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ABSTRACT 

 

Glucocorticoids (corticosteroids) are highly effective in combating inflammation in the context of 

a variety of diseases.  However, clinical utility can be compromised by the development of side 

effects, many of which are attributed to the ability of the glucocorticoid receptor (GR) to induce 

the transcription of, or transactivate, certain genes.  By contrast the anti-inflammatory effects of 

glucocorticoids are to a very large extent due to their ability to reduce the expression of pro-

inflammatory genes. This effect has been predominantly attributed to the repression of key 

inflammatory transcription factors, including AP-1 and NF-κB, and is termed transrepression.  

The ability to functionally separate these transcriptional functions of GR has prompted a search 

for dissociated GR ligands that can differentially induce transrepression, but not transactivation.  

In this review, we present evidence that post-transcriptional mechanisms of action are highly 

important to the anti-inflammatory actions of glucocorticoids.  Furthermore, we present the case 

that mechanistically distinct forms of glucocorticoid-inducible gene expression are critical to the 

development of anti-inflammatory effects by repressing inflammatory signaling pathways and 

inflammatory gene expression at multiple levels.  Considerable care is therefore required to avoid 

loss of anti-inflammatory effectiveness in the development of novel transactivation-defective 

ligands of GR.   
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Despite half a century of clinical use and being among the most effective and widely used 

medications for the treatment of inflammatory diseases (Barnes, 2006; Rhen and Cidlowski, 

2005), we do not have a complete picture of how glucocorticoids (corticosteroids or 

glucocorticosteroids) operate as anti-inflammatory agents. Classically, glucocorticoids, such as 

the synthetic dexamethasone, bind the ligand binding domain (LBD) of the glucocorticoid 

receptor (GR) to promote nuclear translocation (Pratt et al., 2004). In the nucleus, the DNA 

binding domain (DBD) directs dimerization on imperfect DNA palindromes (consensus: 5' - 

GGT ACA NNN TGT TCT - 3') known as simple glucocorticoid response elements (GREs) (Fig. 

1A) to transcriptionally activate (transactivate) genes including tyrosine amino transferase (TAT) 

or tryptophan oxygenase (Danesch et al., 1987; Jantzen et al., 1987; Rhen and Cidlowski, 2005). 

Importantly, roles for glucocorticoid-inducible genes, such as phosphoenol pyruvate 

carboxykinase (PEPCK) in regulating gluconeogenesis, or TAT in amino acid catabolism, 

suggested that transactivation by GR was key to the metabolic effects of glucocorticoids (see 

(Schacke et al., 2002) for a comprehensive review). By contrast, genes including; lipocortin I 

(aka Annexin I), p11/calpactin binding protein (S100A10), which inhibit phospholipase (PL) A2 

activity, secretory leucocyte protease inhibitor (SLPI), a protease inhibitor, or the type II 

interleukin (IL)-1 receptor, a molecular decoy, were also identified as glucocorticoid-inducible 

and may contribute towards the anti-inflammatory properties of glucocorticoids (Abbinante-

Nissen et al., 1995; Flower and Rothwell, 1994; Re et al., 1994; Yao et al., 1999). However, 

despite such findings, the principal reason for the effectiveness of glucocorticoids as anti-

inflammatory agents lies in the ability to reduce inflammatory gene expression and this was not 

primarily attributed to transactivation by GR (Barnes, 2006; Rhen and Cidlowski, 2005). 

  

Transrepression and anti-inflammatory effects of glucocorticoids 
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Transrepression at negative GREs. Initial examples of transcriptional repression  

(transrepression) by GR included the pro-opiomelanocortin (POMC) and prolactin gene 

promoters where cis-acting simple negative GRE sites (nGREs) were proposed to mediate 

repression via direct binding of GR to DNA (Fig. 1A) (Drouin et al., 1989b; Drouin et al., 1989a; 

Sakai et al., 1988). Thus binding of GR to a simple nGRE that overlaps the TATA box in the 

osteocalcin promoter was presumed to block transcription (Meyer et al., 1997; Stromstedt et al., 

1991). However, nGRE sites correspond poorly to the GRE consensus and, in the case of POMC, 

prolactin and other neuroendocrine genes, repression is more latterly attributed to tethering 

mechanisms in which positive transcriptional regulators that bind DNA are then targeted by GR 

(Chandran et al., 1999; Martens et al., 2005; Subramaniam et al., 1998) (Fig. 1A).   

 

Transrepression of inflammatory gene transcription. In the context of inflammatory gene 

promoters, consensus cis-acting sequences by which GR binds DNA and directly exerts 

transrepression are not generally described. Instead, such genes show binding sites for 

transcription factors including; activator protein (AP)-1, the functionally related activating 

transcription factors (ATFs), CCAAT/enhancer binding proteins (C/EBPs) and, in particular, 

nuclear factor (NF)-κB. Importantly, it is these sites, which are key to transcriptional activation, 

that are also necessary for glucocorticoid-dependent inhibition of inflammatory transcription 

(Barnes, 2006). Thus glucocorticoid-dependent repression of interleukin (IL)-8, inducible nitric 

oxide synthase (iNOS), or rat cytokine-induced neutrophil chemoattractant (CINC/gro) 

expression correlated with transcriptional inhibition principally via NF-κB sites (Kleinert et al., 

1996; Mukaida et al., 1994; Ohtsuka et al., 1996). Whilst in these studies glucocorticoids 

repressed NF-κB DNA binding activity, the repression of intercellular adhesion molecule 
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(ICAM)-1 and E-selectin expression also involved NF-κB, but did not involve reduced NF-κB 

DNA binding (Brostjan et al., 1997; Van de Stolpe et al., 1994). Such discrepancies are widely 

reported and are likely to depend on the repressive mechanism(s) prevailing in any given 

situation. Thus in A549 pulmonary cells, dexamethasone shows little inhibition of IL-1β-induced 

NF-κB DNA binding induced for up to two hours, whereas stimulation for 6 h, or following long 

(24 h) glucocorticoid pre-treatments, significantly reduces NF-κB DNA binding (Newton et al., 

1998a). Such effects may involve reduced expression of the NF-κB subunits p50 (NFκB1) 

(Newton et al., 1998a; Simpson and Morris, 1999), or possibly p65 (RelA) (Kurokouchi et al., 

2000; Simpson and Morris, 1999), and/or induced expression of the NF-κB inhibitor, IκBα (see 

below).   

 

Since protein synthesis inhibitors prevent the repression of NF-κB DNA binding by 

dexamethasone, new gene expression is implicated and indeed glucocorticoids can increase IκBα 

transcription and expression to reduce NF-κB DNA binding (Auphan et al., 1995; Scheinman et 

al., 1995a). However, the induction of IκBα is not necessary for repression of NF-κB-dependent 

transcription in many cells (Heck et al., 1997; Wissink et al., 1998). For example, in pulmonary 

type II and endothelial cells stimulated with tumor necrosis factor (TNF) α, IL-1β, or 

lipopolysaccaride (LPS), IκBα expression was not increased and NF-κB DNA binding was 

unaltered over time frames in which glucocorticoid-dependent repression of gene expression 

occurred (Brostjan et al., 1996; Newton et al., 1998a; Ray et al., 1997). 

 

Similarly, glucocorticoid-dependent repression of the collagenase 1 promoter was localized to an 

AP-1 site that is key to transcriptional activation and alone this conferred glucocorticoid 
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sensitivity (Jonat et al., 1990; Schule et al., 1990). Furthermore, whilst direct interaction between 

AP-1 and GR was proposed to account for repression, one study noted no effect on AP-1 DNA 

binding (Jonat et al., 1990), whereas another reported inhibition (Yang-Yen et al., 1990). 

However, subsequent analysis of AP-1 site occupancy revealed no effect of glucocorticoids and 

direct interference of transcription (i.e. a tethering nGRE) represents the current model of 

inhibition (Fig. 1A) (Konig et al., 1992).   

 

Nuclear events mediate transrepression. As with AP-1, a direct interaction between NF-κB 

and GR, without DNA binding by GR, is suggested to account for transrepression by 

glucocorticoids (Caldenhoven et al., 1995; Ray and Prefontaine, 1994; Scheinman et al., 1995b). 

Importantly, this process is independent of IκBα expression, NF-κB DNA binding (De Bosscher 

et al., 1997; Heck et al., 1997), or NF-κB site occupancy (Nissen and Yamamoto, 2000), and is 

described as a tethering nGRE (Fig. 1A)(De Bosscher et al., 2003). An apparent consequence of 

direct interference was a mutual antagonism between GR and that both AP-1 and NF-κB, which 

was suggested to result from competition for co-activators, in particular, CREB binding protein 

(CBP) (Kamei et al., 1996; McKay and Cidlowski, 1998; McKay and Cidlowski, 2000; Sheppard 

et al., 1998). However, other studies dispel this notion and instead suggest that interference with 

the basal transcriptional apparatus explains transrepression, possibly via recruitment of the p160 

family member, GR interacting protein (GRIP) (De Bosscher et al., 2000; De Bosscher et al., 

2001; De Bosscher et al., 2003; Rogatsky et al., 2001; Rogatsky et al., 2002). Alternatively, 

phosphorylation of the C-terminal domain of RNA polymerase (Pol) II is prevented by 

glucocorticoids and this may mediate promoter-selective inhibition of NF-κB-dependent 

transcription via the GR-dependent loss of a regulatory kinase complex (Luecke and Yamamoto, 
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2005; Nissen and Yamamoto, 2000). Similarly, and in keeping with the fact that histone 

acetylation is required for activated transcription (Adcock et al., 2004), glucocorticoids may also 

decrease the acetylation at inflammatory gene promoters by reducing CBP-associated histone 

acetylase (HAT) activity and recruiting histone deacetylase (HDAC) 2 to the NF-κB (p65)-CBP 

complex (Ito et al., 2000; Ito et al., 2001). This produces a transcriptionally less favorable 

promoter conformation and may occur via deacetylation of GR to promote interaction with NF-

κB (Ito et al., 2006). Interestingly, the tethering of GR and recruitment of HDAC2 to deacetylate 

histone H4 also explains repression at the POMC promoter and this suggests a general 

physiological relevance for such a mechanism (Fig. 1B) (Bilodeau et al., 2006). 

 

GR mutants, dissociated steroids and the dim mouse. Since the metabolic side effects of 

glucocorticoids were largely ascribed to transcriptional activation, whereas repression of 

inflammatory gene transcription was attributed to transrepression, there is considerable interest in 

GR ligands that dissociate these two functions (Uings and Farrow, 2005). Clues to this possibility 

came from GR mutants that do not transactivate classical GRE-dependent transcription, yet 

transrepress AP-1- and NF-κB-dependent transcription (Heck et al., 1994; Heck et al., 1997; 

Liden et al., 1997; Tao et al., 2001; Yang-Yen et al., 1990). For example, mutation of alanine 

458 to threonine (A458T) within the dimerization, or D, loop of GR allows transrepression, but 

prevents dimerization, DNA binding and simple GRE-mediated transcription (Dahlman-Wright 

et al., 1991; Heck et al., 1994). Furthermore, replacement of wild type GR with this (dim) mutant 

yields mice (GRdim/dim), which are defective in dexamethasone-induced GRE-dependent 

transcription and endogenous TAT gene expression, yet are competent at repression of AP-1-

dependent and classic inflammatory genes (Reichardt et al., 1998; Reichardt et al., 2001; 
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Tuckermann et al., 1999). Similarly, GR mutants, which cannot bind co-activators or 

transactivate, but can still transrepress NF-κB, further indicates that functional dissociation is 

achievable (Wu et al., 2004). 

 

GR function may also be dissociated by ligands, including derivatives of the antagonist, RU486, 

which display limited simple GRE transactivation ability, but can transrepress AP-1 reporters 

(Heck et al., 1994). Likewise, the steroidal compound, RU24858, can be a poor transactivator, 

but can efficiently repress AP-1-dependent responses (Vayssiere et al., 1997). Importantly, these 

compounds also repress NF-κB-dependent transcription and show anti-inflammatory properties 

in vivo (Belvisi et al., 2001; Vanden Berghe et al., 1999; Vayssiere et al., 1997). However, 

despite these encouraging data, RU24848 also induces side effects, including loss of body weight 

and bone mass (Belvisi et al., 2001). Furthermore, in human eosinophils, RU24858 induced 

glucocorticoid-dependent genes, including lipocortin 1, to a similar extent as dexamethasone 

(Janka-Junttila et al., 2006). Conversely, in osteoblastic cells RU24858 and related compounds 

were poor inducers, relative to prednisolone, of receptor activator of NF-κB ligand (RANKL), a 

gene that promotes bone resorption (Humphrey et al., 2006). Thus the gene-specific and cell-type 

dependent transactivation ability of RU24858, even at simple GREs, suggests the existence of 

further regulatory determinants other than binding of ligand (Chivers et al., 2006; Eberhardt et 

al., 2005; Tanigawa et al., 2002; Vanden Berghe et al., 1999; Vayssiere et al., 1997).  

 

Non-classical GR-dependent transactivation 

Combinatorial transactivation. In considering transcriptional activation by GR, it is important 

to note transactivation from non-simple GREs. Thus GR and AP-1 may synergize at composite 
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and tethering promoter sites (Fig. 1A) (Pearce et al., 1998; Pearce and Yamamoto, 1993; Teurich 

and Angel, 1995). Likewise, glucocorticoids can positively regulate NF-κB-dependent responses 

and synergy between NF-κB and GR occurs at appropriately spaced sites in artificial constructs 

and real genes (Hofmann and Schmitz, 2002; Wang et al., 1997; Webster et al., 2002). 

Furthermore, even at simple GREs, GR has long been known to synergize with other 

transcription factors, whilst positive combinatorial responses between GR and a variety of factors 

including; signal transducer and activator of transcription (STAT) 1, STAT3, STAT5, C/EBP, 

Ets, Egr-1 and AP-2 are widely described (Aittomaki et al., 2000; Mullick et al., 2001; Schule et 

al., 1988; Strahle et al., 1988; Tai et al., 2002). Thus IL-6 and dexamethasone combination, as 

could occur in the resolution or treatment of inflammation, synergistically induces the rat serine 

protease inhibitor-3 and the α2-macroglobulin genes via STAT3 and C/EBP α. (Kordula and 

Travis, 1996; Lerner et al., 2003; Takeda et al., 1998). As the later did not involve GR DNA 

binding, a positive tethering GRE (Fig. 1A) is indicated in the context of a multiprotein complex 

that also contains c-Jun (Lerner et al., 2003). Similar synergy between STAT5 and GR may 

variously be described as a positive composite or a tethering GRE depending on the requirement 

for GR DNA binding (Cella et al., 1998; Stocklin et al., 1996). Furthermore as C/EBPβ/STAT5 

co-operativity requires GR (Wyszomierski and Rosen, 2001), and C/EBP proteins are 

glucocorticoid-inducible and can synergize with the GR, there is obvious potential for dramatic 

modulation of the transcriptional response by glucocorticoids (Gotoh et al., 1997; Kordula and 

Travis, 1996; Strahle et al., 1988). Likewise, co-operative interaction between GR, STAT5 and 

isoforms of nuclear factor (NF) 1 also highlights the importance of multiprotein complexes 

(Mukhopadhyay et al., 2001). Thus interaction between transcription factors, co-activators, 

including CBP and the steroid receptor cofactor (SRC) p160 family of proteins, allows 
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differential and combinatorial responses at different promoters (Freedman, 1999; Kabotyanski et 

al., 2006; Kamei et al., 1996; Lerner et al., 2003; Wyszomierski and Rosen, 2001) .  

 

Dimerization-independent transcription. Depending on conditions and exclusion criteria, 

global gene expression analyses reveal that 1 - 20% of sequences are regulated by glucocorticoids 

and of these 45 - 70% are induced (Donn et al., 2007; Galon et al., 2002; Planey et al., 2003; 

Wang et al., 2003). Rogatsky et al. identified around 90 directly dexamethasone-inducible genes 

of which 10 were analyzed in cell lines expressing either wild type or mutant GRs (Rogatsky et 

al., 2003). Whilst all genes showed glucocorticoid-inducibility by wild type GR, mutants of the 

two GR activation functions (AF1 and AF2) or the dim mutant resulted in expression of different 

gene subsets. For example, with dim GR, 4 out of 10 genes were induced to greater than 50% of 

their normal response, and only 3 of the 10 genes showed less than 20% of the wild type 

response. This suggests a requirement for different aspects of GR function by different 

glucocorticoid-inducible genes. Consequently, whilst preventing classical GRE-dependent 

transcription and TAT induction, GRdim/dim mice may allow induction of other glucocorticoid-

inducible genes to exert either anti-inflammatory or side effects. This is illustrated by 

phenylethanolamine N-methyltransferase (Tai et al., 2002), which is required for epinephrine 

synthesis, and the anti-inflammatory mitogen activated protein kinase (MAPK) phosphatase 

(MKP-1) (Kassel et al., 2001), as these are both glucocorticoid-inducible by the GR dim mutant 

(Abraham et al., 2006; Adams et al., 2003). Likewise, survival of STAT5/GR interaction and 

resultant gene induction in GRdim/dim animals further questions the effect of dissociated GR 

ligands (Tronche et al., 2004). 

 

Transactivation plays an important anti-inflammatory role 
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A partial role for transcriptional repression. Despite the discussion above, it is clear that the 

transcriptional repression does not fully explain the repression of inflammatory gene expression 

by glucocorticoids (Table 1). Thus, in A549 pulmonary cells, repression of NF-κB-dependent 

transcription by dexamethasone was no more than 40 - 50 % and this correlated with the 

transcription rate of NF-κB-dependent genes (Chivers et al., 2006; Newton et al., 1998a; Newton 

et al., 1998b). Likewise, repression of IL-8 expression in primary airway epithelial cells, or 

transforming growth factor (TGF) β-induced IL-11 in A549 cells, by dexamethasone was not 

primarily via reduced transcription (Chang et al., 2001; Wang et al., 1999). Similarly, in primary 

human airways smooth muscle cells, dexamethasone again reduced NF-κB-dependent 

transcription by no more than 50%, yet many NF-κB-dependent genes, and the two bradykinin 

receptor genes, in which post-transcriptional processes predominated, were strongly repressed 

(Catley et al., 2006; Haddad et al., 2000). Moving over to inflammatory cells, analysis of the 

granulocyte/macrophage colony-stimulating factor (GM-CSF) and IL-5 promoters and both NF-

κB- and AP-1-dependent transcription in primary human T cells and T cell lines also failed to 

document substantial a role for transrepression under conditions where endogenous gene 

expression was highly repressed by dexamethasone (Bergmann et al., 2004; Staples et al., 2003). 

Finally, in primary human monocytes, LPS induced IL-1β transcription, yet the repression by 

dexamethasone was primarily post-transcriptional (Kern et al., 1988). Thus using endogenous 

GR in multiple cells, including primary human cells, only a partial role for transcriptional 

repression in the repression of inflammatory gene expression by glucocorticoids is documented. 

 

Post-transcriptional repression and glucocorticoid-dependent gene expression. Since, a) total 

inhibition of transcription, for example by actinomycin D, when added after an inducing stimulus 
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can be insufficient to repress inflammatory gene expression; and, b) glucocorticoids only partially 

inhibit transcription, it is not surprising that post-transcriptional events, in particular mRNA 

destabilization, are also central to glucocorticoid-dependent repression (Table 1) (Newton, 2000; 

Stellato, 2004). Importantly, such effects are frequently blocked by inhibitors of transcription or 

translation and a requirement for glucocorticoid-dependent gene expression is therefore indicated 

(Table 1). Indeed AU-rich elements (AREs), in the 3' untranslated regions (UTR) of unstable 

mRNAs can mediate both signal-induced mRNA stabilization and destablization by 

glucocorticoids (Fan et al., 2005; Lasa et al., 2001; Peppel et al., 1991). Furthermore, the ARE 

binding protein tristetraprolin (TTP), which promotes mRNA deadenylation and destabilization 

(Lai et al., 1999), may be induced by dexamethasone to post-transcriptionally repress 

inflammatory gene expression  (Smoak and Cidlowski, 2006) (but see (Jalonen et al., 2005).         

 

MKP-1, an anti-inflammatory glucocorticoid-inducible gene. The involvement of  p38 MAPK 

in ARE-mediated stabilization of inflammatory genes provides a further mechanism for 

glucocorticoid-mediated destabilization via a process that requires glucocorticoid-induced gene 

expression (Clark, 2003; Lasa et al., 2000; Lasa et al., 2001; Winzen et al., 1999). In this case, 

MKP-1, or dual specificity phosphatase 1, is strongly induced by glucocorticoids and 

dephosphorylates the active, phosphorylated form, of p38 MAPK to reduce both p38 activity and 

the stability of inflammatory gene mRNAs (Chen et al., 2002; Kassel et al., 2001; Lasa et al., 

2002; Zhao et al., 2005) (Fig. 2). In addition, the p38 MAPK pathway may activate, or induce the 

expression of, inflammatory transcription factors including ATF-1, ATF-2 and AP-1 (see 

(Newton and Holden, 2003; Wesselborg et al., 1997). Therefore induction of MKP-1 by 

glucocorticoids may also lead to transcriptional repression of inflammatory genes, such as E-

selectin, that are regulated by AP-1 and/or ATF factors (Furst et al., 2006). Likewise, p38 MAPK 
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is an established positive regulator of NF-κB-dependent transcription (Newton and Holden, 2003; 

Wesselborg et al., 1997), and in such cases glucocorticoid-induced MKP-1 expression is 

predicted to reduce expression of NF-κB-dependent genes. 

  

However, MKP-1 specificity may not be limited to p38 MAPK as both the extracellular regulated 

kinases (ERKs) and c-Jun N-terminal kinases (JNKs) may be substrates for inhibition by this 

phosphatase (Chu et al., 1996; Franklin and Kraft, 1997; Kassel et al., 2001; Slack et al., 2001). 

Thus in human airways smooth muscle cells the induction of MKP-1 by dexamethasone represses 

JNK phosphorylation and is partly responsible for the repression of GROα expression (Issa et al., 

2007). In addition, inhibition of JNK by MKP-1 directly represses AP-1-dependent transcription 

(Liu et al., 1995), and prevents both Elk-1 and serum response element (SRE) activation (Wu et 

al., 2005), again indicating a role in the repression of transcription. Furthermore, the JNKs, like 

the p38 MAPK (Lee et al., 1994), are also implicated in the translational control of cytokine 

biosynthesis and indeed this process is also targeted by glucocorticoids (Swantek et al., 1997). 

Thus bone marrow-derived macrophage from MKP-1-/- mice reveal impaired dexamethasone-

dependent repression of many inflammatory genes and this illustrates the considerable anti-

inflammatory potential of glucocorticoid-induced MKP-1 (Abraham et al., 2006). Furthermore 

the robust induction of MKP-1 by dexamethasone in GRdim/dim macrophage, indicates that GR 

dimerization is not necessary and suggests that GR ligands, which do not induce simple GRE 

responses, may still induce MKP-1 (Abraham et al., 2006). Indeed, despite poor activation of a 

simple GRE reporter, the induction of MKP-1 by RU24858 may account for the sensitivity of 

RU24858-dependent repression of cyclooxygenase (COX)-2, IL-8 and iNOS expression to 

inhibitors of transcription and translation (Chivers et al., 2006; Korhonen et al., 2002).  
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Other glucocorticoid-inducible genes with anti-inflammatory potential. Partial 

glucocorticoid-dependent repression of inflammatory gene expression in MKP-1-/- animals 

suggests the existence of further repressive mechanisms (Abraham et al., 2006). Indeed, whilst a 

number of glucocorticoid-inducible genes with anti-inflammatory effects have been mentioned, 

numerous others also exist (Fig. 2). For example, glucocorticoids induce the expression of Clara 

cell secretory 10 kDa protein (CC10) and thymosin β4 sulfoxide, which are protective in the 

context of pulmonary allergic inflammation and neutrophilic responses respectively (Chen et al., 

2001; Young et al., 1999). Likewise, the repression of inflammatory gene expression may be 

targeted by glucocorticoid-inducible leucine zipper (GILZ), which is highly glucocorticoid-

inducible in T cells, macrophage, mast cells and epithelial cells and represses both AP-1- and NF-

κB-dependent transcription (Berrebi et al., 2003; Eddleston et al., 2007; Godot et al., 2006; 

Mittelstadt and Ashwell, 2001). Similarly, inflammatory signal transduction may be targeted by 

Dexras1, which is a glucocorticoid-inducible Ras-like protein that prevents activation of ERK 

(Graham et al., 2002; Kemppainen and Behrend, 1998). Furthermore, interaction with, and 

inhibition of, protein kinase C δ by Dexras1 (Nguyen and Watts, 2006), or up-regulation of the 

adaptor proteins downstream of tyrosine kinase (Dok)-1 and Src-like adaptor protein (SLAP) by 

dexamethasone may also reduce inflammatory signaling, antigen-induced ERK activation, Ca2+ 

transients or activation of Syk kinase Syk (Hiragun et al., 2005; Hiragun et al., 2006).  

 

A further mechanism by which glucocorticoids exert anti-inflammatory and immunosuppressive 

effects is by preventing proliferative responses and promoting apoptosis of certain immune cells 

(Newton, 2000). These effects are in part due to the repression of critical proliferative or anti-
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apoptotic factors, for example IL-2, IL-3, GM-CSF and IL-5 in respect of T-cells and 

eosinophils. However, glucocorticoid-dependent arrest of lymphoid cells is also due to post-

transcriptional mRNA destabilization of the G1 progression factor, cyclin D3 (Reisman and 

Thompson, 1995). As with the glucocorticoid-dependent repression of inflammatory genes, this 

effect is blocked by transcriptional inhibition suggesting once more an involvement of 

glucocorticoid-inducible genes. Similarly, the pro-apoptotic effect of glucocorticoids on 

thymocytes requires GR transactivation, which in this case is not sustained by the dim GR mutant 

(Reichardt et al., 1998). Thus glucocorticoid-induced pro-apoptotic genes in thymocytes and T 

cells may also contribute to reduced inflammation (Wang et al., 2003; Wang et al., 2006b). 

 

GR ligands and function 

Dissociated GR ligands and differential GR function. Along with RU24858, numerous 

steroidal and non-steroidal ligands of GR show various degrees of dissociated function based on 

standard reporter assays (Barker et al., 2006; De Bosscher et al., 2005; Elmore et al., 2001; 

Elmore et al., 2004; Shah and Scanlan, 2004; Wang et al., 2006a). Whilst a number of these 

compounds show anti-inflammatory activity, detailed descriptions in respect of inducible genes 

or side effects are not reported. However, Elmore et al., characterized GR ligands in standard 

GRE transactivation and E-selectin promoter (transrepression) assays as well as on inflammatory 

and side effect genes (Elmore et al., 2004). Thus certain high affinity ligands revealed 

considerable differences in potency in respect of transepression of the E-selectin promoter 

compared with repression of either IL-6 or collagenase expression. This suggests the existence of 

different mechanisms of inhibition in respect of each outcome and could reflect the distinct forms 

of transrepression for AP-1 and NF-κB that have been functionally established using both GR 
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ligands and mutants (Bladh et al., 2005; Martens et al., 2005; Shah and Scanlan, 2004). However, 

an alternative explanation is that at least some of the observed "transrepression" is attributed to 

the glucocorticoid-dependent induction of genes (e.g. GILZ, MPK-1), which may mimic true 

transrepression. In respect of the compounds used in the Elmore et al. study, this concept is 

supported since classical GRE-dependent transactivation did not correlate with TAT or aromatase 

expression (Elmore et al., 2004). Thus, despite poor simple GRE-dependent transactivation, these 

ligands, as occurs for RU24858 (Belvisi et al., 2001; Chivers et al., 2006), may induce genes that 

relate to side effects or anti-inflammatory properties.  

 

Explaining the differential effects of ligands on GR function.  Binding of ligand to GR elicits 

conformational change in the receptor (Bledsoe et al., 2002; Kauppi et al., 2003; Xu et al., 1999). 

This may influence the precise interactions of GR within the nucleus, such that in the presence of 

antagonist, GR associates with the co-repressor NCoR, whereas binding of agonist recruits the 

co-activator, SRC-1 (Garside et al., 2004; Kauppi et al., 2003). Complexity is introduced to the 

system as the concentration-function relationship, between a ligand and a response may be 

modulated by the local concentration of GR, co-activators, or their splice variants, as well as the 

nature of the interaction with DNA (Chen et al., 2000; Cho et al., 2005; Meijer et al., 2005). 

Indeed, mutually antagonistic effects of co-repressors and co-activators in respect of the dose-

response relationship to GR agonists means that the relative intracellular concentrations of each 

will determine final responsiveness and such findings may explain the observed variability 

(potency and efficacy) of GR-dependent responses (Wang et al., 2004). Furthermore interaction 

of nuclear hormone receptors with multiple chromatin remodelling enzymes, including CBP, 

p300, SRC-1, p300/CBP associated factor (P/CAF), as well as methylases and basal transcription 

factors (Freedman, 1999; McKenna and O'Malley, 2002; Uings and Farrow, 2005), means even 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

18 

for the simplest promoters that there are numerous interactions, which could be differentially 

modulated by the alternate conformations of GR bound by ligand. If the scope of transcriptional 

responses by GR, for example at simple GREs, composite GREs, tethering GREs (Fig. 1A), and 

the intermediates that lie in between these conceptual extremes is considered, then the complex 

differential effects of GR ligands in modulating transcription becomes difficult to predict.  

 

The prospect of therapeutically improved dissociated glucocorticoids? 

The above discussion reveals multiple processes by which glucocorticoids acting via GR can 

affect gene expression. For example, GR, plus glucocorticoid, elicits positive transcriptional 

responses not only from simple GRE elements, but also in combination with other transcription 

factors and via promoter elements that do not necessarily involve GR dimerization or contact 

with DNA. Indeed a recent study of 548 known or potentially glucocorticoid-inducible genes 

revealed that most contain GRE sites that do not conform to the simple GRE palindrome and are 

more typically represented as composite elements (So et al., 2007). Thus ligands that are silent at 

simple GREs may still induce transcriptional responses from these other promoters. Therefore in 

the design and characterization of novel "dissociated" GR ligands, it is important to consider 

which types of transcriptional responses relate to which functional outcomes. Indeed, referring 

back to the original paradigm for dissociation, if a ligand was silent in respect of all forms of 

transactivation, it is questionable whether such a ligand would show any anti-inflammatory 

potential at all. Reasons for this are two-fold. Firstly, if a GR ligand is silent in respect of positive 

transcriptional responses via tethering GREs there could also be issues as to the effectiveness of 

such a ligand in transrepression from tethering sites. Secondly, the existence of glucocorticoid-

inducible genes that repress AP-1 and NF-κB raises a question as to the nature of 
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"transrepression". Thus induction of MKP-1 or GILZ, to switch of AP-1 or NF-κB may appear as 

transrepression.  

 

In terms of separating transactivation from transrepression to generate novel anti-inflammatory 

agents with improved safety profiles, it is clear that many, if not most, transactivation 

mechanisms are not represented in current screening protocols. Consequently, the dissociation 

which is actually achieved by existing compounds is unclear. Furthermore, accumulating 

evidence supports the concept that there are many glucocorticoid-inducible genes and that a 

number of these exert effects that are consistent with anti-inflammatory benefit (Fig. 2). Thus the 

collective induction of such genes offers the potential for multiple anti-inflammatory effects that 

are integrated at different regulatory levels (Fig. 2). Therefore, loss of any transactivational 

properties may reduce the expression of some anti-inflammatory genes and attenuate aspects anti-

inflammatory effectiveness (Fig. 2). Whilst detailed accounts of anti-inflammatory efficacy vs 

expression of side effects genes remain to be reported, novel compounds that show reduced up-

regulation of steroid-inducible genes may in fact show lessened side effect issues (Coghlan et al., 

2003; De Bosscher et al., 2005; Schacke et al., 2004). However, such benefits will need to be 

very carefully balanced against the possibility that anti-inflammatory functions will also be lost. 

Therefore final clinical efficacy will depend on the relative balance of both "desirable" and 

"undesirable" transactivation and transrepression events, which need to be carefully defined in 

order to optimize the design of future GR ligands. Consequently, rather than searching for 

compounds that discriminate between transactivation and transrepression, we propose the need to 

functionally screen in order to identify "differential" compounds that display the most favorable  

functional profiles. Finally, steroid hormones also show non-genomic modes of action and these 
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are not considered in current strategies to design improved GR ligands (Losel et al., 2003). 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

21 

 

References 

Abbinante-Nissen JM, Simpson LG, and Leikauf GD (1995) Corticosteroids Increase Secretory 

Leukocyte Protease Inhibitor Transcript Levels in Airway Epithelial Cells. Am J Physiol 268: 

L601-L606. 

Abraham SM, Lawrence T, Kleiman A, Warden P, Medghalchi M, Tuckermann J, Saklatvala J, 

and Clark AR (2006) Antiinflammatory Effects of Dexamethasone Are Partly Dependent on 

Induction of Dual Specificity Phosphatase 1. J Exp Med 203: 1883-1889. 

Adams M, Meijer OC, Wang J, Bhargava A, and Pearce D (2003) Homodimerization of the 

Glucocorticoid Receptor Is Not Essential for Response Element Binding: Activation of the 

Phenylethanolamine N-Methyltransferase Gene by Dimerization-Defective Mutants. Mol 

Endocrinol 17: 2583-2592. 

Adcock IM, Ito K, and Barnes PJ (2004) Glucocorticoids: Effects on Gene Transcription. Proc 

Am Thorac Soc 1: 247-254. 

Aittomaki S, Pesu M, Groner B, Janne OA, Palvimo JJ, and Silvennoinen O (2000) Cooperation 

Among Stat1, Glucocorticoid Receptor, and PU.1 in Transcriptional Activation of the High-

Affinity Fc Gamma Receptor I in Monocytes. J Immunol 164: 5689-5697. 

Auphan N, DiDonato JA, Rosette C, Helmberg A, and Karin M (1995) Immunosuppression by 

Glucocorticoids: Inhibition of NF-Kappa B Activity Through Induction of I Kappa B 

Synthesis. Science 270: 286-290. 

Barker M, Clackers M, Copley R, Demaine DA, Humphreys D, Inglis GG, Johnston MJ, Jones 

HT, Haase MV, House D, Loiseau R, Nisbet L, Pacquet F, Skone PA, Shanahan SE, Tape D, 

Vinader VM, Washington M, Uings I, Upton R, McLay IM, and Macdonald SJ (2006) 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

22 

Dissociated Nonsteroidal Glucocorticoid Receptor Modulators; Discovery of the Agonist 

Trigger in a Tetrahydronaphthalene-Benzoxazine Series. J Med Chem 49: 4216-4231. 

Barnes PJ (2006) How Corticosteroids Control Inflammation: Quintiles Prize Lecture 2005. Br J 

Pharmacol 148: 245-254. 

Belvisi MG, Wicks SL, Battram CH, Bottoms SE, Redford JE, Woodman P, Brown TJ, Webber 

SE, and Foster ML (2001) Therapeutic Benefit of a Dissociated Glucocorticoid and the 

Relevance of in Vitro Separation of Transrepression From Transactivation Activity. J Immunol 

166: 1975-1982. 

Bergmann MW, Staples KJ, Smith SJ, Barnes PJ, and Newton R (2004) Glucocorticoid Inhibition 

of Granulocyte Macrophage-Colony-Stimulating Factor From T Cells Is Independent of 

Control by Nuclear Factor-KappaB and Conserved Lymphokine Element 0. Am J Respir Cell 

Mol Biol 30: 555-563. 

Berrebi D, Bruscoli S, Cohen N, Foussat A, Migliorati G, Bouchet-Delbos L, Maillot MC, Portier 

A, Couderc J, Galanaud P, Peuchmaur M, Riccardi C, and Emilie D (2003) Synthesis of 

Glucocorticoid-Induced Leucine Zipper (GILZ) by Macrophages: an Anti-Inflammatory and 

Immunosuppressive Mechanism Shared by Glucocorticoids and IL-10. Blood 101: 729-738. 

Bilodeau S, Vallette-Kasic S, Gauthier Y, Figarella-Branger D, Brue T, Berthelet F, Lacroix A, 

Batista D, Stratakis C, Hanson J, Meij B, and Drouin J (2006) Role of Brg1 and HDAC2 in GR 

Trans-Repression of the Pituitary POMC Gene and Misexpression in Cushing Disease. Genes 

Dev 20: 2871-2886. 

Bladh LG, Liden J, Dahlman-Wright K, Reimers M, Nilsson S, and Okret S (2005) Identification 

of Endogenous Glucocorticoid Repressed Genes Differentially Regulated by a Glucocorticoid 

Receptor Mutant Able to Separate Between Nuclear Factor-KappaB and Activator Protein-1 

Repression. Mol Pharmacol 67: 815-826. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

23 

Bledsoe RK, Montana VG, Stanley TB, Delves CJ, Apolito CJ, McKee DD, Consler TG, Parks 

DJ, Stewart EL, Willson TM, Lambert MH, Moore JT, Pearce KH, and Xu HE (2002) Crystal 

Structure of the Glucocorticoid Receptor Ligand Binding Domain Reveals a Novel Mode of 

Receptor Dimerization and Coactivator Recognition. Cell 110: 93-105. 

Brostjan C, Anrather J, Csizmadia V, Natarajan G, and Winkler H (1997) Glucocorticoids Inhibit 

E-Selectin Expression by Targeting NF-KappaB and Not ATF/c-Jun. J Immunol 158: 3836-

3844. 

Brostjan C, Anrather J, Csizmadia V, Stroka D, Soares M, Bach FH, and Winkler H (1996) 

Glucocorticoid-Mediated Repression of NFkappaB Activity in Endothelial Cells Does Not 

Involve Induction of IkappaBalpha Synthesis. J Biol Chem 271: 19612-19616. 

Caldenhoven E, Liden J, Wissink S, van de SA, Raaijmakers J, Koenderman L, Okret S, 

Gustafsson JA, and van der Saag PT (1995) Negative Cross-Talk Between RelA and the 

Glucocorticoid Receptor: a Possible Mechanism for the Antiinflammatory Action of 

Glucocorticoids. Mol Endocrinol 9: 401-412. 

Catley MC, Sukkar MB, Chung KF, Jaffee B, Liao SM, Coyle AJ, Haddad e, Barnes PJ, and 

Newton R (2006) Validation of the Anti-Inflammatory Properties of Small-Molecule IkappaB 

Kinase (IKK)-2 Inhibitors by Comparison With Adenoviral-Mediated Delivery of Dominant-

Negative IKK1 and IKK2 in Human Airways Smooth Muscle. Mol Pharmacol 70: 697-705. 

Cella N, Groner B, and Hynes NE (1998) Characterization of Stat5a and Stat5b Homodimers and 

Heterodimers and Their Association With the Glucocortiocoid Receptor in Mammary Cells. 

Mol Cell Biol 18: 1783-1792. 

Chandran UR, Warren BS, Baumann CT, Hager GL, and DeFranco DB (1999) The 

Glucocorticoid Receptor Is Tethered to DNA-Bound Oct-1 at the Mouse Gonadotropin-

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

24 

Releasing Hormone Distal Negative Glucocorticoid Response Element. J Biol Chem 274: 

2372-2378. 

Chang MM, Juarez M, Hyde DM, and Wu R (2001) Mechanism of Dexamethasone-Mediated 

Interleukin-8 Gene Suppression in Cultured Airway Epithelial Cells. Am J Physiol Lung Cell 

Mol Physiol 280: L107-L115. 

Chen LC, Zhang Z, Myers AC, and Huang SK (2001) Cutting Edge: Altered Pulmonary 

Eosinophilic Inflammation in Mice Deficient for Clara Cell Secretory 10-KDa Protein. J 

Immunol 167: 3025-3028. 

Chen P, Li J, Barnes J, Kokkonen GC, Lee JC, and Liu Y (2002) Restraint of Proinflammatory 

Cytokine Biosynthesis by Mitogen-Activated Protein Kinase Phosphatase-1 in 

Lipopolysaccharide-Stimulated Macrophages. J Immunol 169: 6408-6416. 

Chen S, Sarlis NJ, and Simons SS, Jr. (2000) Evidence for a Common Step in Three Different 

Processes for Modulating the Kinetic Properties of Glucocorticoid Receptor-Induced Gene 

Transcription. J Biol Chem 275: 30106-30117. 

Chivers JE, Gong W, King EM, Seybold J, Mak JC, Donnelly LE, Holden NS, and Newton R 

(2006) Analysis of the Dissociated Steroid, RU24858, Does Not Exclude a Role for Inducible 

Genes in the Anti-Inflammatory Actions of Glucocorticoids. Mol Pharmacol 70: 2084-2095. 

Cho S, Blackford JA, Jr., and Simons SS, Jr. (2005) Role of Activation Function Domain-1, 

DNA Binding, and Coactivator GRIP1 in the Expression of Partial Agonist Activity of 

Glucocorticoid Receptor-Antagonist Complexes. Biochemistry 44: 3547-3561. 

Chu Y, Solski PA, Khosravi-Far R, Der CJ, and Kelly K (1996) The Mitogen-Activated Protein 

Kinase Phosphatases PAC1, MKP-1, and MKP-2 Have Unique Substrate Specificities and 

Reduced Activity in Vivo Toward the ERK2 Sevenmaker Mutation. J Biol Chem 271: 6497-

6501. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

25 

Clark AR (2003) MAP Kinase Phosphatase 1: a Novel Mediator of Biological Effects of 

Glucocorticoids? J Endocrinol 178: 5-12. 

Coghlan MJ, Jacobson PB, Lane B, Nakane M, Lin CW, Elmore SW, Kym PR, Luly JR, Carter 

GW, Turner R, Tyree CM, Hu J, Elgort M, Rosen J, and Miner JN (2003) A Novel 

Antiinflammatory Maintains Glucocorticoid Efficacy With Reduced Side Effects. Mol 

Endocrinol 17: 860-869. 

Dahlman-Wright K, Wright A, Gustafsson JA, and Carlstedt-Duke J (1991) Interaction of the 

Glucocorticoid Receptor DNA-Binding Domain With DNA As a Dimer Is Mediated by a Short 

Segment of Five Amino Acids. J Biol Chem 266: 3107-3112. 

Danesch U, Gloss B, Schmid W, Schutz G, Schule R, and Renkawitz R (1987) Glucocorticoid 

Induction of the Rat Tryptophan Oxygenase Gene Is Mediated by Two Widely Separated 

Glucocorticoid-Responsive Elements. EMBO J 6: 625-630. 

De Bosscher K, Schmitz ML, Vanden Berghe W, Plaisance S, Fiers W, and Haegeman G (1997) 

Glucocorticoid-Mediated Repression of Nuclear Factor-KappaB-Dependent Transcription 

Involves Direct Interference With Transactivation. Proc Natl Acad Sci U S A 94: 13504-13509. 

De Bosscher K, Vanden Berghe W, Beck IM, Van Molle W, Hennuyer N, Hapgood J, Libert C, 

Staels B, Louw A, and Haegeman G (2005) A Fully Dissociated Compound of Plant Origin for 

Inflammatory Gene Repression. Proc Natl Acad Sci U S A 102: 15827-15832. 

De Bosscher K, Vanden Berghe W, and Haegeman G (2001) Glucocorticoid Repression of AP-1 

Is Not Mediated by Competition for Nuclear Coactivators. Mol Endocrinol 15: 219-227. 

De Bosscher K, Vanden Berghe W, and Haegeman G (2003) The Interplay Between the 

Glucocorticoid Receptor and Nuclear Factor-KappaB or Activator Protein-1: Molecular 

Mechanisms for Gene Repression. Endocr Rev 24: 488-522. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

26 

De Bosscher K, Vanden Berghe W, Vermeulen L, Plaisance S, Boone E, and Haegeman G 

(2000) Glucocorticoids Repress NF-KappaB-Driven Genes by Disturbing the Interaction of 

P65 With the Basal Transcription Machinery, Irrespective of Coactivator Levels in the Cell. 

Proc Natl Acad Sci U S A 97: 3919-3924. 

Donn R, Berry A, Stevens A, Farrow S, Betts J, Stevens R, Clayton C, Wang J, Warnock L, 

Worthington J, Scott L, Graham S, and Ray D (2007) Use of Gene Expression Profiling to 

Identify a Novel Glucocorticoid Sensitivity Determining Gene, BMPRII. FASEB J 21: 402-

414. 

Drouin J, Sun YL, and Nemer M (1989a) Glucocorticoid Repression of Pro-Opiomelanocortin 

Gene Transcription. J Steroid Biochem 34: 63-69. 

Drouin J, Trifiro MA, Plante RK, Nemer M, Eriksson P, and Wrange O (1989b) Glucocorticoid 

Receptor Binding to a Specific DNA Sequence Is Required for Hormone-Dependent 

Repression of Pro-Opiomelanocortin Gene Transcription. Mol Cell Biol 9: 5305-5314. 

Eberhardt W, Kilz T, Akool e, Muller R, and Pfeilschifter J (2005) Dissociated Glucocorticoids 

Equipotently Inhibit Cytokine- and CAMP-Induced Matrix Degrading Proteases in Rat 

Mesangial Cells. Biochem Pharmacol 70: 433-445. 

Eddleston J, Herschbach J, Wagelie-Steffen AL, Christiansen SC, and Zuraw BL (2007) The 

Anti-Inflammatory Effect of Glucocorticoids Is Mediated by Glucocorticoid-Induced Leucine 

Zipper in Epithelial Cells. J Allergy Clin Immunol 119: 115-122. 

Elmore SW, Coghlan MJ, Anderson DD, Pratt JK, Green BE, Wang AX, Stashko MA, Lin CW, 

Tyree CM, Miner JN, Jacobson PB, Wilcox DM, and Lane BC (2001) Nonsteroidal Selective 

Glucocorticoid Modulators: the Effect of C-5 Alkyl Substitution on the Transcriptional 

Activation/Repression Profile of 2,5-Dihydro-10-Methoxy-2,2,4-Trimethyl-1H-

[1]Benzopyrano[3,4-f]Quinolines. J Med Chem 44: 4481-4491. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

27 

Elmore SW, Pratt JK, Coghlan MJ, Mao Y, Green BE, Anderson DD, Stashko MA, Lin CW, 

Falls D, Nakane M, Miller L, Tyree CM, Miner JN, and Lane B (2004) Differentiation of in 

Vitro Transcriptional Repression and Activation Profiles of Selective Glucocorticoid 

Modulators. Bioorg Med Chem Lett 14: 1721-1727. 

Fan J, Heller NM, Gorospe M, Atasoy U, and Stellato C (2005) The Role of Post-Transcriptional 

Regulation in Chemokine Gene Expression in Inflammation and Allergy. Eur Respir J 26: 933-

947. 

Flower RJ and Rothwell NJ (1994) Lipocortin-1: Cellular Mechanisms and Clinical Relevance. 

Trends Pharmacol Sci 15: 71-76. 

Franklin CC and Kraft AS (1997) Conditional Expression of the Mitogen-Activated Protein 

Kinase (MAPK) Phosphatase MKP-1 Preferentially Inhibits P38 MAPK and Stress-Activated 

Protein Kinase in U937 Cells. J Biol Chem 272: 16917-16923. 

Freedman LP (1999) Increasing the Complexity of Coactivation in Nuclear Receptor Signaling. 

Cell 97: 5-8. 

Furst R, Schroeder T, Eilken HM, Bubik MF, Kiemer AK, Zahler S, and Vollmar AM (2006) 

MAPK Phosphatase-1 Represents a Novel Anti-Inflammatory Target of Glucocorticoids in the 

Human Endothelium. FASEB J .. 

Galon J, Franchimont D, Hiroi N, Frey G, Boettner A, Ehrhart-Bornstein M, O'Shea JJ, Chrousos 

GP, and Bornstein SR (2002) Gene Profiling Reveals Unknown Enhancing and Suppressive 

Actions of Glucocorticoids on Immune Cells. FASEB J 16: 61-71. 

Garside H, Stevens A, Farrow S, Normand C, Houle B, Berry A, Maschera B, and Ray D (2004) 

Glucocorticoid Ligands Specify Different Interactions With NF-KappaB by Allosteric Effects 

on the Glucocorticoid Receptor DNA Binding Domain. J Biol Chem 279: 50050-50059. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

28 

Godot V, Garcia G, Capel F, Arock M, Durand-Gasselin I, Asselin-Labat ML, Emilie D, and 

Humbert M (2006) Dexamethasone and IL-10 Stimulate Glucocorticoid-Induced Leucine 

Zipper Synthesis by Human Mast Cells. Allergy 61: 886-890. 

Gotoh T, Chowdhury S, Takiguchi M, and Mori M (1997) The Glucocorticoid-Responsive Gene 

Cascade. Activation of the Rat Arginase Gene Through Induction of C/EBPbeta. J Biol Chem 

272: 3694-3698. 

Graham TE, Prossnitz ER, and Dorin RI (2002) Dexras1/AGS-1 Inhibits Signal Transduction 

From the Gi-Coupled Formyl Peptide Receptor to Erk-1/2 MAP Kinases. J Biol Chem 277: 

10876-10882. 

Haddad EB, Fox AJ, Rousell J, Burgess G, McIntyre P, Barnes PJ, and Chung KF (2000) Post-

Transcriptional Regulation of Bradykinin B1 and B2 Receptor Gene Expression in Human 

Lung Fibroblasts by Tumor Necrosis Factor-Alpha: Modulation by Dexamethasone. Mol 

Pharmacol 57: 1123-1131. 

Heck S, Bender K, Kullmann M, Gottlicher M, Herrlich P, and Cato AC (1997) I KappaB Alpha-

Independent Downregulation of NF-KappaB Activity by Glucocorticoid Receptor. EMBO J 

16: 4698-4707. 

Heck S, Kullmann M, Gast A, Ponta H, Rahmsdorf HJ, Herrlich P, and Cato AC (1994) A 

Distinct Modulating Domain in Glucocorticoid Receptor Monomers in the Repression of 

Activity of the Transcription Factor AP-1. EMBO J 13: 4087-4095. 

Hiragun T, Peng Z, and Beaven MA (2005) Dexamethasone Up-Regulates the Inhibitory Adaptor 

Protein Dok-1 and Suppresses Downstream Activation of the Mitogen-Activated Protein 

Kinase Pathway in Antigen-Stimulated RBL-2H3 Mast Cells. Mol Pharmacol 67: 598-603. 

Hiragun T, Peng Z, and Beaven MA (2006) Cutting Edge: Dexamethasone Negatively Regulates 

Syk in Mast Cells by Up-Regulating SRC-Like Adaptor Protein. J Immunol 177: 2047-2050. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

29 

Hofmann TG and Schmitz ML (2002) The Promoter Context Determines Mutual Repression or 

Synergism Between NF-KappaB and the Glucocorticoid Receptor. Biol Chem 383: 1947-1951. 

Humphrey EL, Williams JH, Davie MW, and Marshall MJ (2006) Effects of Dissociated 

Glucocorticoids on OPG and RANKL in Osteoblastic Cells. Bone 38: 652-661. 

Issa R, Xie S, Khorasani N, Sukkar M, Adcock IM, Lee KY, and Chung KF (2007) 

Corticosteroid Inhibition of Growth-Related Oncogene Protein-{Alpha} Via Mitogen-

Activated Kinase Phosphatase-1 in Airway Smooth Muscle Cells. J Immunol 178: 7366-7375. 

Ito K, Barnes PJ, and Adcock IM (2000) Glucocorticoid Receptor Recruitment of Histone 

Deacetylase 2 Inhibits Interleukin-1beta-Induced Histone H4 Acetylation on Lysines 8 and 12. 

Mol Cell Biol 20: 6891-6903. 

Ito K, Jazrawi E, Cosio B, Barnes PJ, and Adcock IM (2001) P65-Activated Histone 

Acetyltransferase Activity Is Repressed by Glucocorticoids: Mifepristone Fails to Recruit 

HDAC2 to the P65-HAT Complex. J Biol Chem 276: 30208-30215. 

Ito K, Yamamura S, Essilfie-Quaye S, Cosio B, Ito M, Barnes PJ, and Adcock IM (2006) Histone 

Deacetylase 2-Mediated Deacetylation of the Glucocorticoid Receptor Enables NF-KappaB 

Suppression. J Exp Med 203: 7-13. 

Jalonen U, Lahti A, Korhonen R, Kankaanranta H, and Moilanen E (2005) Inhibition of 

Tristetraprolin Expression by Dexamethasone in Activated Macrophages. Biochem Pharmacol 

69: 733-740. 

Janka-Junttila M, Moilanen E, Hasala H, Zhang X, Adcock I, and Kankaanranta H (2006) The 

Glucocorticoid RU24858 Does Not Distinguish Between Transrepression and Transactivation 

in Primary Human Eosinophils. J Inflamm (Lond) 3: 10. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

30 

Jantzen HM, Strahle U, Gloss B, Stewart F, Schmid W, Boshart M, Miksicek R, and Schutz G 

(1987) Cooperativity of Glucocorticoid Response Elements Located Far Upstream of the 

Tyrosine Aminotransferase Gene. Cell 49: 29-38. 

Jonat C, Rahmsdorf HJ, Park KK, Cato AC, Gebel S, Ponta H, and Herrlich P (1990) Antitumor 

Promotion and Antiinflammation: Down-Modulation of AP-1 (Fos/Jun) Activity by 

Glucocorticoid Hormone. Cell 62: 1189-1204. 

Kabotyanski EB, Huetter M, Xian W, Rijnkels M, and Rosen JM (2006) Integration of Prolactin 

and Glucocorticoid Signaling at the Beta-Casein Promoter and Enhancer by Ordered 

Recruitment of Specific Transcription Factors and Chromatin Modifiers. Mol Endocrinol 20: 

2355-2368. 

Kamei Y, Xu L, Heinzel T, Torchia J, Kurokawa R, Gloss B, Lin SC, Heyman RA, Rose DW, 

Glass CK, and Rosenfeld MG (1996) A CBP Integrator Complex Mediates Transcriptional 

Activation and AP-1 Inhibition by Nuclear Receptors. Cell 85: 403-414. 

Kassel O, Sancono A, Kratzschmar J, Kreft B, Stassen M, and Cato AC (2001) Glucocorticoids 

Inhibit MAP Kinase Via Increased Expression and Decreased Degradation of MKP-1. EMBO J 

20: 7108-7116. 

Kauppi B, Jakob C, Farnegardh M, Yang J, Ahola H, Alarcon M, Calles K, Engstrom O, Harlan 

J, Muchmore S, Ramqvist AK, Thorell S, Ohman L, Greer J, Gustafsson JA, Carlstedt-Duke J, 

and Carlquist M (2003) The Three-Dimensional Structures of Antagonistic and Agonistic 

Forms of the Glucocorticoid Receptor Ligand-Binding Domain: RU-486 Induces a 

Transconformation That Leads to Active Antagonism. J Biol Chem 278: 22748-22754. 

Kemppainen RJ and Behrend EN (1998) Dexamethasone Rapidly Induces a Novel Ras 

Superfamily Member-Related Gene in AtT-20 Cells. J Biol Chem 273: 3129-3131. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

31 

Kern JA, Lamb RJ, Reed JC, Daniele RP, and Nowell PC (1988) Dexamethasone Inhibition of 

Interleukin 1 Beta Production by Human Monocytes. Posttranscriptional Mechanisms. J Clin 

Invest 81: 237-244. 

Kleinert H, Euchenhofer C, Ihrig-Biedert I, and Forstermann U (1996) Glucocorticoids Inhibit 

the Induction of Nitric Oxide Synthase II by Down-Regulating Cytokine-Induced Activity of 

Transcription Factor Nuclear Factor-Kappa B. Mol Pharmacol 49: 15-21. 

Konig H, Ponta H, Rahmsdorf HJ, and Herrlich P (1992) Interference Between Pathway-Specific 

Transcription Factors: Glucocorticoids Antagonize Phorbol Ester-Induced AP-1 Activity 

Without Altering AP-1 Site Occupation in Vivo. EMBO J 11: 2241-2246. 

Kordula T and Travis J (1996) The Role of Stat and C/EBP Transcription Factors in the 

Synergistic Activation of Rat Serine Protease Inhibitor-3 Gene by Interleukin-6 and 

Dexamethasone. Biochem J 313: 1019-1027. 

Korhonen R, Lahti A, Hamalainen M, Kankaanranta H, and Moilanen E (2002) Dexamethasone 

Inhibits Inducible Nitric-Oxide Synthase Expression and Nitric Oxide Production by 

Destabilizing MRNA in Lipopolysaccharide-Treated Macrophages. Mol Pharmacol 62: 698-

704. 

Kurokouchi K, Kambe F, Kikumori T, Sakai T, Sarkar D, Ishiguro N, Iwata H, and Seo H (2000) 

Effects of Glucocorticoids on Tumor Necrosis Factor Alpha-Dependent Activation of Nuclear 

Factor KappaB and Expression of the Intercellular Adhesion Molecule 1 Gene in Osteoblast-

Like ROS17/2.8 Cells. J Bone Miner Res 15: 1707-1715. 

Lai WS, Carballo E, Strum JR, Kennington EA, Phillips RS, and Blackshear PJ (1999) Evidence 

That Tristetraprolin Binds to AU-Rich Elements and Promotes the Deadenylation and 

Destabilization of Tumor Necrosis Factor Alpha MRNA. Mol Cell Biol 19: 4311-4323. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

32 

Lasa M, Abraham SM, Boucheron C, Saklatvala J, and Clark AR (2002) Dexamethasone Causes 

Sustained Expression of Mitogen-Activated Protein Kinase (MAPK) Phosphatase 1 and 

Phosphatase-Mediated Inhibition of MAPK P38. Mol Cell Biol 22: 7802-7811. 

Lasa M, Brook M, Saklatvala J, and Clark AR (2001) Dexamethasone Destabilizes 

Cyclooxygenase 2 MRNA by Inhibiting Mitogen-Activated Protein Kinase P38. Mol Cell Biol 

21: 771-780. 

Lasa M, Mahtani KR, Finch A, Brewer G, Saklatvala J, and Clark AR (2000) Regulation of 

Cyclooxygenase 2 MRNA Stability by the Mitogen-Activated Protein Kinase P38 Signaling 

Cascade. Mol Cell Biol 20: 4265-4274. 

Lee JC, Laydon JT, McDonnell PC, Gallagher TF, Kumar S, Green D, McNulty D, Blumenthal 

MJ, Heys JR, Landvatter SW, and . (1994) A Protein Kinase Involved in the Regulation of 

Inflammatory Cytokine Biosynthesis. Nature 372: 739-746. 

Lerner L, Henriksen MA, Zhang X, and Darnell JE, Jr. (2003) STAT3-Dependent Enhanceosome 

Assembly and Disassembly: Synergy With GR for Full Transcriptional Increase of the Alpha 

2-Macroglobulin Gene. Genes Dev 17: 2564-2577. 

Liden J, Delaunay F, Rafter I, Gustafsson J, and Okret S (1997) A New Function for the C-

Terminal Zinc Finger of the Glucocorticoid Receptor. Repression of RelA Transactivation. J 

Biol Chem 272: 21467-21472. 

Liu Y, Gorospe M, Yang C, and Holbrook NJ (1995) Role of Mitogen-Activated Protein Kinase 

Phosphatase During the Cellular Response to Genotoxic Stress. Inhibition of C-Jun N-Terminal 

Kinase Activity and AP-1-Dependent Gene Activation. J Biol Chem 270: 8377-8380. 

Losel RM, Falkenstein E, Feuring M, Schultz A, Tillmann HC, Rossol-Haseroth K, and Wehling 

M (2003) Nongenomic Steroid Action: Controversies, Questions, and Answers. Physiol Rev 

83: 965-1016. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

33 

Luecke HF and Yamamoto KR (2005) The Glucocorticoid Receptor Blocks P-TEFb Recruitment 

by NFkappaB to Effect Promoter-Specific Transcriptional Repression. Genes Dev 19: 1116-

1127. 

Martens C, Bilodeau S, Maira M, Gauthier Y, and Drouin J (2005) Protein-Protein Interactions 

and Transcriptional Antagonism Between the Subfamily of NGFI-B/Nur77 Orphan Nuclear 

Receptors and Glucocorticoid Receptor. Mol Endocrinol 19: 885-897. 

McKay LI and Cidlowski JA (1998) Cross-Talk Between Nuclear Factor-Kappa B and the 

Steroid Hormone Receptors: Mechanisms of Mutual Antagonism. Mol Endocrinol 12: 45-56. 

McKay LI and Cidlowski JA (2000) CBP (CREB Binding Protein) Integrates NF-KappaB 

(Nuclear Factor-KappaB) and Glucocorticoid Receptor Physical Interactions and Antagonism. 

Mol Endocrinol 14: 1222-1234. 

McKenna NJ and O'Malley BW (2002) Minireview: Nuclear Receptor Coactivators--an Update. 

Endocrinology 143: 2461-2465. 

Meijer OC, Kalkhoven E, van der LS, Steenbergen PJ, Houtman SH, Dijkmans TF, Pearce D, 

and de Kloet ER (2005) Steroid Receptor Coactivator-1 Splice Variants Differentially Affect 

Corticosteroid Receptor Signaling. Endocrinology 146: 1438-1448. 

Meyer T, Carlstedt-Duke J, and Starr DB (1997) A Weak TATA Box Is a Prerequisite for 

Glucocorticoid-Dependent Repression of the Osteocalcin Gene. J Biol Chem 272: 30709-

30714. 

Mittelstadt PR and Ashwell JD (2001) Inhibition of AP-1 by the Glucocorticoid-Inducible 

Protein GILZ. J Biol Chem 276: 29603-29610. 

Mukaida N, Morita M, Ishikawa Y, Rice N, Okamoto S, Kasahara T, and Matsushima K (1994) 

Novel Mechanism of Glucocorticoid-Mediated Gene Repression. Nuclear Factor-Kappa B Is 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

34 

Target for Glucocorticoid-Mediated Interleukin 8 Gene Repression. J Biol Chem 269: 13289-

13295. 

Mukhopadhyay SS, Wyszomierski SL, Gronostajski RM, and Rosen JM (2001) Differential 

Interactions of Specific Nuclear Factor I Isoforms With the Glucocorticoid Receptor and 

STAT5 in the Cooperative Regulation of WAP Gene Transcription. Mol Cell Biol 21: 6859-

6869. 

Mullick J, Anandatheerthavarada HK, Amuthan G, Bhagwat SV, Biswas G, Camasamudram V, 

Bhat NK, Reddy SE, Rao V, and Avadhani NG (2001) Physical Interaction and Functional 

Synergy Between Glucocorticoid Receptor and Ets2 Proteins for Transcription Activation of 

the Rat Cytochrome P-450c27 Promoter. J Biol Chem 276: 18007-18017. 

Newton R (2000) Molecular Mechanisms of Glucocorticoid Action: What Is Important? Thorax 

55: 603-613. 

Newton R, Hart LA, Stevens DA, Bergmann M, Donnelly LE, Adcock IM, and Barnes PJ 

(1998a) Effect of Dexamethasone on Interleukin-1beta-(IL-1beta)-Induced Nuclear Factor-

KappaB (NF-KappaB) and KappaB-Dependent Transcription in Epithelial Cells. Eur J 

Biochem 254: 81-89. 

Newton R and Holden N (2003) Inhibitors of P38 Mitogen-Activated Protein Kinase: Potential 

As Anti-Inflammatory Agents in Asthma? BioDrugs 17: 113-129. 

Newton R, Seybold J, Kuitert LM, Bergmann M, and Barnes PJ (1998b) Repression of 

Cyclooxygenase-2 and Prostaglandin E2 Release by Dexamethasone Occurs by Transcriptional 

and Post-Transcriptional Mechanisms Involving Loss of Polyadenylated MRNA. J Biol Chem 

273: 32312-32321. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

35 

Nguyen CH and Watts VJ (2006) Dexamethasone-Induced Ras Protein 1 Negatively Regulates 

Protein Kinase C Delta: Implications for Adenylyl Cyclase 2 Signaling. Mol Pharmacol 69: 

1763-1771. 

Nissen RM and Yamamoto KR (2000) The Glucocorticoid Receptor Inhibits NFkappaB by 

Interfering With Serine-2 Phosphorylation of the RNA Polymerase II Carboxy-Terminal 

Domain. Genes Dev 14: 2314-2329. 

Ohtsuka T, Kubota A, Hirano T, Watanabe K, Yoshida H, Tsurufuji M, Iizuka Y, Konishi K, and 

Tsurufuji S (1996) Glucocorticoid-Mediated Gene Suppression of Rat Cytokine-Induced 

Neutrophil Chemoattractant CINC/Gro, a Member of the Interleukin-8 Family, Through 

Impairment of NF-Kappa B Activation. J Biol Chem 271: 1651-1659. 

Pearce D, Matsui W, Miner JN, and Yamamoto KR (1998) Glucocorticoid Receptor 

Transcriptional Activity Determined by Spacing of Receptor and Nonreceptor DNA Sites. J 

Biol Chem 273: 30081-30085. 

Pearce D and Yamamoto KR (1993) Mineralocorticoid and Glucocorticoid Receptor Activities 

Distinguished by Nonreceptor Factors at a Composite Response Element. Science 259: 1161-

1165. 

Peppel K, Vinci JM, and Baglioni C (1991) The AU-Rich Sequences in the 3' Untranslated 

Region Mediate the Increased Turnover of Interferon MRNA Induced by Glucocorticoids. J 

Exp Med 173: 349-355. 

Planey SL, Abrams MT, Robertson NM, and Litwack G (2003) Role of Apical Caspases and 

Glucocorticoid-Regulated Genes in Glucocorticoid-Induced Apoptosis of Pre-B Leukemic 

Cells. Cancer Res 63: 172-178. 

Pratt WB, Galigniana MD, Harrell JM, and DeFranco DB (2004) Role of Hsp90 and the Hsp90-

Binding Immunophilins in Signalling Protein Movement. Cell Signal 16: 857-872. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

36 

Ray A and Prefontaine KE (1994) Physical Association and Functional Antagonism Between the 

P65 Subunit of Transcription Factor NF-Kappa B and the Glucocorticoid Receptor. Proc Natl 

Acad Sci U S A 91: 752-756. 

Ray KP, Farrow S, Daly M, Talabot F, and Searle N (1997) Induction of the E-Selectin Promoter 

by Interleukin 1 and Tumour Necrosis Factor Alpha, and Inhibition by Glucocorticoids. 

Biochem J 328: 707-715. 

Re F, Muzio M, De Rossi M, Polentarutti N, Giri JG, Mantovani A, and Colotta F (1994) The 

Type II "Receptor" As a Decoy Target for Interleukin 1 in Polymorphonuclear Leukocytes: 

Characterization of Induction by Dexamethasone and Ligand Binding Properties of the 

Released Decoy Receptor. J Exp Med 179: 739-743. 

Reichardt HM, Kaestner KH, Tuckermann J, Kretz O, Wessely O, Bock R, Gass P, Schmid W, 

Herrlich P, Angel P, and Schutz G (1998) DNA Binding of the Glucocorticoid Receptor Is Not 

Essential for Survival. Cell 93: 531-541. 

Reichardt HM, Tuckermann JP, Gottlicher M, Vujic M, Weih F, Angel P, Herrlich P, and Schutz 

G (2001) Repression of Inflammatory Responses in the Absence of DNA Binding by the 

Glucocorticoid Receptor. EMBO J 20: 7168-7173. 

Reisman D and Thompson EA (1995) Glucocorticoid Regulation of Cyclin D3 Gene 

Transcription and MRNA Stability in Lymphoid Cells. Mol Endocrinol 9: 1500-1509. 

Rhen T and Cidlowski JA (2005) Antiinflammatory Action of Glucocorticoids--New 

Mechanisms for Old Drugs. N Engl J Med 353: 1711-1723. 

Rogatsky I, Luecke HF, Leitman DC, and Yamamoto KR (2002) Alternate Surfaces of 

Transcriptional Coregulator GRIP1 Function in Different Glucocorticoid Receptor Activation 

and Repression Contexts. Proc Natl Acad Sci U S A 99: 16701-16706. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

37 

Rogatsky I, Wang JC, Derynck MK, Nonaka DF, Khodabakhsh DB, Haqq CM, Darimont BD, 

Garabedian MJ, and Yamamoto KR (2003) Target-Specific Utilization of Transcriptional 

Regulatory Surfaces by the Glucocorticoid Receptor. Proc Natl Acad Sci U S A 100: 13845-

13850. 

Rogatsky I, Zarember KA, and Yamamoto KR (2001) Factor Recruitment and TIF2/GRIP1 

Corepressor Activity at a Collagenase-3 Response Element That Mediates Regulation by 

Phorbol Esters and Hormones. EMBO J 20: 6071-6083. 

Sakai DD, Helms S, Carlstedt-Duke J, Gustafsson JA, Rottman FM, and Yamamoto KR (1988) 

Hormone-Mediated Repression: a Negative Glucocorticoid Response Element From the 

Bovine Prolactin Gene. Genes Dev 2: 1144-1154. 

Schacke H, Docke WD, and Asadullah K (2002) Mechanisms Involved in the Side Effects of 

Glucocorticoids. Pharmacol Ther 96: 23-43. 

Schacke H, Schottelius A, Docke WD, Strehlke P, Jaroch S, Schmees N, Rehwinkel H, Hennekes 

H, and Asadullah K (2004) Dissociation of Transactivation From Transrepression by a 

Selective Glucocorticoid Receptor Agonist Leads to Separation of Therapeutic Effects From 

Side Effects. Proc Natl Acad Sci U S A 101: 227-232. 

Scheinman RI, Cogswell PC, Lofquist AK, and Baldwin AS, Jr. (1995a) Role of Transcriptional 

Activation of I Kappa B Alpha in Mediation of Immunosuppression by Glucocorticoids. 

Science 270: 283-286. 

Scheinman RI, Gualberto A, Jewell CM, Cidlowski JA, and Baldwin AS, Jr. (1995b) 

Characterization of Mechanisms Involved in Transrepression of NF-Kappa B by Activated 

Glucocorticoid Receptors. Mol Cell Biol 15: 943-953. 

Schule R, Muller M, Kaltschmidt C, and Renkawitz R (1988) Many Transcription Factors 

Interact Synergistically With Steroid Receptors. Science 242: 1418-1420. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

38 

Schule R, Rangarajan P, Kliewer S, Ransone LJ, Bolado J, Yang N, Verma IM, and Evans RM 

(1990) Functional Antagonism Between Oncoprotein C-Jun and the Glucocorticoid Receptor. 

Cell 62: 1217-1226. 

Shah N and Scanlan TS (2004) Design and Evaluation of Novel Nonsteroidal Dissociating 

Glucocorticoid Receptor Ligands. Bioorg Med Chem Lett 14: 5199-5203. 

Sheppard KA, Phelps KM, Williams AJ, Thanos D, Glass CK, Rosenfeld MG, Gerritsen ME, and 

Collins T (1998) Nuclear Integration of Glucocorticoid Receptor and Nuclear Factor-KappaB 

Signaling by CREB-Binding Protein and Steroid Receptor Coactivator-1. J Biol Chem 273: 

29291-29294. 

Simpson CS and Morris BJ (1999) Activation of Nuclear Factor KappaB by Nitric Oxide in Rat 

Striatal Neurones: Differential Inhibition of the P50 and P65 Subunits by Dexamethasone. J 

Neurochem 73: 353-361. 

Slack DN, Seternes OM, Gabrielsen M, and Keyse SM (2001) Distinct Binding Determinants for 

ERK2/P38alpha and JNK Map Kinases Mediate Catalytic Activation and Substrate Selectivity 

of Map Kinase Phosphatase-1. J Biol Chem 276: 16491-16500. 

Smoak K and Cidlowski JA (2006) Glucocorticoids Regulate Tristetraprolin Synthesis and 

Posttranscriptionally Regulate Tumor Necrosis Factor Alpha Inflammatory Signaling. Mol Cell 

Biol 26: 9126-9135. 

So AY, Chaivorapol C, Bolton EC, Li H, and Yamamoto KR (2007) Determinants of Cell- and 

Gene-Specific Transcriptional Regulation by the Glucocorticoid Receptor. PLoS Genet 3: e94. 

Staples KJ, Bergmann MW, Barnes PJ, and Newton R (2003) Evidence for Post-Transcriptional 

Regulation of Interleukin-5 by Dexamethasone. Immunology 109: 527-535. 

Stellato C (2004) Post-Transcriptional and Nongenomic Effects of Glucocorticoids. Proc Am 

Thorac Soc 1: 255-263. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

39 

Stocklin E, Wissler M, Gouilleux F, and Groner B (1996) Functional Interactions Between Stat5 

and the Glucocorticoid Receptor. Nature 383: 726-728. 

Strahle U, Schmid W, and Schutz G (1988) Synergistic Action of the Glucocorticoid Receptor 

With Transcription Factors. EMBO J 7: 3389-3395. 

Stromstedt PE, Poellinger L, Gustafsson JA, and Carlstedt-Duke J (1991) The Glucocorticoid 

Receptor Binds to a Sequence Overlapping the TATA Box of the Human Osteocalcin 

Promoter: a Potential Mechanism for Negative Regulation. Mol Cell Biol 11: 3379-3383. 

Subramaniam N, Cairns W, and Okret S (1998) Glucocorticoids Repress Transcription From a 

Negative Glucocorticoid Response Element Recognized by Two Homeodomain-Containing 

Proteins, Pbx and Oct-1. J Biol Chem 273: 23567-23574. 

Swantek JL, Cobb MH, and Geppert TD (1997) Jun N-Terminal Kinase/Stress-Activated Protein 

Kinase (JNK/SAPK) Is Required for Lipopolysaccharide Stimulation of Tumor Necrosis 

Factor Alpha (TNF-Alpha) Translation: Glucocorticoids Inhibit TNF-Alpha Translation by 

Blocking JNK/SAPK. Mol Cell Biol 17: 6274-6282. 

Tai TC, Claycomb R, Her S, Bloom AK, and Wong DL (2002) Glucocorticoid Responsiveness of 

the Rat Phenylethanolamine N-Methyltransferase Gene. Mol Pharmacol 61: 1385-1392. 

Takeda T, Kurachi H, Yamamoto T, Nishio Y, Nakatsuji Y, Morishige K, Miyake A, and Murata 

Y (1998) Crosstalk Between the Interleukin-6 (IL-6)-JAK-STAT and the Glucocorticoid-

Nuclear Receptor Pathway: Synergistic Activation of IL-6 Response Element by IL-6 and 

Glucocorticoid. J Endocrinol 159: 323-330. 

Tanigawa K, Tanaka K, Nagase H, Miyake H, Kiniwa M, and Ikizawa K (2002) Cell Type-

Dependent Divergence of Transactivation by Glucocorticoid Receptor Ligand. Biol Pharm Bull 

25: 1619-1622. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

40 

Tao Y, Williams-Skipp C, and Scheinman RI (2001) Mapping of Glucocorticoid Receptor DNA 

Binding Domain Surfaces Contributing to Transrepression of NF-Kappa B and Induction of 

Apoptosis. J Biol Chem 276: 2329-2332. 

Teurich S and Angel P (1995) The Glucocorticoid Receptor Synergizes With Jun Homodimers to 

Activate AP-1-Regulated Promoters Lacking GR Binding Sites. Chem Senses 20: 251-255. 

Tronche F, Opherk C, Moriggl R, Kellendonk C, Reimann A, Schwake L, Reichardt HM, Stangl 

K, Gau D, Hoeflich A, Beug H, Schmid W, and Schutz G (2004) Glucocorticoid Receptor 

Function in Hepatocytes Is Essential to Promote Postnatal Body Growth. Genes Dev 18: 492-

497. 

Tuckermann JP, Reichardt HM, Arribas R, Richter KH, Schutz G, and Angel P (1999) The DNA 

Binding-Independent Function of the Glucocorticoid Receptor Mediates Repression of AP-1-

Dependent Genes in Skin. J Cell Biol 147: 1365-1370. 

Uings IJ and Farrow SN (2005) A Pharmacological Approach to Enhancing the Therapeutic 

Index of Corticosteroids in Airway Inflammatory Disease. Curr Opin Pharmacol 5: 221-226. 

Van de Stolpe A, Caldenhoven E, Stade BG, Koenderman L, Raaijmakers JA, Johnson JP, and 

van der Saag PT (1994) 12-O-Tetradecanoylphorbol-13-Acetate- and Tumor Necrosis Factor 

Alpha-Mediated Induction of Intercellular Adhesion Molecule-1 Is Inhibited by 

Dexamethasone. Functional Analysis of the Human Intercellular Adhesion Molecular-1 

Promoter. J Biol Chem 269: 6185-6192. 

Vanden Berghe W, Francesconi E, De Bosscher K, Resche-Rigon M, and Haegeman G (1999) 

Dissociated Glucocorticoids With Anti-Inflammatory Potential Repress Interleukin-6 Gene 

Expression by a Nuclear Factor-KappaB-Dependent Mechanism. Mol Pharmacol 56: 797-806. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

41 

Vayssiere BM, Dupont S, Choquart A, Petit F, Garcia T, Marchandeau C, Gronemeyer H, and 

Resche-Rigon M (1997) Synthetic Glucocorticoids That Dissociate Transactivation and AP-1 

Transrepression Exhibit Antiinflammatory Activity in Vivo. Mol Endocrinol 11: 1245-1255. 

Wang J, Zhu Z, Nolfo R, and Elias JA (1999) Dexamethasone Regulation of Lung Epithelial Cell 

and Fibroblast Interleukin-11 Production. Am J Physiol 276: L175-L185. 

Wang JC, Shah N, Pantoja C, Meijsing SH, Ho JD, Scanlan TS, and Yamamoto KR (2006a) 

Novel Arylpyrazole Compounds Selectively Modulate Glucocorticoid Receptor Regulatory 

Activity. Genes Dev 20: 689-699. 

Wang Q, Blackford JA, Jr., Song LN, Huang Y, Cho S, and Simons SS, Jr. (2004) Equilibrium 

Interactions of Corepressors and Coactivators With Agonist and Antagonist Complexes of 

Glucocorticoid Receptors. Mol Endocrinol 18: 1376-1395. 

Wang Y, Zhang JJ, Dai W, Lei KY, and Pike JW (1997) Dexamethasone Potently Enhances 

Phorbol Ester-Induced IL-1beta Gene Expression and Nuclear Factor NF-KappaB Activation. J 

Immunol 159: 534-537. 

Wang Z, Malone MH, He H, McColl KS, and Distelhorst CW (2003) Microarray Analysis 

Uncovers the Induction of the Proapoptotic BH3-Only Protein Bim in Multiple Models of 

Glucocorticoid-Induced Apoptosis. J Biol Chem 278: 23861-23867. 

Wang Z, Rong YP, Malone MH, Davis MC, Zhong F, and Distelhorst CW (2006b) Thioredoxin-

Interacting Protein (Txnip) Is a Glucocorticoid-Regulated Primary Response Gene Involved in 

Mediating Glucocorticoid-Induced Apoptosis. Oncogene 25: 1903-1913. 

Webster JC, Huber RM, Hanson RL, Collier PM, Haws TF, Mills JK, Burn TC, and Allegretto 

EA (2002) Dexamethasone and Tumor Necrosis Factor-Alpha Act Together to Induce the 

Cellular Inhibitor of Apoptosis-2 Gene and Prevent Apoptosis in a Variety of Cell Types. 

Endocrinology 143: 3866-3874. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

42 

Wesselborg S, Bauer MK, Vogt M, Schmitz ML, and Schulze-Osthoff K (1997) Activation of 

Transcription Factor NF-KappaB and P38 Mitogen-Activated Protein Kinase Is Mediated by 

Distinct and Separate Stress Effector Pathways. J Biol Chem 272: 12422-12429. 

Winzen R, Kracht M, Ritter B, Wilhelm A, Chen CY, Shyu AB, Muller M, Gaestel M, Resch K, 

and Holtmann H (1999) The P38 MAP Kinase Pathway Signals for Cytokine-Induced MRNA 

Stabilization Via MAP Kinase-Activated Protein Kinase 2 and an AU-Rich Region-Targeted 

Mechanism. EMBO J 18: 4969-4980. 

Wissink S, van Heerde EC, vand der BB, and van der Saag PT (1998) A Dual Mechanism 

Mediates Repression of NF-KappaB Activity by Glucocorticoids. Mol Endocrinol 12: 355-363. 

Wu J, Li Y, Dietz J, and Lala DS (2004) Repression of P65 Transcriptional Activation by the 

Glucocorticoid Receptor in the Absence of Receptor-Coactivator Interactions. Mol Endocrinol 

18: 53-62. 

Wu JJ, Zhang L, and Bennett AM (2005) The Noncatalytic Amino Terminus of Mitogen-

Activated Protein Kinase Phosphatase 1 Directs Nuclear Targeting and Serum Response 

Element Transcriptional Regulation. Mol Cell Biol 25: 4792-4803. 

Wyszomierski SL and Rosen JM (2001) Cooperative Effects of STAT5 (Signal Transducer and 

Activator of Transcription 5) and C/EBPbeta (CCAAT/Enhancer-Binding Protein-Beta) on 

Beta-Casein Gene Transcription Are Mediated by the Glucocorticoid Receptor. Mol 

Endocrinol 15: 228-240. 

Xu M, Modarress KJ, Meeker JE, and Simons SS, Jr. (1999) Steroid-Induced Conformational 

Changes of Rat Glucocorticoid Receptor Cause Altered Trypsin Cleavage of the Putative Helix 

6 in the Ligand Binding Domain. Mol Cell Endocrinol 155: 85-100. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

43 

Yang-Yen HF, Chambard JC, Sun YL, Smeal T, Schmidt TJ, Drouin J, and Karin M (1990) 

Transcriptional Interference Between C-Jun and the Glucocorticoid Receptor: Mutual 

Inhibition of DNA Binding Due to Direct Protein-Protein Interaction. Cell 62: 1205-1215. 

Yao XL, Cowan MJ, Gladwin MT, Lawrence MM, Angus CW, and Shelhamer JH (1999) 

Dexamethasone Alters Arachidonate Release From Human Epithelial Cells by Induction of 

P11 Protein Synthesis and Inhibition of Phospholipase A2 Activity. J Biol Chem 274: 17202-

17208. 

Young JD, Lawrence AJ, MacLean AG, Leung BP, McInnes IB, Canas B, Pappin DJ, and 

Stevenson RD (1999) Thymosin Beta 4 Sulfoxide Is an Anti-Inflammatory Agent Generated by 

Monocytes in the Presence of Glucocorticoids. Nat Med 5: 1424-1427. 

Zhao Q, Shepherd EG, Manson ME, Nelin LD, Sorokin A, and Liu Y (2005) The Role of 

Mitogen-Activated Protein Kinase Phosphatase-1 in the Response of Alveolar Macrophages to 

Lipopolysaccharide: Attenuation of Proinflammatory Cytokine Biosynthesis Via Feedback 

Control of P38. J Biol Chem 280: 8101-8108. 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

44 

Footnotes 

 

a) Dr Newton is a Canadian Institutes of Health Research (CIHR) New Investigator and Alberta 

Heritage Foundation for Medical Research (AHFMR) Scholar. Work in Dr Newton's laboratory 

is supported by CIHR and AHFMR as well as by research awards from AstraZenenca, Altana and 

GlaxoSmithKline. 

 

b) Address correspondence to: Dr. Robert Newton, Department of Cell Biology & Anatomy, 

University of Calgary, 3330 Hospital Drive NW, Calgary, Alberta, T2N 4N1, CANADA 

e-mail: rnewton@ucalgary.ca 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 10, 2007 as DOI: 10.1124/mol.107.038794

 at A
SPE

T
 Journals on A

pril 19, 2024
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #38794 

45 

Legends for figures 

Fig. 1. Schematics of the transcriptional responses elicited by the glucocorticoid receptor (GR).  

A, GR is recruited to transcriptional promoter regions by binding DNA as a homodimer in the 

context of simple GRE sites (i, iv), or in conjunction with other transcription factors (X, Y) at 

composite sites (ii, v), or finally via interaction with another transcription factor without actually 

contacting the DNA itself (i.e. tethering) (iii, vi). In each scenario there may be positive or 

negative effects on transcription and the GRE site is described accordingly. The nature of the 

response elicited by GR is communicated to the basal transcriptional machinery, represented here 

as TATA binding protein (TBP) and RNA polymerase II (Pol II). B, Communication between 

GR and the transcriptional machinery is achieved via the recruitment of co-activators and co-

repressors to the transcription factor complex. i, To activate simple GRE-dependent transcription 

the co-activator CREB-binding protein (CBP) and a p160 protein family member (p160), often 

steroid receptor co-factor-1 (SRC-1), is bound by GR and links with the basal machinery. The 

intrinsic and the associated histone acetylase (HAT) activities of CBP, and others, results in 

histone, and transcription factor, acetylation. Subsequent opening of the chromatin structure 

around the promoter region facilitates transcriptional activation. ii, At tethering nGREs, 

transcriptional activators, such as NF-κB or AP-1 (X and Y), bind DNA in the context of co-

activators such as CBP. GR exerts a repressive effect by further recruiting p160 family members 

(not shown) and one or more histone deacetylases (HDAC), which deacetylate both the DNA in 

the promoter region leading to closing of the chromatin structure and GR to promote interaction 

with NF-κB. Finally, GR-dependent loss of the Pol II C-terminal domain kinase, P-TEFb, 

reduces phosphorylation of Pol II and reduces transcription of target genes.   
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Fig. 2. Global impact of glucocorticoid-inducible genes on inflammatory gene expression. A 

schematic representation the cascades leading to inflammatory gene expression is depicted with 

possible targets and sites of action for putative anti-inflammatory glucocorticoid-inducible genes. 

Activation of a pro-inflammatory cascade, following binding of cytokine to its cognate receptor 

in the plasma membrane (pm), is shown occurring via a number of kinases (K1-3). The signal 

crossed the nuclear membrane (nm) and leads to transcription factor (TF) activation and the 

production of inflammatory gene mRNA. Under the influence of further kinase cascades (here 

K1-3), the mRNA is stabilized and translated into protein. Finally, many proteins are exported 

into the extracellular space for function. Sites of action of glucocorticoid-inducible genes are 

indicated. The glucocorticoid-inducible type II IL-1 receptor (IL-1R) acts as a decoy receptor to 

prevent activation of the cell by IL-1. Dexras, Src-like adaptor protein (SLAP) and downstream 

of tyrosine kinase (Dok)-1 all inhibit, through a variety of mechanisms, the activation of signal 

transduction cascades. A similar role for glucocorticoid-induced leucine zipper (GILZ) protein is 

suggested. Mitogen activated protein kinase phosphatase (MKP)-1 is an inhibitor of the MAP 

kinase family and therefore impacts on numerous cellular mechanisms including activation of 

transcription, mRNA stability and translation. Inhibitor of κB (IκB) α and GILZ inhibit key 

inflammatory transcription factors (NF-κB and AP-1). Tristetraprolin (TTP) promotes 

deadenylation and degradation of mRNA. Lipocortin-1 and p11/calpactin binding protein inhibit 

PLA2. Finally secretory leucocyte protease inhibitor (SLPI) is a potent inhibitor of serine 

proteases. 
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Table 1. Examples of genes showing post-transcriptional regulation by glucocorticoids  

       

Common name 
(Gene symbol) 

Mode of repression 
by glucocorticoids 

Cell type Stimulus 

Sensitivity to 
transcriptional or 

translational 
blockade a 

Reference 

bradykinin B1 
receptor (BDKRB1) 

mRNA stability 
human lung 

fibroblast (HEL299) 
TNFα ND Haddad et al. 2000 

bradykinin B2 
receptor (BDKRB2) 

mRNA stability 
human lung 

fibroblast (HEL299) 
TNFα ND Haddad et al. 2000 

mRNA stability 
human lung 

fibroblast (IMR-90) 
IL-1β Y 

Ristimaki et al. 
1996 

transcriptional / 
mRNA stability 

human pulmonary 
type II (A549) 

IL-1β Y Newton et al. 1998 
COX-2 

(PTGS2) 
mRNA stability 

p38 MAPK 
human fibroblast 

(Hela) 
MKK6 Y Lasa et al. 2001 

cyclin D3 mRNA stability 
murine T lymphoma 

(P1798) 
Cell cycle Y 

Reisman and 
Thompson 1995 

IFN β 
(Ifnb1) 

mRNA stability 
murine fibroblast 

(L929) 
- N Peppel et al. 1991 

GM-CSF 
(CSF1) 

mRNA stability 
human lung 

fibroblast (WI38) 
TNFα Y Tobler et al. 1992 

IL-4Rα 
(IL4R) 

mRNA stability human lymphocytes PMA ND Mozo et al. 1998 

translational / post-
translational 

human PBMC LPS ND Kern et al. 1988 

post-transcriptional 
human monocytic 

(U937) 
LPS ND Knudsen et al. 1987 

IL-1β 
(IL1B) 

transcriptional / 
mRNA stability 

human monocytic 
(U937) 

PMA / LPS Y Lee et al. 1988 

IL-6 
(IL6) 

mRNA stability 
human lung 

fibroblast (WI38) 
TNFα Y Tobler et al. 1992 
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mRNA stability 
human lung 

fibroblast (WI38) 
TNFα Y Tobler et al. 1992 

IL-8 
(CXCL8) transcriptional / 

mRNA stability 
human pulmonary 

type II (A549) 
IL-1β Y Chivers et al. 2006 

IL-11 
(CCL27) 

transcriptional / 
mRNA stability 

human pulmonary 
type II (A549) 

TGFβ ND Wang et al. 1999 

iNOS 
(NOS2) 

mRNA stability 
murine macrophage 

(J774) 
LPS Y 

Korhonen et al. 
2002 

MCP-1 
(CCL2) 

mRNA stability 
rat arterial smooth 

muscle cells 
PDGF N Poon et al. 1999 

 

Selected examples of genes that are inhibited by glucocorticoids are listed.  Details of the mode of repression, cell type and the 

inducing stimulus are provided. a The ability of either transcriptional or translational inhibitors, when added after the glucocorticoid, to 

block the repressive effects of glucocorticoids is indicated (Y = yes, N = no, ND  = No determined). References are either cited within 

the main body of the text or are may be found in Newton (2000) or Stellato (2004). Abbreviations not found in the main text are: IFN, 

interferon; MKK, MAPK kinase; PDGF, platelet-derived growth factor; PMA, phorbol 12-myristate 13-acetate. 

 

 

 

T
his article has not been copyedited and form

atted. T
he final version m

ay differ from
 this version.

M
olecular Pharm

acology Fast Forw
ard. Published on July 10, 2007 as D

O
I: 10.1124/m

ol.107.038794
 at ASPET Journals on April 19, 2024 molpharm.aspetjournals.org Downloaded from 

http://molpharm.aspetjournals.org/


CBP

Pol II
TBP

GR
X Y

GR
X Y

Pol II
TBP

+ -

Pol II
TBPX Y

GR
+

X Y

GR
Pol II

TBP

-

Class of GRE Positive GREs Negative GREs
(transactivation) (transrepression)

Simple

composite

tethering

Pol II
TBP

-
GR GR

i

iii

GR GR
iv

vi

+
Pol II

TBP

ii v

A

B

Pol II
TBP

GR GR
i

Pol II
TBPX Y

GRii
CBP

HDACHAT
p160

Ac Ac

Ac Ac

Ac Ac

P-TEFb

Ac
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TF TF

K1

K2

K3

TF TF

AAAAAA

Inflammatory
protein

inflammatory  gene

cytokine

TF binding site

X

pm

nm

transcription

translation

Type II
IL-1R Inflammatory

protein

Dok-1

SLAP

Dexras

GILZ (?)

MKP-1

IκBα

GILZ

TTP

p11

SLPI

translational
control

mRNA
stabilization

Lipocortin-1
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