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DEPARTMENT OF BIOLOGICAL RESPONSES 
LABORATORY OF BIOLOGICAL PROTECTION 
 

Our laboratory has made two major achievements. First, we have found that fetal and adult 
hematopoietic stem cells have different developmental potential to differentiate into lymphocytes. 
Second, we have demonstrated that interleukin-7 (IL-7) controls DNA recombination of 
lymphocyte antigen receptor genes by changing chromatin structure. Both of them are related with 
fundamental questions in medicine and biology. 

Based on these findings, we are now pursuing research on development and regulation of 
the immune system, focusing on the following questions: (1) control mechanism of lymphocyte 
antigen receptor genes by IL-7; (2) regulation of immune response by IL-7 receptor (IL-7R) 
expression; and (3) control and function of IL-7 produced by various stromal cells. 
 
1) Regulation of TCRγ  enhancer by STAT5: S. TANI-ICHI and K. IKUTA 
 

The IL-7R controls the local accessibility of Jγ gene segments at the TCRγ locus by 
recruiting STAT5 and transcriptional coactivators to the Jγ germline promoters and inducing 
histone acetylation and germline transcription. Because STAT consensus motifs are conserved not 
only in the Jg promoters but also in the control elements, Eγ and HsA, it is possible that STAT5 
regulates locus-wide accessibility of the TCRγ locus through interacting with these elements. To 
test this hypothesis, we addressed the question whether STAT5 activates Eγ and HsA. We first 
showed that Eγ and HsA elements are substantially histone-acetylated regardless of cytokine 
stimulation in cell lines and RAG-2 knockout thymocytes and that STAT5 has potential to elevate 
histone acetylation at these elements. Next, we demonstrated that STAT5 is recruited to the STAT 
consensus motifs in Eγ and HsA elements after cytokine stimulation and that transcription factors 
Runx and c-Myb are constitutively recruited to Eγ. Furthermore, we showed that STAT5 
synergistically augments the enhancer activity of Eγ in cooperation with Runx and c-Myb. 
Although we found that Runx is also recruited to HsA, STAT5 and Runx are not sufficient to 
induce HsA activity. These results suggest that STAT5 is recruited to the consensus motifs in Eγ 
and HsA elements by cytokine stimulation and augments Eγ activity in collaboration with Runx and 
c-Myb. Therefore, this study supports the model that STAT5 controls locus-wide accessibility of 
the TCRγ locus by activating Eγ and HsA elements. 
 
2)  Accessibility control of the TCRγ locus by a chromatin remodeling factor BRG1: C. 

SUMI, S. TANI-ICHI and K. IKUTA 
 

The IL-7R plays an essential role in γδ T cell development by inducing V-J recombination 



in the TCRγ locus. We previously showed that Stat5 activated by IL-7R signaling recruits 
transcription coactivators to Jγ promoters and controls the accessibility of the TCRγ locus by 
histone acetylation. It is generally accepted that histone acetylation is followed by chromatin 
remodeling which makes a chromatin region completely accessible for transcriptional and 
recombinational enzymes. However, little is known on which chromatin remodeling factor is 
involved in accessibility of the TCRγ locus. We hypothesized that BRG1, the ATPase subunit of 
SWI/SNF chromatin remodeling complex, is recruited to the Jγ promoters by STAT5 and enhances 
germline transcription and V-J recombination by triggering chromatin remodeling. To address this 
question, we first tested whether BRG1 is recruited to the Jγ promoters by ChIP assay. We found 
that BRG1 was bound to the Jγ promoters by cytokine stimulation in Ba/F3 cells and RAG-2 
knockout thymocytes. Next, we tested whether BRG1 enhances germline transcription by reporter 
assay. We introduced a Jγ1 promoter reporter vector into Ba/F3 cells and HEK293T cells with or 
without a constitutively active Stat5 expression vector. We found that the Jγ promoter activity is 
activated by Stat5 and cytokine stimulation and that BRG1 expression further augments the 
transcriptional activity. Therefore, these results support the hypothesis that BRG1 is recruited to the 
Jγ promoters by STAT5 and enhances germline transcription by triggering chromatin remodeling. 
 
3) Production of IL-7 by lymphocyte-stromal cell interaction: M. SEKAI and K. IKUTA 
 

The interaction between lymphocytes and stromal cells plays important roles in 
development of the immune system. IL-7 is an essential cytokine for early lymphocyte development 
produced by mesenchymal stromal and epithelial cells in the thymus and bone marrow. Although it 
has been reported that the transcription of IL-7 is induced by interaction of pre-B cells and bone 
marrow-derived stromal cells, its molecular mechanism is still unknown. To answer this question, 
we employed co-culture system with an IL-7-dependent pre-B cell line, DW34, and a thymic 
stromal cell line, TSt-4. Co-culture with DW34 cells enhanced the levels of IL-7 transcripts in TSt-
4 cells. Interestingly, the co-culture also induced transcripts of interferon (IFN)-α and IFN-β. In 
addition, exogenous IFN-β increased the levels of IL-7 transcripts in TSt-4 cells. Next, to elucidate 
the molecular mechanism of IL-7 induction, we analyzed the activity of IL-7 promoter by reporter 
assay. The IL-7 promoter showed specific transcriptional activity in TSt-4 cells. An interferon-
stimulated response element (ISRE) in the IL-7 promoter was essential for the induction of IL-7 
transcription by both co-culture and IFN-β stimulation. Finally, overexpression of wild-type and 
dominant negative forms of interferon regulatory factors (IRFs) activated and repressed, 
respectively, the IL-7 promoter in TSt-4 cells. Collectively, these results suggested that IRFs 
activated by lymphocyte adhesion induce the transcription of IL-7 gene through ISRE in stromal 
cells and that IFN-β production may be involved in the activation of IRFs. Thus, this study implied 
a physiological function of the IFN/IRF signal in lymphocyte development in the thymus and bone 



marrow. 
 
4)  Analysis of IL-7 Conditional Knockout Mouse: T. HARA and K. IKUTA 
 

IL-7 is produced by epidermal, intestinal and thymic epithelial cells, bone marrow and 
thymic mesenchymal stromal cells, and fibroblastic reticular cells in spleen and lymphnodes. Little 
is known about the local function of IL-7 produced by each cell type. To address this question, we 
established IL-7 floxed mice with the fourth exon flanked at each side by a loxP sequence. We 
crossed the IL-7 floxed mice with keratin 5 (K5)-Cre transgenic (Tg) mice to obtain the conditional 
knockout (cKO) mice deficient in IL-7 production only in thymic and epidermal epithelial cells. 
K5-Cre Tg+ IL-7 cKO mice showed slightly reduced numbers of thymocytes and γδ T cells 
compared with IL-7 floxed mice. In contrast, the numbers of NKT cells were slightly increased in 
the K5-Cre Tg+ IL-7 cKO thymus. These results suggest the possibility that the IL-7 from both 
epithelial and mesenchymal components of thymic stromal cells plays a role in survival and 
expansion of thymocytes. 
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