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The transcriptional modulator interferon-related developmental regulator 1 (Ifrd1l) has been identified its
functional role in various cell types, but little attention has been paid to its role in osteoblast function and bone
homeostasis so far. Here, we show that Ifrdl is a critical mediator of both the osteoblastogenesis and
osteoclastogenesis. Ifrd1l expression was induced by Bone Morphogenetic Protein 2(BMP2) in osteoblasts
through Smad1l. Ifrd1l deficiency enhanced osteoblast differentiation and maturation along with increased
expression of Runx2 and Osterix (Osx). Coculture experiment revealed that Ifrd1l deficient osteoblasts have
higher osteoprotegerin (Opg) expression and less ability to support osteoclastogenesis. Mechanistically, Ifrdl
deficiency increased the acetylation status of p65, a component of NF-kB, via the attenuation of the interaction
between p65 and histone deacetylase (HDAC). This led to nuclear export of p65 and a decrease in NF-kB-
dependent Smad7 and NFATc1 expression. Ifrdl deficiency attenuated the interaction between B-catenin and
HDAC, subsequently increasing the acetylation of B-catenin, leading to its nuclear accumulation and the
activation of the B-catenin-dependent transcription of Opg. Collectively, the expression of Ifrdl repressed
osteoblastogenesis and activated osteoclastogenesis through modulating the NF-xB and B-catenin pathways.
These findings suggest that Ifrd1 has a pivotal role in bone homeostasis through its expression in osteoblasts in
vivo and represents a therapeutic target for bone diseases.
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B CITEER R LZ S EORE L MEOHER & & bIZiF CaRE A —EITRDTZDIT,
EFEITAE HIEIZ & D BRI & B2HIIC L 2B E# ) BTEYET ) v 7 2BEATND, &
ST, F AR OB RIZR T T B OIBIIEREIC S . NIKEPEF (L 2@ U T
BIERA 7 = X LIRS BT 2, BHRIEIXZZ OBV ET Y 7 OFRIN LB O 4R %
MEFEIZ LD HEMET L, BRMEEOR N E L 22 MHEOKRETHY . Efbitazdz 7z A
KIZBWTITRBR T EERPEENDRED—D>TH D, LNLRRN L, 1EROEHBRIERE
FIXEVIH, b LATERHIRED EH a2 —7 v b LTREFS N TE 22, BT
e Al & B 2 HIa e & O BIEMIAEICR T 5 v 7 T MRIEIC L > TREI S TV D720 Fifflik
ERICB T 2 B SN B HRERKICHEE TH L LB 261D,

—F, BrTZnE T, MEREERE T 2 HREBEREIK ) ORBEEITo TE iz, TOFTH A
X B OFHEIR - Td 5 Interferon-related developmental regulator1(Ifrd1) A3, AEHIfRIZ BT
il Fm A 451k K+ receptor activator of nuclear factor-kB (NF-kB) ligand (RANKL)Z &4 5 Z L2 k-
TEFEBT 5 &, WEMRTIE frdl 25l bICRERICE 2 L2 R L7z, Lo Lenb
Ifrd1l OE IR LRI OFEMR A T = X AIREZH SN > TE LT, BHFMILIZI T S
R invivo TOMHTIIAT O TR, Ifrdl OFFMEEEICI T 2BEOMH O 72D FRIIZ 1T
DR ORI & | B IEHIIRAERE R KON invivo ICB1T B Ifrdl OEREIC DWW Tl nF RKIE~
2 aAERL USRI 24T 2 T2
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EIHMIICIET 5 Ifrdl REGIESERNT - ~ U APREEE BV THEES BRICB T 5

Ifrdl DF81% Western blotting 75% H\W TN 21T > 72, £ 7B KFEER T Bone Morphogenetic

Protein 2(BMP2) % B #% . 4 BEICBIT D frdl O & L 7 B3 A Mt Li-, Ifrdl 7 a'— % —(-

4442bp~+160bp) ZHALAIAATEN VT = T —B R 2 — & FIFEHIAICE A L BMP2 28 % 72 1% Smadl,
Smad5, Smad8, Smad4 FEHLRZ X —DIE ALY BMP/Smad &7 L d Ifrdl 7B E— & —~

DB EKH L=, F7=. Pl Smadl Hiik% FHv 7= ChIP assay (2L ¥ Ifrdl 7' &€ — % —~® Smadl

DA 2 fEt L7,

Ifrdl OB E~DEE . ~ U AOMEMIA S L, ELREICLY Ifrdl EMEAEERT
HERGIN A RFE LT, 72 NF-xBp65 D VU VU PRI R & — % Ifrd]l KAERCE I E A L,
p65 M7 & F/L{k% Western blotting THHT 5 Z & T Ifrdl 12 K % p65 7 & F /ALl il &2 Mt L7z,
F7-. NF-«kB ® DNA # & HE% & &M ChIP assay (2 L 0 f#&at L7,

Ifrdl DEFMISIIE~DEE  Ifrdl RIFBEFMID LR L. 55848 RO 8 S (s 7o
%381 % Real-time PCR £ & Western blotting ¥ % AW CTREMT L7z, £7-. 5538 28 H H O % Alizarin
Res S YetalZ L 0 vy AERREZ MEt LT, BB MR EARIC S tbyBic K v Ifrdl & FEAAVEM
T HHRER -2 HE%E L=, NF-«xBp65 OFMIaNRTE & Miflasa g Yeta & Western blotting 1412 & 0 iEt
L72. NFkBp65 DV U FRFEERAR Y X —Z% Ifrdl KIEEFHIIZEAL, pe5 O 7 & F ik
Western blotting T 9% Z & T Ifrd1 (2 & 5 p65 7 & F ALl 2 it L7=, £7-. NF-xB & DNA
A RER =AY ChIP assay |2 L W Bt L7,

Ifrdl OB KRB BRI E~DEE © Ifrdl KEMIEZ HEEL . & 2Eia/ME it
RIC XD | B AT 7o i B IR RS R 5 Ifrdl O A RRE L7z, Ifrdl KIEE MR OF
TERAE B SRR A LIR 1~ D R BLZE (k% Real-time PCR 1 & insitu hybridization (2 X W #gf L7=,
B-catenin OOHIE N JRHTE A fl i S Yuta, & Western blotting ¥512 L W gt L7z, $£7-. B-catenin & Ifrdl
RIEE AR T OIENEDZEL % B-catenin (KTFHY LS 7 = T — B X —%& W THRiET L B-catenin
@ DNA #E & R4 &=/ ChIP assay (2 KV ET L7z, Ifrdl KEEMA T DB-catenin 7 & F /L {LEAR D
754k % Western blotting ¥5(2 XV Bt L 7=,
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AERRAE R I1frdl K~ U 2O BRBBEAT © 1frdl 25 KB~ 7 A B IEMIEE R Ifrdl KB~ v
A AR RO 1frd] JHE~ 0 A AR L, 8 IO I CAFREA T L AL H 2 1Rk L 7=,
YRk L 7= G007 B B BRI SO TR 72 & B TR 217 o 72,

RANKL FBEMHEHBRIEET N~V X DFREAMFEY : 8 BT AR (WT)~ v 25 LU Cdllb-
cre;1frd1" < 7 2 (Bl AR AT S Ifrdl KIE~ 7 A)IZ 2mglkg @ RANKL #5217, BHERIETT
N T AEAERCL, B RBVRNT 21T 5 72,
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BEMMIC T B Ifrdl ZEBHIEMEEARNT - BNl E 0. 7 H BICB W, Ifrdl O % L 7 Bl @
FHEDNHER SN, IRICBMP2 BFEICL D, Ifrdl # > XV BORBEN LR L=, £/, Vo727 —F
T oA 5T, BMP2 B LV Ifrdl © 7 2 —X —IEPEAR 5L, Smadl/4, 5/4. 8/4 OEFIFE
(ZED Ifrdl 7o e— 2 —{EWED EH LTS Z &R Sz, ChIP assay O R Smadl 73 Ifrdl 7'z
T—H—FICHAE LTS Z L RER SN,

Ifrdl OEMIFIL~DREE « E kI LD | BEHIZI VT Ifrdl & NF-«Bp65 OFH HAEM
DR S T2, Ifrdl KABMIAE Tl NF-xBp65K122, K123 O 7 & F Ak EFH LT iz, F£7=, ChIP
assay (2 L - T, Ifrdl KIBHIIL TIiE NF-kB @ DNA FEEME T LTV 5 Z & SR S 7=,

Ifrdl OEZFEMIEIE~DEE : Ifrdl KIEEFHETIXTEO~AX — 1L F 2 L —& —p-Smadl/5/8,
Runx2, Osx M % > 737 'E 3873 E&- L Collal, Osteocalcin @ mRNA 8% E&H- L T /=73, Smad7
DOFEBUTE T LTz, Ifrd] KB E ST D L o AZERESHIN L T2, Sk Eic kv |
BHEMILIZIBNT Ifrdl & NF-xBp65 OFH AAEH A ERR S 417z, Ifrdl KAEMAL Tk NF-xBp65K122,
K123 O 7 2 F b3 EH LTz, 7. ChIP assay | &~ T, Ifrdl KM TiL NF-«B © DNA
fEEMET L, Western blotting & ffZ YA iz &LV p65 OENFTENMET LT\ D Z & MR S 1Lz,

Ifrdl OB BT TR E~DEE | R A CITFIHEMa, EHEo &6 5T Ifrdl
D3RI LT HMFMEOEME T LTz, Ifrdl K4EE M TIX Opg @ mRNA FBLS EH L
B-catenin ORENFLENEEIM L T2, F/2, WP 7 27— 7 vEAI2L - T, Ifrdl KIEMECIX
B-catenin DFERENS TLHE L TV D Z & D3RR S 41, ChiIPassay (2 & - T, Ifrdl KHEAL TrXp-catenin @
DNA #5 &2 EF- LT\ 5 Z & 23R8 S ALz, Ifrdl KAEHIE ClXp-catenin O 7 & F /LA ESH LT
7=

@in vivo 28T B fET

AARREERAY Ifrdl REB~ U RO FRETEAT - MR R Ifrdl KIE~ © Z{FR L 8 il D I 45 Cfig
F 24TV, BRBENT 21T > 72, T OREE, WT =7 2T Ifrd]l 25 KB~ 7 2 &8 3
B Ifrdl K~ 7 ZAOFHICB W CHEOFWRBIMNBIR SN2, £72EFEHEI O R, Ifrdl
BH KRB~ U A LB FMBARRA Ifrdl KE~ 7 2AOFHEIZB T, BT A —& — K OVERIX
NRIA=F—OHRER EAPRO LN, —FH T, BE Mk 2 Ifrdl KB~ 7 2ADF D/ A —
H—IZEARITRD Lo Tz,

RANKL FHEHEHBIEE TNV~ U R DFREAMBEN : RANKL FHEMEHIRIEET L~ U X ZAF
L, BREAMEN 21772, TORER, WT ~ 7 2 TlX RANKL #5012 X 28 BEOH B2 B3
PO BTN, AR E IR LAY Ifrdl KR~ D A TlX PBS & 5-8F & RANKL 58 ORI E &DFE
72 23RO 2o Tz,
[&42]

ARFZERE R L 0 . BETEE T frdL W2 & B IR B L TR Y . BT
VB WTHREMIBO S bR RET D L LI, BRI TS Z E R Lt o T,
FBHBRIEREROE ) =5 ) U228V T Ifrdl 238595 ATHEME DS R S 7z, Bl bk~




720, BYVET VO ZIIEMRRy U= I SN DI BB LT, B HRRIEIRR RIS E R
WNETERLD EH BINTE < AL 72> T D, —J7, Ifrdl 23VE S/ Tl bamsi g2 @ < ol
kLT, A A TR ERITE < 2 &b B 20T Ifrdl #ERE A #1092 3138 WU 2 Bl
T 5 LRI, BIEREIRET D L) 2 DOMBRIZIRIZEI D | RO EIEN & L TH D
WV EHERIEIR BRI S L 5. A EIOIZERE R B HLERE 78 & Ok & 7o REHHE B RO
FHURROMEL 700 Bl hBEEZ 6T 2 L2 MLV,
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AWFZEClE, BCHFTHENIC BT 5 Interferon-related developmental regulator1(Ifrd1)#x 5 FH i [N
T OREREE % in vitro B X WVinvivo OliE N LB NI T 5 Z E 2 B E LTz, HEBE MR
B HFMIEIC BN T Ifrdl ORI & T OREREMIT 21T - 7o, BB, B 3Mieic T Ifrdl
DFBBHER SN, £, Ifrdl © v 7 70 MZE O FIFEHIEOSMENTTE L, —HikEMiao
SRR STz, D OWT Ifrdl B KRB~ U R LARRRFFRA Ifrdl KRB~V AZ(FR L, 20X
BRI 2l U=, BPAERI(WT)~ 7 A2 Ifrdl 25 /KB~ 7 A LB 3EMaERM Ifrdl KE~ T
ADITHEL ’;tsu\f%%@?ﬁ R ERSERO BTz, — 07T BRI R A Ifrdl KB~ U A TIE
BEOELITRD N oT-, Fl-. WT 7 A Tlx RANKL #HEMEHRIEETT VLD EBED

B0 D3ERD BV DN, A E AR LAY Tfrd]l KB~ © A Tid PBS $¢5:-8F & RANKL # 580

F’EJ BEOFEWNRZITFRO bR oTo, AFFEFRER LV | BEHEIR 1 Ifrdl 1 LB EBEFRES LW

BHRERERFOF YV ET U U ZHRBICBWTERZAICHIET 2 Z LWL N E R o7,

L EDOWIERAR I, BHERIE & & ek < fiﬁuﬁﬂi”ﬂ’ﬁ$@%ﬁﬁ/‘“f§{£ TRIRIEBRTE DL 72 5 =
EDMIRE SN D AT SN A 72 FEZBESIIARGR L (RIZERIT) ([TiET 5 &k L7z,




