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WFFEEE R OBFE (Fi30) B4 13, NFxB DI AR B OIEMEAL I EE 272 NF-«B inducing kinase
(NiK)E A T I RE R RIS B A2 A3 5 FARSSIE R Sy R 42~ 7 A alymphoplasia(aly/aly)~ 7 4
D E MR OEEFEICL 2 REAFRERT A Z E2WME L, AR~ R L LT
BICHGREE, A JRALEERG FHIR 7 EOBRDONT A =2 —H UL TWDH Z &3 bh
S, £ 2T, alylaly v U AW ROE FHMI A W TR IFMISEIZI 1T D NF-xB O I B
TR DOEFENZ DWW TIRET L7z, alylaly ~ 7 AHROFIFMILTIX, BFAER~ v 2 f3EFEH
LT, B YR Y VR ET AV E UBRIC DT A VR AT 7 24— (ALP) 1%
PEDOFHEA AR OTE R A TTE L7, & 512 BMP2 fIli%iC L5 ALP O L& AT+ h v
v, ldl, Osterix =° Runx2 72 & OF LD 53k~ — 1 — mRNA OFBLES LY Smad1/5/8
DOV UL LTUE L Tz, S OICHARB IO alylaly ~ 7 2O EFHE FIZ BMP2(4 ug)
AT D & B L el L C alylaly ~ 7 A TTUE, BB E O @ OERVE DS FEE LT BT A
RS-, NF-kB2 @ pl00 725 p52 ~D 7 1t v 7 DOig & 72> pl00AGRR % NF-kB2 K48
~ U AHREOF HFEHIIOE S EAT S & BMP2 2 X 5 ALP iEME & Smadl/5/8 D U L ER{b N TT
L7z, —J5. plo0 B FEET p52 721 NAFAET 5 pl00 K~ &7 A Bk DB 2l 1 X B A Y
< 7 AHEOE TN & i L C BMP2 (12X 5 ALP {5 & Smadl/5/8 D U U EREANEEE LT-,
F£7-. plo0 & p52 Z BMP OZFATH 5 ALK2 &I &5 LiiF st ALK2 L &4 Lz
23.p52 1% ALK2 % > /X7 B DA B 2 855 S, pl00 (2R L 7=, 26 DOFESR L D NF-«B
DI AR D p100 225 pb2 ~D T 1t L 71T BMP OIEM A2 FHE T 5 2 & TF
b LB E IR 2 Z LR LN E R 5T,

WFIEE R OBEEE (J€32) : We previously reported that alymphoplasia (aly/aly) mice, which have a
natural loss-of-function mutation in the Nik gene, which encodes a kinase essential for the processing of
p100 to p52 in the alternative nuclear factor-xB (NF-«kB) pathway, show mild osteopetrosis with an
increase in several parameters of bone formation: bone formation rate, mineral apposition rate, and
osteoblast number. We therefore investigated the molecular mechanisms triggered by the alternative
NF-kB pathway in the regulation of osteoblast differentiation using primary osteoblasts (POB) prepared
from aly/aly mice. Alkaline phosphatase (ALP) activity and mineralization induced by the presence of
B-glycerophosphate and ascorbic acid were enhanced in POB from aly/aly compared with wild-type
(WT) mice. Furthermore, osteoblastic differentiation induced by bone morphogenetic protein 2 (BMP2),
as shown by ALP activity, mRNA expression of osteocalcin, Id1, Osterix and Runx2, and Sma- and
Mad-related protein (Smad)1/5/8 phosphorylation, was also enhanced in POB from aly/aly mice. The
ectopic bone formation in vivo that was induced by BMP2 was enhanced in aly/aly mice compared with
controls. Transfection of a mutant form of p100, pl00AGRR, which cannot be processed to p52,
stimulated ALP activity and Smad phosphorylation. In contrast to pl00AGRR, overexpression of p52
inhibited these events. Both BMP2-induced ALP activity and Smad phosphorylation were reduced in
POB from pl100-deficient mice, which carry a homozygous deletion of the COOH-terminal ankyrin
repeats of pl00 but still express functional p52 protein. p52 and pl00AGRR interacted with a BMP
receptor, ALK2, in overexpressed COS7 cells and changed the ALK2 protein levels in opposite



directions: p52 reduced ALK2 and p100 increased it. Thus, the alternative the NF-kB pathway via the
processing of p52 from pl00 negatively regulates osteoblastic differentiation and bone formation by

modifying BMP activity.
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1. WFZERRAA Y WD 5

o IR OB E T U BR R O KRR, &
FHOERE - FE - FEMRLE QOL DK TIC
EfET D, ZHODOEBTIEL, BEmIZ X
LEEHEL, T &R AT T
N 72 E Ok L DA RN LB/ D,
4, Guided Bone Regeneration : GBR £
fesz L HHEM OESRICL Y, FELT
WOEBEICANEE - BIvEEEH
BT Mlifk F R OB FHENEEA ST
W\ % (Akano H the Quintessence. 2009
28:10:70-86), L7>L., HHHKIRAEIZ K-
TIFAVRHLE 21 5 BICRAEHRICED F
TIZ 6 A LLEDOIBRIIB R 20258 b
B HEDE O &R 2L
MRD BN TND,

Z ORNERAEFHEIIL, T8 ek - %
JEO = hur—/r), [ PRP (Platelet- Rich
Plasma) 7 & X555 B IA - D i FI R0 AR (A8
FEDEWVERHEM OB, 6177
O TTFFAL R, AT LA KDy
FHEAR—ZADMER] PEETHD
(Huang GT, et.al., J Dent Res. 2009 88:792
-806).,

BMP (Bone Morphogenetic Protein)ix BMP
I3 1965 4F Urist 5 IC & » THIEE FICIFLE
L, BIrEOFEREFHFET 50 A A
v & L TH A X 17z (Urist, MR, Science
1965 150:893-899), Hiff. 20 FE¥H> BMP
D CDNARZ n—=2 7S T\Wb, BMP
WEZRRITHERT D & BMP |+ I B4 K
DIEM LS 4L, MlRNEFRIEES T+ Th D
Smadl/5/8 # U b d 5, IEMHbS T
Smad1/5/8 1%, Smad4 & ~7 v 3 Bik% AL
L CTRECRBAT L. SRR IE T DFE B A FH

LE R % 7559 % (Jimi E, et. al. J Dent Sci.

Rev. 2012 148261), HL{E, HiEHoHI A4 Bl
R TBMP2 L BMPT DRRRISH & A5 L7z
WaenBZebnlTWAD, OB 525

572 DIFKED BMP BRUETHD Z
L. RIEREITI VRN BT D &
F 2 RED BMP OG- D3 RIE - 12058 & ok
T5HEND BB —AITE & L TR
AR

#i5 52K 7~ NF-xB | %, p50,p65, cRel, p52 33K
R RelB D550 FRFREBLOANTBX A
~—H L RIEDIIECHERF, FE IR
728 DR e A BLG 2 95, NF-xB @
TEMEAL RS 1T IL-1, TNFoZn & ORIENES AT
HANZED |kB D53 % £ ALK &
NIK (NF-kB-inducing kinase) {& {892 p100
DT 7 E DI AR DA AE T
% (Hayden MS, et. al. Cell. 2008 132:344-62),
T 2 V0 JE IR 7 & D SR Rk S A B
LA T NF-kB DOFAEHITHSH NBD =
TFRERFEL, LPS &AW m e T L
a7 —r U EEi kARSI A%
AL C&7=Jimi E, et. al. Nat Med. 2004
10:617-624 ., Fukushima H et. al. Bone 2005
36:267-275), K JERFICEA SIS TNFal
BMP (X5 E Sl b a i3 203, Fex
1% NF-kB DOBELEHIZ TNFalldkd BMP O
MR ORI Z MR T 52 LA HmEL T
&7-(Yamazaki M, et.al. J Biol. Chem. 2009
284:35987-95), ZNHDFERIL NF-«kB 7
FNEIEETHZET BMP ORI
BHENATRECTHDLIEERIET D,

ez 1E. NF-kB 7 /L#I#EI FTD BMP
DFEEAZ LD E R OFFE S AT HE T
HHNAENTT D721 NF-«xB 771 Didfs
FE~TADE A RN LT, NIK 128
RE KR D i BA R alylaly ~TUADHE
TRRAT LT A | B MR DA 2 &5
WL DK T &, B RO TLHEIC LD H B
A L5417 (Maruyama T, et.al. J Bone Miner.
Res. 2010 25:1058-67), Ak OFEIZ NF-kB (%
£k 2 IR A BLR IR D 5 2 b B AT
WE~TADLLIT, RAEBI/ L IEHEICE



BERRRBIAERT, alylaly <7 A TS
FEORFENHDLLOO, EERFBAIRL,
T x O UE RO S L B A D)
RERBFFZRETED EVHar BT MIA
B35, T TARWFZE T, alylaly ~7 2B X
W aly/aly <7 A kO F /AL Z VT,

(1) NIK & BMP-Smad 2" /L DA HAEH
oL~V TTHER 35,

(2) BRI I1T DI BRI O 2B
HNNZT B,

(3) aly/aly =720 NIK fEZ8FER 4y A A &
L7e"TFREZRZEL ., IRRED BMP (285
B EED TREtEE a5, SHICEEF
® NF-«xB [HEAILE EAFEERELRIER I
DT 5,

2. WFFEDOHW

W JE R e L o RBIZRHT 2RE AT
X, WO EOEWVEFENRD LD,
SN EHENFTH D BMP X, FEAESH
DHEHEINTWDER, 50 & ZAHFFED
DOFERITHB LN TWARY, T E THL T,
RIEFHZEAE SN D TNFas BMP DO%hHE %
Wi+ 5 Z & &6, Z oMz EIT TNFa
DY T FNDRES T ThDH NF-xB %23 IR
MICHET 2 Z & THBRIND Z L 2HE
L7, AEFkxlL. BMP <27 F /1Lt NF-«kB
VITFNADT A =7 AL, BRI O
I 2h e & B AR O e R % (R R (2 g 4
T 5EEN2ABROZ BIET,

3. BrgED Ik

(1) BMP 83— URLyhDHBIEIZELS
BB DRE: BARES X O aly/aly
7AW BMP2(4 wo) g a7 —o7 XL
v NEBR L, 2 #E%. 3HEE®%ICL
A UEEERE L, 4 EE%ICEE S
B AR 5,

O HWHRAORYT  TEA S 72 B O X s &
OuCT 2 L. & 512 pQCT TEEE %
HWET 5,

@ MR : B O~ — I —TH 5
von Kossa Ze 83 L OB il oo~ — 7 —
TH DA IERR R 7 7 ¥ —P Y
BEATIR D, Flos BB C A
TNV EBE L, BTERGEE 2 T 5,

@ HACZFZHIIRNT : R S T2 0> B KR
ERELL, CaP LEWET D, Brba
RNA ZFH8 L, BiFEMfa b~ —0— (7
NHVKRAT 7 4 —EALP A AT A1)V
2 2:0CN 72 YD REBR 2 it 5,

(2) BMP RZIZk2BEFMpLMBAT T+

IMEERBOBRS A% 1 BB AR B

K Walylaly =7 A OFAZE L 0 BEF LI

X o THMB ZEMIL 2 3R 5,

O BIEMIRSLORE : £~ AHKDOY]

R 2 BMP2 CTHIIE L. 72 B4

ALP JEMEZHET 5, F 72 FRERFAYIZ 4 RNA
ZFH8 L . Real Time PCR T ALP <2 OCN ®
HHZ T 5,

@ MR 7 IARERE OGS K~
A HEOOE IEMIEE BMP2 THITE LR
RERZ & X7 B %R L, Smadl/5/8 DV
k. Smadl & Smadd OESIRIEEE X
Y Smadl @ DNA FEEHEE ZNZEN Y = A
Zr7uay ME RELEREL LV Ly
7 RT A EEROTRHRANT S,

@ A Smad OFERE © K~ 7 A%
DOYE S Z BMP2 TR LRI
4 RNA ZFf L, #Hl7 Smad(Smad6 .
Smad7) DIEHL A Rt 5.

4. WFFERR
(1) o577 v—LEEH Lactacystin [Z& 5
BMP FE M & F M s LB E/EFA DR

& ¥ E [ + Bone Morphogenetic Protein

(BMP) |XEFTEICE LSS HME— DY A
N1 TH DD, BERICHIZIZRED BMP
NUETHHZ L, BIOI X MR DZ
ERMETH DL, —FH, IaTT Y —AD
FEhHl e~ A& T 5 LB TLET
L2 ENMEINTHDR, TOERAA L=
ALIFARARERZ N, 22T, TvnT 7Y
— LADFLEA| L LT Lactacystin & fv >, BMP
2 K 2B M LEFEIZI 1T 5 Lactacystin
OMPEENERA T =X LN ERG LT,

~ U AR AL C2C12 A% Lactacystin

THIALEE L 30 /01T

PBS Ty L7212 BMP2(100 ng/ml) CH#il#4
L. 72 RFERICALP TEEZIIE LT 2 A,
Lactacystin J& R FHIIC BMP2 HIlI%IZ & 2
ALP IEPED R3O B, 10 M TFZ b
—ICE L, £Z TLUTDOHEBRTIX
Lactacystin /D2 JE % THW-=, £/
Lactacystin |2 & 5 ALP {EPED EHITHRE 1 X
LTHIEI S NG Z BTz, £7- C2C12
AHE % AR ALPE & 721X Lactacystin THIALEE L 7=
%12 BMP2 (0, 6.25, 12.5, 25, 50, 100 ng/ml) T
FlEk L, 72 BRI IC ALP JEMEZTIE Lz &
Z A, BMP 25 ng/ml ®EELL 1T lactacystin
ATALERAE 1T BMP2 HUMULBREE & this L C ALP
IEMED LRG8O b7z, BMP2 DbV (IC
BMP4 33 L OV BMP7 % W 72354 T % .BMP2
FIREAR LT lactacystin BTALEEREIT BMP4 7=
1% BMP 7 BUMULEERE & iz LT ALP 1&MED
EREPIRO N, BHFMROSME~— T —
ThorWMag—rr FATFXRIFUEB
L TVOCN,BMP HIBIC L » CTRFEE D 1dL,
Osterix 33 X O Rnx2 D3EHL, & 52 BMP i
A 1Al OERFIEME S BMP2 HUARALER &
Fei#iz U C Lactacystin O RTALEERE TR HLA L5
L 72, RIZ C2C12 Hifal % Lactacystin ASULER £
ToIXRTALER L7=% ., BMP2 THIBL L. FREFAY
WZH X7 E PR L, Smadl/s5/8 @V i



xRt Lz 2 A, Lactacystin ATALBRRE T
Smad1/5/8 ® U L DTTHENFRD BT,

HICHL Y B b Smadl/5/8 Hiik & VT2
0~ F R E RS 2ol 2 A, RAL
FREE & bl U C Lactacystin BTALERRET Y g
1t Smad1/5/8 A3\ I DNA IZFEET 5 2
ERbhotz, X 5HIZ C2C12 MM
FLAG-Smad1, V5-Q207D (#pki% 145 BMP
SZRE) ZBIEEA L4, Lactacystin %
ABEMER S BICH N7 Bl
72, Smadl/5/8 ® U > F{k, Smadl DOIEHL L
~ULEBE LT E 2 AL V5-Q207D & EAG T
AT 5L FLAG-Smadl DOFEELL~LHME
T4 %723, Lactacystin Z{EfH &85 Z & T,
FLAG-Smadl OB L~ )3 mE L, 5
12 Smadl OFEHL L ~JLITARIERIIZ Smadl &
U Uit b i L7, [RIBRIC V5-Q207D 12 &
% Smadl O ERGYEME D TLHE ¢ Lactacystin % F
w2528 T, &bICkER Lz, Lok
REV, 7v7 7V —LOHEAIZ, Smadl
Doy fiEZE I 52 LT, BMP/Smad > 7L
R B MR A TLE T HEE 2 b
Do

(2) EEEAF NF-«xB DI FHHEMBRRICKDE
FHRaN e & B AR HEAE D AZER
HR B IR - NF-kB 1, A B FH o002 s
BEOEMBGIIERS BHbo T, HxILZ
AUE TIZ NF-xB O IE & LR IR (2 8 7
p100 225 p52 ~D 7t 7T 5 NIK
BRI RE R O SE B 2473 % alylaly
~ 7 ATIEERINOET & BT %
PEZ2 D KEEABRE ST H 2 E2WE L,
L2> L., NF-xB DI HAGRREKIZ K 25 25
Mt DS FREFEIZ DWW T O NIz Eh
TV, & 2 TR TIX alylaly ~ 7 AH
K DAE H A & AV T NF-xB O3 i
FIRR I & BB ML IC BT 5 %&ENIC
DWTHF LT, alylaly = v A3 L OV AR
~ U AHNREFEMIE ) En Y VBB X
QT AL B EETHIET % & alylaly v 7
A HEOEFEMIE Tl ALP EMHR L OEIK
{EATLHE L7z, [RIERIC BMP2 THIBLT 25 &
alylaly ~ o ZAH1kDOFIFMFLT ALP {EMER
L UV Smad1/5/8 D U g{kAs JUHE L 7z, alylaly
~ U AHSEOEFMIICE AR NIK Z2#Eis
FEAT D &, ALP JEMER X O Smad1/5/8 @
U U RIS Tz, alylaly v U 2B LW
Py BT o ZAERHIE N IZBMP2 &4 27 —
FoXby NEHATSHE alylaly ~7 AT
ITE AR T X L L CHEREBEORFEL
T RFEENFE SN, TOFEEL SN
7o IRIC fuﬁ//7®t%ﬁwmmmmR
% Nfkb2 K~ 7 A kO F FFMfE I B s 1
EAT D &, ALP &R L O Smad1/5/8 D U
UIRAEDSTLHE L7223, ph2 B EAT D
. Ebo bl s, 7, ps2 T

F1ET % pl00 KIE~ ¥ AW AOE HFlaT
1% p52 ZEfnFEA L7 5A & FfEIC, ALP
1EMER LU Smadl/5/8 @ U L ER LA ENEI S U
7. pl0O0AGRR % BMP Z 75k ALK2 & Hh:¥
B9 2% & ALK2 OF3BL3 E5H L p52 % ALK2
L HERH TS & ALK2 ORBNEAD L, 7 r
TT Y —=LDORER T X AT BRI
9% & ALK2 OFEBU 1Tz BE L7z,
PLEDOREFR X 0. NF-kB DI HLAg & 23
BMP RO IEEZHRE T2 LI12kY
B Z 5 2 &R ST,

(B BREIZEIT5H NFkB2 7ot oy
DEE|DEEA

eWMW?WXTi'Wﬁﬂwmﬁkﬁ%ﬁ
DOTCHENRTEO BB, Z OF RN pl00
DTy T ORE, it I NIK 235D
Wiy FOREREZ I+ 5 Z LITERT D50
N AHTH S, £ ZTLalylaly v 7 A & pl00
L ops2 A I KT H NFkB2 K1
(NF-kB2-/-)~ 7 2 42l (aly/aly/NF-kB2-/-)
L. ‘BORBIBZMAT L, Ml L ~L CThegt
L7z, 6@EEmgEDRAEM, alyaly B LW
aly/aly/NF-kB2-/-~ U Z 0§ JEREFHH 21T >
7= & Z A, alylaly/NF-xB2-/-~ 7 ATl aly/aly
VTUATROONTZEEOEIMZA LN
Nole, £, FBE T~ 7 AHKOEF
A2 BMP2 THIBT 5 & alylaly ~ 7 A H
Je D R TR AR~ v R H R O 2
i & kel LT, ALP {EMEs & O Smad1/5/8 @
U U b3 ToE L7223, aly/aly/NF-xB2-/-~ v
A H K OE FEMALTIE, ALP JEMER L O
Smad1/5/8 @V U EALIZEF AR~ T AR kD
BIHFEMEEFEL XL THoTZ, ZNDHDFER
X 0. alylaly v 7 ZIZH 50 5B EOHEINIE
NIK OBID Fiiisr+ TidkZe <, pl00 O 7 r &
VUV ORFEICERT S EBEZ NS, T
B, NF-xB2 @ 100 725 p52 ~D 7 &
VI EREAEICEETHLIEE A LN
Do
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