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Receptor activator of NF-kappaB (RANK) expressed on osteoclasts and their precursors is a
receptor for RANK Ligand (RANKL). RANKL-RANK interaction induces genes essential for
the differentiation of osteoclasts through the binding of NFATc1 to target gene promoters. We
have cloned a 6-kb fragment containing the 5’-flanking region of the mouse RANK gene and have
analyzed the binding elements such as PU.1 (-480), and MITF (-100). Here, we showed the
regulatory mechanism of RANK gene transcription through the NFAT (-370) and CRE/AP-1
binding sites (-240). Furthermore, we have identified a novel alternative splicing variant of mouse
RANK gene that contains a new intervening exon between exon 1 and exon 2 of mouse full-length
RANK mRNA, and shown that variant RANK is a novel osteoclast suppressor that reduces the number
of RANKL-induced mature osteoclasts mainly by negating the anti-apoptotic effect of RANKL.

AR ERE
(AL« 1Y)
[ERESEHN [RECTES ¢ & &t

2009 4 1, 800, 000 540, 000 2, 340, 000
2010 4 800, 000 240, 000 1, 040, 000
2011 4F 800, 000 240, 000 1, 040, 000

FEE

A
&t 3, 400, 000 1, 020, 000 4, 420, 000

WFe/5 By« [E ks
BHFE DR « fH - JEREE S - ERRES:
X —U— K B, RANK, &7 e®—4%, 55K+



WFZEB AR S F DY

EEZ AIEE, EREECRMIEICHET 5%
EEMET, 5z %ﬁq‘t LM TH 5,
e g L I & S (AN S o = W e
DIEFEETIY A N A /RANKL & EH
FRLETEE RIS D228 RANK OfEE B3 AS AL
KT %, RANKL-RANK 4 LARE D ARIa P
V7L, RANKL ZEHFIEIZ W T,

%< OMFFRRENHRE SN TE N, R
RANK OFEBIHIENCEE 2058132 L, H
HLERE O DB i 72 & OB IRIRIRZE DR
FRHEIE & BT 5 | CL 25K RANK O35
HENIEETH D, FAEHIX, ¥ 7 A RANK
Bofr7ee—4#EkEr 7 —=271LTK
FEMT 21T\ ERMEIZ B3 2 $55[K] 1 PU. 1
<> MITF 7% RANK #5502 B 595 Z & A L,

Bl&fis, EERNEESNICER LTS
1T-7,
2. WMHEOBE/

(1) ¥ 7 A RANK #5171 E— XD
NFAT #& & ELS O i

(2) ¥ 7 A RANK #5171 E— XD
CRE/AP-1 A5 A BLH DfENT

(3) RANK splicing variant D fEHT

3. WD ik

(1) ¥ 7 A RANK BB 77 1€ — % FHKOD
NFAT #& & Bl 51(-370) D figHir

SRR RANK ZEELZ 95 RANKL D) R %
BEtd 5720ic, v U A FHMAME M,
primary culture ‘i 6 A0 e, A A A MG EK
RAW264 |Z RAKL % #¢ 5. L C real time PCR C
RANK #BLA T L, Iy ==a—Y VA5
7 FK506 RiALEEDZNA 2465 L 72, NFATcl
FEHIA Y H—=° NFATcl siRNA #3# A LT,
RAW #if10> RANK mRNA 3EHUZ %95 201
Z 7=, ¥ A RANK &fn 70 E—4
WD 3 HFTD NFAT fEABEAES O oligo
probe Z {ERK L T gel shift assay #17>72, %
G AHEL 51| 2 28 % % 3N L 7= promoter construct
VT, BREIEME A iR E L7,

(2) ¥ A RANK BB T 7' 1€ —ZFHIKO
CRE/AP-1 5 BLA(-240) DT

AR RANK #EHLUZFE$ % PKA, PKC & 7
NOBEEZFRD DI, RAW il %
Forskolin, H89, PMA, Calphostin C TLEE L T,
RANK mRNA %31 % realtime PCR CHEHT L 7=,
c-Fos OS5 ZPRD7-012, BE~T X —
X siRNA DE AR %17 > 72, RANK &Ix7
7’1 e — & GEI O (-2240) (5 3 D EL A & E e
oligo probe % £ L T gel shift assay %17 9 &
& HIZ, PMA ALEL, MEALEEO RAW MRS
L (-240)% @& % primer Z 3% E L CH
c-Fos Hif& & iV 7= ChIP assay 217> 72, & 5
(Z(-240) |2 B A3 N\ L 7= promoter construct

ZAERR LT EREETE 2 MET LTz,

(3) RANK splicing variant D fEHT

~ U AHIE AR RAW264 #ifid 2 RANKL
ALER§~% & | full length ® RANK mRNA %551
DILET D08, Z OFRFFEIRFICRBLT 5 E 0
splicing variant (VRANK)% 7 m—=27"L i
BB fRAT LT SRRV A B A L ROoHYGH
[KF- 0 vVRANK ZEBUZ R 22 R 2 if L7,
VRANK DI BURIEZ G5 72912 Tag &+
(772 VRANK I~ % —% RAW filifia|2 8
AL THRZEMBGEZITO & L b, &L
TG, R MRa oM E 53 & A3 IOV T
Western blot Tt L7z, VRANK ORERERIE
F AT 5 72012 VRANK % RAW IfEIZ
A LT, RANKL ¥RANEE O FRITEARL R
TRACP 7¢ ERE MR/ (LI E D38 Bl 2 5F Al
I 5L & BT, VRANK #5810 apoptosis
(X DR R ARG LTz,

4. WFgERk R
(1) ¥ 7 A RANK BB 77 1€ — % FHIKO
NFAT &S B8 O T
~ U A F AR, BT E L RAW264 HifLiZ
9" % RANKL #LERIX, RANK mRNA 35 %
RHET D0, EOMREDNRIT, I =a—
U > BRI FK506 THI S 41, NFATcl siRNA
W CHHZx SN, 2o Z &5, RANKL
1L NFATcl %71 L T K RANK F B4 it i
9% positive feedback 4 D FFENRIE S 1L
72 ¥ A RANK s 17 1 & — & fHik o 3
HHTD NFAT fEAEmfilic 2B LT, EMSA
assay CEBRABALTTBE—H AL A |
7 7 N @ transfection study Z 17\, 3 IFTD H
Bl FIED(-370) AL AERERY 72 NFAT #5&
B ThHDZ EEH LML,

(2) ¥ 7 A2 RANK iz {7 vET—XEiko
CRE/AP-1 A5G BLH DfEHT

~ U AHTE A RAW264 O RANK FEELIZ
% LC, PKA agonist ® Forskolin MD%51% 72
W23, PKC agonist O PMA ALERIZ T3 HIEtE
R L PKC FHEANZTHIPLEIND Z &b,
RANK FHLZIE PKC BB E53 2 2 &7
TR X7, e-fos SIRNA 12 X 5 c-fos @ knock
down {X RANKmRNA % #ifi] L, c-fos FHHl| 5
BIZ LY RANKmMRNA 230145 2 &b,
c-fos 7% RANK #E#1EIZHIEHT 5 2 & &R
L7z, RANK #fn¥ 7 v & — & Gl (-240)fF
SEODEBEHC’DV\“C\EMSA THEREH DNA
n‘t B, P c-fos HLI& T blockshift Z7~x9"
z &75% FIEBALICIE AP-1 BRBR - & LT
c-fos DMERT H Z LR X 7=, CREB 4
HOPHR G R PR T, #E 2 RE4 5T
FA72 o f_o ChIP assay C PMA L¥E L 7=
RAW cell IZBIT DG EMERT D EE DI,



RANK Yot —Xa A 77 MBI
AP-1 &G D28 B8N 8k & Ji T L T,
(-240) 7 EEBER) 72 AP-1 FEOBCYI CTH D Z L &
R~LT,

(3) RANK splicing variant O f#ET

~ U AR E AL RAW264 % RANKL AL L
T, RANK exon 1 D412 170bp @ intron 7234
AN E I HH splicing variant Z 538 L7-, 2
FLR RANK Tl exon2 (Z stop codon 234 U,
FOFERE EIX RANK &K E L CTHREY
F, in vitro THCE AL L~ OIHIBR &2 7R
L7z, RANKL (% NFATcl %4 L CZAK
RANK Z IEIZHI# 2 DIr70 &3, B
Jiil RAW ~0 RANKL 512X Y, RANK O
splicing variant(VRANK)2Z3 A U 25 Z & /R L
T2 (EAE 4), VRANK {3 #E D 23 (L0 A
LT R b= R 7 F Tk L TR 72
ERZRT D2 L0, BElaZ s+ 5
TRTREHRIE (25878 D v REME DS RI2 S Tz,

5. FreREIRLE
(BFgEfFE . e K ONEEEAF TR 1
IR

CHEREMIC) GRE17#F) (RF 21 #)
(DKitazawa S, Kondo T, Mori K, Yokoyama N,
Matsuo M, Kitazawa R. A p.D116G mutation in
CREBI leads to novel multiple malformation
syndrome resembling CrebA knockout mouse.
Human Mutation, in press, 2012, #5556 ¥

@Sakuma T, Nakamoto T, Hemmi H, Kitazawa
S, Kitazawa R, Notomi T, Hayata, T, Ezura Y,
Amagasa T, Noda M. CIZ/NMP4 is expressed
in Bl16 melanoma and forms a positive
feedback loop with RANKL to promote
migration of the melanoma cells. J Cell
Physiol, in press, 2012, #ae A ¥

(@Wang Y, Liul W, Masuyama R, Fukuyama R, Ito
M, Zhang Q, Komori H, Murakami T, Moriishi T,
Miyazaki T, Kitazawa R, Yoshida CA, Kawai Y,
Izumi S, Komori T. Pyruvate dehydrogenase
kinase 4 induces bone loss at unloading by
promoting Osteoclastogenesis. Bone, 50, 409-419,

2012, &HiA Y

@ Mukai S, Kitazawa R, Ishii J, Kondo T,
Hakozaki A, Hosiuchi K, Kiyoshi M, Kitazawa
S. Identification and analysis of function of a
novel splicing variant of mouse receptor
activator of NF-kappaB. Mol Cell Biochem
350, 29-38, 2011, #HifT Y

(® Epigenetic  Alteration by DNA Promoter

Hypermethylation of Genes Related to
Transforming Growth Factor-B  (TGF-f)
Signaling in Cancer (review). Sann Sanda Khin,
Kitazawa R, Kondo T, Idei Y, Fujimoto M,
Haraguchi R, Mori K, Kitazawa S. Cancers, 3,
982-993,2011, #HA Y

®Hisa I, Inoue Y, Hendy GN, Canaff L,
Kitazawa R, Kitazawa S, Komori T, Sugimoto
T, Seino S, Kaji H. Parathyroid
hormone-responsive ~ Smad3-related  factor,
Tmem119, promotes osteoblast differentiation
and interacts with the bone morphogenetic
protein-Runx2 pathway. J Biol Chem, 286,
9787-9796, 2011, &HA Y

(DTakahashi M, Okimura Y, Iguchi G, Nishizawa H,
Kitazawa R, Fujimoto W, Miki T, Minami K,
Takahashi K, Zolotaryov FN, Hong KS, Kiyonari
H, Oshima N, Aizawa S, Kaji H, Kitazawa S,
Kasuga M, Chihara K, Seino S, Takahashi Y.
Chemerin regulates b-cell function in mice.
Scientific Reports, 1, Article number: 123
doi:10.1038/srep00123, 2011, A HA Y

®Goto S, Fujii H, Kono K, NakaiK, Hamada H,
Yamato H, Shinohara M, Kitazawa R, Kitazawa S,
Nishi S, Fukagawa M. Carvedilol ameliorates
low-turnover bone disease in nonobese type 2
diabetes. Am J Nephrol 34, 281-290, 2011, A&t
A

©@Wang Y, Liul W, Masuyama R, Fukuyama R, Ito
M, Zhang Q, Komori H, Murakami T, Moriishi T,
Miyazaki T, Kitazawa R, Yoshida CA, Kawai Y,
Izumi S, Komori. Pyruvate dehydrogenase kinase
4 induces bone loss at unloading by promoting
Osteoclastogenesis. Bone, 50, 409-419, 2012, &
Bl

() Komaba H, Goto S, Fujii H, Hamada Y,
Kobayashi A, Shibuya K, Tominaga Y, Otsuki
N, Nibu K, Kitazawa R, Fukagawa M.
Depressed expression of Klotho and FGFRI1 in
hyperplastic parathyroid glands from uremic
patients. Kidney Int 77, 232-238, 2010, Z£#t
a0,

@Fujii H, Kono K, Nakai K, Goto S, Komaba H,
Hamada Y, Shinohara M, Kitazawa R,
Kitazawa S, Fukagawa M. Oxidative and
nitrosative stress and progression of diabetic
nephropathy in type 2 diabetes. Am J Nephrol
31, 342-352, 2010, &HA Y .

@0ka M, Edamatsu H, Kunisada M, Dien S,
Kitazawa R, Kataoka T, Nishigori C.
Enhancement of ultraviolet B-induced skin



tumor development in phospholipase C
[ Uknockout mice is associated with decreased
apoptosis. Carcinogenesis 31, 1897-1902,
2010, wEEA Y.

(dHamada Y, Kitazawa S, Kitazawa R, Kone K,
Goto S, Komaba H, Fujii H, Yamamoto Y,
Yamamoto H, Usami M, Fukagawa M. The effect
of the receptor for advanced glycation end
products (RAGE) on bone metabolism under
physiological and diabetic conditions. Endocr, 38,
369-376,2010, ZwefT »

@Sann Sanda Khin, Kitazawa R, Win N, Than
TA, Mori K, Kondo T, Kitazawa S. BAMBI
gene is epigenetically silenced in a subset of
high-grade bladder cancer, Int J Cancer, 125,
328-338,2009, A FHif Y

(®Kanazawa I, Yamauchi M, Yano S. Imanishi Y,
Kitazawa R, Nariai Y, Araki A, Kobayashi K,
Inaba M, Maruyama R, Yamaguchi T,
Sugimoto T. Osteosarcoma in a pregnant patient
with McCune- Albright syndrome. Bone, 45,
603-609, 2009, #FHiA Y

@®Hamada Y, Fujii H, Kitazawa R, Yodoi J,
Kitazawa S, Fukagawa M. Thioredoxin-1
overexpression in transgenic mice attenuates

streptozotocin-induced ~ diabetic  osteopenia.
Bone, 44, 936-941, 2009, £ #HiA Y

@ Fujii H, Nishijima F, Goto S, Sugano M,
Yamato H, Kitazawa R, Kitazawa S, Fukagawa
M. Oral charcoal adsorbent (AST-120) prevents
progression of cardiac damage in chronic
kidney disease through suppression of oxidative
stress. Nephrol Dial Transplant, 24,
2089-2095, 2009, A Y

(ERFE) Gre k) (Rat34 1)
(DKitazawa R, Kinto S, Ishii J, Kondo T, Mori K,
Kitazawa S. Analysis of Regulatory Mechanism
of Mouse RANK Gene Expression through AP-1
Response Element. ASBMR 2011 Annual
Metting, 2010. 9. (San Diego, USA)

(@Kitazawa R, Ishii J, Mukai S, Kondo T, Mori
M, Mori K, Kitazawa S. RANKL upregulates
mouse RANK gene transcriptionthrough the
NFAT binding site of RANK gene promoter. 5
10 [B]H S5 HLERIE 242, 2010.5.5-8 (7 1 L'
PENN NS

(@Mori K, Kitazawa R, Kondo T, Mukai S, Mori
M, Kitazawa S. Derepression of mouse SFRP-4
gene expression by oxidative stress: A plausible
mechanism leading to low-turnover osteoporosis

in diabetes and senescence.Z 10 [E]HHFE HI £
JEF 42, 2010.5.5-8 (74 LY, A ZUT)

@® Mukai S, Kitazawa R, Ishii J, Kondo T,
Hakozaki A, Horiuchi K, Mori K, Kitazawa S.
Identification and functional analysis of a novel
splicing variant of mouse RANK. # 14 [a][F
W ihaR4s, 2010.3.26-30 (L HD)

(®Kitazawa R, Ishii J, Mukai S, Kondo T, Mori
K, Kitazawa S. RANKL upregulates mouse
RANK gene transcription through the NFAT
binding site of its gene promoter. ASBMR 31st
Annual Metting, 2009. 9. (Denver, USA)

®Mori K, Kitazawa R, Fukagawa M, Hamada Y,
Kondo T, Kitazawa S. Oxidative DNA damage to
methylated CpG located at five bases upstream of
TATA-box restores suppressed sFRP-4 gene
expression: proposal of a unique mechanism
towards diabetic osteoporosis. ASBMR 31st
Annual Metting, 2009. 9. (Denver, USA)

(ME) G 3)

OAEEET, A& 16, ke, BT /N

P BER29R MG REETI =, [/RERZWTIIf& ST
DY 1 EH-4DNAY — 7 TR,
SOtEE, BRL, 16-20, 2011

O, & F, dpstsl, JhEPR T
FHAREAI AL 7 2010 - L A A —
7D FEME L BRIRR © ARG T RITE & B RE
B AL ESRE Y= %
T4 7 A LB R Z2 E, 2010

(@Kitazawa S, Mori K, Kondo T, Fujimoto M,
Kitazawa R . DNA Methylation Research Trends,
Epigenetic roles of CpG methylation at non-
CpG-islands revealed by morphology-oriented
epigenetic research (Editor; Kobayashi TB),
pp43-pp66, Nova

(Z D)

R AR— DA
http://www. med. kobe—u. ac. jp/patho2/inde
x. html

6. WFFEHRK

(1) Wrgefks

Jbi# B+ (KITAZAWA RIKO)

MF R - REFPLEFIIICE - Fran 2R
e E B - 00273780



