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ISS Space Experiment using Human Neuroblastoma Cells “Neuro Rad”

— Long-term manned space mission -What occur in human neuron-like cells ? —
Hideyuki J. Majima

Kagoshima University Graduate School of Medical and Dental Sciences
Professor & Chairman
Department of Oncology, Maxillofacial Radiology Division
and Department of Space Environmental Medicine

8-35-1 Sakuragaoka, Kagoshima 890-8544
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email: hmajima@dent.kagoshima-u.ac.jp

Abstract

Space environment includes space radiation exposure and microgravity. Space astronauts have been
counting over 450 people among over 30 countries. One major concern regarding long-term manned space
missions is the effect of accumulative doses of space radiation (daily dose is 0.2 ~ 1 mSv). Such missions
will inevitably expose astronauts to significant doses, are thought to result in increase of risk, including
carcinogenicity, neurotoxicity, and lifespan changes. These effects occur by nuclear and cytosol dysfunc-
tion, particular signal transduction or protein synthesis change and mitochondrial damage. In addition,
microgravity may affect cellular metabolisms, signal transduction, etc., and might lead into synergistic
effects with space radiation, which may result in further increase of risk. To clarify involvement of genome
expression by 20 or 30 days exposure of space environment, we will perform soon the space experiment
(Neuro Rad) in April, 2010, at International Space Station, launching a human neuroblastoma cell line, SK-
N-SH cells, which maintain neuron function. The human space mission and its possible risk are
reviewed, and the outline of “Neuro Rad” experiments are introduced.

Key words: Long-term manned space mission, space environment, space radiation, microgravity,
neuron function
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o0 OO0oo0OoboooooooboOo. eodnoogzoon
gboonooobooboooooobooobboooooo
goobooooboobooooooooooooboo
goooo

=
i

001000oooo00oooooo (o) oooao
godojodoooo0oUdoooooooooooao
ooooooooeddflen, oOoODOOoOooOo
oooooo, ooogoooooooogoogoo, o
oOoo0ooOooOooOooooOoDooDooD r0OOO
gooooopoooongooooooogonooo
goooooovooooo (o) booooo
goooooyoooooooooooo, oozoo,
gooOooooooboooooooDOo wooobOoo
0o0oooooooooooooooo (@o, O)o
0000o0oooooO0, 0ooooooooooo
0000000 ooo0ooooooooooooo
0oodoooooo, Jooooooooooooo
oogooooooo

jooooooodoooooooogogoo, o
oooooooooooggoo
That's one small step for [a] man, one giant leap for man-
kind.0

goooooo, ooOooroo0o0oooooresl
OO00200000000000000 01960000
ooooooooooOoooooobooooOooooDo
ooooo0oooooooo, oDoloo (eood)
0000oooooooooooooo, 00oooo
O000oooooooooooooaon
“I believe that this nation should commit itself to achieving
the goal, before this decade is out, of landing a man on the
Moon and returning him safely to the Earth.”[]

gdl20o0poooogd, Booooooooooo
goooooooooooooo, cooooooo
goooooooooooooo, cooooooo

oo 1e9000d200, O00O01100000O00O00O00OO
goboooboooooobooo

gooooooooooooobooOoOoooODoODbOo
gooooOooooooooobooioooOronboo
gooooooooo, oobobooooooobooobo
gooooooooooooobooOooooooobo
gooooowogyrzbolzobcoooooon, 120
90, Dooooocoooooooocooooooo
gzoo0000, DOOOOOOCOOOOOODOOOO
goooooooo, ooooo, 2008000, O
oooobooo (ooooo) oooo, oooiso
goooooooooooooooooooooo,
oooooO, ooooooooooOooooDboDbo
goooooo oo, NASsADO, 200000, OOO
0 joooooooooooooooo (@crO)o O
goooooooooono, 140, 150, 160, 17
goooooooooooooboooooooDoooboo
goooooooooooo, booooMbO0O
ooo0oo, oooooooooobooooooooobo
goooooooooooooobooOooOooOooOoobo
gooooo, ooooooooboooooooo

0. 000000000D0O0O (International Space
Station; ISS)
00000ooooo00oooooooooooon
0, 19800000000000000000DODO
Jo0ooooooO0o0o0ooooobD ooooogooo
godoodooo0ooOooooooooooo,
19880 000 00000000oooooogoooo
goooooo, 000 opbooodooooooo
00000 pbodooopooooOouooooooo
0o, 19910o0oogdooooooogooooo, oo



26 od

000000000000 00O0, 1998000000,
000000, 00000000000000000
O00O0O000, 000001sSS0000000, O
ooo, 00O, 000, OO0, ESA0DO0OO
(0ooo, 0oooo, 0000, 000, 000
0, 0000, 00000, 0000, 000000,
000, 0000) 0150000000000000
00, 000000000000000000000
000000000 19980000000000000
000000D0D000000000ISS000000
000000000, 00000000000000
00000000000000000000, 000
000000, 00000000 000000000
00000, 000000000000000000
00000000000000000000000 O
0, 2030000000000 0000000000
00000000000000, 000000000
00000000 2080000000000, 000
0000000 0000000000000 (OO0,
00)0

EFFSMBHERRS
= LM ERAT R
r2i25) AFRRND d . | sTs128/
oty tpa 20084E3 éf:—zszbrzz-n( 1A
F2(g5) BFRRED EHEETERTIRR STS124.
BARBRELOA VS | 2008858 AR—RI M TR0~ 77
F7—4 kA
r2(35) AFRRED EEX—FEHRTLER STS121/
BARBRTS5vET4— 2009410 [ RR—R ¥ T T T 78— 20/A
Lt iLyb )

o0 0Oobboooobb. ooooboooo
(Japanese Experiment Module; JEM), OO0 00 OO0
0, 0000000, 0000000000 (USS)

ooooooo, oooooo

oo

O. 000000000

gboooboobooboooboobooobooooog
gbooooooooooobooooobooobo, o
gbooo, oooboooboooobooobobooon
gbooooooboooboo, booooooobobooo
gboooooo

Space Environment

Microgravity
High Vacuum

Al phere
Temperature
Space Radiation

(10 ~ 104g)
(<101Pa)

1 hydrog
156~121°C

Life Science (Medical) Study
in Human Space Flight

1. Effect of Microgravity
2. Effect of Space Radiation
3. Effect of Isolated Environment
1) Control of Bacteriological
Layer
2) Psychological Problems

Space Radiation Research

e 0.2~0.3 mSv exposure/day

* y-rays, Protons, Neutrons, and
Heavy lons

¢ Low Dose Rate

e Long Period Exposure
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Introduction

How does a mammalian cell damage occur following
Space radiation exposure and microgravity ?

=Evaluation of realistic risk associated with the space
mission will be in urgent demand to protect them
adequately based on both physical and biological
knowledge.

=Considering cellular metabolisms or homeostasis,
which affect their risk, examinations of gene expression
change would be important.
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Experimental materials

Cell line :
*SK-N-SH (Human Neuroblastoma Cell Line)
—p Anerve cell (a neuron) is an
important and essential cell

SK-N-SH

Cell Culture for ISS experiment: ;
-at 37°C in CBEF oW a_cenn |
*in 5% CO, supply using “CO, POUCH ” Cultured for 20 days

which maintain adequate concentration of COz
sfat1Gand u G -
=for about 2 weeks (short-term cultivation)
and about 3 weeks (long-term cultivation)

CO, POUCH
In Meas Exp CO, Bag

00 “Neuwro Rad” D000 OOODOOOOO
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Onboard Experiment
Space flight time course for Neuro Rad experiment

Crew Activity Crew Activity

Crew Activity

Cells are
cultivated in the

Experiment

38 Chambers are
stowed in the

Cells are Cells are
launched on 19A. returned on
ULF4.

OO0 ISSO000 “Neuro Rad” 000000

Post Flight Analysis

DNA Microarray

DNA Array Chip : GeneChip
DNA Array Analysis : ScanArray Express (Perkin Elmer Inc.)

Screening for

~Mitochondria related gene
~Oxidative stress related gene
~Apoptosis related gene

)

RT-PCR quantitative PCR : ABI PRISM 7000
(Applied Biosystems)

“Neuro Rad” 000000000

Protein analysis by

(—Western Blotting

010

Expected Outcome

What do space studies bring
to our future space life?

=Understanding the effects of space radiation on human
neuron cells.

=Assessing the risk in order to better determine acceptable
radiation doses.

=Gene expression (Mitochondria related gene, Oxidative
stress related gene, Apoptosis related gene etc.) could be
changed in space condition.

mm) Find newly ion of gene exp

4

[ These findings are essential to optimize the health of }

astronauts and space man to live for long term in space
fields near future.

011 “NewroRad”OUODOOOODOOOO
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@cipal Investigator : \ ﬁ-‘

Hideyuki J Majima
(Kagoshima University)
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Noriaki Ishioka
(Kagoshima University & JAXA)
Experiment Team :
Hiroko P Indo
(Kagoshima University)
Kazuo Tomita
(Kagoshima University)
Sachiko Yano (JAXA)
Fumiaki Tanigaki (JAXA)
Hiromi Suzuki (JSF)
Daisuke Masuda (JAMSS)
Yuuichi Takahashi (JAXA)

KToru Shimazu (JSF)

012

“Neuro Rad” DO 0O0OOOOO

013

“Neuro Rad” O OO OO

goboooob, booooboooobooooobo
JgoooooooOooooooooooooooD (o
11) J0o0o00o0o0oooboboooooobi20000o
ooboobooboooboo, oooooooooao
oooooooooBsoooooooooooog, -d
0ooooooooboboooooobooboogoo
0 0000000 (http://www.iii.u-tokyo.ac.jp/~yoichiro)
(boooo) ooooo, boooooDoooo O
JooDoOoobOO0o0oooOdbboOonO, Neuro RadO 0O
gooooboOobooobOoobOoooobooboo
ooooobooo



O
0)

0)

ooooooooogoiIssoogd

O

Valentin, J. (ed.) ICRP99 : Low-dose extrapolation of
radiation related cancer. Annals of the ICRP, 35, 1-
142, 2005

Majima, H. J., Indo, H. P., Tomita, K, Iwashita, Y.,
Suzuki, H., Masuda, D., Shimazu, T., Tanigaki, F.,
Umemura, S., Yano, S., Fukui, K., Higashibata, A.,
Yamazaki, T. Q., Kameyama, M., Suenaga, S., Sato,
T., Yen, H.-C., Gusev, O., Okuda, T., Matsui, H.,
Ozawa, T. and Ishioka, N.: Bio-assessment of risk in
long-term manned space exploration 0 cell death fac-
tors in space radiation and/or microgravity: a review [ .
Biol. Sci. Space, 23, 43-53, 2009

31



