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b5, BITIE QOL DK FIZ22RN572D | B HERIELZ WS TWRWE TV AZ D30 5 1,
FITHRLTOHF OREEZHERF T 5720 O BRHNREN AZ Eiti T2 LB 1355, BIE, B
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FEDZWiE. T-score |ZHDXHESIIL. WHO FUREHERS) Tl T-score=-2.5 ZJE%E
P HFRIE D EHEL L TS, L UE T (F2IIMEH S IT) 2 £ U AR O Lo
#9 50%IZIE 72 BMD a2 R LT D AELHY 20 T-score 7217 THITVAZ RN D B ZH)
eI 22 LT TR, T2 TABFSE TliL, DIA-MS (XA 72 Mg 7 0T 4 —
LOFRMTEA 2R L B ERIEEMESS M E T OB L2 725 &IVERE B IO
E’;E?a‘zrbi‘foau\“f’**ﬂmf“ BEIZEWT, Ll L TR BT AIMIEE A E 2 RE 7528

EI D7 E D AR O RE %#Eﬁa“ét&boﬂzéﬁﬁﬁ?aﬁ&&é HEZRETEDHE
%7_7”_0 DO ARMFRIL, B ITEIAZZ B O RBIITEE L0 H — APRREL THIEFIC
BRODDLMNICEIRD ATREMED E,

-B-4.2 EBRERBLURMRE
-B-4.21 BHRESEMETOTA — LR
B ERIEMEMET B ST OBEEN 72U T-score =-2.5 OFHIZIELRH(OPnF) 9 4 &, X
HRFE(Control; BRI T ST RZFAIZENI 45 50~60 %) 10 £ 2078544 L7- DIA-MS (2 XA 1.
1G0T A — LT 24T o7, 654 FREOMIGE B EAFREL, 574 FHOEAE % & =fF
19? LA R, BE IR A O BRNAE A R T MEEAE 18 A MR L-(’ -B-4-1
O RIE LSOl 5 (B 3 2 A E N E T Q0 F B HERE M
55 r#'*%ﬁ@%ﬁzrb%é T-score > 2.5 OF EJ/ERE (FF, WHO FEMETIXEHRIES
DTSR WERFE) 74 LB EE(Control; OPnF E[FIAN) 10 44 %254 L7= DIA-MS (2 XA
B 074 —LRITHATV, 665 FRFHO MG E HEZ[FEL ., 594 FHOE HE % & EffiT
(ZHEL 7=, FE R, BERA O BEMAEZ /R MEE FEEL TR 14 FEE(K 1-B-4-
1 B)DOHIZIL, B NOF K EICEBE IS ECM1 & EXTL 23& £ Tz, E512, Control
BRI Uit B R C B W B o &R A BN 2/~ 7971 & B8 6 #8H(CFHR5, ECM1, MSN,
PRAP1, TAGLN2, VWR)%Z B3 ZLICb BT, B Th, Icb A B2 724~z ECML1 1,
A~ N7 2R A E THY B ME FTEICE 53 50w b E A Y Ta‘bé it
ZIVETIC, miEEMATZEN ECM1 2~ 2 R B O E R REICRMLZEG61c,
BIRFHNCE RO BT 28T 52 LN sSh g P, ZZTKRIC, ”%’TET%?UX&%%%
TR B THHE EIBES B HIRIELFH OZWNC BT 5105E ECM1 OF HMEAREELTZ,

4, OPnF/Control FF/Control
THBS1 T EXT1-
o | TREMLI PF4 - o ECM1
3 ECM1 23_ LMAN2
S3 PF4V1 sscsp PRAPL g PRG2. .cposg
& MSN,/ pPPIRIZA X .CFHR5
] MSN -
w CFHR5GPNI\/IB : w0 | TAGLN2 S100A6
S |TAGLN2  LTBPL ‘cpHi- -RELN e FCGR3B- ANAB
| VWE  -LTA4H | VWE.. "= PRAP1
2] \ 2 Tl :
NOTCH3
4 -2 0 2 4 4 3 2-10 1 2 3
Log, Fold Change Log, Fold Change

I-B-4-1 BAREEREOMETOTH—LHEHR
Control &E~_T OPnF(/2)£721% FF BECH) CTILYE &AM INGR) F 213D (F)Li-ER'E
%7159 (p< 0.01, |Difference [OPnF or FF/Control]|=1.5),

I-B-4.22 BHBRESEHFMEZHAL - ECM1 OERKRME RO
% ECM1 OEFRA RHTEEFHE 95728, Human ECM1 ELISA Kit (abcam)Z VT,
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B DIIRO— IR BE O MG ECMLIEEAZH 10 - p=0.0054
ELTo, ZOBRFEERTIE, ERFTRLITRADE

HRE(n = 58)LKHARE(Control s FEIE T T K28 £ 81

B35 50~61 1%, n = 26)DIMIHEE AV, fEE. o 6 .,,v,
B L RRAEPE TS PR T DOBEAE I BAfR72< T-score \E [ - _..;_:_
<-2.5 ICEDEHUIRIEL DTSN BEREOP, n= S ,]  ~He —
53) & FF B = 5)DORICH EERROONRh - &
7273, OP BfE FF REOMIE ECMI #REEITIEIC 2 .

Control FELDH @mVME 23 -T2, EHIZ, OP HEE .

FF &AW BERE(OPHFE EOICEB W T, I

7% ECMI1 #4H1E Control BELVBAEICEA T ((r),P:stF) 8,°2t2r§§

(K 1-B-4-2), $£7= ROC Bh#RfENT /G, MLyE ECM1 B -B-4-2 M ECM1 MR
X OP+FF BEZ2ZWrd 5720 DO E B2 M5 Fa ks OP+FF: 5,472 [4,746-6,421] ng/mL*
CLTHHTHAZED RS NLTZ(AUC = 0.689 Control: 4,554 [3,750-5,536] ng/mL*

[95% CI, 0.571-0.807]), &HIZ, OP+FF FED IMLTE * E [1QR]
ECML iz & it~ —%—3 FE(BAP, PINP, **Mann-Whitney {test

TRACP-5b)E DN A BABAGRIZ AR o 72, LT T, g ECM1 1., TEEM O F HHERIE D
WAL IIL TS T-score ROTRIEZN RAIBEE LS TS BRI~ — I — ST EEAfRIZ,
BITEVATZW O O FBI MG TEEE L7220 | B HLERIE O IRZ W 2 5535 nl etk
MdDe DR T Z HAT 2 HFE U (R RE 2023-003073, 2023.1.12.), P& oo B 525
ZEERT D H BT, A IEAR) LR TR RS I B Te 4 B R A
ZREET DI DT BRI Z2 I B F LT,

I-B-4.2.3 FHMRITTMFZFFAL V- ECM1 DAD=HIL AL RGE DR

Mg ECM1 D AH =J1 VAR ANEMZRRRET % H 19T, ELISA Z W CFEHERIT Lo
AT BELOVISS W EH O IMIF ECM1 EZNIE LTz, ZOREHE, i ECM1 (3485
HIRAT NI T ISS WEE F EPIZHIME M 2~ U7=(R 1-B-4-3), F-FHMIT% 3 A H
(#Post2) \o— B MEMZ R TFERIT LW FHERITH 1 A #Post3) IZIXFH
FRATHIHPre) Z0H @ fEZ /R LT, LIz T BITmIAZ 2B 0720 O ZBIEIEL L CH
F721fiE ECM1L 1d, Do iR B R AE LRk, AW =B VAR AREEZRL, F
HIRITI Y a N> THEREINAAT LO A RN OBV A IR T 57— O KB
FEEL CHESL D R[REMER B D, 12720, T D57 T A=A LKA RHTHY, 5% 5705
BB THD,

é 5.E+03 6.E+03
2 5.E+03
i 4.E+03
= 4.E+03
E 3403 3.E403 \\\/\/’ A
£ 26403 2.E+03 \/\/\
8 1E+03
. 1.E+0?
VPASN S B B VAR S B B
@/ ) ;‘5’ Qo Qo Qo C}V é}/ * %g? Qo Qo Qo (,O&‘
& N gézo Y BOR %R §o
I-B-4-3 FHMITLMEP D ECM1 B fE

e B bEN T AF o BEO T RE £SD. £
AV NIR FA-4-2 5,

HRAT Lo EF LS A A &, iR
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[ v oA RBZE])
I-A FERITIVR
I-A-3 REX*E(H - ER
I-A-3.1 EERREROBRF R E (it £ FH=EER-#h E B SRR

FHERT == ABITREAETOTAIEV T AR T AR, P T AL =T EROFH
ffbkato=d, (1) i EET IV~ 2RO MTE B R 7 a7 4 — SENTIC LA E HERIERS
HUE A OWR ., QFHIRA T~ AT 7 o b= L RERRRRGE, (3)~w A LWyl A PR
W E ) SR (DR OREFRBVE BEOREFNTOMESL, (5) DIA EIZEs~T2F . 1L
TE7 a7 4 — NENTHAR ORENL, (6) BEIIBREDO R D5:4F F O~ AF B HAIRO
BE R SRl T/ HIR N AR - O E EfENT, (1) ENEHURIE BB EFHRI T~ A TOI
BB FVE O BE MR S O M E TR ERA T o7,

I-A-32 BIYRBREE SEFHEERF

K RERCHIE L~ AfAEIy v ar O EMIZENL D MHU-2 (KRBT —<) 128\ T
B I 2 B2 (BRL AR T, BT SR FEMW 252 B2 #T-A-15-005) . JAXA (F*
i #5% 016-018, H F5XER :#016-012) . NASA IACUC(the Institutional Animal Care and Use
Committee) (#]JAX-17-001-Y1[FLIGHT]) . K[E# /L7 4/L =7 Explora Biol.abs (#EB15-
010A) (2T, FEBRFHH OKRERE, FHRIT LRSI DR ELEEDOHEEIZONT
i< JAXA ARRB, NASA elRB(#Pro2158)IZ2f ik L& KB 2172, KA HEEICIE, KT —~D W
TN, A N—B g a1T o7,

I-A-3.3 EEREE Ef - KT

JAXA 73 MHU-1 TBR% « B L7=/NEWW) £ B 24 [ (Mouse Habitat Unit: MHU)ZFIJ L .
MHU-2 L CEML 72, AT —<1Z MHU-2 DHTED (o 7= 7) THOF RIS E &
EAZ RV KRB T — <" a0, EBRX 2OV T, R I-A-3-1 1R,
* https://humans—in—space.jaxa.jp/kibouser/subject/life/70547.html

HAH | ALY | B R | FAEH/ | MINEHU-9EER AI(A1-gRE&R
AR r—= 117 1%~
ITERS FOS €E* | J@HEEX | FOS £B* | B@HEEE™
8 & 5 LARF 3 3 3 3
<X | C57BL/6J ERES T 1
16 SBELLA BEHTE:12

& I-A-3-1 FERITIIARREH
EE AR AV o HOVEERE DS AINI3G £ (AIN93G IZEBRIED - DI I W& - Hilig (L 5
o) #2f8 f, FOS fldt/vu— A543 % 5% fructo—oligosaccharide (FOSIZIEHAL 7-H D %1% .

I-A-3.4 T £ (F-ISS #7Edh - EUNFIE

<ITEIF-ISSHHESR>2017 48 H 17 HAH 9 H 16 Hd 31 HIH. ISS THIE N FEfii i,
HERIFIR% O 9 A 19 BT Thhz, I KRBT — <22 BIn- v, 5T
R I-A-3-2 |TRTH T NDL =T H521TT-,

<EMUR>ISS T TCU ([ H) Iz~ A 12 PEA A UIFIRE — 27 )L ~F% B L C, w7 ia -
ZEREREE FCHEL, i B TEMFRINZIT -7, FHEITE K X amEI, 5%,
Explora Biolab (Z°C, #£f#, MgEEItL ., 03T T, K% B RO T N K5
ETATURFICT, TR I-A-3-2 IR T Kl D CT g, a7 4 — LT a1T-572,
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t23:) iy | BITEE

1%

® HLE L hERIFE R RN TOTH— LR -

o Hh I 5tHE : EER IR IR
TEE (EH%3)
(MEHEBOLLE | TOTA—LEHT CT im&2
HBELTER)

s ) o_ EEAE

o 5 b ERIE-BREEER | EKERE TOTA— LR oT B8

* BEXNR:RRERM o TnTA— L | ERAE
it BJE S AR TOTH— LR E=HE
5 B TOF 7+ — LR SEAE

K I-A-3-2 FHRTIIVABIAREHEBENEE—E

I-B #h IO R(BERDETIV)
I-B-3 SEERER-EH

I-B-3.1 i F F{ERER SR AERER

K IEFMERBEET ILEER [HU YD X]

BRIGTEMHUIC L AIEM EEEE (HU B, n = Q)@ BRlE(Cont BE, n = 8) T, 1@ & (&
TEA) I CRIBHMERIRE LI, fAEBMA 6 M CHREAEIEL ., M L0iniE, KERE .
BRI, B O CT ki, Ko E&HNE, a7 4 — 2177,

K BEHBEETILEER [3-g VI XR]

MK DB E S (3-9BREEG-g BE, n = 6)&, XM EARDimE (1-9E % (Cont B, n = 6)
T, il EH(EE IR G L, fMERGE 28 H CHREZMEL ., MEFIZL0 ME,
KRG . %2R L=, D%, B CT B L O e DR B EHIE, a7 4 —
LRI EAT T2,

I-B-3.2 BiMEBREE S EAE(H
BRRBRITIENLD | JAXA, ARIET N KSR, I B KF OB 525 B2 C, BRI &
WAE1RT (HU: JAXA:016-026, i K:T-A-16-066. 3-g: JAXA:017-006A, I B.F:28-31)

I-A/B FERITHE IV EIHR(BERDVETIV) B, BEE. IETOTH—LEH
I-A/B-4a B7OT#4—LBEH#H
I-A/B-4a.1 BERLEEE

BIFAEEELBUNAHSN, FEOREICEDEEL T2/ ThHD, TDd, g BRER
72 E DI EEREE F Tl BIR TV /G 2L B MR AE 22 & D2 b5 | EiD 378
OONDI, ZD5y 1 AN =KL OWTUIRTE RSN S, 22 TARIFZE T, BiIx
TIVITRERDEAERTEE DIA-MS ZlAGbE - F 7 a7 4 — MM i 2 e sr L
T g BE FCEEBDZRTFEHRI TV AKRRE BT 5E B - O &I A 4 iE
FICHASNZL, T DFERE g B F OB BBV 2 RSBV FERIT~VA THEO 1
F A — MENTE R A2 8T A = VAR RS AN OB B ) B 1 A
ETEDHEE 2T, SOIZERHEDOREMZ RN T 52 & T, AWFFRIT AT =F VAR A
BENVED B B 5y A AN =X LRI E 5T 20IEF (CB RO HHMIE LD A REMED B,

18



I-A/B-4a.2 REXfER B IURRE B AR

i ) BTOTA— LRI (T EER) —

R BB O T B R 72 0T A — MR A BIZFNTE
AR A72010, IR T TR L5 B b 1 | 1.2M 3R
BEfiitEE DIAMS A b, v 7287 nr Cﬁ“*"ﬂi“c
e MENEA R L, 22 CEP, TR eMyToy R B

(B I-A/B-4-DIZ X0 L7 KR & g Ic o VERIEER, A
T DDAMS (2k57 07 d— Mighi a4 o, 2ogs 2 A C | Bl
L IR G A) 705 1,336 FAE. BERELEH l EMy 7=

G B) 70> 740 FE . LKA OO PR HH R i
¥ C)biE 1,017 FEEEOE BN FECE, BEA —
EORSILINIHA A ZRRATLI- S A b 2 ore, L TR A | | ik C
ﬁ‘b\ {I?Hfl,'jjfy@ B <1: C 75%6;*7’@15@%7]\9/7%%%’@% @ [[—A/B—4—1 E-EEE:EQEE
(RIZREE 28 AE A EEMm SN0 B ERE  HME®oTh

(AR DR VB A TR T DB B\ UL, R x5

LUCHIHY B & C M ChHEE 2 T, SR O MRS Ba 5 A L, 1,459 FEO
EAEEREEGTME O~ B ARINVTAT TIEREEEL  DIA-MS IZLAh~ T AF 71
T — IR R A He N LT,

16 - KEEE 70 - THE

i) FEHRITIVADEE
BV/TV[%] S =60

MHU-2 TiL, EOHRE > 8- > 50
DFENZINZ., 725 FOS E 4 | 540_
BRE TV RAZHELE o.j . oT | | |
(R I-FA-3-1), FOS 1Z. 7> Fos —  + —  + Fos - + -  +
HOREFEMEIRT LI % H-g Al-g H-g Al-g

(R 2TV EEZE EI-A/B-4-2 FHERITIIADEE

nsH 0 INELEE T HER uCT (C(gs?oicanxc;}ic;fE&gﬁ%%:@y{%g% gﬁé—ﬁég)g ;g}
\ = T > VT (TG IV AT LT =TV LS SENO)
L S IR o 3 you L /AR (BV,/TV) AP,
LU O FHRAT YV ADKBRE Tl u-g BE LD E &R/ IR TN, £
AU 5 FOS RO BITZRD b o1z, — 7. FEE Tk, FOS 8 H - p—g MR ik
(I BICHELRD-T(’ 1I-A/B-4-2), ZiUT, BRI EITED AT = IV AR A
g BREEIZRWTY FE OF &R ICT 5L CWAZEERET 56D ThD,

i) KREBEBBIUTHEEOTOTA—LBITEE

BIZBI DA = NVAR A GEE AEERIET 572012, KEEE#SEE 3T O
B/ CIREWIZHOWT, DIA-MS IZXD 7 a7 4 — LT 21T o7, KERE1XISS ND
u—g & Al-g BREE F CRB LI FHMITY VAL 6 ILLERILIZM, %8 1| SEloFER
BRI ENR 53 THY ., MS FRNT RS0 BIZERIN L, S8 5 50 W CRENT L=, ERk Sy
IATIZED RERE B CRIE L 1,202 FEEE HE X FOS IS g BB IC L 55
BAIRZITTRY, FOS EROSRIZBEN THHIENUD ORBSNTZ, SHIZKERE
BEEBICB W TEMEEZ R EAE % 40 FEMRHEL (p < 0.01, [Log: [u-gBE/Al-gBE]|
=1.5), ZDOHE FEE (K RE 6 dUEFCHENT) CIXEM A B 2 RS2 0VE FVE ([Log: [n-gBE
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/A1-gHE] <0.37851) 22 FRFHA K
DIAATZ(HE TI-A/B-4-3), ZDH
WX B OEF EHERR ISR DD
N DAT U FEE R BEE B

i
]

Hspa4
Tpml .spa

., Pcmtl Sparcll Tpm4

-Log p-value (p-g/A1-g)
w
|

P4hb

DT S LI BB 5% s N --‘F:g
ORI~ R 7 ARG £ R FE7 M B\ng-t\ .¥ - 'F2 .S'ockz
EOFaT— U ERAENE g2 oo vins "

EEN TN P, IR ETIC, Ccl8

AN DAF U RERRREG TS o o
NS~ Ny o AR B, B 4 3 -2 -1 0 1 2 3 4
1 & Bl B 5 A U B e Log, Difference (L-g/A1-g)

e Lt gk X N 7;5' . BIFA/B-4-3 FERITIIRETOTA—LEN
AB_ELFESNTORID ™ i 13 Al-g AT g MBI DO RBREE 4D
ATFIETIR, SOOI E RN E ki ()L (o C, FEE T

> Sparcll IZIEH LT, 7ol ENEBIZRSRWVERELZRT,

Eéﬁﬁ{js%ﬁﬁb\tﬁﬂﬁf% KR u-g A1l-g
B D Sparcll & p-g@FEICLVEMTHZEL%E (kDa) = = + ++ = = = + + FOS
7&%; L7-(K I-A/B-4-4), 250-
150-
- e e
iv) Sparcll DB IEADRE 100-

SPARC 773V —IZJ& 9% Sparcll 1%, 434 X I-A/B-4-4 KER B BEE
N=R I ZAEHE T, C RV LEERAL Soarcll &
LD, VoS —F L LA 00, BREt~ome: B Sparcll Hifk
B2 B G-3RI S TR, F7 SSE M B W & £ 28 TR B S E FR B 0 A Al T
1%, Sparcll OBEIEFFENTE M T DI ENREEZN TS 32, KAFFETIL, gPCR 12
KB HEBURENTIZEY, Sparcll XA E HIfE (RAW264.7) Tid7e<, BHHllfa (MLO-Y4) C
FRICHBIL CWAZEE /R LT, B X8 /M ia b o E IR L L CTHEET 5
RANKL (receptor activator of nuclear factor— k B ligand) Z AL BRI - 22 2B WY
HIEMHALTHZEN MBI TWD ¥, 22T, RANKL (50 ng/mL)ﬂﬁLtvvx Hfi A e
SE DR B F IR ETERAIZ 55 Sparcll DFEIZALNZT 572012, £ BIFIc~vT R
Sparcll (2 pg/mL) Z¥#IMU 7=, 5. rSPARCLL: = +
Sparcll 1% RANKL #%EE Al f e 7k o
IR HET HIENHALNIRV(E 1I-
A/B-4-5), p-g BREEICLVEIINL = 4
Sparcll 7% RANKL S L CReEfla sy 8 R

(ZF G HATREMEA RSN, mﬂ?.f Gl P 3 %
X I-A/B-4-5 ﬁﬂsﬁﬁ“‘ﬁmﬂﬂo) TRAP %e

I-A/B-4b BT OTA—LAEH
I-A/B-4b.1 BREES
AEROPLEINEENL, 5 ESCEOREEHMERF T D72 OICEHE ThH D, TOINEIT BT
IR p-g BB IZEVPTE I NSEDMEERCIH SIS & R ThHET A
7R EOPE NN IXBEE R ZE DB ESND, SRIIC 3-g B CEHE LI~ ATIL, 12
i CHHET AHITIZIERFHES DN, W THAHPEME 572 S 1T IR R A FFE ST,
DL RHES AT DENT, AROPUE DIEEINHENZ BRI L AV B L O T Cfif
PEZROTLEZRE | ik 2RO =2 — (RO ZLIZH %R 7 5(K 1I-A/B-4-6), L
DU, FERTE I T DB M EDNE R RIS B2 Dy T AN = A AiE, RIEHLMIZER T
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PN, FTE BRI S B DB AN— TNV
RBHNCEELOM AL S, £ TARIFZE TR,
B D T2 D7 T A — LFEMTHAT (DDA-
MS) NI L, FHRIT AR LT L~
U AE AWM RIS CRMEE Z R T~
U AEE I E A E AL T AL, Z 0k
REREMNFHl T 5ZE T, A =H/L AR A
ISEME A AR E CEDLEE R, SOIIHZE
fig <ol B E O BHEME R R T A2 R I2 8,
AWFICNI AT = F1 )V AR R 5T B RN O
ISR IR 59 2R ICEROL DO IEL
72D A REMEDS B,

I-A/B-4b.2 EERFERS LUKE
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BRAGIIIAS v TIF v IV TF xS —
PrE<EH, HEEITRENE G R OWEE %
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FOREE T 7T —PHEREZE T 50 mM Tris—HCl (pH7.5) H TRk A e LI L7

HEAETE TR )&,

N A 30 KE 00157 T AR
SOIZZEDFRIEND 8 M ] —— R
urea %é\ﬁ%—g"(&a:—(jg 264 0.0101 =
HIL 728 B CRYEm @] % T
I EEI S5, B 2] % ]
*Ehl_luj%’/ffof:%/ﬁ\c:\ 20 '60 . 0.000 &
827 M DE L E LM g0 g

X X
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=
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TA), FLE I CHHET ARIE, u—g BEIZHEDANTEEI BB LA = IV AR A 2%t
TR MENEL . HEMERNFEINLT WV ZENHONTEY ., u—g BEICE I E & DR
PITHZDOFFENRRKELFEL TWNDEE LD, [RAIULKSLBIEE MO BEIE i O E & |
FEFTEITHEOIEEF BB L AT =WV AN 2D D ELZ T -2 E 2 Hhb, BET
AT EBERE R O E &1, # BT T L~ T ROEf HE/ M EICBWTH, FHRI TV AL
FROZEALZ R UTZ (B I-A/B-4-1B, C), — 7, ERHHAHIZIEM EIC LM ZEAME N ETITNE
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U ZD MR R MG 7 0T A — LFHTIZOWTIIRTZ RG220, F 2 TAMFZE T, DIA-
MS (ZX DR~ AMIE 7 0T 4 — MENTE 2 feSL LT, X0 2R AL TRES
NIEFHRITYVADIME 7 a7 4 — LN 217928 T, u-g BERICID AU D5 2 72 4R
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Summary report of the ISS-Kibo utilization theme,

“Medical proteome analysis of osteoporosis- and bone mass-related proteins

using the Kibo Japanese Experiment Module of International Space Station
(Medical Proteomics)”

Principal Investigator: Yayoi Kimura

(Yokohama City University)

October 2023

The locomotor system, including the bones and skeletal muscles, is strongly affected by

mechanical stresses and responds to environmental changes inside and outside the body,

in some cases resulting in bone loss and muscle atrophy. At ground level, osteoporosis,

characterized by bone loss and abnormal bone tissue microstructure, can be caused by

gravity unloading. However, the detailed molecular mechanisms of mechanical stress

responses in the involved tissues remain unclear. This study aimed to identify mechanical

stress—responsive proteins in bone, skeletal muscle, and serum in both space and ground

experiments, and to clarify their roles in a spaceflight mission and in musculoskeletal

functions such as bone metabolism (Figure). The results will help establish techniques for

monitoring musculoskeletal function, which will promote astronaut health management

and the development of early diagnostic methods for patients at risk of bone loss and

fractures.

I) Human
To

mechanisms involved in gravity

clarify the adaptation

unloading, space experiments
consisted of quantitative proteome
analysis of serum collected from
astronauts to clarify the protein
expression profiles induced during
a spaceflight mission. In ground
experiments, serum  proteome
analysis of patients with osteopenia
and osteoporosis assessed proteins
that might be objective indicators of
health,

identified an extracellular matrix

musculoskeletal and

protein that exhibits characteristics

commonly expressed in patients
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Figure Overview of Medical Proteomics

Using proteomic techniques, we aimed to identify
proteins that were differentially expressed in each
sample, and compared the results with those of other

studies.



and that may be useful in diagnosing those at high risk of fractures. This protein also
exhibits mechanical stress responsiveness in astronaut serum and may be an objective

indicator for monitoring astronaut conditions in vivo.

IT) Mouse

To identify mechanical stress—responsive proteins involved in bone loss, we performed
proteomic analyses of bone, skeletal muscle, and serum from spaceflight mice and gravity
unloading / hypergravity ground model mice. These space experiments revealed that a
secreted extracellular matrix protein with a calcium ion—binding domain (Sparcll), whose
levels are elevated in the femur of spaceflight mice exposed to gravity unloading, is a novel
modulator of RANKL-induced osteoclast differentiation. Furthermore, integrated analysis
of space and ground experiments showed that among mechanical stress—responsive
muscle proteins, a secreted protein with a calcium ion—binding domain (Pvalb), whose
levels were elevated in the serum of hindlimb suspension (HU) mice and osteoporosis
patients, could be an objective indicator for identifying people at high risk of fracture. The
mechanical stress—responsive serum proteins identified by proteomic analysis in
spaceflight and HU mouse studies may also objectively reflect conditions in vivo during

spaceflight missions.

Conclusion

(1) Proteomic techniques for bone, skeletal muscle, and serum were established.

(2) Astronaut serum proteomic analysis identified serum protein variations during
spaceflight missions.

(3) The extracellular matrix protein, which showed elevated levels in serum of patients
with osteopenia / osteoporosis, may be useful in identifying people at risk of fracture,
and may be an objective indicator of astronaut conditions in vivo during spaceflight.

(4) Mechanical stress—responsive proteins were identified in mouse bone, skeletal muscle,
and serum.

(5) Sparcll, which showed elevated levels in the femurs of mice exposed to gravity
unloading, was a novel promoter of RANKL-mediated osteoclast differentiation.

(6) Gravity unloading—induced molecular mechanisms differ between skeletal muscle
tissue types throughout the mouse body.

(7) Pvalb, a mechanical stress—responsive secreted protein, may be an objective indicator
of high fracture risk.

(8) Mechanical stress—responsive proteins in mouse serum may be an objective indicator
of astronaut conditions zn vivo during spaceflight.

(9) Four papers have been published and four are under review (as of October 10, 2023).
One patent application has been filed, development of a diagnostic agent is underway

with a private company (name withheld), and a new clinical study has been initiated.
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Summary report of the ISS—Kibo utilization mission
“Genome-wide survey of translational control in microgravity
(Ribosome Profiling)”

Principal Investigator; Shintaro Iwasaki
(RIKEN, Cluster for Pioneering Research)

October, 2023

Since the first mammal, the canine, flew into space in the 1950s, biological and medical studies
have elucidated responses specific to space environment (Afshinnekoo et al., 2020). Microgravity is
one of the major risk factors for cells in space, leading to oxidative stress (da Silveira et al., 2020;
Goodwin and Christofidou-Solomidou, 2018), mitochondrial dysfunction (da Silveira et al., 2020;
Garrett-Bakelman et al., 2019; R. Zhang et al., 2014), and epigenetic variation (Adrian et al., 2013;
Garrett-Bakelman et al., 2019). To date, however, the full picture of cellular responses in microgravity
has remained elusive.

To fill this gap, a wide array of “omics” approaches have been conducted using flight sample
cohorts that include samples from astronauts (Berrios et al., 2021; Ray et al., 2019). These included
the epigenome, transcriptome, proteome, and metabolome (Beheshti et al., 2019, 2018; Bezdan et
al.,, 2020; da Silveira et al. 2020; Gertz et al. Higashibata et al., 2016; Higashitani et al., 2021;
Jonscher et al., 2016; Mhatre et al., 2022; Overbey et al., 2019; Vitry et al., 2022). On the other hand,
an important cellular response mechanism, "translational control," has been completely overlooked
in these conventional spaceflight studies. The regulatory mechanism of translation is widely
recognized as a regulatory mechanism for gene expression to rapidly respond to internal and
external environmental changes, and it is common for the transcriptome to change after translational
control (Advani and Ivanov, 2019; Costa-Mattioli and Walter, 2020 ; Pan, 2013; Roux and Topisirovic,
2018). Therefore, we assume that the rate of protein synthesis fluctuates under microgravity
conditions.

Therefore, we surveyed the translational status under microgravity in cultured human cells and C.
elegans using the facilities of the Kibo laboratory of the International Space Station in orbit. For this
purpose, we harnessed ribosome profiling, a deep-sequencing-based method. Indeed, we observed
that microgravity dramatically attenuates mitochondrial translation. Furthermore, we found that the
microgravity signal is relayed to the mitochondrial translation by laminin-integrin, FAK, RAC1, PAK1,
BAD, Bcl-2 family proteins, and mtFAS (mitochondrial fatty acid synthesis pathway). Given that
laminin integrin physiologically functions as a mechanosensor, the microgravity response may be a
manifestation of a mechanical stress response disorder. Indeed, the loss of mechanical stress in
hindlimbs in mice led to the attenuated mitochondrial translation.

This study reveals a novel cellular response mechanism that has not been previously elucidated,
in which cells sense gravity and mechanical stress and promote protein synthesis in mitochondria,

which are energy production factories.
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Summary report of the ISS-Kibo utilization mission,
"Exploration of Bio-Materials Effective in Preventing Muscle Atrophy Due to Weightlessness
and Bed Rest (Anti-Atrophy)*
Principal Investigator; Nikawa Takeshi (Tokushima University, Professor)
December, 2023

1. Research Objective
The goal of this study is to verify the drug efficacy under uG (microgravity) conditions for:
(1) the ubiquitination-inhibiting peptide derived from soy, Myristoylated Cblin peptide, and
(2) the heat shock protein inducer Celastrol derived from Taiwanese Kadsura vines.
Specifically, eTo prove whether these natural anti-muscle atrophy substances are effective
against actual muscle atrophy caused by microgravity. eSince the anti-muscle atrophy
mechanisms of these substances are different, the study will also investigate the presence of
any additive therapeutic effects.
2. Experimental Results
1) Morphological Observation by Microscopy
The effects of Celastrol and Cblin peptide on the diameter of L6 myotubes were observed. The
diameter of L6 myotubes significantly decreased under microgravity conditions. Treatment
with Celastrol and Cblin peptide individually significantly increased the diameter, but no
additive effect was observed with co-treatment.
2) Gene Expression Analysis by Next-Generation Sequencing
(DEffect on HSPs Expression
To confirm the efficacy of Celastrol, the impact on HSP expression in L6 myotubes cultured
under microgravity was examined. Microgravity had little effect on the gene expression of
HSP70, HSC70, HSP25, HSP90. As expected, Celastrol significantly increased the expression
of these HSP genes. On the other hand, Cblin peptide had no stimulating effect on HSP
expression. Also, no additive effect was observed with co-treatment.
(2)Effect on Myosin Heavy Chain (MyHC) Expression
Myotubes cultured under microgravity, which had smaller diameters, showed significant
recovery of myotube diameter after Celastrol or Cblin peptide treatment. Therefore, the
expression of MyHC, a major muscle structural protein, was examined. Microgravity
significantly reduced the gene expression of MyHC type I. Celastrol tended to restore the
suppressed gene expression of MyHC type I. Cblin peptide had little effect on MyHC gene
expression.
(3)Effect on Muscle Protein Degradation Enzyme Expression
Ubiquitin ligases associated with (disuse) muscle atrophy are collectively referred to as
Atrogenes. The expression of MuRF-1, MAFbx (Atrogin-1), and Cbl-b, reported as Atrogenes,
were examined. Microgravity significantly increased the expression of MAFbx (Atrogin-1)
only. Interestingly, individual administration of Celastrol and Cblin peptide significantly
suppressed the microgravity-induced overexpression of MAFbx (Atrogin-1). However, no
additive effect was seen with the combination of both. Other ubiquitin-related genes were
largely unaffected by microgravity, Celastrol, or Cblin peptide treatment.
3) Protein Expression Analysis by Simple Western Method
(1Effect of Celastrol and Cblin Peptide on IGF-1 Signaling
Celastrol and Cblin peptide are biologically active substances that affect the IGF-1 signal. We
analyzed whether the IGF-1 signal was activated by measuring the protein amount of the
signaling molecule and its phosphorylation state. We have already reported that microgravity



accelerates the degradation of IRS molecules and that Cblin peptide inhibits this degradation
of IRS-1. In this experiment, as expected, the protein level of IRS-1 tended to decrease under
microgravity and showed a tendency to recover with Cblin peptide treatment. More
interestingly, significant increase in phosphorylation of FoxO3, a downstream molecule of
IRS-1, strongly suggested that IGF-1 signaling was activated by Celastrol or Cblin peptide
treatment. Celastrol increased IGF-1 signaling by increasing HSP proteins, while Cblin peptide
did it by inhibiting the degradation of IRS-1. The lack of an additive effect on the
phosphorylation of FoxO3 by both agents is consistent with the absence of an additive effect
on gene expression and muscle fiber diameter.

(2)Effect of Celastrol and Cblin Peptide on MyHC Quantity

Given the confirmed stimulatory effects of Celastrol or Cblin peptide treatment on IGF-1
signaling, the quantity of myosin heavy chain (MyHC), a major skeletal muscle protein, was
analyzed. Microgravity significantly reduced the amount of both slow and fast MyHC types.
The total MyHC amount also showed a decreasing trend under microgravity. Interestingly,
significant recovery of all types of MyHC was observed with individual treatments of
Celastrol and Cblin peptide. Consistent with previous results, Celastrol or Cblin peptide
treatment was proven effective in recovering actual microgravity-induced myotube atrophy.
Unfortunately, no additive effect was observed with combined treatment.

(3) Effect of Celastrol and Cblin Peptide on Atrogenes

Since microgravity induced an increase in the expression of Atrogenes, particularly MAFbx
(Atrogin-1), their protein levels were also analyzed. Consistent with gene expression data,
MAFbx (Atrogin-1) protein level significantly increased under microgravity, but MuRF-1
quantity changed little. Surprisingly, Cbl-b showed a significant increase at the protein
expression level, although no change was observed at the gene expression level under
microgravity. Cbl-b is a ubiquitin ligase that regulates the expression of MAFbx (Atrogin-1)
and MuRF-1 genes, responding early to microgravity. As the cells used in our study were
exposed to microgravity for 5 days, it is speculated that gene expression increases might have
subsided, and only the protein level increase was detectable. Consistent with previous
knowledge, Celastrol and Cblin peptide treatment suppressed MAFbx (Atrogin-1) expression
at the protein level as well. Since MAFbx (Atrogin-1) is known to decrease in expression when
IGF-1 signaling is activated, these results were highly logical. On the other hand, the
significant reduction in Cbl-b protein level by Cblin peptide was unexpected, as in previous
ground-based simulated microgravity experiments, Cblin peptides showed no effect on Cbl-b
ubiquitin ligase expression. This might indicate some effect on Cbl-b stabilization. No additive
effect on the protein levels of MAFbx (Atrogin-1) and Cbl-b was observed with Celastrol and
Cblin peptide treatment.

3. Summary

The following results were obtained from the Kibo Utilization Theme "Exploration of Bio-
Materials Effective in Preventing Muscle Atrophy Due to Weightlessness and Bed Rest™:

(1) Celastrol, a heat shock protein inducer derived from Taiwanese Kadsura vines, and Cblin,
an ubiquitination-inhibiting peptide derived from soy protein, were each effective individually
in inhibiting muscle atrophy caused by microgravity.

(2) No additive inhibitory effects were observed when both substances were used together.
(3) Since both Celastrol and Cblin peptide are naturally occurring bioactive substances, they
provide scientific evidence for the development of functional space food with anti-muscle
atrophy activity.
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