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研究成果の概要（和文）：CCL5ケモカインは多くの炎症性疾患の発症に関係している。CCL5の制御機構を理解す
るために、私はRunx/CBFβ転写因子のノックアウトマウスを検査し、Runx/CBFβ欠損細胞はCCL5の発現が大幅に
増加されていることを発見した。 これはCCL5がRunx/CBFβによって転写制御されていることを示している。通
常のChIPと新しいenChIPアッセイを組み合わせることによって、CCL5発現がアクティベーション状態によって2
つの異なるエンハンサーを必要とすることがわかった。これらのエンハンサーは、T細胞由来のCCL5発現およびT
細胞免疫反応に不可欠であった。

研究成果の概要（英文）：CCL5 chemokine is related to the development of many inflammatory diseases. 
To understand how CCL5 is regulated, I have examined a knockout mouse of Runx/CBFβ transcription 
factor and discovered that CCL5 is hugely upregulated in the absence of Runx/CBFβ. This indicated 
that CCL5 is tightly regulated by Runx/CBFβ. By combining regular ChIP and novel enChIP assays, I 
discovered that CCL5 expression requires two separate enhancers depending on activation states. 
These enhancers are crucial for proper expression of CCL5 from T cells as well as T-cell immunity.

研究分野： 免疫学

キーワード： アレルギー　免疫関連疾患

  ２版



１．研究開始当初の背景 

Abnormal expression of chemokine CCL5 from 
immune cells is related to the development 
many diseases, but the regulatory 
mechanisms for CCL5 expression is not well 
understood so far. Interestingly, we 
discovered that Runx/CBFβ transcription 
factor complexes suppress CCL5 in normal 
situation to avoid uncontrolled expression 
of CCL5 which can be pathogenic to hosts. 
Based on this discovery, we aimed to 
decipher the molecular mechanisms of CCL5 
regulation by elucidating the genomic 
regions in which Runx/CBFβ binds to 
control CCL5.  

 

２．研究の目的 

(1) Finding cis-regulatory regions of CCL5 
gene bound by Runx/CBFβ: Phenotypical 
analysis of Runx/CBFβ-deficient mice 
indicated that CCL5 is repressed by  
Runx/CBFβ since the removal of Runx/CBFβ 
proteins from T cells resulted in the huge 
upregulation of CCL5. By combining both 
conventional and novel ChIP (Chromatin 
immunoprecipitation) assays, we aimed to 
identify the cis-regulatory regions where 
Runx/CBFβ binds around CCL5 locus. 

(2) Characterization of identified cis-
regulatory elements: Since cis-elements are 
crucial for the determination of stage- and 
cell-type-specificities of gene expression, 
identified cis-elements of CCL5 were to be 
carefully examined by various methods. By 
generating knockout mice for the identified 
cis-elements, physiological roles of the 
regions can be examined in detail. This 
would allow us to understand how CCL5 is 
regulated in vivo. 

 

３．研究の方法 

Since our preliminary data indicated that 
Runx/CBFβ regulates CCL5 expression, we 
expected that Runx/CBFβ binds on several 
places around CCL5 locus to directly 

regulate it. Therefore, it was normal to 
find many Runx/CBFβ binding sites by 
conventional ChIP-seq. Therefore, more 
approaches are necessary to find important 
cis-elements.  

Therefore, one novel variants of ChIP named 
as enChIP (originally developed by Hodaka 
Fujii at the Osaka University) was applied 
in addition to conventional ChIP. In enChIP, 
deactivated Crispr/Cas9 is directed to CCL5 
promoter by gRNA, then an antibody against 
Crispr/Cas9 is used to pull-down DNAs 
associated with CCL5 promoter (Fig 1). This 
approach can efficiently identify more 
physiologically relevant DNA fragments 
interacting with CCL5 promoter. Another 
complementary approach is to use 3C 
(Chromatin Conformation Capture) assays to 
confirm the physiological interaction 
between CCL5 promoter and newly discovered 
cis-elements. 

 

４．研究成果 

(1) CCL5 is regulated by transcription 
complex Runx/CBFβ 

Analysis of Runx/CBFβ-deficient mice 
clearly showed that several chemokines are 
highly upregulated. We especially focused 

on CCL5 among Runx/CBFβ targets since CCL5 
has been implicated numerous diseases such 
as human asthma. Indeed, we observed that 
Runx/CBFβ-deficient mice have inflamed 
lungs similarly to human asthma patients. 
These results illustrated that Runx/CBFβ 



plays important roles in the regulation of 
CCL5 

 

(2) CCL5 requires a nearby enhancer during 
the steady state

CCL5 is expressed mostly from T cells and 
NK cells. During the steady state, only 
memory T cells express a certain amount of 
CCL5 which is important for the maintenance 
of local immunity at various tissue sites 
such as skin and lungs. Our ChIP
results of 
showed a strong peak about 5 kb upstream 
from the

By generating knockout mice for this region, 
we observed a total loss of CCL5 from 
memory T cells (thus named as CCL5 memory 
enhancer).

 

(3) BAC transgenic study

For a better monitoring of CCL5 in vivo
have generated BAC 
Chromosome) transgenic mice in which CCL5 
gene was replace by GFP (Green fluorescent 
protein).  We confirmed that this 
transgenic mouse line accurately represents 
the expression patterns of endogenous CCL5. 
Interestingly, this transge
failed to maintain GFP after in vitro 
stimulation
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CCL5 might use another enhancer after 
activation in addition to memory enhancer 
(thus named as activation enhancer).

 

(4) enChIP to find an unknown enhancer

Our
University recently developed a novel 
technology called enChIP which is basically 
a combination of the traditional ChIP and 
Crispr/Cas9 system (Figure1). In short, one 
can find a distant DNA area interacting 
with a g
to the gene of interest and deactivated 
Cas9 which will be bound to gRNA. Since 
Cas9 is tagged by Flag, one can pulldown 
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(5) Physiological function of dual 
enhancers 

Our study showed that CCL5 expression is 
delicately regulated by two enhancers since 
overexpression of CCL5 results in 
inflammatory diseases and down-regulation 
of CCL5 results in inefficient immunity 
against pathogens. To test the functions of 
enhancers, we challenged enhancer knockout 
mice with human influenza virus, but they 
had no problems clearing virus, indicating 
that CCL5 expression supported by these 
enhancers do not play critical roles in the 
case of influenza. On the other hand, these 
knockout mice were a significantly more 
efficient in fighting with a certain cancer 
according to our preliminary result. 
Further study will be required to know the 
roles of CCL5 during cancer development. 
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