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Epigenetics in osteoclastogenesis
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RANKL induces osteoclast (0C) differentiation from bone marrow-derived

macrophages (BMMs). NFATcl and IRF8 play positive and negative roles, respectively, in this process.
We used chromatin immunoprecipitation and formaldehyde-assisted isolation of regulatory elements
followed by sequencing to show that PU.1 transcription factor binding motifs were overrepresented at
active cis-regulatory regions in both murine BMMs and OCs, while IRF and NFAT binding motifs were
selectively enriched at these regions in BMMs and OCs, respectively.

BMM-specific PU.1 binding sites were observed to overlap with IRF8 binding sites in BMMs, and this
also occurred for OC-specific PU.1 binding sites and NFATcl binding sites in OCs. Our results
suggest that PU.1 switches its transcription partner from IRF8 to NFATcl, and alters the binding
regions during RANKL-induced osteoclastogenesis, which is associated with changes in epigenetic
profiles and the control of cell-type specific gene expression.



Mol
1 s
Loath . e
Lolileccle o
JeG6a oeGTAGT = o0
@
PU.1
H3K27ac NFRs
PU.1
PU.1
PU.1  ChIP-seq
21625 20821
35780
PU.1
PU.1
ChlP-seq
PU.1
PU.1 PU.1-IRF8 BORIS
RANKL C/EBPe PU.1
M-CSF bzIP ETS IRF C/EBPb
PU.1
bZIP NFAT NFkB STAT3
ChiP-seq FAIRE-seq RANKL
PU.1
(1) Pu.1 ChiP-seq peaks
H3K27ac T
ChlP-seq
14897
11403 10729 o
FAIRE-seq N i
TR
(nucleosome-free regions; NFRs) LJ&AJQ:”
H3K27ac  NFRs p—
(3)NFATc1 IRF8
NFATcl
IRF8  RANKL
PU.1  bZIP
PU.1-IRF 2
C/EBPe MADS RNA-seq histone
NFATc1-AP1 Spl GFY ChIP-seq
ChIP-seq
RNA-seq RANKL
Total H3K27ac ChIP-seq peaks I rf8 Nfatcl
BMM oc
H3K27me3
e ChIP-seq
Nfatcl H3K27me3




1rf8

H3K27me3
Irf8
H3K4me3
NFATc1 Nfatcl
PU.1
NFATcl Irfs
PU.1
0 :: e e e e p N ot bbb ot bl o
— .,,...-_L..J,LLLL).L, R Bl N: i Lol d o
R SRSENFRON 1Y VPSR SROUNOT [ NV N IO7H TR o P P
msisww n G - | al
e oo ] i Lt st
HaKeme3 EMM:: - A_h‘:‘*: m:» R B .':*‘:‘éc;ﬁ-”-
s | R
i s e i i abka ik
B —— S == — |‘3_{"’~’“
(4)NFATc1
NFATcl 2kb
NFATcl RNA-seq
RANKL
RANKL
NFATcl
MRNA read
per kilobases per million (RPKM) 10
4976 NFATcl1
2kb
2
(n=1379) 0.5 (n-689)
H3K4me3
H3K27me3

Promoter regions
with NFATc1 binding: 4976 genes

Upregulated genes
(OC/BMM > 2): 1379 genes

Fold change (logy)

Downregulated genes
(OC/BMM < 0.5): 689 genes

NFATc1 ChiIP-seq in OC

—— All genes with NFATc1 binding
at promoter regions

— Upregulated genes with NFATc1
binding at promoter regions

—— Downregulated genes with NFATc1
binding at promoter regions

:

159

H3K4me3 ChiP-seq in BMM H3K4me3 ChiP-seq in OC

density (per bp)
o iy
w o
1 N
1 1 '

o 0.0
g; 159 Hak27mes ChiP-seq in BMM I H3K27me3 ChlIP-seq in OC
% ol _%
% N m
“ 0.0 T T T 1 T T T 1
-6 -3 0 3 6 -6 -3 0 3 6
Distance from TSSs (kb)
(5)PU.1
IRF8 NFATcl
ChlP-seq PU.1 IRF8 NFATcl
PU.1
IRF8
PU.1
PU.1
NFATcl
PU.1
ChlP: PU.1 IRF8  NFATc1
Cells: BMM ocC BMM ocC
T
2 :
g
=
o
%
2
-
=
m
=.5n SESSE 2
b F
g :
é z
L2
sé
@
S
O
5 kb
(©)
RANKL
Irf3 Nfatcl

PU.1



IRF8 NFATc1

2
Nakamura Shinya Koyama Takuma lzawa
Naohiro Nomura Seitaro Fujita Takanori
Omata Yasunori Minami Takashi Matsumoto
Morio NakamuraMasaya Fujita-Jimbo Eriko
Momoi Takashi Miyamoto Takeshi Aburatani
Hiroyuki Tanaka Sakae Negative feedback

loop of bone resorption by
NFATc1-dependent induction of Cadml PLOS
ONE vol.12 2017 e0175632

DO1:10.1371/journal .pone.0175632

Yasunori Omata Tetsuro Yasui JunHirose
Naohiro lzawa Yuuki  Imai Takumi
Matsumoto Hironari Masuda Naoto
Tokuyama Shinya Nakamura Shuichi
Tsutsumi Hisataka Yasuda Kazuo Okamoto
Hiroshi Takayanagi  Atsuhiko Hikita
Takeshi Imamura Koichi Matsuo Taku Saito
Yuho Kadono Hiroyuki Aburatani Sakae
Tanaka Genomewide Comprehensive Analysis
Reveals Critical Cooperation Between Smad

and c-Fos in RANKL-Induced
Osteoclastogenesis Journal of Bone and
Mineral Research vol.30 No.5

pp-869-877 DOI1:10.1002/jbmr.2418
4

2016
NFATcl

STAT3

2014
Yasunori Omata  TGF-b works as an
essential mediator for RANKL-induced
osteoclastogenesis cooperating with c-FOS
JCR summer international school 2014

Naohiro Izawa Genome-wide
comprehensive analysis demonstrates that
PU.1  cooperates with  NFATcl in
osteoclastogenesis International

Conference on Osteoimmunology 2014

@
TANAKA, Sakae

50282661

@

®

*

HIROSE, Jun
00456112
TAKETOMI, Shuji)

70570018

ABURATANI, Hiroyuki

10202657



