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Elucidation of osteoclast differentiation by exosome isolated from mechanical
stress-stimulated osteocyte.
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Osteocyte, which is the most abundant cell in bone tissues, is well known
as a mechanical stress (MS) receiving cell. During bone remodelling, bone resorption by osteoclasts
precedes bone formation by osteoblasts. However, its mechanism is still unknown. In this study, we
examined whether exosome released from osteocyte by MS stimulation are involved in osteoclast
differentiation.

Though the vesicles isolated from mechanical stress-loaded MLO-Y4 cells had no effect against
osteoblast differentiation, these vesicles significantly induced osteoclast differentiation. To
characterize the mechanisms by which mechanical stress-loaded MLO-Y4 cell vesicles induces
osteoclast differentiation in murine macrophage RAW264.7 cells, we analysed vesicle membrane and
vesicle internal proteins by nano-LC-MS/MS-based shotgun proteomics. As a result, Protein X , CD9
and CD63 were only detected in mechanical stress-loaded MLO-Y4 cell vesicles.
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BAEITEESM R EZ 0L, v 3ETT 4 7Ty Re— AR ENRIC K 2 BER M HUERE &
FEDREEMLCTEY, SEE 2R T TR FMREBRRDIKTICE S Z2WVED MR D S
NTW5, TOWYHALO—>L LT, BHOBEEBBHERE SN TS, 2, RO
FD AT =TV A N L REZ 7RI FE OBREEALIZ#E ST 2~ MR N TG O 1E s 2 151
{LL, BHODERAEEST -0 TH 5, b hOAKEINCTH D FIL, BB EEEZELRNSZD
FERICHE LB 21T TV 5, BEETREOBEHIRE §2EDEFEMRICES 2T
BRI A =BV A NV RAEEINT D E, v v TEAIC Ko GHEME LRIV 1
WRET D VAT A EF/NEE, BHE OB E IR Z AW asMERIGE Y AT L%
U CBEET 28 RO B AR I S RIS M A (BT D AT M X - T, B £ H#H
THZLERMOENTWD, L2, BIRO X 97 A D =H VA N REZHB OB A =X A
VIR & SR S22 H D b DO, TSI IIZ A =N A N L AZEZ L, EDX o
7oA USSR MEEN T 5 D2 ORIWIZXT 2 B REMRIZIIE > TE 5T, 5l &kt B%
THOLEND D,
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WTEE, AR CH 55 OB BHER 2 T 2 B A8 S, B AR 23 e B IR NN
WD~ A7 1 RNA (BT miRNA) OFREHHIEERE S ER S Tnd, BHEELIX, Zh
FTOMRICT, BHEIZA D=V A NV RAEZ 5252 & THIWINTZFE/ NN TRE RO
HMEEFHET DBREMER Lz, ZOMEND, BEEE OIXE LS 9 2 B NE 23 i il
DO EBE ST —2OER LY, TEFTEREIN, FTLOVEBMELND] &I RAS
AL AERE R RO LT TWD DO TR W EEB X T, £2C, KRETIE, oA =01
A b L A AR E IR IR ME OB ENC B T A REIZH ST A0, BU/NNEOREE D
AT & NE S D BB HIBR L BEE R 1 2 R L, BRI 2 WA NI 25 B i AR oD 23 A Rl
IR D Z & X 2RSS OF -2 R4 & & IS AR R 2y OB R
JESE DO FREBA~DOISHRHO RN 2L Z 2 B E LT,

3. WO Ik

(1) Mt

~ U AR B E MALERR MLO-Y4 Mifd CKIEA > 7+ 7 F K% Lynda F. Bonewald f# 1t L ¥
SHHRML) BR O~ A~ 27 07 7 — I RAW264.7 fIE (E SZAFFEBH%E B\ B 37 5K 77 i
Jet v — i HARAE T X 0 58 ED HIZEh TR 10% =2 VY —A7 U —4RIRME, 50
UmL <=3V, 50 pgmL A b L7 h=A > &G A7 MEM 7213 DMEM 8t (Wb
Invitrogen) (2 CTH# L7z,

(2) Ah=H/NA L AEAM

BHIfEEE MLO-Y4 #ifa% 3D A% v 7 +—/L K (GC #FZEAT) 1T 1x10° cells/mL DR CTHEfE
L, 72 RIS R AT o 72, 2 DO%, FRTERRERE (X b vy 7 2R &#8 SPB-100) % H
WT MLO-Y4 HllaZREL7-3D A% ¥ 74 —/L NIZ 1.5 MPa, 1 OAHI=HNL A L 2%
At L7,

(3) AH=FH/VA KL AEAH MLO-Y4 AR 55 WA Ma o 7 5

AT =TI NVA N L R B LT MAaE A R L, 15,000xg, 4°C, 30 43[H i DLERIZ &
DT 7 ) AERRE LTz, SO BEEZ S OICEEOE (Ry 7 ~vrayry— (BR),
Optima™ TLX) (T X ¥ 100,000xg, 4°C, 60 73EAF L, M/ aZ B L7z, Thlk S 7k )Ma
% X 52 PBS(-) & AW TRREIEIIL L, qEVI0O (35 nm, AA U7 4 — ARAEH) BT 25 H
Wieth A ZYERR B Z L~ 7T 7 4 —IC LV BEU/NEZTR Uz, BNEOIRER X O
B 7-280%, T/ KL 7-fEHT S A7 2 NanoSight (HARD U2 LT A (BR)) ICEVBlELE

(4) AA=TA b L AAF MLO-Y4 AR 53 WA IS I 2 A #7916 7% 5 RE

YUAT I 77— RAW264.7 Ml % 1x10° cells/mL D TRERE L7224 7 = L~V F 7 L
— MITHAIREE S 5%10° particles/mL & 725 X 912 A B =T /L & k L 2 FF MLO-Y4 HiR5y WAREE %
WL, 7 BREEEE L=, BBtEXIER L LT receptor activator of the NF-xB ligand (RANKL, 50
ng/mL) , macrophage colony-stimulating factor (M-CSF 10 ng/mL) % H\CHE R~ bifE L
Teo HMEFHEORGEL, DEFRIE Th DI AREMIEPEAE AR R 7 7 Z—E€ (Tartrate-resistant Acid
Phosphatase, TRACP) &P D FL a7 f: & Western Blot {535 K OVEEM Y 7V 4 A A PCRIEIZ L D
Nuclear factor of activated T cells 1 (NFATc1) #5 & O Dendritic cell-specific transmembrane protein (DC-
STAMP) D% /378, mRNA ORBLEZ 2 E T L7z,

(5) AB =T/ A b b AT MLO-Y4 fllfE 53 WA/ Mg © RAW264.7 Ml ~D I Y A
PKH67 Green Fluorescent Cell Linker Kit (Sigma-Aldrich)iZ 7 $£41% PKH67 cell linker & &
Diluent C ¥ & 1A L, PKH67 Yl (4x10°M) & L7z, IR/NEIZ PKH67 Ye ik 2l 2 25°C,
10 g tat%, 1 %FMIET VT I VIR K D etz iE i e, ZOREAERNLE T~



JAwr 77— RAW264.7 flifiiZ 1x10° cells/mL D% )E CT#EFE L7~ LAB-TEK®II Chamber
Slide (Thermo Fisher Scientific) Z#INtR, 24 KEfE 37°CTH:EE L7, 24 IRFff1#%, Hoechst33342 %
FEPREEDN 50 pg/mL & 720 X 5 1ThN %, 15 434 fa L 7=, % D%, ProLong™ Glass Antifade Mountant

(Thermo Fisher Scientific) % A7 A NIZ{# F L, 23— 7 A%HHE, CoverGrip™ Sealant (=
AENA ARRREH) HFHOCTEE Lz, BUMEOR Y AL, #LBEMEE BZ-800 (F—=
AR S ITX VB LT,

(6) AH=T/VA L AAFH MLO-Y4 AR MEDOIRS K OWE Y o7 BT a7 41—
ISR

AB=TNVA N ABAN LIEMBE S oW S LB/ e & BIX L, M-PER Mammalian
Protein Extract Reagent (Thermo Fisher Scientific) % FUNC/NaBER Sy & WEW) & 43 LT, /Ma
PRI o e, U N EEE LT I0ug 2% 2 X7 BN AT = — 7124 L, UltraPure™
water (Invitrogen) ZH\\T 100pL & L7k, Z v a RV A-A X ) —WIRBEHEIC L0 2 R0 g
ZEUL LT, B O PRI & o R 7 B A b3 MPEX PTS i3 (GL h 1/ =2 X) % L
7oo TR MPEX #3E B 20 uL 23N L CTHAIZAVT v 7 A%, 95°C, 5 o3 [mE L, #EEw
AEICT 10 DAL 2 Z & T Z 52 I L=, 100 mM P F A A LA h—/b 1uL ¥
ML, 37°CIZC 1 BRI ER, 550mM 23— R7 & b7 2 RIERK luL 230, #E FTE b
45 o[ Uiz, £01%, MPEX GR3E A77 uL ZIINEA L, 200ng/ul NV 72 88K 1 ul %
WINL T 37°CIle CT—BEER b A 1T e o 7o,
BERWALIE, S|IRICR L, FEE=F /L 100uL & N U 74 afifig (TFA) 1uL 2% L7, 14
MANLT v 7 A LTk, 15,600xg, =i, 2 OB L, BEERRE Lz, T8 2 B0ER
BT S0l L FICHEME L, 0.1%TFA &4 5% 7 & b=k VLA 50 ul 28 L=, = o4
ER% MonoSpin C18 (GL ¥ =2 RA) (T THHREHAE, 0.1%TFA %A 80% 7 & =~ U LRI
200 uL CHH L7, WHHRZBUERZE L, 0.1%FBEEH 2% 7 & b=k U LYK 30 uL (2
it Uiz, WfE%, 20,000xg, =EiE, 10 s Ot L, EEAS%E LCMSMS ZHnizva v b
HRATC AL LT,
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(1) AH=ANA L AAR~ T AEFHE ML MLO-Y4 ffas & FR% L 725/ Mg o
TERE AR

AT =TVA N LA ZAR LT MLO-Y4 fllia)s HFA8 U2 B/ Ma & 2 L ARATRTO MLO-
Y4 M SFHEL L 7B M A2 F e L, kR L OVERRE ISR 21T/ o 1=,
ZORER, A =T A b L ARAMOE/NEIE 60,78, 104 nm (2 ¥ — 7 & 7R3 LB A 72kL
TR E R LD, A B =HVA N L AAROEHIIETIE 119 nm ([ — 27 ZR 3 EH T34 X
T T LIRS A Uiz, PiFIREL, A= HNLAFLZARMIED 10FIEEEL
STz, £, EAME MBS 5 1 NanoSight (2 X 0 15 5 725 R & Rk 7ok 718 %
BL7 (K1),
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MLO-Y4 fifan bl L=/ o>z Y ) — A< — D —IZ2O\WT YT AZ T ay MEIZK
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MS(-)-MVs: A 51 = 1)V A b L ARAHR MLO-Y4 HIFEANY W6 L 7=/ N, MS(+)-MVs: A 1 =77 )L
A kb A A S MLO-Y4 FlfE A3 53006 L 7= i e

(2) AB=HNA KL AEAM MLO-Y4 MIFE 3 WA NI K 2 i B Al 70 L5 5 hE

AT =TV A b VA ZEAR LT MLO-Y4 fifan o8 U 7= Na 2 ik g iila o o{bic B 5 L
TV D D HTERR A O~ 7 A~ 7 1 77— RAW264.7 flfazZ W TRE L& 25,
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@, TRACP JE MG Ol BB @A L 7= B O &2 fesl LT=, F£72, HE
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(A) Nuclei (B) PKH67 labeled-MVs (C) Merge

X 4. RIBRALGE AR EEHT RAW264.7 M8 B A 1 = VA b L AT MLO-Y4 Flla /5 WA B oD
Y A -

(A) #% (Hoechst33342), (B) /g, (C) (A) + (B) Ak, A —/ 38— : 10 um

B/ N 1% 24 IE[E R OBV IAZ R Z 7R T,

(4) AH=J1VA KL RETF MLO-Y4 Ffam Wi/ Ma oS S ONE S 77 a7 4 —
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AT =J VA L AE TR MLO-Y4 ffa Wi/ N aiz & s ED X 9 725123 E a1k
FHEICED S TWD O HEET 572012, B/NMAIZEEND ¥ o7 G ZREENIC LC-MS/MS
WY gy MU AT o 72 (A B =T VA b L ZARAFILD MLO-Y4 AN 43 WA
INNEBERNE Y NI BB LIRS R B OB 21T/ > 72), F OSSR, AD=H/LA
L A G MLO-Y4 Hife B SN MR O Bl i A A BIC BE 2 % v R B O B LTz
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kL 2 A MLO-Y4 MBI NIEIZ D F LMBIER T X 72/ o727 BT A= FHD CD9 B &
NCD63 1%, K a v P UANIZEB W TH A =0/ A b L AAN MLO-Y4 FIR WA M
DB LRI TE o Tz, ZORERENBHE CDI BELONCD63 XA D=/ A N L AZEIC
SOB/NEIZ Y =T 4 T ESND T THDH I ERRBEINT,

code Sample name Number of identified proteins
A MS (-) exosome internal protein 151
B MS (-) exosome membrane protein 269
C MS (+) exosome internal protein 182
D MS (+) exosome membrane protein 414
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