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WFIEE R OBFEL (F30) : Osteoclasts play central roles in the development and remodeling of
bone. In addition to the stimulation by RANKL, serine in the culture medium is necessary
for the 1n vitro differentiation of osteoclasts from their precursors. We conducted a series of
experiments to understand the regulatory mechanism of osteoclast differentiation by
serine as well as its physiological significance, and found the activation of amino acid
starvation response in the precursors by serine deprivation alone, low expression of serine
biosynthetic enzymes, and importance of serine supplied by osteoblasts to osteoclasts in the
bone marrow microenvironment.

SRR
(BHDRLL : )
B B 2 %

2010 4FEE 1, 600, 000 480, 000 2,080, 000

2011 4FFE 1, 400, 000 420, 000 1, 820, 000
EEE
EEE
G

ik 3, 000, 000 900, 000 3, 900, 000

WFgesy B« [E 3

BHFE O F - FHE : SAFRRERRIE S - BB

XF—U—FR: 7B, Y, MR- MR RAE - b, BBUSIE, O OURE, B - R
BAGHT, A

1. BRSO & FAERTHDLZ D, BE DO

BARHENT. BE RIS X B VE I oW
B & B R X 28 LUVE - DR
OGO AISE el (BT ) )
WX ORI S A, BREE R — 8 Oal#REH
MERF SN TWD, BHERER & O EE 2 E R
R BT E I O « T D g TUHE A

OB WIS M D A AR L B 3 D AT S
ANATOIVT WD, E IR LR OB 4T
1X. Z3{bIRF RANKL R4 Dt & 73 2 BAE K]
- NFATc1/NFAT2 D[] E % 324 & LT, RANKL
SRR TH D RANK FD > 7 AR EERR K
NFAT2 TEMALERE ARG 72 S22V T



%< OFEPED v, TREERIZERATEAE A
72 WFFEREFEEIT in vitro (BT D RiIBRAL
ROz EF o) N EET
HDHZEERB LN, ORI E S
SLAHPERIZOWVWTIIRMHTH - 12,

2. WO B

(1) g 210 v ofE
R 20 7 L~ L TH LT T 5,

(2) HIEFEE MR CH DB~ 17 7 —
TOR Y CHERMEE VD BIRIZOWT, fEIK
LUV TTOABERICOWTHSRT 5,

3. Wik

(1) AUBEAEfIRIC BT 58 U A RCREE
FOIBLOMEMT (RT-PCR, skl tass) |
YU OERICEDb LT I BT

AR—H—DRE, &V A RIS DIEE
U LD E A b ~DRE, ~ v X F
Hi~rn 7y —ICRBIT B AR

MEZBLOT I VBN TV AR—F—D

R EBEDOWE,

2) BV UAREGEHIZBT A~y XEH~
ImaT =0T 2 BRINEY TR

(mTORC1 #&#& . GCN2-elF2alpha #1%) D&
PEALIRBE DR,

(3) ‘B EFAIR - RiTBRER B AR B de novo
T U A EERE~ T A DIERL,

4. WFgERk R

(1) ArBEAsEHE IR - B 3FMlaic B T 58 Y &
BRR - R ORI

B AR X AR Ml kR T Y UG
%% DM (PHGDH, PSAT-1, PSPH) # 7&
SHEBLTWDZ ENphotz, £z, il
B M B 4R B A 1 Phgdh 2 R T 5
Tnfrsfilla—Cre;Phgdh MoxV/floxed < v7 2 1 1) 45
Mi~rn 77y —UEFAB LD, invitroT
DOHEFE « /IR ICFEET D2 Y oD
I T4y Td - 7= Phgdh % R ERAR S F A2 18
FIRBELIZE A, VY VIEFMETIZBNT
HAE O RN R Sn- (RN T- 72
MR L ISR S TR D RERNE ST,
Y U BRI OV TR, BT E N T
RPET X RIS R D ASCT2, LAT2 DIFEELN
O BT DITHE L, B M Tl ASCTL,
LATL ORBENEN TH o2, S 5ITHHER
ASC DIHERZEH S 2 A, BBk E
Ml ~DE Y O AR L O E i
~OMERIHI S ND Z RN yinoT-,
@tV U AERIC L DT I BRIE - IRAR
B~ D B

HIERA BRI Cldt U o fLAKkIZ L Y mTORCL
BRI, GCN2-elF2alpha RO 7 I/ BEIGE
VTV OIEEICE LR RS, 'Y &
DHDRZTT I AR A L ARG &
EBZINTWBZENRGhoT-, 2, 21

F TUEHE LTV = RANK BIAN TS a5,
BN Iz oW T, 'Y ARG T To
FHEUK N2 R L7z,

(3) ‘B - ATEEA B MIRRRE A de novo
U UERBEXRE~Y T ADERKE B IEEE
il

B MRS, RERARE IR 59 2 B il R
TOE Y OB TH D AHetEIic DT
WRAET A 728, B 2FMIE E 7 1 Xm0 BRagE E R
¥R de novo vV VA RREESE phedh &
It ERET DT ova TN v I T
TR RZONT, ENENMLELRD
Cre ¥ A (Collal-Cre, Tnfrsflla—Cre).
floxed v 7 A% AF L, 528l - VERLZ 1T o 7=,
WO~ 7 A ZBW T HlEm 0 HAE, i
RARECTH V. FREICHES S 7z
Emb b, AR ERHCEN T REITIR O
einolo, BHEMRRRN R T v a )
W T T TR RIONWTEEENE
EITolz b A, BT E OB T A
B DEITIR OGN o7, LU Hfl
kPRI ORGSR, MR L~V ClIdhkE A
DR REDBRE N R ONTZT20, 5l&Hix
B XD BHEERLEBIE L, ToKEIC
DWTHFRTZ I 2 2 MBS RIE ST,

Phb, ARWFZERER L O LT O rREMED A &
i,

- BB AR CIIE U B HCREER DR
PRV, 'Y UHURICHKESS THY . &Y
VARREBEZEORB L R Y R M
EHEL TS,

- in vivo \ZEBWT, B MR I RTERAL A HE
fizxt4 5D MG E L THERET
»H5,

5. ERFRERE
(BFgEfFeE . WFFE o3 K ONEEAF TR 12
TR

GRS (FE 12 #4)

@O Ishida—Kitagawa N, fth 11 4 (10 & H).
Siglec—15 regulates the formation of
functional osteoclasts in concert with
DNAX-activating protein of 12 KDa
(DAP12). J Biol Chem 287(21):
17493-17502. (2012), #E#HiH.

DOI: 10. 1074/ jbc. M111. 324194

®@ lkeda A, 194 (9% H). Advantages and
Potential of
Lipid-Membrane—Incorporating

Fullerenes Prepared by the
Fullerene-Exchange Method. Chem
Asian J. 7(3): 605-613. (2012),
A HE
DOI:10.1002/asia. 201100792

® Maruoka M, fh 8 &4 (5 ZF H)



Abi—1-bridged tyrosine
phosphorylation of VASP by Abelson
kinase impairs association of VASP to
focal adhesions and regulates leukemic
cell adhesion. Biochem J. 441(3):
889-899. (2012), #iH.

DOI: 10.1042/BJ20110951

Yogo K, fth 74 (4% H). Identification
of SAMT family proteins as substrates
of MARCHI1 in mouse spermatids.
Histochem Cell Biol. 137(1): 53-65
(2012), #E#H.

DOI: 10.1007/s00418-011-0887-y
Bahtiar A, 174 (7#%H) . The L-Ser
analog #290 promotes bone recovery in
OP and RA mice. Pharmacol Res. 64(3):
203-209. (2011), ##iH.

DOI: 10.1016/j. phrs. 2011. 05. 004
MoritaV, 64 (72 H). Purification
and identification of lactoperoxidase
(LPO) in milk basic proteins (MBP) as
an inhibitor of osteoclastogenesis. J
Dairy Sci. 94(5): 2270-2279. (2011).
EHA.

DOI: 10. 3168/ jds. 2010-4039

SatoM, fth 84 (7% H). Identification
and functional analysis of a new
phosphorylation site (Y398) in the SH3
domain of Abi-1. FEBS Lett. 585(6):
834-840. (2011). #FiH.

DOI: 10.1016/j. febslet. 2011.02.012
Bao X, Ogawa T, 54 (2%&H) . Acid

sphingomyelinase regulates
osteoclastogenesis by modulating
sphingosine kinases downstream of

RANKL signaling. Biochem Biophys Res
Commun. 405 (4): 533-537. (2011). #H
H

DOI: 10.1016/]. bbre. 2011. 01. 061
WNINFRER, 74 (1FB) . fMiEst L-
B U AT AR R AIR O T X R
B ST IEMILICKETH S, T3
FemFge. 4(2): 167-169. (2010). &3
15

Nitta M, fL 9 4% (6 #& H)
Identification and expression
analysis of connexin—45 and
connexin—-60 as major connexins 1in
porcine oocytes. J Anim Sei. 88(10):
3269-3279. (2010). ZFHAT.

DOI: 10.2527/jas. 2009-2781

Tkeda A, 34 (33 H) . Photodynamic
Activity of Liposomal
Photosensitizers via Energy Transfer
from Antenna Molecules to
[60]Fullerene. ACS Med Chem Lett
1(3): 115-119. (2010). #FHif.

DOI: 10.1021/m1100021x

Nakamura T, . 74 (6 & H) . Potential
involvement of Twist2 and Erk in the
regulation of osteoblastogenesis by
HB-EGF-EGFR signaling. Cell Struct
Funct. 35(1): 53-61. (2010). #HiA.
DOI: 10.1247/csf. 10001

(3] 18 1F)

)

AN G D) 254, BEE IR BT 288
DAP12 AL L /R 7 E Siglec—15 D%
REMFAT. 25 34 BIH AR 1AM RFR
2011/12/14 (AR A % —),15(AHH), X
7 4 ki (BEik) .

TEREET, ) VU RZIZEDELBFR
BUSEIZ AtT4 13575002 BAT X
J RS ER 5 b IRIZA RS, 2011/11/4 (R
AH =), HEBRKFVURIET Y (4
HE)

JIEEEE, vV o RZICEIDVERLIND
AN TE RIS R, HAT I R
S5 AR SS, 2011/11/4(GR A &2 —).
LB RE RS F Y SR .
PR, &'V A kiEE# Phedh KIEHR
HEEM G B S 2 JE S D 57 -4
. BART X VBFRE 5 BT RE,
2011/11/4 (RAZ—) , L HERFEV v
RoAy G&bERE) .

AWEMRY, ManNnt) e ELBE
KRB E B TR OEE)., HAT I/
M3 b B2 T ks, 2011/11/4 (KA
=), BZEBRFVUORIA Y (&
®) .

NIFEER, EEflasfbicsi a8 &
BORME L2 U LRI E L C o SR
Jaokat. % 29 8] H AECHFE 20
£, 2011/7/30 (RAZ—) ,  KIHE
Bty (KB .

) Ca ) #ZEL, e 5 85
1l DAP12 SEEZ L X0 B DOKEREMRMT.
B2 MAHARERBESFMES
2011/7/29 (RA X —) , KIKEEESES
(KBR) .

TEREEF, Y U RZINET D8R
T OFRBIFH L. 5 65 A1 H AR%E &
B RS, 2011/5/15 (QEH) , BAD
KRS (R .

AIFESE, MRS U a2 Lz s
B AR L HI RS, 25 65 [l H AR
# - BRPEAS RS, 2011/5/14 (v RY
A, OFE) , BEOKLTFRKFE (FHKR) .
FHEP—, ~ v AR E RO Y v
B IARICEG T 57 I BN T7 AR
— X —@OfFEHT. BMB2010 (55 33 [A] A &4y
T PSS 5 83 Bl H A4 LS KR
£ AFRIKRE) 2010/12/9 (KA H—), #h
FEEERYE (F) .



AR, Ml Y XD~ T AR
BRI B AR D7 X Y 7 VIS B AR
DOHIAE. BMB2010 (55 33 [B] B Ay 144
SRR - 83 M HAEIFEERE A
[FIR4E) , 2010/12/9 (RAKZ—) , )=
EERRRE () .
FEHESE, RN O B TUEIC K 2R
RERIWCHT DY 7 ) u 74290 O
HoFR oGS, BMB2010 (5 33 [B1 H A%y
TS 5 83 [ H AL ER K
& AFKRE) , 2010/12/9 (RA & —) |
A EERRRS () .
Ishida—Kitagawa N, Identification and
Functional Analysis of a Novel
Regulator of Actin—ring Formation in
Osteoclast. 32nd Annual Meeting of The
American Society for Bone and Mineral
Research, 2010/10/18 (KA % —), Metro
Toronto Convention Centre (Toronto).
Ogawa T, Extracellular L-Serine
Regulates Intracellular Amino Acid
Levels and mTORC1 Activation in Mouse
Osteoclast Precursors. 32nd Annual
Meeting of The American Society for
Bone and Mineral Research, 2010/10/17
(AR A % —) , Metro Toronto Convention
Centre (Toronto).
NS, ALt U s W AT
BRI oD T X BRI ER T 7 MIENE(KIC
WETHD. HART I RS 4 b
firk2z, 2010/9/17 (KA % —) , KTV
T A RN (HE)
NIHRER, AL U 3T 2 ) RS
TV TV EN LR IR %
T 5. 5 28 [ HAE SN ES
2010/7/22 (RgH), WET TV RT L (K
) .
AN CaH) el EHEc ks T 0
5N B DONFEIIENT & BT 7 F
HRAEE RS H A - O RIE. 28 [BIHA
BT FES, 2010/7/21 (RA X
=), REFZH¥RTL (HR) .
Takeya T, Isolation of L-Ser analogs as
novel inhibitors of
osteoclastogenesis and bone turnover
with distinct functional mechanism.
IOF World Congress on Osteoporosis &
10th European Congress on Clinical and
Economic Aspects of Osteoporosis and
Osteoarthritis, 2010/5/7 ((RA X —) |
Fortezza da Basso (Florence).

6. WFIEhER

(D WFgeRFEE

/NI ¥RER (OGAWA TAKUYA)

73 BB F RN RSB R T « A A A
T AWFGERL - SRR

WFgeE 35« 30457147



