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Abstract; Long term manned space missions of International Space Station (ISS) is in progress,
and a plan to explore Moon as well as to visit the Mars is also underway. In space environment,
0.2~1 mSv a day of space radiation exposure and micro gravity environment will affect body,
tissue and cellular metabolisms. In this study, the effects of "Low-dose Irradiation" and "Micro
gravity" on total gene expressions change were tested using two human neuron-like cell lines,
NB-1 and SK-N-SH. The cells were treated with 1) 0.1 mGy X-irradiation, or 2) micro gravity
environment for 24hr, or 3) with 0.1 mGy X-irradiation and the microgravity for 24hr. ~ After the
treatments, mMRNA was isolated from the cells and DNA expression was studied with DNA
microarray analysis. The results showed that the gene categories with intensive expression
change in all irradiated or microgravity exposed conditions were "mitochondrial genome™ (8/13;
61.5%) and "ribosaomal protein™ (70/184; 38.0%), and the two were downregulated in every
condition. The results also showed that up-regulated specific gene was only one in every
condition, that was "Small Nuclear RNA Activating Complex, Polypetide 5;SNAPC5, which
activate RNA transcription. The individual genes that appeared intensively downregulated in
every condition were "forkhead box m1 (foxm1)", a gene for oxidative stress related transcription
factor, "HSPA8", a constitutive expressed heat shock protein, "ALDOB", a glycolysis gene.
These results suggest that the space low-dose irradiation and micro gravity condition decrease
newly production of protein, and may affect mitochondrial bio-energy production ability, and may
induce intracellular oxidative stress. The results also suggest that 0.1 mGy irradiation and
microgravity condition may decrease cellular anti-stress ability.

FEWA NFHRIT 21 LIS A - T04ELINIC
KB Ih2HBETHD, EEFHEAT—va v
(ISS) o7 m v =7 FHRBEICBRtE S, KE~D
RATRIE HE TR TH D, 2D K 5 AeitEi O TF
HEREIZBIT 2 NHOEMIMENFZBLI L, FHT
BRx R EBRNRHRD X125, L L, FHRIC
X251 BoWIES EMFIE 02 ~1mSv IZ#EL,
FHRITNFERIT LI & > TURIIZKEDOR
BEBODLERERDRIMTHLEEEZD L,
FHIZBT D AN OZEVEMRN AR R TH D, W)
BRAW P GRS D < Y 7R BhRE I D HEEE
DIE& EE S TWVDFHRATISN D BENR Y X

7 Z il A AN e ik & HICE O A X S T
BEOBRNBH L 2> T D,

AL TIL, ORI FERE LT, 2EED
b APESHIROER (NB-1,SK-N-SH) % vy, (KHR &
RS (0.1 mGy)  (LowX) X7 U /=%
Zy M XD 2 4 RFHUNE T (MG) 368 X O LowX
+ MG D&M T DNA 7 LA 2T 2 FEDELE
THBE AT, ZOREER, WU RS LY
W NE ) OBRENEBCAI A b L2 AR Am L.
I HICHAEN A b L ABRBEIZE VAR Z R LT
DI EDRRBEINT,

This document is provided by JAXA.



ik

2RO e Mgk (NB-1,SK-N-SH) % H]
N, RIS IZ I MBR-1505R (Hitachi Corp.)
Zv, HEIZ 0.1mGy DR 24T - 7=, W/ NE S
WENLT T4 ) AH y MEHW2 4FRFRIT- 72, %
JUERA% . MR B AGPC #EIZ LD RNA ZHRHELL
EFDOH>H0O 1ug A L LT Amino Allyl
MessageAmp aRNA Kit (Ambion inc.)% > Cifiis
53 L Nantisense RNA OHEE A 4T\, Cy3 8L
Cy5 #% antisense RNA [ZHE#% L CDNA ~A 7 a7
LA L7z, DNA v~ 147 a7 LA 274 RNiX
Acegene 20k (DNA Chip Research Inc.)% A\,
ScanArray Express (Perkin Elmer Inc.)(Z Tt a8
EAXY UL SN T — X IXSEEIC TR &
To77,

FER

DNA~A 7 17 LA fEHTIZ L D  NB-1, SK-N-SH
HFIAEIZ BV T LowX, MG 38 X T LowX+MG @
S CRBRICHRENZIL LI DEFIRD & 2T
DEIETHREANT v 7L X2 L — FENTNED
X1 EE DA T, THIERNAKRY 2T —EBDiE
PEAIZBE D % 115 7 SNAPCS T& - 7=(Table 1),
7m BT ORETE T X2l — F IR TV
BAIL 267l H Y  EDOHTELDOEIGDORE NG
DEFHRDHE, T bary R 7 a— F@Els+. e
RDOWEFTH D ALDB. B 2 v 7 Z /X7 HD O
&> HSPAS(HSP70c)35 L USHIE D A b L A IRE T
BT 57 4+— 7~y RBETF77IY—IZET
HERERADOE D FOXM 1 Toh - 7=(Table 2), %
T BaTEIT IR ChTI—T ¢
DBEFREZE R THADE VR —< T
TAVEBIOI hary R T7a— N&EBETFOIT
TY — 2B T, ZIZEI 38.0%35 L OV 61.5% D E
A NETOFMEIIBNTH L X2 b— b &
LT 7= (Table 3),
INHORERERAET D & ARG SRR M
O/ NEICE > T VR =~ v X Xy R
INTERBDBPA L, bbb Z NI RN
Wb IxnsaiEE s ThnEar Xt — T 5k
\ZHES 2 iEME(L 3% "Small Nuclear RNA Activating
Complex, Polypeptide 5";SNAPC5 J&{x 1~ D FEEL /314
MLTWi=, £L T, 2 b= FU 7 DNA 22— R
BRFORBRBICL > TR AL F =8 ME N
TEVEDEE LA B U RITENBLIN D AR R S
N, &I, e—=byav 7 XU R_IEMETFL,
ARANOTELRENME T T 5 2L mEaN TV
(Fig. 1), FHMR & M INE ) OBREE Tl —FFIZ A
FLUARIZEEL RDAHEMEDRH D Z & ZRE LT
X9,

Table 1. Significantly up-regulated gene with both
NB-1 and SK-N-SH in 3 conditions (0.1mGy
X-irradiation (LowX), Microgravity for 24h (MG), and
X-irradiation & Microgravity (LowX+MG)).

LowX MG Lowx+MG
NB-1 | SK-N-SH | NB-1 | SKN-SH [ NB-1 | SK-N-SH

Symbol Description Av(Sd)p | Av(Sd)p | Av(Sd)p | Av(sd)p | Av(Sd)p | Av(Sd)p
SNApCs [SMa activating protein complex 19kda 1.31+0.08 | 1.64+0.13 | 1.49:0.16 | 2.61:0.20 | 1.96+0.07 | 1.780.31
subunit; snap19 (9=0.02) | (p=001) | (p=0.04) | (p=0.01) | (p=0.00) | (p=0.05)

Table 2. Significantly down-regulated genes with both
NB-1 and SK-N-SH in 3 conditions.

Lowx MG LowX+MG
NB-1 | SK-N-SH | NB-1 | SK-N-SH | NB-1 | SK-N-SH
Symbol Avsd)p | AvSd)p | Av(sd)p | Avsd)p | AvSd)p | Av(Sd)p

Description

heat shock 70kd protein 8; hspa8 0.42+0.02] 0.39:0.17 | 0.65:0.05 | 0.61:0.08 | 0.63£0.02 | 0.60:0.07
(p=0.00) | (p=0.03) | (p=0.01) | (p=0.01) | (p=0.00) | (p=0.01)

0.44+0.07 | 0.330.12 | 0.34+0.05 | 0.45:0.03 | 0.35:0.06 | 0.42+0.09
(p=0.01) | (p=001) | (p=0.00) | (p=0.00) | (p=0.00) | (p=0.01)

aldob 0.39+0.07 | 0.35:0.10 | 0.30+0.03 | 0.39:0.03 | 0.29:0.02 | 0.45+0.07

(p=0.00) | (p=0.01) | (p=0.00) | (p=0.00) | (p=0.00) | (p=0.01)

HSPA8

forkhead box m1; foxm1
FOXML

ALDOB

Table 3. Significantly changed genes that with both
NB-1 and SK-N-SH at 3 conditions.

Condition up-up-up dn-dn-dn Total
0.1mGy (LowX) Tt 1l
Microgravity (MG) Tt 1l

LowX + MG Tt 11

Category 1/19968 (0.01%)]267/19968 (1.3%)|268/19968 (1.3%)

cat-1 Mitochondria

cat-2 Apoptosis

cat-3 Cancer

cat-4 Cell cycle

cat-5 DNA replication repair
cat-6 Protein synthesis

cat-7 Signal transduction
cat-8 Transcription

cat-9 lon channel

cat-10 Nucleus, nuclear, DNA
cat-11 Interleukin

cat-12 Growth factor

cat-13 Ribosomal protein
cat-14 Mitochondrion complete genome
Cat-0 Other categories

0/539 (0.0%)
0/523 (0.0%)
1/614 (0.2%)
1/346 (0.3%)
0/271 (0.0%)
0/126 (0.0%)
0/165 (0.0%)
1/1292 (0.1%)
0/224 (0.0%)
1/2236 (0.0%)
0/93 (0.0%)
0/321 (0.0%)
0/184 (0.0%)| 70/184 (38.0%)| 70/184 (38.0%)
0/13 (0.0%)|  8/13 (61.5%)|  8/13 (61.5%)

0/14895 (0.0%)|139/14895 (0.9%)|139/14895 (0.9%)

22/539 (4.1%)
6/523 (1.1%)
5/614 (0.8%)
3/346 (0.9%)
41271 (1.5%)
3/126 (2.4%)
0/165 (0.0%)

12/1292 (0.9%)
1/224 (0.4%)
26/2236 (1.2%)
0/93 (0.0%)
3/321 (0.9%)

22/539 (4.1%)
6/523 (1.1%)
6/614 (1.0%)
4/346 (1.2%)
41271 (1.5%)
3/126 (2.4%)
0/165 (0.0%)

13/1292 (1.0%)
1/224 (0.4%)
27/2236 (1.2%)
0/93 (0.0%)
3/321 (0.9%)

0.1mGy(Lowx) || Lowx+MG ][ 24h Microgravity(MG)

Mitochondria Oxidative
Genome ¢» Phosphorylation ‘L

Glycolysis ¢

|Translation |¢ »l Transcription |T

| Newly Protein Synthesis M

o d
| Energy Production N | ROS JT
1

[Anti-Stress Ability |¥

HSP
Fig.1. Influence of space environment on cellular
anti-stress condition.
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