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Allergic airway inflammation, a cardinal pathological feature of asthma is driven by 

production of IL-4, IL-5, and IL-13. Together, these mediators are referred to as ‘Th2 

cytokines’ because a major producer of them is the differentiated CD4+ T-helper 2 (Th2) 

cell. IL-4 drives allergic sensitization, IgE production, and Th2 cell differentiation. IL-5 is 

critical in eosinophil accumulation and activation in the lung. IL-13 has pleiotropic effects in 

tissue remodeling and the development and progression of airway hyper-responsiveness. 

Because of these major effects, Th2 cytokines were identified as potential therapeutic targets 

for the treatment of asthma with a great hope in the field for their success (1). Unfortunately, 

the anti-Th2 cytokine therapeutics had generally poor results, although recent advances in 

identifying specific patients with endotypes responsive to these therapeutics have helped 

efficacy (2). These drugs likely struggled in the clinic because (in addition to their unique 

effects) the Th2 cytokines have numerous overlapping functions. Would it be possible 

therefore that upstream therapeutic targets like transcription factors that regulate multiple 

Th2 cytokine production would work better (3, 4)? To explore such option, it is imperative 

that we improve our understanding of the mechanisms that control the transcription of Th2 

cytokine genes, especially during allergic airway inflammation.

The genes for IL-4, IL-13, and IL-5 are clustered in a 120-kb region on chromosome 11 in 

mice and a 160-kb region on chromosome 5 in humans. Th2 cytokines are expressed in a T-

cell lineage-specific fashion and their transcription is therefore coordinately regulated by a 

complex network of transcription factors and other regulators that bind to gene promoters to 

activate and/or repress them. This process is accompanied by changes in chromatin structure 

(5). Indeed, the Th2 cytokine locus has been intensively studied as a model system of 

chromatin conformation of immune genes. How DNA is organized into three-dimensional 

structures in the nucleus and what are the functional consequences have been among the 

oldest questions in cell and molecular biology (6).

In this issue of Allergy, Hwang et al. (7) describe a specific region of DNA critical for 

transcription factor binding and complex formation that allows for efficient transcription of 

the Th2 cytokine genes. Transcription activators interact with the core transcription 

machinery through binding to enhancers while repressors work by recruiting corepressor 
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complexes leading to chromatin condensation of enhancer regions. Repressors and activators 

may also function by competing with each other for occupation of shared DNA-binding 

sequences (8). Whether a transcription factor is activated or not is determined by its 

localization and ability to bind DNA. The initiation, termination, and regulation of 

transcription are influenced by epigenetic and metabolic processes (9, 10) and require ‘DNA 

looping’, an important mechanism to bring the promoters, enhancers, transcription factors, 

and RNA polymerases together (11). The transcription factors that can induce signature 

cytokines for distinct effector CD4 T-cell lineages and are both necessary and sufficient to 

elicit this process are called ‘master regulators’ (9).

Th2 cytokine genes are expressed preferentially from one chromosome rather than at 

random suggesting coordinated expression. How do master regulators act to activate the Th2 

locus in a coordinated fashion? A locus control region (LCR) is a cis-acting element that 

confers tissue-specific high-level expression to linked genes. To identify the LCR, 

investigators deleted the conserved noncoding sequence-1 (CNS-1) in the Th2 cytokine 

locus and found that this reduced Th2 cell frequency (12) but did affect copy number-

dependent expression of a linked IL-4 promoter reporter in transgenic mice. This suggested 

that CNS-1 is not an LCR but rather an important enhancer. Another study demonstrated that 

none of the previously described DNase I hypersensitive sites or conserved sequences in the 

Th2 cytokine locus had LCR activity, either individually or in combination as a minilocus. 

However, by evaluating copy number dependency in mice containing transgenes encoding 

the whole Th2 cytokine locus, Lee et al. (13, 14) found the LCR, located within a 25-kb 

region containing the 3′ portion of the RAD50 gene. The Rad50 gene separates the IL-4 and 

IL-13 genes from the IL-5 gene (15–17) (Fig. 1). There are four sites within the Th2 LCR 

that are ‘DNase I hypersensitive’, [i.e. exposed chromatin, highly susceptible to binding by 

proteins like DNase I or transcription factors (15)], implying their importance in 

transcription. The DNase I hypersensitive sites of the Rad50 gene are RHS4, RHS5, RHS6, 

and RHS7 (16, 18). Indeed, it has been demonstrated that these sites coordinate transcription 

of the Th2 cytokine genes, although the importance of RHS4 has not been fully established 

(10, 17, 19). RHS6 is thought to be the most important of the four sites for Th2 cytokine 

transcription as it is essential for the expression of each of the IL-4, IL-5, and IL-13 genes 

(17).

Hwang et al. (7) here hypothesized that this regulatory element was critical to Th2 cytokine 

production during allergic airway inflammation. Using a model of ovalbumin-induced 

airway inflammation in mice, they established that RHS6 was required for the production of 

IL-4, IL-5, and IL-13 from Th2 cells and this effect was specific for Th2-type inflammation 

as a Th1/Th17-mediated lung disease model was unchanged in RHS6−/− mice. Because 

DNase I hypersensitive regions are typically important sites for transcription factor binding, 

Hwang et al. also hypothesized that transcription factors bound to RHS6 to coordinate 

transcription during allergic airway inflammation. Indeed, RHS6 contained a number of sites 

for transcription factor binding, including two direct sites for GATA3. While several 

transcription factors are implicated in the regulation of the Th2 cytokine genes, GATA3 is 

the master regulator of Th2 cell differentiation and is essential for expression of IL-5 and 

IL-13, but not IL-4 (20). The authors found that large protein complexes were formed at the 
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RHS6 DNA subregion, suggesting that additional transcription factors may also participate 

in Th2 cytokine gene activation.

To investigate what other transcription factors might be found to be bound to RHS6, the 

DNA subregions were isolated and mass spectrometry was used (7). Although many proteins 

were identified, SATB1 and IRF4 were assessed further because these transcription factors 

perform similar functions to GATA3. Notably, they were found in all of the isolated 

subregions of RHS6. IRF4 is required for Th2 cell differentiation, binds to the IL-4 promoter 

to induce its expression, and acts upstream and downstream of GATA3 (20). SATB1 

regulates GATA3, coordinating Th2 development (21). In the absence of RHS6, GATA3, 

IRF4, and SATB1 binding was reduced at all sites in the Th2 cytokine LCR. These data 

highlight the importance of RHS6 as the critical regulatory element for effective Th2 

cytokine transcription, as suggested by others (17). The authors also found that RHS6 was 

required for the formation of a physical protein complex comprised of GATA3, SATB1, and 

IRF4, among others. Transcription of IL-4, IL-5, and IL-13 was dependent on formation of 

this complex at RHS6. In the future, it would be interesting to understand what other 

transcription factors are present in this protein complex and how they function to mediate 

Th2 cytokine transcription. In addition, in NK/NKT cells Hwang et al. demonstrated that 

RHS6’s role in mediating Th2 cytokine transcription is conserved among cell types. Because 

RHS6 is located between the IL-4/IL-13 and IL-5 genes, it is intriguing that RHS6 can 

mediate the transcription of up- and downstream targets. This fact brings up the importance 

of the three-dimensional structure of chromatin and suggests that regulatory elements 

throughout the genome can have profound effects on genes both up- and downstream.

The present study by Hwang et al. revealed transcriptional insight into Th2-driven allergic 

airways disease. It was established that GATA3, IRF4, and SATB1 physically complex at 

RHS6 in the Rad50 gene of the Th2 cytokine locus during allergic airway inflammation. 

Presence of RHS6 was essential for the transcription factor complex formation, expression 

of Th2 cytokine genes, and allergic airway inflammation. There are a number of outstanding 

questions that remain for future investigations. The pathogenic significance of RHS6, for 

example, must be confirmed in CD4+ cells from asthmatic patients as they undergo Th2 

differentiation. Group 2 innate lymphoid cells have recently been implicated in the 

pathogenesis of asthma. These cells preferentially express IL-5 and IL-13 upon activation 

(22). It would be interesting to investigate whether RHS6 also coordinates cytokine 

transcription in these cells. A number of genomewide association studies have revealed that 

single nucleotide polymorphisms in the Rad50 gene are associated with asthma and allergy 

(23–25), but the involvement of the RHS6 region remain unclear in these. Importantly, the 

data presented here suggest that Th2 cytokine production is controlled by transcription factor 

binding to RHS6. Impeding the physical association of the GATA3, SATB1, and IRF4 

complex by targeting RHS6 presents an attractive, novel therapeutic possibility to reduce 

Th2 cytokine production during chronic airway inflammation. Further studies are warranted 

on targeting this and other mechanisms regulating coordinated Th2 cytokine transcription so 

that these potential therapeutics could become reality.
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Figure 1. 
Activation of the Th2 cytokine gene locus. Gene activation of Th2 cytokines (IL-4, IL-5, and 

IL-13) is tightly controlled by transcription factors and DNA regulatory elements. RHS6 is a 

regulatory element of the Rad50 gene which is located between the IL-4/IL-13 and IL-5 

genes. RHS6 is essential for the formation of a transcription factor complex consisting of 

GATA3, SATB1, and IRF4 in Th2 cells during allergic airway inflammation. The formation 

of this transcription factor complex is necessary for the efficient production of IL-4, IL-5, 

and IL-13 mRNA.
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