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Gene expression profiles of human neuron-like cells exposed to cosmic rays
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Abstract: Long term manned space missions are planned to implement within the first two decades
of the 21st century. A mission 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 field, the plan will allow
space man to live for long terms to do experiments to examine various space sciences. In space
environment, 0.2~0.3 mSv a day of radiation exposure will affect cellular metabolisms. As such
missions will inevitably result in a significant space radiation exposure on the astronauts, there is
an increasing demand to examine their risk. 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.  In this study, a human neuron-like
cell line, NB-1 was irradiated with 0.1 mGy, 1.0 mGy, 10 mGy, and 100 mGy in single exposure.
Thirty minutes and 2 hours after the treatments, mRNA was isolated from the cells and gene
expressions were studied with Quantitative PCR analysis. The results showed that the both up-
and downregulated gene expressions were seen among mitochondrial genome, electron transport
and TCA cycle genes. On the other hand, beta-oxidation, ion transport, ATP production,
antioxidative enzymes and factors related gene expressions were downregulated. DNA repair,
glycolysis, heat shock protein, and apoptosis related gene expressions were also downregulated
except for some genes such as p53. The autophagy related gene, and necrosis related gene
expressions were also downregulated. These results suggest that the space low-dose irradiation
induce intracellular oxidative stress, and may decrease at least partial apoptosis-related gene
expression changes, i.e., may increase potential risk of cancer or neuro-degenerative diseases.
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Table 1. NB-1 Examine Genes

+ Mitochondrial Genome
ndl, nd2, nd3, nd4, nd4l, nd5, nd6, coxl, cox2,
cox3, atpase6, atpase8, cytbm, humanin
+ Electron Transport
atpsyn, cii, coq3, coq7, cytb5, ndufv2, nntm, nuim,
sdhb, uqcre2, ugcrch, ugereb, ugcerel, cycl
TCA cycle
idh2, acon, fumh, mdh2, aldh2, got2
Beta-oxidation
mtechb, hada, mtsceh
Ion transport
nheb, frataxin
ATP production
mtck
DNA Repair
p33, atm, dnapk, ku86, brcal, udgl, oggl
Apoptosis related
antl, ant2, aif, casp$8, casp9, apafl, bax, bcl2,
casp3, mnsod, p53, vdacl, vdac2, vdac3, cyt-c
Necrosis
cyp-40
+ Autophagy
becnl
* Glycolysis
aldo a, aldo b, aldo ¢, bpgm, dlat, dld, enol, eno2,
eno3, gapds, gpi, hkl, hk2, ldhb, pdha, pfki, pfkm,
pgaml, pgam?2, pgkl, pgml, pkm2, suclgl, suclg2,
tpil
Antioxidative Enzymes * Factors
ho-1, ho-2, transferrin, ferritin, nrfl, nfe2ll, nrf2,
keapl, fech, cuzn-sod, mnsod
+ Heat Shock Protein
hspa8, hspal(hsp70i), hsp47, hspa9(mthsp70),
hspdl(mtmp), hspa5, hspa6, hspa2, hspa4l, hspa4,
hspal4, stch, hsp90a, hsp90p, tral, hspl05, bip,
djbl, tid, dna J, djb 4, dnaj 3, hsjl, tcp20, cctb,
chaperonin 10, tcompl, cctd, ccth, hspall(hsp72)

Table 2. Gene Expression Changes by Quantitative PCR.
Antioxidative enzymes * factors and DNA Repair

Antioxidative enzymes - factors | 0.1mGy | 1mGy | 10mGy | 100mGy]
Tl
ho-1 tl 1l i Tt
ho-2 43 IR T 13 )
transferrin 44 ) 11 i Teup
ferritin i1 Tt & Tt 1:down
nrf1 43 ) T ) 1} : up (p<0.05)
[ — s mmrm e R
nri
keap1 ) 13 11 &d -m : up (0.5h,2h)
fech 44 1t T T . d 0.5h,2h
cuzn-sod 1 i t1 11 o !
mnsod 44 11 438 40
DNA repair 0.1mGy | TmGy [ 10mGy | 100mGy]
p53 48 T hiiliy T
atm Lt T i T
dnapk t1 vl Tt 11
ku86 Tt 11 1 4y
breal 44 44 11 44
udg1 Tt 11 1 11
ogg1 44 4 430 10

Table 3. Gene Expression Changes by Quantitative PCR.
Cell Death related genes

Cell Death related 0.1mGy| 1mGy | 10mGy | 100mGy Tl
cyp-40 U 0w [ 1w ][ mu
becnl 11 IR 43 40 t:iup
ant1 438 Tl i1 )
ant2 R [ L ¢ down
aif WL | 00 [ e | aw 1+ up (p<0.05)
11 R R 13 {1 : down (p<0.05)
caspase9 ) 1t Tt T .
apaf1 L0 0o || oo [ P (030.20)
bax VI [ V0 | 00 [T00 | [y :down(@5h2n)
bcl2 1 T 11 Tt -
casp3 04 13 11 1
mnsod 44 it 28 40
p53 43 T1 A} i3
vdacl 430 i 18 434
vdac2 TN 1 1L 11 11
vdac3 43 Tl i1 13
cyt-c 43 11 43 40
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Figure 1. Cell Death related Gene Expression Changes
by 0.1mGy X-irradiation.
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