The 56th Annual Meeting of Japan Society of
Aerospace and Environmental Medicine

?Eﬂﬁ.g
EFZEAE

-PLERER —

A
J.k
J:

O0J3> A

11%115@13‘5?-
2 18 FRARSEEYs- = 1-Z 128,138 *
FiEIERAF EDH. "

2 B g | B [FEERASR HE] -
URL/shttp //square umin.ac. jp/Jsasem56/

be) w o ErTEAMER .




JSASEM

The 56" Annual Meeting of Japan Society of
Aerospace and Environmental Medicine

IRIREFEKXR

—JOJS L -PERE—

€=
Flight & Safety

2 0 Fm22
11A11HX»13HL

&% FoRMEX(EtYY—- =2-X(12H. 13H)
BriEERAZER (11BDH)

REEHRB

PHETERIAERA (B  BEHEH. HLEE2)
T359-8613 WEEFMRMILA 3 TH 2 Zith

TEL : 04-2905-0702

FAX : 04-2995-1283

E-mail : airmed@ndmc.ac.jp




ARREHFBEDSDCER

RE=FATHER

BN EN

SNENDCE

B, AN OTEENDCERN

AR=HER

JOJ35 A

5 7] 58 JE

— fiR B B8
KEFEREBREIT —
BmET
FEERE

11

17

21

23

25

31

37

41

43

67

69

70

71



T ® ¥

56 AXRFEMEREEFTAR
X2k WMh WE
FhEIERIAZER 5

C O, H56 M HARFHMERREFRRA T TR IETW72 O
D FREOERISGIDE LB LBITE T,

FARNI AR A4 RIS TRIRAT 2 Z T TH & 9 £ 100 B4R 124
72BRLeDFETH Y . TR TS 2RI, [FRE - LR 254
DEFHRAT % ) S /- MBEEOMTHH ) T3, & - I 22— Xz
RENCHERE L. AREMIIIMZFEEFRL SR, FRER D ORI X ) i
Tk U 72ARAT - R OMGEREL T hE T,

ARETILR L FHMEF AL LTS L, MERSLTFTHRITOREIZH
55 %7-% [Flight & Safety | # A {7 —~<IZBfET AL EHLEL
720 YYRT AT [2834 0y b ROFHRATLOBER L @] LEL
T HARFHMZEWIZER S0 . H AN, MiZe AERICHTE SN b3/ 1y
N - FEHRAT L O GER & BT 2 HMROTT 2L B30T 4 271y
varEEPELTEB) Y. WICHEHREE L CHEmEX - 57 E A
O B BRI [ FH MRS E Y L DifEAIE] 2. %
7-HFREERE LCA %) 725 B4 & L7z Ranieri Cancedda #d%12 [ THE
MICE DRAWER SYSTEM (MDS) EXPERIMENT | & f L 725 il 22 [%
FORFRICEPLEELM#EL TELTBY I3, 2 LCE, B
IIIREITE > THIBIMW 2722 3 L & D12, REDHIZIIHE - Z
TEBY I AMELS LAHERAB) $3 2o x, BEVEHL RIFET,



REFHRPH O D TEW

556 O HAFHMEREEZRAR

FERE EH HA

PhREEMAZER hREFHREY T —
HERERIER LR

AT - W2 ABE, 1911 AR FRDSE CTHID THLZEAED ST EEE A HTRAT L
PeZESERE DI TS o RIRETFE T OMRATY (BU iz Bfghric A4 ) &
A OFATER T ORATY; & SN F T MZEFHERL QI IEZ DE AR S
NCWET, ELSGHEE - R 2sG@E IR & Sl L . HARDZE0
ek o CnEd o RZRII3MZE A AR MR ABEFEAE 3 2 i Zetias
RONFES, RITHELRRAL LN TEET,

FKADT—<THDL [ RITERE] 2R LMHOMEFTR L. Lk
i STV RVLF O TR ARG, OBk Sl LT
IR A 2R PRIy SR O, — 2 JJFEL 727 =2 [ LD ]
DEEDETNVESIND F budFx, FINEEZR EELCAKICEZL T
T3, ALEOEL VIR TERE BRELLTEY) 35



RRITHER

s FOR E %
K22E | BEENAS BE wh wE
FRE S REESERY 535 mEa W
OB MRS 515 Prig o pHl
SRR A BEESTR T S — .
RS LRI A BRH - FEbR
EEERE | MEOEK MEESERN CERE Pl A1k
WIS R S —
HEWRD TR Frds BEiR
BRI AT EEHIRE il B
SRR HE w2




KREFREEE
BrgEA
FiRES
BEEIEREIXFERR ®
BREAR/\GEE LA

FRIN—=052>
ERENE

®
s FiRE

FRRESES °

FRESE

©)
PRIRT1RPR

N I TSt 5 —
N Eo=ge =a3—X k=L
X REIZEEE
fnZe B8R °
X BRI\
[ ZEAEERET |
W HESERRD e 9309 (A RERSEIR)
B ERSERED - 4093
WJRESZFEREKD - 9205 (ST LIERSRIR)
 iZ2AEEER (RO h SR RIERIAPARIEPIE T |
wR N 54109
mwz \ER 3 URBEAODSIFANE S Ao
=hlEs AZEAEER (RO D'
= FRRTERY(t Yy —S1-XFT
------------------------ 109
_ MNHIEEEI D TFI AR
RO @’If*/fféiﬁﬁ BELLET.

ERES SR § Armss

Eosd g i O R B | RS
N\

FTE

ENEF



REREZX

1181188 mEERARE

Q %?7 E‘E’EEE'J\EE? \ [

.EEs -SEXEA J
B =s=nEsmre

= | m— —

BhEEARR|

@ FRIEFICEAREEBL. BIEDTENZRLET,
O EKR/I\EBEOE-ANICTRZRLET
@ FEDAONSIE RAICANFTEADTTEFELIEEL,



REREZX

1181282.1382 mREEStEYY—- =21-X

—BRZEAER
N
7—2ik—)
(Kik—JL)
[
[j TG
#1— =l e T SIERSHE
----- (o=l s w H2RTE
°§‘é%#".ﬁ‘ﬁ1$ﬁﬁ
ﬁﬁ% -
- SRS
M—Fﬁiﬁi}z
BRI

Fa—TJk—=Ib
(k=)

]
Eavozx
(FUVo ERARSE)
(=SSR
12H.13H
9:30~10:30
12:00~13:00

Nl
|
N
E
|
<
=
- )

_____

2 ASAREAE | EXRRRIVY




SMENDCEA

1. = 1
o R&EZI=ff
e A7 4 N, FLEEEEAPEA (ITHIEFEBLTBY $HAL)
o FHARZAT
H BF S5 ST EE
1A 11 BR | BHEERKER (BRISMEHFDA)

ST L 72 BRI B2 T A — b
BEIWRROE, A—=0— K22 i

R - ok E CRAC S .
RBEXILEYS—Sa—x | A AT SRACESy
(SEEMOH)

118128 —J TV RS _
18130 A=Y TYRSYAR—IVA | e i 10,000 1 (2222 6,000 1)
KHERAIDBEE FOMEICED 9: 151 EBXHNLTEE N,

9:15~16:00 BICIFAZTDCENTETBADT | %2Z2RTIE. BlICR—LAH— ROEEESEL
FHTTHELIZEL, LET,

12:30~16:00 | BRPR/\VEEZEOE -

2.2 B
o iR KNAES, I v =S IIFHEETY, HL, 11 H (OK) OZIMEIZED 3,
s FHRTRbt Y ¥ —NL A+ U ROEBICHREIERN T SWET,
FNER—IVE 2y 7 2 (FBERBAN)ICTR) V7, BESEZHELTBY 4,

3 BH
AR R AL > 5 — 2 2 — XEBBE R 2R EICB W TI2H (£)18: 30 L VL 5
RESMZH 2 HEE SN2TE, BEAE TR TY,

4. 7 o b

cFRTTRE Y ¥ — 3 2 = A/NF—VNOZFIIHRAZEIL L 2o THB ) TTOTITH I BEW
LEd,

o (FANE LO)SHNTOBIFORH LIFITWERTADTTFOIT TR IZE VN,



B, FEEINOEENDCERN

. BEROTEFN
cHLL 3 YEIRO 3051 E TICRHZANBBL S, HL, IBHORHIOL Y

varvEHBENLE I, 9 I5ICBEWLET,
XTI 728w,

o IR (647) . EEECERMH (220) ZesF L. P 28y

IURID L, BREEREBEDIESN
cFHHIMICKESEBLDCHM L2 ¥ 2 — % (0S Windows Vista X 1 Windows 7.
PowerPoint2003 - 2007 Hfi/N— 3 5 » COBER i) TOREOAKE L F,

MY v T3 ORI SHIE TIZAT A N2 (A5 4 FER PowerPoint 7 7 1 VD
Ao72USB 79 v v a AEYHEE) 2FEFTHETLLEE N,

3 —IEEEEDKEAN

(38FI2DOWT)

o —HRITEERR (64) . EEUCERR (27) ZHFLTL 2 &0,

cBHHIMICKESEBIRNTCHEML 73 ¥ 2— % (0S Windows Vista X 1Z Windows 7.
PowerPoint 2003-2007 EHa/N— 3  TOBEMEZIREE) TORFEOLE L FT,

* 77 ANKIILT . EHEEF T - HELOFAT — TR HLES (ppt 51 pptx) &L

TLIZE W,
Bl)BEES 2 BEEE R KD & & 2 -tokorozawatarouppt & 7% ) 97

s THEMNIEFET ALY Y a OG0 HIE TICAT A N2 (A5 4 FESS PowerPoint
T7ANVDAS72USB 7T v a2 AT )M Z2FFTETLEZE W, HLISHOHKRA D

a9 1I5LSZTNTET,

(FARHBRIBEROMERIZ OV T)
S IHE I F KBRS E (R L FORI L 72 % 0 1% KA BRI M
AR L TR S0

e FERA LT 7 A VBTN A — VA TS (jsasem-edi@mw kawasaki-m.acjp) ~
0T < A28V, ERTIMABHATRM S N2 CH A EERTHNIRL 2 AOTT

EET SV,



9:30

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

118 118®

BhEIERIAF R
(BRAR/\BE2)

=EER

1181288
FERMEN{LE Y~ =1-X
(R=)b)

118 138@®
FRMRYIEEY 5 — S1-X
(k=)L)

13:00~14:30
FHEMEZHAS
FHEMICDITIIRIEER

L R AL 1E—
aky B

14:40~15:40
1 ZEZSER
- PR EEERER
IRERER i
- FEHMZEEZRTERTERER

H 15:40~17:10

B =

P
=

ARZEERSE 1

i FEE M EER

HEH FAK

[ 16:20~17:20 .
BRI VIRID L
ISSHIASA 7Y A T AKRY

| FEHEFIHFOERLFHFR

FER JE - TR
[ ES

915 SfHEEwm 9:15  SIBHLA
PN 9:30~11:50
o= = _pniseE
9:40~10:55 HEHER H iR g
FPENEEBEESS 9:30~10:18 FHEZRI
BHEEEF R R AUk IR
BE M E ORM 10:30~11:02 FHEZ I
11:00~11:45 BE AN B[]
%U\B n*u%ﬁﬁ REE - 17!)?55] E:'%Z
11:50~12.10 T
FRERET MARMERERE
EE A RN EEE Uk
12:15~13:10 e,
KEFERFREZTF—
RUDT-AER & } .
AL R | 12:45~14:45
Hat AFMETS RIS
[1315~1410  15BIEEE 7 @§:ﬁ£ %gﬁ
THE MICE DRAWER SYSTEM N
(MDS) EXPERIMENT BIECER
| BEKE BHE | EEE I F |
8% © Ranieri Cancedda YURYAN IR HE
;.%:EEI zﬁ?
| 14:15~16:17 oAb
—i%iERR e
14:15~14:47 4T
| BRI i
Bk Rz 15:00~16:25
14:50~15:32 ZOEEES — % ERE
BE R WS 15:00~15:40 BEWEEEH T
A BECHE BIE
15:37~16:17 VA E—

n 15:45~16:25 fZEES O

FER TR 5
fhiks o=

1625~ KRR BHaRE

17:25~18:25
BFOEVYKRIDL

EEE FH A
AW il

18:30~20:25

3R

B o=
(52R’RE)

o0







118118 (BRI AR R/ S 2)

13:00~14:30 FHEMWEZHRS
[ i FEHIC BT B R EA ] EE v F— (e Mosmsn eResa)
W B (AAARERE HAESREEDE)
U-1 EBFEERAT—Y3VOBESEICDONT
M 1 (FEMCWEmRE B ASTEEMS)

U-2 FEHIAT—YavAHMEYESERESREOOEEE

Hekf  E— (FRAZEEEREEYY—)

U-3 ABALJURFZKIDOWVT
BA BR(EEERKS EEEERILMRER)

14:40~15:40 HERER : PHAXERERER. FEZES. FTEHMEEFREERERER

15:40~17:10 IBEH/ESR

1181288 (FRREREEY Y — - T2—X Iuk—b)

X=nR HEEE

9:40~10:55 HBEHEH

EE % i (BEERARR)
[ P EEREEREY: & iR ]
DU B kR BEERARR HFEEHIEEEE)

11:00~11:45 ¥R - FHERER

11:50~11:55 ZFELESER

11:55~12:10 WHREBHEZERE

BR A (BRAZESZE S ERESEEE BINERE )

&4 RF =T =Ty b EIEO TSR
BRI RIT

K T (KRAEASER Eaaehig % InER)

12:15~13:10 KEFHBHREIF— (B2RmE)
RUDT—XHERAL. BILERRT. ARAT KFRETS

13:15~14:10 $FRIEEE

BER 1 KT B (KBRAZFAZN EZRAERENEIES)
[ THE MICE DRAWER SYSTEM (MDS) EXPERIMENT ]
Ranieri Cancedda Zi#3% (Universita’ degli Studi di Genova &

Istituto Nazionale per la Ricerca sul Cancro,
Genova A1 ZU7 I /)\KE)



14:15~14:47 —HR;ERE

[ JRE A ] EE HE WK (CEARTEWRR BRIPEN T2mERTER)
Bkt 2 (BRAZESS ERIEE - BEEEARE)

1s~14:28 01 EBESTEREEREDREICONT
WH R (BRRPESH SN - BEHNTES)

wa~14st 02 (RERECOMRENN—FvILUTUTABVICESIDHE
WA EE(SEAFAER TEHRR)

1:si~1a:30 03 RYOERECH SHEFOENDRD DMICS I DMR
NG (SEAY THE BHRIFR)

14:30~14:47 04 FTODMHTROYDANE - AMIREF D SZIF DRHE
WH W (SEAS T8 BRI

14:52~15:32 —fi%;ERE

[ ZePER% | BE B W (BRERASR REEREES U "vy)
A Fh (BEIERIASEE B4 2N R S RE)
14:52~15:00 05  KIRERRZEBEMEOM=EE] ~2006 — 2009 ~
Rl A (RBRAZ AR EERMEREREGETAES)

15:00~15:08 (06 BAERAZREEREZEEI U ZvITD ‘09FEEHNSDA Y IILI VY
(E2%R)
B TS (BAERAS REEREES Uy )

15:08~15:16 07 ZEOIREIRITEMARE (5525R)
H B (RAERAY REEREEI Uy )

i5:16~1524 08 ZBIUZwI(CBIFBRIESERDOKRESM
M FG(BRERASY REEREEIU YY)

v A4V T)VI VY2009 | AFICHIT DIREHR EHETFZNER

15:24~15:32 (9 INF=
HEH B (BHEERAER BHEEZME Y — ERBIEEEMIERFT)

15:37~16:17 —fi%ERE

[ MiZEEY T ] FEE AN ERER (RREERIAS AP )
WEM BBk (EERARR BEEZME TS — BEEEaEIRLmeg)

15:37~15:45 10 BEHEGHINERFASKEEICRIF T HE
NI BETER (BAARESS HAESR GL2H5)

15:45~15:53 11 B DENRIE F COMREEIDRBEICHITDINRE/N1A 77X
£ BE (ERIERE WBERYATLAER)

15:53~16:01 12 EHHRE - EFHTIROFZELLEICKITITHE
SEH O (hERASEASE TR BRTEER)

16:01~16:00 13  ATEHEEFFOIERERE S HTHE
Pk I (BAERIAS EIREs 0 HE)

16:00~16:17 14 ILREIEERDODEMEIMNINGERLE )Y — > OFENT
At (BEERIASR B ARG SR



118128 13:15~14:10

ER KW BE (KERAZAFER EFZRAREENERS)

THE MICE DRAWER SYSTEM
(MDS) EXPERIMENT

Ranieri Cancedda

Universita’ degli Studi di Genova &
Istituto Nazionale per la Ricerca sul Cancro, Genova
AFUFP I1 )INKZE
EUREINER - PR R HREYF - #X



ESRIES;E 13:15~14:10 B KE FE CRRAEASR EERMRREEES)

THE MICE DRAWER SYSTEM (MDS) EXPERIMENT

ORanieri Cancedda?, Roberta Biticchi”, Michele Cilli¥’, Delfina Costa®?,
Yi Liu"?, Federica Piccardi”, Alessandra Ruggiu1'2>, Roberta Tasso"?, and
Sara Tavella"?
Y Universita' degli Studi di Genova & ? Istituto Nazionale per la Ricerca sul Cancro, Genova

Vittorio Cotronei and Salvatore Pignataro
ASI - Agenzia Spaziale ltaliana, ltaly

Several organs and apparatus are affected by weightless conditions and in particular by the
weightless experienced during space flights. Therefore space missions are good opportunities to
investigate in a whole organism the controlling cellular and molecular mechanisms. For this type
of studies mice are an excellent animal model for several reasons: reduced body size, relatively
short time needed to reach adulthood, availability of strains with different genetic background and
of different transgenic lines, etc. In line with the International Space Station (ISS) development, the
Italian Space Agency (ASI) contracted Thales Alenia Space Italia, the largest Italian aerospace
industry, to design and build a space flight payload for rodent research on ISS: the Mouse Drawer
System. This payload can be integrated inside the Space Shuttle middeck during transportation
to/from the ISS, and inside the Express Rack in the ISS during experiment execution. It is
designed to perform experiment as much automatically as possible; only maintenance activities

require procedures involving crew.

The first MDS experiment was launched inside Shuttle Discovery in STS-128 on August 28 2009
at 23:58 EST, and returned to earth by Shuttle Atlantis in STS129 on November 27 2009 at 9:47
EST, marking it as the first long duration (3 months) animal experiment on the International
Space Station (ISS).

A ground replica of the flight experiment (“ground control”) was performed at the University of
Genova from November 2009 to the second week of February 2010, while a parallel experiment
by exposure the mice at a 2G environment (centrifuge) was performed at the graduate School of
Medicine of the Osaka from June to September 2010.

The capacity of bone tissue to alter its mass and architecture in response to mechanical request
has long been known. Bone not only develops as a structure designed specifically for mechanical
demands, but it can adapt during life toward more efficient mechanical performance. In particular,
the skeletal effects of microgravity result in the development of an osteoporotic phenotype with
several bone defects including a bone mass decrease resembling the bone modifications occurring
in elder people and in bed rest conditions. This is particularly true for weight bearing bones
such as spine, femur and tibiae. In contrast non-weight bearing bones like calvaria etc. didn't
show bone mineral density decrease in weightlessness. Given the interest of our laboratory in
the microgravity induced skeleton alterations, we focused our attention on a transgenic mouse
over—expressing pleiotrophin (PTN) under the control of the bone specific human osteocalcin
promoter. This protein is a heparin—binding cytokine with different functions. In particular PTN-



transgenic mice (PTN-Tg) show an increase in the bone mass and mineralization, with a calcium
content/mg bone of 10We used this mouse model in the MDS flight experiment to study the PTN
potential role in counteracting bone loss in microgravity. In this transgenic line males have a
higher bone mineral density and, compared to the wild type strain, bone loss is partially restored
in ovariectomized females. Three PTN-transgenic mice (Tg) and three wild type (Wt) mice were
housed in the MDS (Mouse Drawer System) at the ISS for three months.

Unfortunately, during the three month period in space, three mice (two Wt and one Tg) died due
to a spinal cord lesion probably occurred during the shuttle lift off, a possible liver pathology and a
failure of the food delivery system respectively. All the three dead mice were however frozen for
subsequent skeletal analysis. The remaining three mice had a normal behavior during the flight
and appeared in excellent health conditions at the time of landing. During the MDS stay at the
ISS several physical parameters were under daily check. With regard to the animal health status
checking, the daily water consumption for each individual mouse revealed to be one of the most
important parameter. From blood cell analysis after landing, no major hematological alterations
were noticed in the blood cell count except a slight increase in the number of erythrocytes. The
serum collected from these mice is being used in a Luminex panel assay for several cytokine
and bone metabolism markers. Immediately after return to earth, the mice were sacrificed, blood
parameter were measured, all different tissues were dissected and the different bones isolated.

To study the microgravity effects on both wt and PTN-Tg mice we performed a microarchitectural
study by synchrotron and bench microCT both at the Grenoble and the Trieste facilities. With
this last technique we analyzed both weight and non-weight bearing bones and we evaluated
bone mineral density, mineralization amount, trabecular architecture. We are also in the process
of obtaining a holotomographic reconstruction of the trabecular and cortical bone from both the
flight and the control mice. In addition we extracted RNA from long bones and bone marrow of
the same mice and we performed Real-time PCR analysis to determine the expression of bone
marker such as osteocalcin, runx2, bone sialoprotein and of markers of bone turnover such as
RankL, TRAP, cathepsin K, IL6 in the different animals.

In order to obtain from the animals sent to the ISS as much as possible information including
also microgravity induced modifications of tissues other than bone, we associated to the MDS
experiment several international group from Italian, American, Japanese Universities and from
NASA and JAXA labs and we created a Tissue Sharing Program (TSP). In total 17 groups from 6
countries were involved in the program. Samples from almost the entire organism are now under
investigation by the TSP team. Initial results from these appear very promising. For example,
it was observed a modification of the thyroid structure and also the values of cAMP production
after treatment with 10-7 M TSH for 1 hour were significantly lower than those obtained in
Earth's gravity (FS. Ambesi et al. Udine, Italy). A characterization of the behavioral repertoire
(ethogram) of the mice exposed to space environment is also under investigation based on the
movie camera records.
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