©
2018 2020

Regulatory mechanisms controlling CCL5 chemokine to maintain tissue homeostasis

Regulatory mechanisms controlling CCL5 chemokine to maintain tissue homeostasis

SEO, Wooseok

3,500,000
CCL5
CCL5
CCL5 CCL5
2
2
CCL5
CCL5 CCL5
CCL5
CCL5
CCL5 CCL5

CCL5 is an important inflammatory chemokine and used to recruit immune cells
to the infected sites to clear pathogens. Recent studies have suggested that CCL5 also functions to
maintain tissue-resident immune cells within local tissues,

thus implying that CCL5 can function under both inflammatory and non-inflammatory situations.
During the thorough examination to decipher the detailed molecular regulatory circuit responsible
for the specific expression of CCL5 in both inflammatory and non-inflammatory situations, I
discovered that previously unknown two transcriptional enhancers, each of which is responsible for
the expression of CCL5 in inflammatory and non-inflammatory situations. By the generation two
gene-modified mouse lines in which either of enhancer is knocked out, | concluded that these two
enhancers gives the temporal specificity of CCL5 expression by mediating chromatin loop between
them.
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Cells communicate with each other

Figure.1 ) through small peptides known as cytokines,

"l‘dﬂuc'b'e ) and those cytokines function to mediate

: i e T migration are called chemokines. CCL5

| o as an inflammatory chemokine mediates

the recruitment of important immune cells

and help the pathogen clearance. For

instance, a local inflammation induces

natural killer (NK) cells in the infected
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Hetivabion high amounts of CCL5. Activated T cells

expressing CCR5, which is the receptor for

CCL5, migrate to the source of CCL5 secretion and fight against the infection. Interestingly,

recent studies suggest that CCL5 is expressed at low levels in normal homeostatic situation

and involved in the maintenance of tissue-resident immune cells in local tissues (Figure 1).

This indicates that CCL5 works in two different settings, one in inflammatory and another
in non-inflammatory situations.
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CCLS5 is a unique chemokine in that it has two modes of action, one with a high expression
of CCL5 during the acute inflammation and another with a low expression during the normal
homeostasis. However, how these seemingly two different modes of CCL5 expression are
generated has been a mystery, thus hindering the development of effective therapeutic
approaches involving CCL5. The preliminary research by the applicant indicated that CCL5
is regulated by a transcription factor called RUNX. Therefore, the applicant of this grant
aimed to understand the detailed regulatory mechanisms of CCL5 expression by RUNX
transcription factor.

(1) Elucidation of regulatory mechanisms of CCL5 expression

NK cells and T cells are the main producer of CCL5 in vivo. The expression pattern of CCL5
is examined by ELISA (The enzyme-linked immunosorbent assay) and flow cytometry in NK
cells and T cells during the homeostatic and inflammatory settings. Since we postulated that
the transcription factor RUNX is involved in the regulation of CCL5, ChIP (Chromatin
ImmunoPrecipitation) is employed to find the locations in which RUNX binds around the
CCLS5 locus.

(2) Understanding the physiological relevance of two expression modes of CCL5

The genomic locations (loci) identified by RUNX ChlIP will be genetically eliminated from the

mouse genome by using Crispr/Cas9-mediated genome editing. The generated knockout mice

will be used to assess the changes in CCL5 expression in the absence of the genomic regions.

To decipher the physiological roles of the CCL5 expression, we will employ tumor models in
the knockout mice.
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generated the knockout mouse. The deletion of this upstream region of CCL5 resulted in the
abolition of CCL5, indicating that this region serves as the transcriptional enhancer (Figure
2). Therefore, we named this region as PE (proximal enhancer) of CCL5.
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(2) The induced expression of CCL5
requires a separate and distant enhancer

Surprisingly, we found that PE-knockout
mice did not have a defect in the expression
of CCL5 if the cells are activated,
indicating that CCL5 in activated T cells
require another separate enhancer (Figure
3). However, the examination of RUNX
binding sites around CCL5 locus did not
find any more significant binding sites,
suggesting that this another enhancer of

CCL5 on activated cells must be located at a distant site. To discover this potential enhancer,
we employed a novel approach called enChlIP (engineered DNA-binding molecule-mediated
chromatin immunoprecipitation) and the results of enChlP-seq identified an extremely

distant enhancer (DE). The
genetic deletion of DE from
the mouse genome clearly
indicated that this DE is
responsible for the
regulation of CCL5 during
the activated states (Figure
4). The discovery of these
two enhancers explain how
CCL5 can achieve two-
modes of specific
expressions.

(3) CCL5 expressed by the
proximal enhancer
functions as a pro-cancer
molecule

To better understand the
physiological meaning of
these two enhancers, we
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infected cancer cells in the knockout mice of each enhancer, and we discovered that CCL5
expression mediated by the proximal enhancer resulted in the clearance of cancers in the
metastasized lungs (Figure 5). This exciting result suggests that CCL5 from hosts might
function as a pro-cancer molecule. Indeed, more
detailed biochemical analysis indicated that NK
and T cells without the steady-state CCL5
expression exhibit more stimulated states which
can generate much potent anti-cancer effects. In
other words, CCL5 in the steady-state suppress
NK and T cells and prevent them from harming
our healthy tissues. In conclusion, we propose
that the control of host CCL5 during the steady-
state could potentially benefit our anti-cancer
effects.
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