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Development of epigenome sensor model mediated by nuclear receptor pathway
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Exposure to xenobiotic compounds induces drug metabolizing enzymes through
activation of nuclear receptor and promotes detoxification. For example, the ligand-activated
nuclear receptor AhR, as a transcription factor, binds to XRE sequences in the regulatory region of
the CYP1 gene. We found that DNA demethylation enhances the CYP1B1 gene expression induced by
treatment with B -naphthoflavone (B NF). Chromatin immunoprecipitation using anti-AhR antibody
revealed that AhR preferentially bound to XRE sequences without methylation. These results suggested

that stress response mediated by AhR is regulated by DNA methylation status of target XRE

sequences.




B_

B NF AhR aryl hydrocarbon
receptor P450 CYP 1
B NF CYP1B1 5-aza-2' -deoxycytidine DAC
DNA
AhR CYP1B1 XRE xenobiotic responsive element
CACGC DNA CpG AhR  XRE
AhR XRE CYP1B1
ChlP DNA
1

BNFBRZETEANBITULAhRIE
IRBIXRERSIICHEE TS

”%ﬁmﬁl

muvau ﬁAhRﬁﬁS
FZLE (<) f@f‘,ﬁlﬂé(ﬂ
Y
(g |
H = [F) =
§<____ Me ..
¢ |4XRE _‘ {XRE] XRE
: | *xFuiemr |

ANR BOTREET : ‘3F)§<§)El'1t‘|x;élé{t e
1. DNA
(1) CYPiB1 DNA
HepG2 HuH7 PBS DMSO
10y M BNF 4h O.5uMDAC 72 h 0.5u MDAC 72 h 10uMBNF 4h
RNA SYBR Green
PCR CYP1B1 AHR ARNT AhR nuclear translocator ACTB
ACTB PBS
(2) DNA CYP1B1 XRE
HepG2 HuH7 DNA sodium bisulfite CYP1B1
8 XRE XRE1 8 DNA DNA
direct sequencing HpyCH41V
4
(3) AhR XRE
B NF HepG2 HuH7 AhR cleavage under target
& release using nuclease CUT&-RUN Chip AhR
DNA sodium bisulfite CYP1B1 XRE2/3
@) DNA
XRE2/3

DNA



(1) CYPiB1 DNA

B NF CYP1B1 2A 2B
DAC HepG2 DAC
CYP1B1 AHR  ARNT
data not shown AhR
HepG2 HuH7
A B
g om — g m—
wg 90 '—-‘é 0 o
?;“‘- 60 — o~
s — \‘IE 20
:5}': 30 Sl
© 0 L‘l 0
PBS DMSO [NF  DAC  D+f PBS DMSO BNF  DAC D+j
2. CYP1B1
(2) DNA CYP1B1 XRE
HepG2 HuH7 CYP1B1 8 XRE
3 XRE1 XRE2
XRE3 DAC B NF CYP1B1
XRES XRE3 CYPIBI1
-1020 884
| | | 1] | | |
I 1 Il 1 1
XRES XRE7 XRE6 XRE4  XRE2 XRE1 0
1706 -1523 11056 972 865 2135

. Full methylated . High methylated @ Low Methylated O Rare unmethylated

3. CYP1B1 8 XRE DNA
(3) AMR XRE

ARR chip ARR XRE2/XRE3 DNA

XRE2  XRE 5A XRE
AhR-XRE2/XRE3 IP(+)
DNA IP(-) XRE2/XRE3
HepG2 IP(-) XRE2/XRE3
U M AhR XRE2/XRE3
U 4A B NF B NF ANR
XRE2/XRE3

B HuH7

DAC
-

4. CYP1B1 XRE2/XRE3
IP(+) IP(-)  XRE2/XRE3 DNA



5B 5C HepG2
AhR XRE2 XRE3 4

-960 cgccaaggat ggtggtggce ggcaccccac
-930 ccteggecge cgectecgeg tgtcaggtge

-a) cgtgagaage gegugagyag eggcegeaqq

=870 cagegcccag ggatatgact ggagcegact
XRE3
-B40 ttccagaage ggegacgch aagcccagct
XRE2

-810 ccgca—cg_cha aggggaggeqg acagcagaaa
-780 cttcaacceg ataaagiteg ceggagegeqg

-750 gagattegec tcctectgee actctecgee

Methylated XRE Unmethylated XRE
TACG AAAGTTTAGTTTCO ACGTA| [TATGT|aRAGTTTAGTTTTGATGT]A
XRE3 XRE2 XRE3 XRE2

\ A f : \ I A :
i ﬁ[\ﬂﬂfﬂ'ﬂf\/\/\m" Kﬂl\[\f\f\/x/\fﬂi\f\fu\ ﬂ!\ﬂ[\x’ne T

! o B

PO OS®

Q .

O

{ )
SO CHK.

0
5. CYP1B1 XRE2/XRE3
B NF CYP1B1 DNA HepG2
AhR XRE
CYP1B1 XRE2/XRE3 AhR
DNA
AhR XRE AhR

Miura T, Onodera R, Terashima J, Ozawa S, Habano W. [ -naphthoflavone-induced
upregulation of CYP1B1 expression is mediated by the preferential binding of aryl
hydrocarbon receptor to unmethylated xenobiotic responsive elements. Exp Ther Med.
2021 Dec;22(6):1410. doi: 10.3892/etm.2021.10846.



8 8 0 6

Jimma Yoko Jimma Keiko Yachi Maako Hakata Shuko Habano Wataru Ozawa Shogo Terashima Jun 37

Aryl Hydrocarbon Receptor Mediates Cell Proliferation Enhanced by Benzo[a]pyrene in Human Lung 2019

Cancer 3D Spheroids

Cancer Investigation 367 375
DOl

10.1080/07357907.2019.1655760

Sugai Tamotsu Uesugi Noriyuki Habano Wataru Sugimoto Ryo Eizuka Makoto Fujita Yasuko 477

Osakabe Mitsumasa Toya Yosuke Suzuki Hiromu Matsumoto Takayuki

The clinicopathological and molecular features of sporadic gastric foveolar type neoplasia 2020

Virchows Archiv 835 844
DOl

10.1007/s00428-020-02846-0

Sugimoto Ryo Habano Wataru Yanagawa Naoki Akasaka Risaburo Toya Yosuke Sasaki Akira 24

Matsumoto Takayuki Sugai Tamotsu

Molecular alterations in gastric cancer and the surrounding intestinal metaplastic mucosa: an 2020

analysis of isolated glands

Gastric Cancer 382 391
DOl

10.1007/s10120-020-01130-z

Ozawa Shogo Miura Toshitaka Terashima Jun Habano Wataru Ishida Seiichi 14

Recent Progress in Prediction Systems for Drug-induced Liver Injury Using In vitro Cell Culture 2021

Drug Metabolism Letters 25 40

DOl
10.2174/1872312814666201202112610




Ozawa Shogo Miura Toshitaka Terashima Jun Habano Wataru 4

Cellular irinotecan resistance in colorectal cancer and overcoming irinotecan refractoriness 2021

through various combination trials including DNA methyltransferase inhibitors: a review

Cancer Drug Resistance 946-964
DOl

10.20517/cdr.2021.82

Sugai Tamotsu Osakabe Mitsumasa Habano Wataru Tanaka Yoshihito Eizuka Makoto Sugimoto 71

Ryo Yanagawa Naoki Matsumoto Takayuki Suzuki Hiromu

A genome- wide analysis of the molecular alterations occurring in the adenomatous and 2021

carcinomatous components of the same tumor based on the adenoma?carcinoma sequence

Pathology International 582 593
DOl

10.1111/pin.13129

Miura Toshitaka Onodera Ryo Terashima Jun Ozawa Shogo Habano Wataru 22

B -naphthoflavone-induced upregulation of CYP1B1 expression is mediated by the preferential 2021

binding of aryl hydrocarbon receptor to unmethylated xenobiotic responsive elements

Experimental and Therapeutic Medicine 1410
DOl

10.3892/etm.2021.10846

Habano Wataru Miura Toshitaka Terashima Jun Ozawa Shogo 470

Aryl hydrocarbon receptor as a DNA methylation reader in the stress response pathway 2022

Toxicology

153154 153154

DOl
10.1016/j . tox.2022.153154







