclear-factor-kappaB (NFkB) 
genetic marker in type 1 diabetes (T1DM) families. Genes 
Immunity 3, 430-2 (2002) 



Transcription factors in autoimmune diseases  
 

4238 

241. D. M. Hegazy, D. A. O'Reilly, B. M. Yang, A. D. 
Hodgkinson, B. A. Millward and A. G. Demaine: 
NFkappaB polymorphisms and susceptibility to type 1 
diabetes. Genes Immunity 2, 304-8 (2001) 
242. K. Katarina, P. Daniela, N. Peter, R. Marianna, C. 
Pavlina, P. Stepanka, L. Jan, T. Ludmila, A. Michal and C. 
Marie: HLA, NFKB1 and NFKBIA gene polymorphism 
profile in autoimmune diabetes mellitus patients. Exp Clin 
Endocrinol Diabetes 115, 124-9 (2007) 
243. A. Kurylowicz, Y. Hiromatsu, B. Jurecka-Lubieniecka, 
D. Kula, M. Kowalska, M. Ichimura, H. Koga, H. Kaku, E. 
Bar-Andziak, J. Nauman, B. Jarzab, R. Ploski and T. 
Bednarczuk: Association of NFKB1 -94ins/del ATTG 
promoter polymorphism with susceptibility to and 
phenotype of Graves' disease. Genes Immunity 8, 532-8 
(2007) 
244. A. S. Karban, T. Okazaki, C. I. Panhuysen, T. 
Gallegos, J. J. Potter, J. E. Bailey-Wilson, M. S. Silverberg, 
R. H. Duerr, J. H. Cho, P. K. Gregersen, Y. Wu, J. P. 
Achkar, T. Dassopoulos, E. Mezey, T. M. Bayless, F. J. 
Nouvet and S. R. Brant: Functional annotation of a novel 
NFKB1 promoter polymorphism that increases risk for 
ulcerative colitis. Hum Mol Genet 13, 35-45 (2004) 
245. M. E. Borm, A. A. van Bodegraven, C. J. Mulder, G. 
Kraal and G. Bouma: A NFKB1 promoter polymorphism is 
involved in susceptibility to ulcerative colitis. Int J 
Immunogenet 32, 401-5 (2005) 
246. W. Klein, A. Tromm, C. Folwaczny, M. Hagedorn, N. 
Duerig, J. T. Epplen, W. H. Schmiegel and T. Griga: A 
polymorphism of the NFKBIA gene is associated with 
Crohn's disease patients lacking a predisposing allele of the 
CARD15 gene. Int J Colorectal Dis 19, 153-6 (2004) 
247. S. Maeda, L. C. Hsu, H. Liu, L. A. Bankston, M. 
Iimura, M. F. Kagnoff, L. Eckmann and M. Karin: Nod2 
mutation in Crohn's disease potentiates NF-kappaB activity 
and IL-1beta processing. Science 307, 734-8 (2005) 
248. D. A. van Heel, I. A. Udalova, A. P. De Silva, D. P. 
McGovern, Y. Kinouchi, J. Hull, N. J. Lench, L. R. Cardon, 
A. H. Carey, D. P. Jewell and D. Kwiatkowski: 
Inflammatory bowel disease is associated with a TNF 
polymorphism that affects an interaction between the 
OCT1 and NF(-kappa)B transcription factors. Hum Mol 
Genet 11, 1281-9 (2002) 
249. B. Miterski, S. Bohringer, W. Klein, E. Sindern, M. 
Haupts, S. Schimrigk and J. T. Epplen: Inhibitors in the 
NFkappaB cascade comprise prime candidate genes 
predisposing to multiple sclerosis, especially in selected 
combinations. Genes Immunity 3, 211-9 (2002) 
250. H. Shibata, M. Yasunami, N. Obuchi, M. Takahashi, 
Y. Kobayashi, F. Numano and A. Kimura: Direct 
determination of single nucleotide polymorphism haplotype 
of NFKBIL1 promoter polymorphism by DNA 
conformation analysis and its application to association 
study of chronic inflammatory diseases. Human Immunol 
67, 363-73 (2006) 
251. A. Till, P. Rosenstiel, A. Krippner-Heidenreich, S. 
Mascheretti-Croucher, P. J. Croucher, H. Schafer, P. 
Scheurich, D. Seegert and S. Schreiber: The Met-196 -> 
Arg variation of human tumor necrosis factor receptor 2 
(TNFR2) affects TNF-alpha-induced apoptosis by impaired 
NF-kappaB signaling and target gene expression. J Biol 
Chem 280, 5994-6004 (2005) 

252. A. Martinez, E. Sanchez, A. Valdivia, G. Orozco, M. 
A. Lopez-Nevot, D. Pascual-Salcedo, A. Balsa, B. 
Fernandez-Gutierrez, E. G. de la Concha, A. Garcia-
Sanchez, B. P. Koeleman, E. Urcelay and J. Martin: 
Epistatic interaction between FCRL3 and NFkappaB1 
genes in Spanish patients with rheumatoid arthritis. Ann 
Rheum Dis 65, 1188-91 (2006) 
253. Y. Sasaki, K. Ihara, N. Matsuura, H. Kohno, S. 
Nagafuchi, R. Kuromaru, K. Kusuhara, R. Takeya, T. Hoey, 
H. Sumimoto and T. Hara: Identification of a novel type 1 
diabetes susceptibility gene, T-bet. Hum Genet 115, 177-84 
(2004) 
254. J. A. Noble, A. M. White, L. C. Lazzeroni, A. M. 
Valdes, D. B. Mirel, R. Reynolds, A. Grupe, D. Aud, G. 
Peltz and H. A. Erlich: A polymorphism in the TCF7 gene, 
C883A, is associated with type 1 diabetes. Diabetes 52, 
1579-82 (2003) 
255. W. Klein, A. Tromm, C. Folwaczny, M. Hagedorn, N. 
Duerig, J. Epplen, W. Schmiegel and T. Griga: The 
G2964A polymorphism of the STAT6 gene in 
inflammatory bowel disease. Dig Liver Dis 37, 159-61 
(2005) 
256. S. Sigurdsson, G. Nordmark, H. H. Goring, K. 
Lindroos, A. C. Wiman, G. Sturfelt, A. Jonsen, S. 
Rantapaa-Dahlqvist, B. Moller, J. Kere, S. Koskenmies, E. 
Widen, M. L. Eloranta, H. Julkunen, H. Kristjansdottir, K. 
Steinsson, G. Alm, L. Ronnblom and A. C. Syvanen: 
Polymorphisms in the tyrosine kinase 2 and interferon 
regulatory factor 5 genes are associated with systemic lupus 
erythematosus. Am J Hum Genet 76, 528-37 (2005) 
257. M. C. Blank, R. N. Stefanescu, E. Masuda, F. Marti, P. 
D. King, P. B. Redecha, R. J. Wurzburger, M. G. Peterson, 
S. Tanaka and L. Pricop: Decreased transcription of the 
human FCGR2B gene mediated by the -343 G/C promoter 
polymorphism and association with systemic lupus 
erythematosus. Hum Genet 117, 220-7 (2005) 
258. S. Sigurdsson, L. Padyukov, F. A. Kurreeman, U. 
Liljedahl, A. C. Wiman, L. Alfredsson, R. Toes, J. 
Ronnelid, L. Klareskog, T. W. Huizinga, G. Alm, A. C. 
Syvanen and L. Ronnblom: Association of a haplotype in 
the promoter region of the interferon regulatory factor 5 
gene with rheumatoid arthritis. Arthritis Rheum 56, 2202-
10 (2007) 
259. B. J. Nickoloff and F. O. Nestle: Recent insights into 
the immunopathogenesis of psoriasis provide new 
therapeutic opportunities. J Clin Invest 113, 1664-75 
(2004) 
260. J. Foerster, I. Nolte, S. Schweiger, C. Ehlert, M. 
Bruinenberg, K. Spaar, G. van der Steege, M. Mulder, V. 
Kalscheuer, B. Moser, Z. Kijas, P. Seeman, M. Stander, W. 
Sterry and G. te Meerman: Evaluation of the IRF-2 gene as 
a candidate for PSORS3. J Invest Dermatol 122, 61-4 
(2004) 
261. W. Zheng, P. Rosenstiel, K. Huse, C. Sina, R. 
Valentonyte, N. Mah, L. Zeitlmann, J. Grosse, N. Ruf, P. 
Nurnberg, C. M. Costello, C. Onnie, C. Mathew, M. Platzer, 
S. Schreiber, J. Hampe, W. Zheng, P. Rosenstiel, K. Huse, 
C. Sina, R. Valentonyte, N. Mah, L. Zeitlmann, J. Grosse, 
N. Ruf, P. Nurnberg, C. M. Costello, C. Onnie, C. Mathew, 
M. Platzer, S. Schreiber and J. Hampe: Evaluation of 
AGR2 and AGR3 as candidate genes for inflammatory 
bowel disease. Genes Immunity 7, 11-8 (2006) 



Transcription factors in autoimmune diseases  
 

4239 

262. D. S. Latchman: Transcription factors as potential 
targets for therapeutic drugs. Curr Pharm Biotechnol 1, 57-
61 (2000) 
263. N. Auphan, J. A. DiDonato, C. Rosette, A. Helmberg 
and M. Karin: Immunosuppression by glucocorticoids: 
inhibition of NF-kappaB activity through induction of 
IkappaB synthesis. Science 270, 286-90 (1995) 
264. R. I. Scheinman, P. C. Cogswell, A. K. Lofquist and A. 
S. Baldwin, Jr.: Role of transcriptional activation of 
IkappaBalpha in mediation of immunosuppression by 
glucocorticoids. Science 270, 283-6 (1995) 
265. C. Wahl, S. Liptay, G. Adler and R. M. Schmid: 
Sulfasalazine: a potent and specific inhibitor of nuclear 
factor kappaB. J Clin Invest 101, 1163-74 (1998) 
266. M. J. Yin, Y. Yamamoto and R. B. Gaynor: The anti-
inflammatory agents aspirin and salicylate inhibit the 
activity of IkappaB kinase-beta. Nature 396, 77-80 (1998) 
267. R. R. Bartlett and R. Schleyerbach: 
Immunopharmacological profile of a novel isoxazol 
derivative, HWA 486, with potential antirheumatic activity-
-I. Disease modifying action on adjuvant arthritis of the rat. 
Int J Immunopharmacol 7, 7-18 (1985) 
268. S. Popovic and R. R. Bartlett: Disease modifying 
activity of HWA 486 on the development of SLE in 
MRL/l-mice. Agents Actions 19, 313-4 (1986) 
269. S. K. Manna and B. B. Aggarwal: Immunosuppressive 
leflunomide metabolite (A77 1726) blocks TNF-dependent 
nuclear factor-kB activation and gene expression. J 
Immunol 162, 2095-102 (1999) 
270. G. Bonizzi, J. Piette, M. P. Merville and V. Bours: 
Distinct signal transduction pathways mediate nuclear 
factor-kappaB induction by IL-1beta in epithelial and 
lymphoid cells. J Immunol 159, 5264-72 (1997) 
271. C. E. Edmead, Y. I. Patel, A. Wilson, G. Boulougouris, 
N. D. Hall, S. G. Ward and D. M. Sansom: Induction of 
activator protein (AP)-1 and nuclear factor-kB by CD28 
stimulation involves both phosphatidylinositol 3-kinase and 
acidic sphingomyelinase signals. J Immunol 157, 3290-7 
(1996) 
272. H. Hacker, H. Mischak, T. Miethke, S. Liptay, R. 
Schmid, T. Sparwasser, K. Heeg, G. B. Lipford and H. 
Wagner: CpG-DNA-specific activation of antigen-
presenting cells requires stress kinase activity and is 
preceded by non-specific endocytosis and endosomal 
maturation. EMBO J 17, 6230-40 (1998) 
273. A. K. Yi and A. M. Krieg: Rapid induction of 
mitogen-activated protein kinases by immune stimulatory 
CpG DNA. J Immunol 161, 4493-7 (1998) 
274. M. T. Ivery: Immunophilins: switched on protein 
binding domains? Med Res Rev 20, 452-84 (2000) 
275. A. Torchinsky, L. Lishanski, O. Wolstein, J. 
Shepshelovich, H. Orenstein, S. Savion, Z. Zaslavsky, H. 
Carp, A. Brill, R. Dikstein, V. Toder and A. Fein: NF-
kappaB DNA-binding activity in embryos responding to a 
teratogen, cyclophosphamide. BMC Dev Biol 2, 2 (2002) 
276. S. Kodama, M. Davis and D. L. Faustman: The 
therapeutic potential of tumor necrosis factor for 
autoimmune disease: a mechanistically based hypothesis. 
Cell Mol Life Sci 62, 1850-62 (2005) 
277. P. W. Dempsey, S. E. Doyle, J. Q. He and G. Cheng: 
The signaling adaptors and pathways activated by TNF 

superfamily. Cytokine Growth Factor Rev 14, 193-209 
(2003) 
278. J. H. Fraser, M. Rincon, K. D. McCoy and G. Le 
Gros: CTLA4 ligation attenuates AP-1, NFAT and NF-
kappaB activity in activated T cells. Eur J Immunol 29, 
838-44 (1999) 
279. S. J. Szabo, B. M. Sullivan, S. L. Peng and L. H. 
Glimcher: Molecular mechanisms regulating Th1 immune 
responses. Annu Rev Immunol 21, 713-58 (2003) 
280. F. Fallarino, R. Bianchi, C. Orabona, C. Vacca, M. L. 
Belladonna, M. C. Fioretti, D. V. Serreze, U. Grohmann 
and P. Puccetti: CTLA-4-Ig activates forkhead transcription 
factors and protects dendritic cells from oxidative stress in 
nonobese diabetic mice. J Exp Med 200, 1051-62 (2004) 
281. P. Pandiyan, D. Gartner, O. Soezeri, A. Radbruch, K. 
Schulze-Osthoff and M. C. Brunner-Weinzierl: CD152 
(CTLA-4) determines the unequal resistance of Th1 and 
Th2 cells against activation-induced cell death by a 
mechanism requiring PI3 kinase function. J Exp Med 199, 
831-42 (2004) 
282. J. R. Podojil, N. W. Kin and V. M. Sanders: CD86 and 
beta2-adrenergic receptor signaling pathways, respectively, 
increase Oct-2 and OCA-B Expression and binding to the 
3'-IgH enhancer in B cells. J Biol Chem 279, 23394-404 
(2004) 
283. M. R. Ehrenstein, J. G. Evans, A. Singh, S. Moore, G. 
Warnes, D. A. Isenberg and C. Mauri: Compromised 
function of regulatory T cells in rheumatoid arthritis and 
reversal by anti-TNFalpha therapy. J Exp Med 200, 277-85 
(2004) 
284. M. Gniazdowski, W. A. Denny, S. M. Nelson and M. 
Czyz: Transcription factors as targets for DNA-interacting 
drugs. Curr Med Chem 10, 909-24 (2003) 
285. Y. Okazaki, T. Sawada, K. Nagatani, Y. Komagata, T. 
Inoue, S. Muto, A. Itai and K. Yamamoto: Effect of nuclear 
factor-kappaB inhibition on rheumatoid fibroblast-like 
synoviocytes and collagen induced arthritis. J Rheumatol 
32, 1440-7 (2005) 
286. K. Tsuchida, H. Chaki, T. Takakura, H. Kotsubo, T. 
Tanaka, Y. Aikawa, S. Shiozawa and S. Hirono: Discovery 
of nonpeptidic small-molecule AP-1 inhibitors: lead 
hopping based on a three-dimensional pharmacophore 
model. J Med Chem 49, 80-91 (2006) 
287. J. Aramburu, M. B. Yaffe, C. Lopez-Rodriguez, L. C. 
Cantley, P. G. Hogan and A. Rao: Affinity-driven peptide 
selection of an NFAT inhibitor more selective than 
cyclosporin A. Science 285, 2129-33 (1999) 
288. M. H. Roehrl, S. Kang, J. Aramburu, G. Wagner, A. 
Rao and P. G. Hogan: Selective inhibition of calcineurin-
NFAT signaling by blocking protein-protein interaction 
with small organic molecules. Proc Natl Acad Sci U S A 
101, 7554-9 (2004) 
289. N. Venkatesh, Y. Feng, B. DeDecker, P. Yacono, D. 
Golan, T. Mitchison and F. McKeon: Chemical genetics to 
identify NFAT inhibitors: potential of targeting calcium 
mobilization in immunosuppression. Proc Natl Acad Sci U 
S A 101, 8969-74 (2004) 
290. Y. S. Cho-Chung, Y. G. Park and Y. N. Lee: 
Oligonucleotides as transcription factor decoys. Curr Opin 
Mol Ther 1, 386-92 (1999) 
291. R. Morishita, N. Tomita, Y. Kaneda and T. Ogihara: 
Molecular therapy to inhibit NFkappaB activation by 



Transcription factors in autoimmune diseases  
 

4240 

transcription factor decoy oligonucleotides. Curr Opin 
Pharmacol 4, 139-46 (2004) 
292. G. H. Baeg, R. Zhou and N. Perrimon: Genome-wide 
RNAi analysis of JAK/STAT signaling components in 
Drosophila. Genes Dev 19, 1861-70 (2005) 
293. P. Muller, D. Kuttenkeuler, V. Gesellchen, M. P. 
Zeidler and M. Boutros: Identification of JAK/STAT 
signalling components by genome-wide RNA interference. 
Nature 436, 871-5 (2005) 
294. A. Dunne and L. A. O'Neill: The interleukin-1 
receptor/Toll-like receptor superfamily: signal transduction 
during inflammation and host defense. Science STKE 2003, 
re3 (2003) 
295. X. Li and J. Qin: Modulation of Toll-interleukin 1 
receptor mediated signaling. J Mol Med 83, 258-66 (2005) 
296. E. M. Hur, S. Youssef, M.E. Haws, S.Y. Zhang, R.A. 
Sobel and L. Steinman: Osteopontin-induced relapse and 
progression of autoimmune brain disease through enhanced 
survival of activated T cells. Nat Immunol 8, 74-83 (2007) 
297. C.C. Kuo and S.C. Lin: Altered FOXO1 transcript 
levels in peripheral blood mononuclear cells of systemic 
lupus erythematosus and rheumatoid arthritis patients. Mol 
Med 13, 561-6 (2007) 
 
Abbreviations: CD: Crohn’s disease, CLP: common 
lymphocyte progenitor, COX: cyclooxygenase, DC: 
dendritic cell, DM: type I diabetes mellitus GC: germinal 
center, GR: glucocorticoid receptor, IBD: inflammatory 
bowel diseases, IID: inflammatory intestinal disorders, 
IFN: interferon, IkappaB: inhibitor of NF-kappaB, IKK: 
inhibitor of NF-kappaB kinase, Jak: Janus kinase, MS: 
multiple sclerosis, MZ: marginal zone, NBD: NEMO 
binding domain, NFAT: nuclear factor of activated T cells, 
NF-kappaB: nuclear factor kappaB, NOD, non-obese 
diabetic, NSAID: non-steroidal anti-inflammatory drug, Ps: 
psoriasis, PsA: psoriatic arthritis, RA: rheumatoid arthritis, 
RANKL: receptor activator of NF-kappaB ligand, SLE: 
systemic lupus erythematosus, SpA: spondyloarthropathy, 
STAT: signal transducer and activator of transcription, 
TNF: tumor necrosis factor, Treg: regulatory T cell, UC: 
ulcerative colitis, Wnt: wingless 
 
Key Words: Transcription factors, Autoimmunity, 
Genetics, Drug therapies, Arthritis, Review 
 
Send correspondence to: Stanford L. Peng, 3431 Hillview 
Ave., M/S A2-259, Palo Alto, CA 94304, Tel: 650-855-5649, 
Fax, 650-852-1097, E-mail: stanford.peng@roche.com 
 
http://www.bioscience.org/current/vol13.htm 
 
 


