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Cell-type-specific Gene Expression Patterns in Human
Carcinoma Cells followed by Irradiation
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Abstract - Ionizing radiation is a well-known therapy factor for human carcinoma cells.
Genotoxic stress mediates cell cycle control, transcription and cellular signaling. In this work, we
have used a microarray hybridization approach to characterize the cell type- specific
transcriptional response of human carcinoma MCF -7 and Hel.a cell line to y-radiation, such as
4 Gy 4 hr. We found that exposure to y—ray alters by at least a log, factor of 1.0 the expression of
known genes. Of the 27 genes affected by irradiation, 11 are down-regulated in MCF -7 cells and
2 genes induced by radiation, 15 are repressed in HeL.a cells. Many genes were involved in known
damage-response pathways for cell cycling, transcription factor and cellular signaling response.
However, in MCF-7 cells, we observed gene expression pattern in chromatin, apoptosis, stress,
differentiation, cytokine, metabolism, ribosome and calcium. In HeLa cells, it showed clearly the
expression changes in adhesion and migration, lysosome, brain, genome instability and
translation. These insights reveal new therapy directions for studying the human carcinoma cell
response to radiation.
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al. 2000), 71& 7<) MCF-7 (Park et al. 2003)3} HeLa
Azl AL WPAMAL R, vl oFAI bl b fAA HE
Aoz RE] A=z ol fAA Wyl 24& gt
2 4 A%,
wetA, & AFe GHEF FolH fAAA 43

& NEHeozr BMFozd, A AsE ¥ &3}
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HeLa Al Zo A bt SolHdl fax L4 Hve
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1. Ajxe} wjek

MCF-73} Hela 4 2& 77 9% Aza2a3 2o
Yetw gAsAe oBE e AFAZIE BF B
of31, A x9 Wk 10% fetal bovine serum (Gibco-
BRL, USA) 100 units mL~'2] penicillin, 100 uL. mL-'2]
streptomycin (Gibco-BRL, USA)o] Z&3 Dulbecco’s
modified Eagle’s medium (DMEM; Gibco-BRL, USA)-&
o] -g-3ke] 5% CO9} 37°C7F FAHE W7ol 124]
2 whoFstsich.

2. WApAe) 2}

WA 2ARE Algdstn oBuate) wAA 2417]
7] (Cs-137 irradiator, USA)E o] &-3}¢] 37, A}&H HA}
Al 7)&8F2 282.2 ¢cGy min~! o] gt} (Park er al. 2003). A1
H 7S MCF-7, HeLa Ml Zell 4 Gy9] HAMAS 2AFSH
5 4417 52t W Fshsiet

3. Total RNA &3 ¢ gal

Total RNA2] 2]+ Trizol ¥ (Gibco-BRL, USA)«|
98} A A )4 3L (Chomezynski and Sacchi 1987), doi=]
RNASQ] & 1% EFQH o= of7fz s AeA 4
)3} o} (Lehrach et al. 1977).

4. Probe &H|

MCF-7 A2} Hela MZ=2%€ Z8|3 probed]
AL G537 25 42He] Cys probegt Cy3 probexs
total RNA 50 g, mRNA (1.0 kb), oligo-dT (1.5 ug),
DEPC-x2]¥ "Ha4E #H7lsled Z+ probed| H-3]&
20.5uL2 W=qio).

7} N ZZF| A Zu|% 77+e] Cy3 probe, Cy5 probe=

70°Col A 5% Fob @wA FHE AH 5xAvian mye-
loblastosis viral (AMV) reverse transcriptase (Promega,
USA)el| 2J8 RT-PCR #A-& 43)3ldet. RT-PCR =
L& AMV buffer (Promega, USA) 8 uL, low dT NTP (5
mM dATP, dGTP, dCTP, 2 mM dTTP) 4 uL, Cy3-dUTP
(Amersham Bioscience, USA) 4 uL, Cy5-dUTP (Amersham
Bioscience, USA) 4 uL, RNase inhibitor 1 uL, AMV reverse
transcriptase (20 unit L1 2.5 uLE A7}5le] uk-L-oH 2]
HylE 40uLz w3giol 229 Cy3 probe, Cy5 probe
Z 42°Col A 1A17F =<t uHE-$-3)led AMV reverse trans-
criptaseE A7}ste] RT-PCR uH-3-& Sasigiet uhg
2 (.5 M ethylenediamine tetraacetic acid (EDTA) 5uL, 1
N NaOH 10 uL& H7}3ted 37°Celir] 108 FoF ¥hg-4]
At vk-2-8-o8¢]] 1M Tris—HCI (pH 7.5) buffer 25 pLE
718k CentriSep spin columng AR} 1,000 x gol}
A 38z A BEEgYh dARErE B3 whggel
Zu)3 probed Hrlsle] 254 R3] 100% s
250uL, 0.1% 22-3)¢] 3 M sodium acetate 10 uL& 3 7}3}

of 2 Ae F -T0°CAA 158 F A shadch WA
9 DNAL 15000 x g, 4°ColA] 15% 5t 94 i3}

I 70% ke 1mLE AR, 94 BE Fs)
pellets 22)3}sc}. Cy3 probeg} Cy5 probex 723}
Z}7z} hybridization buffer 7.5 uL.#8 H7}sle] 15 puLe]
probe g Fn)s}givt.

5. Prehybridization of arrays

£ o Fo] AL43 Human 0.48 K ¢cDNA microarray
(Macrogen, Korea)¥ duplicated spotting chip & 2 A,
cancer, cell cycle, chromatin, chromosome, stress, repair,
proteosome, cytokine, cytoskeleton, hormone, metabolism,
mitochondria 5-2] 2509782] A =}¢} 5049712] EST,
50e97) ¢] unknown gene-Z& E3H3} 48044709 $-AHA} A
2g A chipe 2, ¥ HAMY 479 ZAe] Bgs}
v $A%E 233 el B dArpdel Agsidc
Array $]¢) Fu|3 A slo|He]= Lo (prehybridization
buffer) 15 uLE Hol=el i, Q7 f2]8 el A2elA
2A17F E9t ukg-shdTh MAL 2 X SSC (saline sodium
citrate buffer), 0.2 X SSC - o 2 Z}zh 287t A= s}
Q4 B2 140x gol A 327 Azshedch

6. Hybridization and Scanning

F4 % DNA probe 15uLE <Y 7Ioz 5], g
A eas Qe & 62°C stolBal= A7 (hybridza-

tion incubator (Finemould Precision Ind. Co., Korea))el| A]
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12417} 59 ShelHels WS sasdch AR A
Edo|E }}ﬂé]‘”‘ £-98 (2 x SSC/0.2% sodium dodecyl
sulfate (SDS))& o] &-3}ed 58°Cel|A] 308 =<2t 23] A
53, 005X SSC 02 5P ALala AHsie
YL 140x gell M 387 Azstgeh Ao £
2 GMS418 27 (Affimetrix, USA)2} Imagene 3.08
o] g3le] o|m|A] wlE, A& $IY3A T (Park er al.
2003).
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Aol oF M EFol WAME ZAFSI fAA 4
Fg ATE dmA A3 AT p53 wild types 7
+ ML-1, Molt4, SR, A549, MCF7, RKO®] 67) M =ZF
2} p53 mutant typeS 2= CCFR-CEM, HL60, K562,
H1299, RKO-E6, TA7TD2] 67 A E3e] 20 Gye] Y&
ASIsH 440 Wi kb A 4R o)
alkylating agent, UVE FAlslo] 4417} & f#AH=
A 48 o FAE obg® £ 3 A} (Fornace et al~
1999b). 20 Gy2] A& MCF-7 A Z=Fd) x2l3le] 44]
2o F Foldel Bd e U SR
FRAT1 9.59, REL-B 4.4¢], MDM2 2.54], CIP1/WAF1
22.49], BAX 2.9u]| & 27139} (Fornace et al. 1999b).

2 d7el 3AE el R A EF B
o]A WIS FAbslTA} WAL "IZFEE A9
¥4e) ALFel MCF-7, HeLa®) ¥ A28 $7} 3
S vz g EMIES Bl 533 (Control
gene)= lambda DNAE ARg-3l% 2, wawsE Jehd
FAAEL 22 el gl (Table 1~3). f-2124e) 2@
Hil= log#tS 7]1F 2.2 lambda DNART} 16} o]AF
w3le ™Al 2] 3Fe}AT Eisen e al. 1998). MCF-7
Az 27709] Ak B o] 2=, 117)2)
FAAS) o] oSt ATE DY HeLa HE

A& 27428 fAAke] W e FUEIE T, 15709 {4
78] e o] zhAdt Aoz {AF LT (Table 1). L3 oF

gid

Table 1. The transcriptional response of human carcinoma cells to
y-radiation

Number of known genes

Treatment

reatmen Induced Repressed
MCF-7 27 11
HeLa 2 15

*We found that exposure to y-ray alters by at least a log, factor of 1.0 the
expression known genes and of an equivalent number of expressed
sequence tags in the following conditions of 4 Gy 4 hr.

Aol 34 AT, F AT TEHoe wEd SAA
+= cell cycle, transcription factor, signalingol] <3}

ARNEE FFEHAG N E F7] 33 $-3A 24, HelLa
M 32 A pericentriolar materail 1 (PCM1) $-% 217} 3.00)

Table 2. The transcriptional response of MCF-7 cells to y-radia-

tion

Induced genes (27) log, factor  Function
Cdc5 -related protein (PCDC5RP) 6.8 cell cycle
Histone H2A.Z 6.2 chromatin
TRRAP protein/ATM -related protein 54 apoptosis
Eukaryotic translation initiation 5.1 RNA

factor 1A :

Monocyte differentiation antigen

CD14 precursor 51 cD
p21/WAF1 4.8 cell cycle
Small zinc finger~like protein (DDP2) 4.6 transcription
Endozepine 4.4 cytokine
Tissue inhibitor of metalloproteinase 3 39 coagulation
Heterochromatin protein 37 chromatin

1 homolog gamma ’

Amyloid-like protein 2 precursor 3.6 apoptosis
Hsp70 3.6 stress
Estradiol 17 beta—dehydrogenase 2 34 hormone
Interleukin—-11 receptor 3.4 cytokine
Erythroblast macrophage protein EMP 3.0 differentiation
Glutathione peroxidase precursor 2.9 repair
Transposon-like element THE-7 28 transport
sequence
Ribosomal protein S3a 2.7 ribosome
Histone H1 (0) 2.7 chromatin
Ribosomal protein L.14 (RPL14) 2.5 ribosome
Calmodulin 2.4 calcium
Retinoblastoma—-binding protein

(RbAp46) 2.3 cancer
¢—myc binding protein/MM-1/CA 23 transcription

repeat+ ’ P
bel-w/KIAA0271 2.2 apoptosis
Nucleoside diphosphate kinase A 2.1 metabolism
Hsp82 2.0 stress
Glyceraldehyde-3-phosphate .

dehydrogenase (GAPD) 1.7 metabolism
Repressed genes (11) log, factor  Function
Chorionic somatomammotropin _

hormone CS—2 59 hormone
Insulin-like growth factor II —-42 signaling
Guanidine nucleotide-binding protein, _ . .

G (i)2, alpha-subunit 38 signaling
Procholecystokinin precursor -3.6 hormone
Oncoprotein 18 (Op18) gene, —26 cancer

complete cds.

Perosin -25 unknown

60S acidic ribosomal protein P1 —2.1 ribosome

ERK activator kinase (MEK?2) —-1.7 signaling

estrogen receptor -15 EST

Eosinophil granule major basic 13 differentiation
protein precursor

Chorionic somatomammotropin 12 hormone

hormone CS-2
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A543, MCF-7 Al £l ¥ Cdc-related protein
(PCDC5RP), p21/wafl $-Ax}7} 6.84), 4.80) Z7}=x=
7o =2 et} Transcription factor &l §-R &}l A=
HeLa M Zo| A zinc finger 220 (ZNF220), cyclic AMP
response element—binding protein 2 (CREB2)7} —5.44j,
—1.79] 74= ¢, MCF-7 M Z A& small zinc
finger~like protein (DDP2), c—myc binding proteine] 4.6
ull, 239 Z7}8kg o). Signaling #& f-A A}l A= Hela
A A A insulin-like growth factor IA, growth hormone 2
7} —2.94), —1.88] FFAadted eld s, MCF-7 M 3zl A
= Insulin-like growth factor II, Guanidine nucleotide-
binding protein G; alpha subunit, ERK activator kinase
(MEK2)7F Zbzt —4.24), —3.84), — 1.74]] Zrasle]
H =t

SR 2Ab) @ AZFON TEAos 9d
A3kE ekl fdAsh SAG 2 AEFeH Fo)H
oz WY §AATE Ase A7, UG Az
MCF-7 M 29| A% chromatin, apoptosis, stress, differen-
tiation, cytokine, metabolism, ribosome, calcium %of 3%
@ AAES A M} Boldes vehdeh Table

Table 3. The transcriptional response of HelLa cells to y-radiation

Induced genes (2) log: Function
El;l;gtrgro X(C: E?Irll:sjlzlctl)on Initiation 1.0 translation factor
Mitochondrial genes for tRN . .

As and 125, 168 rRNAs 10 mitochondria
Repressed genes (15) log2 Function
Zinc finger 220 (ZNF220) —-54 transcription factor

Immediate early response
protein B61 (EFNAL) —4.8  unknown
Laminin-binding protein
(Laminin receptor -35 adhesion & migration
1: LAMR1)
Pericentriolar material 1 (PCM1) —3.0 cell cycle
Cation-independent mannose 29 1
-6-phosphate receptor : ysosome
Tau microtubule -associated 29 brai
protein (MAPT) T4 rain
Insulin-like growth factor IA -29 signaling
p53 induced protein (TP53) =27 tumor suppressor
Spermatogenesis associated . .
I;)rotein % (SPATA2) 2.2 genomic instability
Phospholipase A2 group
IVC (PLA2G4) -2.0 unknown
Protein tyrosine kinase (TEC) ~ —17  anscriptional
Growth hormone 2 (GH2) -1.8 signaling
Cyclic AMP response element .
—binding protein 2 (CREB2) —-1.7 transcription factor
v—gaflmurine sarcoma 3611 growth &
viral oncogene -1.0 development

homolog 1 (ARAF1)

2). Chromatin &3 g4 A}l histone H2A.Z, heterochro-
matin protein 1 homolog gamma, histone H1 (0)o] Z}7}
6.2v, 3.7ul], 2.7¢) &) Z7}=9 7, apoptosis FH F
Zz}e] TRRAP protein, amyloid-like protein 2 precursor,
bel-w/KIAA02718 Z+zh 54wl 3.6uf, 2.2002] Hl& o)
Z715 9o, stressH3 §-F Al Hsp70, Hsp82& 3.6
wl], 2,10 2] whade]l =718 Jehligld) differentiationol]
H3 §-A A+ erythroblast macrophage protein EMP,
cosinophil granule major basic proteine] Zrz}d 3.0uj, 1.34)
9] o] Z7}E¢]H, cytokine §-4 A}l endozepine,
interleukin—11 receptor: 4.4u9}, 3.4wj<] s FRlS B
o] Z=¢) o metabolismel] T F nucleoside diphosphate
kinase A, glyceraldehyde-3-phosphate dehydrogenase
(GAPD)= 7Z+7} 2.1, 1.7v]9] o] FrtE AR,
ribosomee]] & H ribosomal protein S3a, ribosomal pro-
tein L14= 7z} 27w, 2.59) o] Z7lE o), 60s
acidic ribosomal protein P12 —2.18) 2 W& o] ZFAE Q]
t}. olute &, calcium®} F2sled calmodulin F-F A}
HHg o] 24u) ZUlsle AW #FE 4 UM

MCF-7 Al 26X Bo]H oz W= kgt £4
AFSof] H"ls), Hela A 2ol A= adhesion & migration,
lysosome, brain, genomic instability, translation E-i] 3
2 FAAEY W) oS F28HA vebge (Table 3).
Adhesion & migrationg 4313} laminin-binding pro-
teino] —3.54l, lysosome & proteinQ] cation-indepen-
dent mannose 6—phosphate receptor?} —2.94l, brainel] 2+
2% tau microtubule-associated protein (MAPT)o] —2.9
Hl], genomic instabilityel] FeJ3}= spermatogenesis asso-
ciated protein 2 (SPATA2)7} —2.2u 2 o] zZkAE g
o, translatione] FAF FHAAEL Wdo] o =7}
32 1.9} Translation initiation factor 4C, 125, 1652}
fRNA¢l| 8} mitochondrial gene 5% 1.08]2 3 o]
Z71" ez [AHAG

MCF-7 M| 2| A= chromatin, apoptosis, stress, differen-
tiation, cytokine, metabolism, ribosome, calcium 33 4
59 ¥ o] Zr}3lg] o), Hela Al Eo| A= adhesion
& migration, lysosome, brain, genomic instability, translation
B A5 DY Fass AFe deploh &
upet o) M E£F9l MCF-7 Az e} A2t 2 M=
o) HeLa Al ZollA A= wa FAte] F3 732
breast, cervix &AM Eo]|ZH oz Wi EE mRNAd
o AAES) Aolol ool MEHE Aoz 7Y
o} (Mueller ez al. 2004). °]2]& 23] So]* FAA H¥
opge] $AL FF QAU 4 Az P G5 B

e 93 Ams 8l 5 e Ao A3
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4 £

L2 A7 WAk 2Aab) o8 Az BolXdl 4
ko] wa ofAMS- cDNA microarray 3 £38}ed BAl3)
oAt

2. 3FA oz DAHE $AAE A 7] (el cycle),
Z AL Q1 A} (transcription factor), A1 & A& (signaling) %3
FAAA

3.AE Boldel WA e vl $AREA,
MCF-7 A &A= chromatin, apoptosis, stress, differ-
entiation, cytokine, metabolism, ribosome, calcium %2}
SAAZ #AE 9 o, Hela A £ 4 adhesion &
migration, lysosome, brain, genomic instability, translation

# fAz Jepge
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