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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 flifiaZ 1x10° cells/mL D% )E CT#EFE L7~ LAB-TEK®II Chamber
Slide (Thermo Fisher Scientific) (Z¥IN#R, 24 REfE 37°CTH:EE L7, 24 IRf#%, Hoechst33342 %
FEIREED 50 png/mL & 720 X 912z, 15 et Uiz, & D%, ProLong™ Glass Antifade Mountant

(Thermo Fisher Scientific) % A7 A RIZ{ N L, v N—H T A%ZHH, CoverGrip™ Sealant (=
AFNA ARRAEE) 2O THEE Lz, BNMIORY IAZT, SOCERED BZ-800 (F—x
AREASH) LB LT,

(6) AH=J/VA L AN MLO-Y4 Al MO L OWE X o7 BT a7 ¢ —
JVIRHT

AH=TNVA R L RAEAN LIEMEN S 5w S - E/Na % B L, M-PER Mammalian
Protein Extract Reagent (Thermo Fisher Scientific) % F\NC/NaEER sy & WY & o L7z, /Ma
WER T T T, 2o NI EEE LT 10ug 22 2 /37 EIRWAET = — 71257 L, UltraPure™
water (Invitrogen) Z VT 100uL & L7214, 7 v fR/L - A X ) —WIREARIC L0 #2808
Z N U7, IR O PRI & o X 7 T ba3E MPEX PTS #3E (GL A = X)) & L
7o WLBIZ MPEX 33K B 20 pL %I L THIZANT v 7 Af%, 95°C, 5 ZrfimE L, HEik
BAEIZ T 10 BT 5 2 & TR Z SERICHEME L2, 100 mM F A A LA b —/L 1yl ZiR
AL, 37°CICT 1 B E, 550mM 32— R7 & b7 2 RIEHR lpL 230, L TFTEHIC
45 oy Uiz, £01%, MPEX B3 A77 ul ZIINEA L, 200ng/ul NV 7" U ¥EHK 1 ul %
WL T 37°CIZ C—BeEERHEIL 21T 70 o T,
PRI L., IR L, EERTF /L 100uL & b U 74 e R (TFA) 1yl Z3mLiz, 143
MARNLT v 7 A LT, 15,600xg, =i, 2 oA L, FEE2BRE Lz, T2
I TS0 UL LLFICHEME L, 0.1%TFA &4 5% 7 & b= b U JLIEHE 50 uL ZEM L1z, Z D4
% MonoSpin C18 (GL ¥ = A) (T TR, 0.1%TFA & H 80%7 & =k U LK
200 uL CYEH L7, WHHRZBIERZE L, 0.1%FXBREH 2% 7 & b=k U L¥EHK 30 uL 2
fig Uiz, VAfEP%, 20,000xg, =EiE, 10 /R OABEL, EEZEZ LOMS/MS ZHvizia v b
T RERTI L LT,
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(1) AB=HA L RAATT~ U A EHHREMIERE MLO-Y4 flifass 5 FH% U 7= BN a o
S RESE IO

AT =TIV A N LA ZALNR LTz MLO-Y4 AHfE2s SR8 U7/ g & A b U A KA D MLO-
Y4 HfEss LR LB e A 2 e nmi U, kR OERRE ISR 21T o T,
ZDFER, AH=JNVA N L ARAH OB 60, 78, 104 nm |2 ¥ — 27 &7~ 9~ Ll pOfl 2~ 7eks
FRESATZRUTZD, AH=HVA L AAROEMITIE 119 mm (¥ — 77 27T A X
T S Uk R A s LT, BRI, A=WV ANLVAERHZLY 105X ERmL A
STz, £7-, EEREATMEES )5 b NanoSight 12 X 0 15 5745 8 L& Ak 2ok 14 & 1
AL (K1),
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(A) A=A NV AKALR, (B) AB=H/NA L ZAHATLw

WIZ, AB=HILAKNLAZEAH LT MLO-Y4 Hiflan SFHE L-B/ N a s 2 L ZRATMHRD
MLO-Y4 fifan SRl LB N Mao= 7 VY —A~w—H—IlONWT U ZAZ 7 ey MEICK
DT LTz, T ORER, BURRANZ LT F 7 A= ETHD CDI B X CD63 1I2oW T
AH=HIVA R L AZBAN LIz MLO-Y4 g S8 L =B N alic o st Sz, —JF, =
VR Y — A X R B D Flotillin-1 1 A D =H/VA N L ZRARD MLO-Y4 Hfus 5 5L
LB/ Mao L Sz, ZIHRERND, AD=H/VA ML RARIZE Y MLO-Y4 #lfun
WS D BE/NNADEHENLRN S D Z LNz (X2),
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2. AH=ANA R LVAARIZE D MLO-Y4 #fu2s 0w L7- B/ NNRicRir b= v Y — b=
— N — O3B

MS(-)-MVs: A 7 = F )V A b L AREA N MLO-Y4 A0 U6 U725/ M, MS(+)-MVs: 2 1 =711
A kL A AT MLO-Y4 FAE A5 U 7= 5N

(2) AH=H/NA L AALR MLO-Y4 FIE W/ NEIZ X 2 B E s Lk se

AH =TV A R L AZEAR LT MLO-Y4 #2558 U 7= N2 #0453 bic B 5 L
TV FIBME B AR D~ 7 A~ 27 v 77— RAW264.7 Ml W TRET L7z & 2 A,
il E A LB E N+ Tdh D RANKL/M-CSF AL U 7= Bkt iR X 0 & 20 baBERE IRV &
@, TRACP JEMERG MR- B AT A B A LB R 2/ L=, £/, e
(2 X5 TRACP 1EMECl B /i 453 i% 8 4y + 0> NFATcl 3 KT DC-STAMP D% L/ BB X
" mRNA OFHES A B =H /LA b L AAR MLO-Y4 ffas Wil MaEic L EF Lz,
AT =HVA R L ARAR MLO-Y4 FE WA MEALEE T i+ o ERISHER TE o7z (K
3)e ZHDHHERMND, AT=H/LA L AATR MLO-Y4 HIIE45 W IR L3RR & fia o 45 bk
EHREAHFTDH I ENREBEEINT,
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(3) AJ=J1)VA K L AA T MLO-Y4 Flla /5 W5 M i 0 RAW264.7 AR~ LY A Zx

AH=TNVA KU AEAR LT MLO-Y4 #llfahs 5 FH8 U 7= I Ma A i o ki B 54
DI L ERER LD, 2O LSRRI ERIBEO—IcE EEolz, FORENSL, Zh
I/ RO ELY JAI FE T 1T I O BRI T ~DOFEAREN —EROFMIZIZ Loy alHE TIE72
MO TeDTIXRNINERHEEL LTz, 2T, AR OIRE R B O @ PKH6T 12X D
JE/ NI 2 AR U, ATBRA B IR~ DRV IAFR I DWW TEIER Lz, ZOREE, H0eEa L
IMEZTLY IAATE RAW264.7 FIITHIIARIKO —HCThH -T2, Z DOI/NMaZ T A A O
BHINME LT E WD Z & &E 2 E, TRACP i o@issg L —84 5 2 ERHR SR
7= (X4),



(A) Nuclei (B) PKH67 labeled-MVs (C) Merge

X1 4. RBRALE AR RAW264.7 M50 D A 1 =1 VA b L A A ff MLO-Y4 flla /5 s B o
iy QUBY.NZS

(A) #% (Hoechst33342), (B) M/, (C) (A) + (B) Ak, A7 —/L/3— 10 um

L M Fe 1% 24 BRI B2 DIV SAFIRILZ 7T,

(4) AB=H/NA KL AAMN MLO-Y4 M@ NEORE KON X o R BT a 7 4 —
JURRHT

AH=TVA K L AE L MLO-Y4 FIRE B NEIC & £ D ED X 9 72y 13 ga ila /b
FHEICEHD S TWD O HEET 572012, B/NMAIZE END ¥ o7 B E2 I LC-MS/MS
WY gy MU AT o7 (A =BV A b L ZARAFUELD MLO-Y4 Hl 45 WA
INMEENELZ R TER KOWR S T DN 21T 72 o 72) . ZDORER, AD=JNL A |
L 2 A MLO-Y4 HifE i S NI O A B AR AL S B~ 5 % v R B DR Z fERd LTz
(K 5, ¥FrHzEoBRE, EER), £, =7 Y —h~—"—OBHEOBRICA =LA
K U 2 A MLO-Y4 HIFR 0 WA NI Z DA L MBIER T & 7o 727 h T A= FHD CD9 B &
NCD63 1%, Kay FHUBHITCENTH AT =TV A b L AL MLO-Y4 a4y WA N
IO TE R0 oT2, ZORERNBH Y CDI BELONCD63 XA D=/ A N AZEIT
K OBUNEIZ Y —T 4 v T ENB T THD I ERREEINT,

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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