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Introduction

Non-invasive inspection of biomaterials containing live cells has been increasingly demanded
as the cell therapy rapidly advances in tissue engineering. In regenerative medicine, in
particular, multipotent stem cells are often distributed in bio-compatible scaffolds and partially
differentiated in vitro before grafted in patients. Mesenchymal stem cells generated in bone
marrow have a capability to differentiate into osteoblast and ondrocyte with appropriate
inducing factors. To date, a microfocus x-ray computed tomography has been used to visualize
development of the bone network formed in pores of the scaffold. This measurement exposes
the scaffold containing live cells to a considerable amount of x-ray dose. Because the mitogenic
cells are sensitive to ionising radiation in general, it is expected that multipotent stem cells also
may indicate sensitive response to x-ray radiation. In this study, we investigated the radiation
response of the human cells exposed to a high x-ray dose comparable to micro-tomography
measurement.

Materials and Methods

HeLa cells were cultured in DMEM medium supplemented with 10% fetal calf serum. Prior to
x-ray exposure test, the cells in a 12 multi-well plates grew to a subconfluent state. Then the
plates with a 2ml medium in each well were placed on a 37C thermoplate 0.18m away from the
x-ray generator(KXO-ES, Toshiba, Japan) operated at a tube voltage of 100kV and tube current
of 4mA for 30minutes, corresponding to 30Gy of absorbed dose at the well surface. Total RNA
was isolated 2hrs and 24hrs after irradiation from unirradiated control and irradiated cells using
RNeasy Mini Kit (Qiagen,Inc., Valencia, CA, USA). Whole Human Genome 60-mer Oligo
Microarrays (G4112F, 4,1000 unique probes, Agilent Technologies) were used to for the
analysis of radiation-induced gene expression patterns. To quantify the cell viability, a cell
proliferation reagent WST-1 (Takara Bio Inc., Japan) was used as per protocol. Immediately
after the irradiation, existing medium was removed and a 100mL of fresh medium was added in
each well with a 10mL of WST-1.

Results

The transcriptional alteration profiles of irradiated cells were compared with the controls
without irradiation. Out of 1441 genes statically significant (p<0.05) and with the fold change
over 2.0, 556 genes were up-regulated, while 885 genes were down-regulated. It is known that
radiologically altered genes belong functionally to the cell cycle pathways, DNA repair,
oncogenes, mitochondrial and ribosomal proteins, transcription and translational regulators and
genes encoding cytoskelton components[1]. Table 1 shows the list of genes altered by a high
dose of x-ray irradiation (30Gy). The genes listed here are chosen on a basis that the 2hrs fold
change is over 1.5 and 24hrs fold change is over 2.0 with t-test p-value <0.05. These include
INHBA, CDKN1A, RRAD and SOCS1. Those related to well-known p53 dependent signaling
pathways, such as TP53, GADD45A, MDM2, except CDKN1A, were not significantly altered
even after 24hrs at the high dose of x-ray irradiation in this study[2]. Transcriptional alterations
related to mitochondrial functions (p>0.05) are listed in Table 2. When the fold change is
compared between 2hrs and 24hrs after 30Gy irradiation, ALDH1B1, UCP2, and SUOX were

Nanobioeurope2008 June 09-13, 2008 Barcelona-Spain



Poster
up-regulated and TOMM40, MRPL30, PEMT, DUT, and TOMM40 were down-regulated.
Functions of these sensitive genes in cellular response to high dose of x-ray may provide a clue
for allowing us to use high-resolution x-ray tomograhy for live cell imaging.
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Table 1 Gene expression profile induced by a high dose of x-ray (30Gy)

Genbank GeneSymbol 2hrs,30Gy 24hrs,30Gy Descriptibn
FoHd Changet-test p-valie Fod Change t-test p-valie

NM_002192 NHBA 22 ooy 30 001 hhbi.beta A @Gctivih A.activih AB abha polypeptide)
NM_000389 CDKNLA 17 001 29 0ao cycln-dependent khase hhbior 1A
ENSTOOO0033944/ ENSTO000033944 29 oao 29 0ao hypotheticallL0 C3877k3
NM_14531k Chkorfl2ad 18 000 248 0oo chrom osom e k open readig fram e 128 (€ korfl28)
NM_0041k5 RRAD 25 0a3 27 0ao Ras-relted associated w ith diabetes RRAD)
NM_153k90 FAMY43A 19 0as 23 003 fam iy w ih sequence sin flarity 43-m ember A FAM 43A
BCO&7859 BCO&7859 23 000 22 0oz cDNA cbne MAGE 30398108
NM_033513 C190rf20 1k 003 2l 0ao chrom osom e 19 open readig fram e 20 (€ 190rf20)
NM_025201 ppa094 12 001 2d 0ao PH dom ah-contahing protethh (pI099)
NM_000201 XAML 17 001 2d oao htercellbr adhesibn mokcuk 1 €D 54)
NM_014931 KRA1lL5 17 0a3 2d 001 KR A111l5 KRAA11L5)
NM_0041k5 RRAD 26 0oe 20 001 Ras-related associated w ith diabetes RRAD)
NM_003745 SO0CS1 15 000 20 000 suppressor of cytokie signalng 1 €0 CS1)

Table 2 Gene expression alterations relating to mitochondrial functions

Genbank GeneSym bol 2hrs,30Gy 24hrs,30Gy Descripton
Fod Change t-testp-valie Fol Change t-testp-valie

monoamine oxidase A (MAOA), nuclear gene encoding

NM_000240 MAOA 07 001 07 0.02 mitochondrial protein

NM 033540 MENL 08 003 07 001 g:(t)?gijr?in 1 (MFNL), nuclear gene encoding mitochondrial
NM 033540 MENL 08 002 07 002 g:i(t)?gijsin 1 (MFNL), nuclear gene encoding mitochondrial
W0OOG2  ALOWISL 12 o ls  ow el dehyoosased i, renter o1 (LoMED
NM 006114 TOMM40 12 002 06 001 }\r/znazlgc(zz\rsg '\tﬂ)’fw%ger mitochondrial membrane 40 homolog
NM_ 016503 MRPL30 13 001 07 001 gg%%?ggcﬂfloé'ﬁgﬁgﬁD‘;g:ﬁ? L30 (MRPL30), nuclear gene
Wios  PEMT 12 om  os  opp  PhomiMiereanien ety eam,
NM 001948 DUT 12 0.02 05 0.05 fn%':h‘?ggr‘i’:fsmaeﬁﬁse (DUT), ruclear gene encoding
W04 MTREL 07 oo os  opo o st roeme o 1 (MR
wimss w1z oo 17 om  Ucoigpten (mtochond prton caren (.oP2)
NMO0O03705  SLC25A12 08 005 07 001 i%%geia{g?sf_agg’é%(m”°°h°”d”a' carrier, Aralar),

NM 000456 SUOX 09 004 16 0.00 gtj(l)fti;?noxidase (SUOX), nuclear gene encoding mitochondrial
NM 006114 TOMMA0 13 002 06 001 translocase of outer mitochondrial membrane 40 homolog

(yeast) (TOMMAQ)
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