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Table 1. Patient and Tumor Characteristics

1. 17 ot

Welzd AR AN WEAsew E ¥ 2
A% PAGARE AQTE BTt gtk
loll ot SEat Alghe £A sigkerk, AekA AAo]
U A5 Allsisick Adell Agsle AL AH AV
+ ouldt X g% A3 WA ok AEdl XE A AxH
9y WA X8 A2 & =7 F5deke] 162~27 Gyrt
9 el 2-3% Aolel Astelglel. Al ¥ F A4
7b 3, Ego] AlskAl b FelollA AFsIen, SA
cryotubeol] Ho} deep freezerell -80CE EZAHI &}
RNA 3% A Q% Agilch TASH PANARE 05
o At 833l gossa e W swola 27t )
A =2As Addder siglen, Y ATHTE 3
A7sle] zFo 2 A-gstglhTable 1).
2. WAIMZAL & SetE)

WARARE A% AR AR dnracaviary
Brachytherapy) 2. TASIGEh. 912 WA 2= weliA]
HkALA el 10 MV Xeray-S Ab-8-(Clinac 2100 C/D, Varian, USA)
sfol A TURSlo] A 4EEAE APes, AL A

N
ra

0
ol

b
=

J

Case Chemotherapy Age Stage Tun(g;)sme Lymph node CEA SCC at léi(iilal?i?)rllas?/o?éy)
1 - 47 1B 6.3 - 1 2 21.6
2 - 62 1B 42 - 24 9.7 26

3 - 40 IIA 18 - 2.3 0.1 24

4 - 63 1B 5.0 - 241 8.6 234
5 - 61 IIA 51 - 1.63 13 252
6 - 63 IB 53 - 3419 95 27
7 - 68 IB 5.2 Pelvic 18 17 234
8 - 72 1B 5.0 Pelvic 52 34 16.2
9 FPT 41 A 52 Periaortic 29 5 252
10 FP 60 I11B 6.5 Pelvic 2.8 19.7 27
11 FP 53 1B 42 - 15 13.8 234
12 FP 47 1B 59 - 135 04 234
13 FP 64 1B 35 Pelvic 2.09 09 27
14 FP 65 1B 45 - 1.89 41 21.6
15 FP 56 1B 6.7 - 16.5 4 252
16 FP 37 1B 8.0 Periaortic 8.39 13.9 27

“CEA : Carcinoembryogenic antigen, "SCC : Squamous-cell carcinoma antigen, TFP:5-Fluorouracil and cisplatin combination chemotherapy
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18~2 Gy 2= 53] Adisle] 28 9~10 GyE =A31
Aol 3045 Gyl A 5, ST sk
WA BE Aelleh NN EE [r192] BAULE A
= 2AZEMHigh dose rate) % X]E7](micro-Selectron,
Nucletron, Netherlands)Z 13] 4~5 Gy# 5~63] & 24~30
Gyg Adgsigich Bex SI¥AEE Femel 9~10 Gy
Frrsiiet. gatsistans PAAX 8} WEe A9
RAQAE Aol Gt BNl FASEE slsich

ol L ot

ok

i

greksl sl o WS 5-Fluorouracil 1,000 mg/m™S A 14EE] 59
7HA AZF3)a, cisplatin 60 mg/m’S A 196l] AF3lod, 33
e g & 63] A3side

3. HARM EFEX] B HEX|ZAI

Z U sosisle
EECR St b

A o el 4 200 & g A
A% He] gstel FYATetel 2488 54
AugrhFg D). BAANES o 237 AR F A
ATARYE 24014 9D ALAAE dglort sl

rot r$i m

B9 FAE WaEA dgkar, F2 Az 93t A

EAE AAsHE ¥l B 9ckFig 10). dlEEe] ZokE
EollA] AEAS HE(swelling) Y ZH(hypertrophy) 7} 32+

HAIL Ao ZAE EEaisich AEA el okt =
719] & (vacuolization)7} AJAE|glom] 1L n|th(nuclear hy-
pertrophy), &%, §3lE= & et ErsiAl WiAdd W
35 Ho] AEAY WA A7le] BAH AR AL
oflA & #e] FAo] A E o] Al Hapoptosis)E Al A=
A% Holvh WA BEX 5A9 dekstete ] e s
Ao] zASA 2% vimsd ATl Feih ol
e AR 27 HickFg 1D).

4. RNA #2|

ARe B e U 2 oF 50 meold A
(homogenization)A]Z <= QU+ 7]7]|(Tissue - Tearor homogeni-
zer; Biospec product, Inc)Z total RNAE F33lgiv). A
RNAES Eg|gly] Yelo] A83l £7]= wA] ribonuclease

(RNase)& AAsIEdl, #el AES 28 $71 2=

Fig. 1. Radiation change of the cervical cancer in hematoxylin and eosin stain. (A) Control : normal
cervix tissue (x100). (B) Invasive squamous cell cancer of the cervix, pre-treatment (x100). (C) Radia-
tion therapy alone at 234 Gy (x200) demonstrating cytoplasmic swelling and vacuolization with
nuclear hypertrophy. (D) Concurrent chemo-radiation therapy at 234 Gy (X200) with cell death
change similar to radiation therapy alone.
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7 23 Isopropanol (Merck)S FLdek H7lslo] 10~203] A
5 23R & 20CellA 147 o AR o] F 4T
Wl Al 14,000 pmo2 104 53 A4dEelste] RNA A
E8 odgirl. 75% ethanol 1 mLE HAES 23] AX3 &
heating blockol]A] ethanol-& 7ZAZA|Z) HEHo gz FE31
RNA XA Eg RNase-free water (DEPCE A x| 2|3t W =
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DU650; Beckman, Somerset, NJ, USA)E =55 2439l

NS B Qe 7 20N Slok 2 Wow 747}
o] A RNAE o1& & cDNA microarray s 93] AAAZ
73z 3|, WA IEXE A s, AAYSEXE F 8
#l, AAA-rsetey] WEX s A s, WEAXE F 8
52| 57 =& poolings =, 2 pool- /N 3kAL9|
AR FEHE @A shHA AA| RNAS F=7} 5
1g/10 yLo] E%=3F Fu]skch.
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strand PCR buffer, 1 yg of 24-mer poly dT primer, 4 yL of 20
mM each dNTP excluding dCTP, 4 yL of 0.1 yM DTT, 40 U
of RNase inhibitor, 6 yL of 3,000 Ci/mmol [P-33] dCTP to a
final volume of 40 L) BT, HHSEREL 65 CollA] SE7
WX F 42CoA 383
transcriptase (Life Technologies, specific activity : 200,000 U/mL)
2 uLE d7kskar 42°CellA] 3027 WX|ste] 13} vhg-& A
P}l o]F 2 yLe] Superscript reverse transcriptases 22}
B rkslal Fdst 2504 3027 R 24 wkee )
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NaOHE F7}slar 65TollA 30 E7F wh2slo] #lo] RNAE
S AABGE. HEAoE 25 4L | M Tris (pH 8.0)% 4
o] HEAES =3}8l3 Bio-Rad 6 purification columns (Her-
cules, CAYE Agsle] AAlslich 4] YA Al
29 5x10°-3x10" cpmo] itk

%9k ¢DNA microarray nylon membrane w|= -2 749
(National Institutes of Health) :=3}ed--4-(National Institute on
Aging)®] DNA microarry wnitel}d] ARl 2 A-&sigich
o] ™H#|Ql-S Research Genetics Atol|A] F1gk 15000712
human ¢cDNA Z-Z2ERG 15KYZEHE] 42w =], of7]dl

= H-shdifferentiation), = (development), Z-](proliferation),

By & (transformation), A|ZEZ7](cell cycle progression), ™ IHH-2-
(immune response), AA} 3] e Q] ZKtranscription and transla-
tion factors), 2FQF-f-4 AH(oncogenes), W A|ZAAAT} F-A]ol] I
HH ofg] 7FA] FE2Kmolecules) Fo] Egkw] ot 3 A9
el 1,200097]2] cDNAFo| - % 7 A& 245
o], Ag o AL AW LE & 5 A FA=E A
cDNA microarray 8742 uk 5] wbxdt 71HL ul
g} AJs¥sl3iel. Microarray #1H#]01S 10 pyLe] 10 mg/mL
human Cot 1 DNA (Life Technologies)?} 10 yL of 8 mg/mL
poly dA (Pharmacia, NJ)7} =¥l % 40 mL Microhyb
(Research Genetics) -£-Hel] Ax] %] s}gdc}. Cot 13} poly dAE
95CellA 5 &7+ A3k & Hylslgick AXA] SAE 42T
ol2] 4X]7 Aelslo] FnlE =lEalell 107 cpm/mLe] heat-
denatured (95C, 5 &) probesE H7}sla 42ToA 17A7) &
QF Hh2&l9ch Hybridized®l wlH ol 2X SSCe} 0.1%
SDS7} il Ao 3u Foplar A2ofA] 15E7F W
xs}g3c} o]% =l H#|l-S phosphorimager-8- imaging platesol]

A 159 B9k EAE AT Aol wEkA s
Fo] w2AZr}). 2% Imaging plates= FLA-8000" (Fuji

Photo Film Co)2.& 50 ym resolutions Zk3l A7slgich Mi-
AAg a712 e} AEsAL 3AAA
L-Processor” (Fuji Photo Film Co)ol|l4] H-4sgic}. 7+ ~3k
Gpo)Ee] WA A5 FAAe HEREE JERlE,
7} ~3ko] A (pixel)S Arrayguage® (Fuji Photo Film Co.)E
Agslo] ARl & odlAlg} A (Microsoft, Seattle, WA)E 2] A
Siek 7 e BBAEE U AR g da)E 2
H3S E3)] BA(normalized)dt Z score® T EE =4, o]
4 A4 AARARE AEAEANA vt HolA )
w7k Wbl F= AorA IFEHAE 2 9yt Hok
ol¥ 7} fAAte WAAE FE wlaye 7 fAAte] W

croarray ©|H] ] &=
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o] A& Z-Difference® F&3 ¥, o]F thA] Z-Difference®]
EFARE E Zmatio ghg AHEste] Algelgledl Al
AAL okt 2k

logio[raw intensity] —logio[mean raw intensity]

standard deviation loglO [raw intensity]

Z-Difference =Z (gene 1)—7Z (gene 2)

Z-Ratio = Z-Difference/standard deviation (Z-Difference)

£4 A0 dislod A% Zraio gko] 20 o]4el A
$ 95% AT SmlgA Z7hE AL s, 20
ofeloldl elulgll ZHamt A viEhieh Sk Wl 4
Sol wWE SAAEF 7Mel FelE Tl clustorgram) S
Eisen 5] < ol 8315

Z2 I

A AR el o3 Fe] 2B Ll (clustergram)ol] 4] 5724
< B 7L HAE B AL AL FE UeRid
(Fig. 2). A¥e] AL A& &dsbr] sl cDNAZH
-5 F AEE e FHQY RERlalA o2 FEsE
2 SR FAA el A FoHe] A (column) o 1
PAQE7E s e, & Ad 23 449 fRAk
et FEAPAR A7 AR o] A AR
value >095)sto] o] g o] Frhar AekE| et

1. XISZ3FLe S35 REX dal 24

tztell wleA] 273 AP ZTYelA Zratio Fhol
20 olFom §ol8 WA Z71E B FAAEONE AER
A} ZAo)| Hojsl= §AAHQ integrin-linked kinase (ILK),
tyrosine phosphatase, Phosphoenolpyruvate carboxykinase 1, ca-
sein kinase I gamma 2, interleukin-1 receptor-associated kinase
(IRAK), 68 kDa type I phosphatidylinositol-4-phosphate 5-kinase
alpha Fo| FEIEUw, AEF7] A FHAQ CDC28
protein kinase 2, cell division protein kinase 8, A13¥ Aol 3
ofsl+= A A2l Sprouty 2 (SPRY2), lipid-activated protein ki-
nase PRK2, serine kinase SRPK 2, ERK 3 £o] ¥3}x|9ict
(Table 2). 1 g]el] Gl AHE A FAA] G pro-
tein-coupled receptor HM74 5-o] E3+E|ic}. Zratio Zko| 2.0
olslz WEZAE M FAAES e Hglow,
of7|olle G-kl 84 Aol Fodsl= G protein-coupled
receptor kinase 67} E3FE|Qlw, I £]ol] cyclic nucleotied
gated channel (CNCG)&} 570¢] Expressed sequence tags (EST)

2. X3RS WAIMAI S0 [HE R LS 24

A7kl il HANNES AWelr] Az A
WE 2 3o G414 2 WS A um, Zrnto
20 o]Fo® frejsbAl wide] J7RE 9= CNCGeE 370
o) ESTS 24 o5& =1 7l%50] o} 8hsjAA] b Aol
Aok WA A5 T Ak o] Zratio 20 oskE
% g WYl AFIle AT Sl Bofshes &
ZAAFE9l LK, tyrosine phosphatase, Phosphoenolpyruvate car-
boxykinase 1, casein kinase I gamma 2, IRAK, 68 kDa type I
phosphatidylinositol-4-phosphate-5-kinase alpha S} A|EF7]
A= 32kl CDC28 protein kinase 2, cell division kinase 8
9 As Al FoJsli= %2l Diacylglycerol kinase delta,
Sprouty 2 (Spry2), lipid-activated protein kinase PRK2, serine
kinase SRPK 2, ERK 3 5o| Egtx|o] FoRAl|EollA] o]
ZAAGE AE FA3 AzAD dA G5 Bdol
AR ZAZ Qdelo] SJuQA) 7w RrHTable 2). mEd
X5} thAlel] Fofsl= Phosphofructokinase 3} G-gHHA1S
Zeho]] o3+ retinal S-antigen, GTP binding protein (ARL3)
S WA ZAE Qele] SJmlgA At
SIAIM EFEX|E [HH| Sebsisie
TR
AR E9) PSS WERE o) WAL BEA
ol Hlsto] Zratio 20 o]ge] WAZIFE K Azl
© AlE AR Sl Bofsl= FAAEY ILK, casein
kinase I gamma 2, 68 kDa type I phosphatidylinositol-4-phos-
phate 5-kinase alpha, tyrosine phosphatase, serine-threonine phos-
phatase (PP5), Protein tyrosine phosphatase (receptor-type, zeta
polypeptide 1) 53} A|EF7] B FARQI cell division pro-
tein kinase 8, CDC28 protein kinase 2 3 A&A< Az A
ZFE91 Sprouty 2 (SPRY2), ERK3, sds22-like mRNA, phospha-
tidyl inositol 3-kinase catalytic subunit alpha isoform, TAKI
binding protein 1 (TABI), serine kinase SRPK2, Diacylglycerol
kinase delta, Ins P35-phosphatase, Protein tyrosine phosphatase
(non-teceptor type 1) So] EEjo] WA DX Rel A
o ukle] AHYY $AASe wle] guden 2
3= oS Hglrh(Table 2). =3t oFg-#z}¢l K-ras onco
gene, Al F7ZAQ] protein  phosphatase 2A  B36-beta
(PP2A), protein phosphatese PP2A 65 xD, regulatory subunit
alpha isoform 53} Aol Fodsl+= angiopoietin-22] HF
A% Z7bel9dcl GsliA A Dol Fofsl= G protein-cou-
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Fig. 2. Molecular portrait of the genes of the cervical cancer compared to the normal cervix and its alteration
with radiation therapy or concurrent chemo-radiation therapy. Cluster analysis was performed on Z-trans-
formed microarray data by using shareware from Michael Eisens lab. Each gene is represented by single row
of colored boxes and each experimental sample is represented by a single column (duplicated for each col-
umn); 1-Control; 2-Cervical cancer, pre-treatment; 3-Radiation therapy alone; 4-Cervical cancer, pre-treatment;
5-Concurrent chemo-radiation therapy. The entire clustered image is shown on the left. Full gene names are
shown for coordinately expressed clusters containing genes altered in radiation therapy alone (A), and
concurrent chemo-radiation therapy (B). These clusters also contain uncharacterized genes and genes with no
altered expression.
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Table 2. Classified Expression Profile of Genes in Cervical Cancer Compared to Control and Its Alteration with Radiation Therapy
Alone or Concurrent Chemo-radiation Therapy

Z-ratio
Classification Gene .
Cervical o7 Jlone’  Chemo-RT'
cancer
Cell growth and Integrin-linked kinase 243 -3.00 3.21
proliferation Tyrosine phosphatase 2.40 -2.85 247
Phosphoenolpyruvate carboxykinase 1 215 -2.58 220
Casein kinase I gamma 2 2.08 242 2.79
Interleukinl receptor-associated kinase 2.03 -2.56
68 kDa type I phospha-tidylinositol-4-phosphate 5-kinase alpha 2.05 -2.31 2.74
AXL receptor tyrosine kinase -4.82
Serine-threonine phosphatase (PP5) 2.02
Protein tyrosine phosphatase (receptor-type, zeta polypeptidel) 253
Cell cycle CDC28 protein kinase 2 232 -2.78 338
cell division protein kinase 8 2.02 220 392
Signal transduction ~ Sprouty 2 237 -3.04 273
serine kinase SRPK 2 2.06 -2.51 223
ERK 3 2.03 -2.36 2.56
sds22-like mRNA 218 2.55
Lipid-activated protein kinase PRK2 2.16 -2.88
Diacylglycerol kinase delta 228 2.00
Serine/ threonine-protein kinase PCTAIRE-1 240
Casein kinase 1 alpha 1 -242
Lysosomal Acid phosphatase 2 -2.50
phosphatidyl inositol 3-kinase catalytic subunit alpha isoform 3.16
TAK1 binding proteinl (TABI) 2.04
Ins P35-phosphatase 224
Protein tyrosine phosphatase (non-receptor typel) 2.06
Glucose metabolism  Phosphofructokinase -2.27
Glucose-6-phosphatase 2.06
phosphorylase-kinase beta subunit 249
G-protein related G protein-coupled receptor HM74 215 2.86
G protein-coupled receptor kinase 6 -2.05
Retinal S-antigen 221
GTP binding protein (ARL3) -2.35
G protein alpha transducing activity polypeptide 1 212
G protein-coupled receptor kinase GRK 4 -242
Regulator of G protein signaling (RGS13) 233
Oncogene K-ras oncogene 232
Tumor suppressor  Protein phosphatase 2A B56-beta (PP2A) 2.00
Protein phosphatese PP2A, 65 xD regulatory subunit alpha isoform 2.78
Angiogenesis Angiopoietin-2 2.90
Immune reaction Formyl peptide receptor-like 1 241
NKG2-D type II integral membrane protein 2.04
DNA reapir cAMP phosphodiesterase 3.04
Apoptosis Death-associated protein-kinase 240

" Cervical cancer : genes with increased expression as Z-ratio 2.0 or above, or decreased as -2.0 or below compared

control

TRadation therapy alone in cervical cancer:genes with increased expression as Z-ratio 2.0 or above, or decreased

below compared to pre-treatment cervical cancer
TConcurrent chemo-radiaton therapy in cervical cancer: genes with increased expression as Z-ratio 2.0 or above, or decreased as
2.0 or below compared to radiation therapy alone

to normal

as -2.0 or

pled receptor HM74, regulator of G protein signaling (RGS13)Z}
5ok tYAlel] Fodsl= Glucose-6-phosphatase, phosphorylase-

kinase beta subunit, Phosphoenolpyruvate carboxykinase 52} ¥
oJul-Sol] Todsl+= Formyl peptide receptor-like 1, NKG2-D
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type II integral membrane protein 52 WIS Z7Fsiict
DNA $=4+9] 3] E(repair)ol] Fofs}+= cAMP phosphodiesterase
o = Zrlegich

WA BEAEA B WeXEdA $84 Wl
Zratio -2.0 o]stZ ZHAH Zoll= GxIAI T A Lol Thofs)
+ Guanine nucleotide binding protein (G protein) alpha trans-
ducing activity polypeptide 1, G protein-coupled receptor kinase
GRK 4 53} AlE Z2]ol] ToJsl+= AXL receptor tyrosine
kinase, Al 2ol Fods]i= serine/threonine-protein kinase
PCTAIRE-1, Casein kinase 1 alpha 1, lysosomal Acid phospha-
tase 2 So] E¥E|grKTable 2). A)ZELAH(apoptosis)el] -0
l+= death-associated protein (DAP)-kinase2] W% 7HA-s}9d
om, 2 glol] 7]so] obF s HAA %2 ESTEO]
23] et

sl

| A=

54 Aol SRS EFe) 445 Wde] 27 ¥
o gavln glom, ol Bkl oy Ax e ¥
3 gom, olF A BATLA B F4E e
o wlule Zlel Wesleh aeht €S AN, BAA
B4 wple A SRl g Age 247 Aol

B
Sz BATY 04 Bge skl o
o]#9c}t. cDNA microarrayx= 374 E7lssl] Bgwl §Ax=t
AAE ezt 42 24 Fell digh A5 424
o2 AP = 9 Y71 Aol AR LdeiA
3k Xl I FAA VMG F 2 Tles dL A
= FAAE oF 10%el E3}ghe], cDNA microarray & 53}0]
71Ed 4R AR T ke dEAE ARl FE
UL, 7Iss EA FBY ESTSF Fokol AiiAE A=
w2 gud fARE 2EY 5 g Aok
AR Es] A-EE+= cDNA Microarray S 7|30l &
HollA] E5slo] X, A Glass with fluorescent probes, &
A Membrane with colorimetric probes, A1 Membrane with
[P-33] probes & A 37FA R vhro] A = Qlck & ol
A AsRgE A EA4E [P-33] probesE  o]83F Fok
cDNA Microarray2] E£A-2 Z-29] total RNAE %8 <l
o 3= A=A E Hgo] 7hsslo] iellA dojRl
Qo] A} ol el AEE RAT 4 208, Class
with fluorescent probesE o]-&3F AE3he kitol] v|sto] A7
g ulgo R AYS AW 5 A, GubHRl sk, Bt
AESHHQ e o83 A¥ES AR, SHse H=zA

I~

Ol

2EA

rx

Xz ¥ SArd

o

gotst SEXZ0 OE REALE ZEA

J

Ql ko ZA 9 o] o] 7hsslrhE Aolrt

A Ag73 5ol W3t microarray A& w|Z1gE A
Aog W A7t desivka Aok 53] WA
Holl whE FA7 L Fdoll daliA e AlEF(cell line) B
AgollA] A AFHFYE =235 o] &3 WA v <
F7t HY B aEgs W™

o|*] cDNA microarray 17 Zz}, AGApg73Fol vlsto]
AR A qugiAl WEoe] Frbd fAAES FE
AEAASE 24, AEZ), AR Sol ok Aolgleh
(Table 2).

Integrin linked kinase (ILK)+= A|ZE Al E2]7H4 (extra-cellu-
lar matrix)ol] As= TS s} iRl integring] A
F ] domaine]] ZF-gslo] AT A LS w7} serine-threonine
protein kinaseAd| HAFEA], B AAZA oA W glo
W, 27 Bopel A4, A4 A8, Aol A4ERRY Sl

[e]
f =g ik

Pojels Ao wrelAmA
T

AR Aol WE 72
Wy ek’ ILK7} #habels]m glycogen synthase kinase-3
(GSK-3)5 QAsh AlA o9 #AE ZHAEAA webHed
(B -catenin)o] P Z o]Es}A] =1 lymphoid enhancer bind-
ing factor 13} ZAgtslo] ZE cycling o] AAE fE3bH, &
3l activating protein-12- A 3}sto 28] Foka|xe] A g (in-
vasion)3} ZA](proliferation) & gukate} > *) o9} &4 protein
kinase B (PKB/Akt)E Q14Hs} A|A o] & #AJ3lslo] Alxx
AHApoptosis)E- 2} Alsla, VEGF2] #A43} 37| angiogenesis
o= Toighe}? kel A g }el PTEN (phosphatase and ten-
sin homolog detected on chromosome 10)2] ¥ o]7} 9J:= PTEN
mutant A Zol|4] = LK &A4o] 3 F7lxlolde Zlo] ¥
#3510, o|¢} Fro] ILK9| AJo] Frhuw AlEe|7HE7}
FZo] glo|x= A|EHdo] 7}5slA]+= anchorage-independent
cell cycle progressiong FAlste] TGP Hae st
Al =k AA7EA IAle] ek, AHASY, HES oiRet
SollAl ILKe] &4 7kt k] oM E(malignancy) Ato] 2]
AAo] HuFek? ™ ALY 32 1008]S oz
gk 3k Hate]] wpEn] Foko] I VPESS ILKS| 4o
EX%IL, LK wHspeted o] 7l 51 AEE ol A4
WAL o] Bawglek? aey AF7RetelAE LK
o] FA %ol ozt B} o}F] glow, A-gAHeIES o] &
3} Achary 57} Kitahara 5-2] microarray ZA¥}olA %= AF

A Gl ol 1EC] AL3 cDNA E5 7hgd ILK
FRAAL TEEA A7) wiEe R F=Hk Y o o
T A3} ILKE| Zratior} 24322 1 Wdo| {olslA Z7}
simol Aa wrelA g% olof] Wizh I 9 A
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ojo] Soll it 27} 177k Beshha A,

AES] FA3 Bahell Bolslm sl EelAl )
A& protein tyrosine kinase®} tyrosine phosphatase®] AHbE] =
A=l 25t glo] 24 QAL sHo] 4R kAt
o] Fa3 7159 shE deiziedl, Jisted el aad
A9l F7h B AEHYsEe] HSo] Ar JIPATL e
Aoz wlA e} Receptor tyrosine kinase (RTK)®]
2752 AAAQ Az AHAY B ofvzl, RIK sig
maling$ Fo FPAES] wst ZAeE Pofshs Aoz
Ak Tyrosine phosphatasel= ©hH=3| kinase?] &7]%50.
A "ERlistatAolnt Jtodsl= Zlo| ofye} tyrosine phos-
phatase®] 4] %ol wie} RTKS| 755 ZEAZIA, 2|7F
E(ligand)E G55 RTKS| ZA3E A= 2o vy
B> AR o 600 Fo] wbAEYow], ALt F
44 715 7FA tyrosine phosphatase’= vty HFAE| 9l ot
75 obd wAA gskeh’ A7 RN tyrosine
phosphatase®] &4 kof] A= ofF] wetelA] gkow, o]
W AdTE B3l Zratio 2409 WA EREA FUH FE
Kol g5 olol] 3t AFE A3 FHeAlo] YAk

Cde 282 cde29t 4545 7ML 7|5H & A9 2
cycline dependent kinase (CDK)2] AFo 24, o]+ A|EFV|
G2Me] ZeBg fleiA PHolrt. Cde2e] Tyr 15 %7]7F
protein phosphatse] Cdc250l] 23 ©elAls}x]o] 2HAI3s)w]md
cyclin B} ZAgtsla AEF7|= E7|(mitosis) 2 Z3§s]A|
Hek? ggHog CDKE AEF7|9 wishel] 2 o3k
A ki g AR o] F o w WHES G
2 growth factor®] Zp=rof] oz 1 Wkdde] F7he] o
% sk Ao A Yok B A7An AT
A F| kol A] Cde 289] Z-ratio 23284 AA A
ol vl frofsiAl Wale] S7kd A& %
o] Z-ratio 2.029] cell division protein kinase 8%} 7|
Azl A 8] FARE AlZ2EDe AAlIETkL dekE ok

Sprouty (Spry)= %3}2] (Drosophila)®] fibroblast growth fac-
tor} epidermal growth factor (EGF)Q] A&AEg ut= ZAg
QAFE A5 WHE F Ras/MAP kinase pathway s alfat=
Aoz eIk Spry 2% RTK Az Aol gk HH2 9l
AAeIz2 dedzil=ul, 120-kDag] proto-oncogenic protein
A cColste] AEAgol Wl 2A71%S AL FE 9
2 A FE G A F1e A Zel HiA
v} Spry 29] aminoterminal domain¥} ¢-Cbl2] 7] (sequestra-
tion)ol] 2]al] EGFRE] ubiquitination®} H-al|(degradation) & #] 3}
o 22 Spry 2+ EGFR AaAd=g F33vhes Bt gl

rir

4 o
[ - e A =

o
T ox oo
2

X0,
32
rir
=

O,
[¢]

2%
2,

ofN

Aok ZF Spry 27} c-ChIE wiNEEE FgAle) J57
(receptor down tegulation)E #]slfeto 24 EGFR A&t
Solow FErhe Zolh thdt ZATolA W
o] Z7hHlt Aow Wug EGRRE AFATYIAE U3
o Z7E Aow JeA S, ol QATolAE Spry 2
7} Zeratio 2372 Wl Z7)Eo], EGFR Aed2g Sl
@i 9 Ao Az,

o|2Jol|= Ras signal®] down streamol]4] Z-8s= MAP
(mitogen activated protein) kinaseQ] ERK 3 (extracellular signal
regulated kinase 3) ®A] Zratio 20308 Z7}¥ 94|, ERK
o] ZAo] AFH g FAFo] FEZF 49l cyclin DIe 3
Alsledm Integrin®} growth factor signalingg “E-A|of] Hlolo}s}
= Zow Qegil, ¥ QAT 1K Wz} Spry
2E E3F growth factor signaling®] Z% Fo] FAlol| 283
of BRKS] $4jo] Z7h5191¢ Ao A2t

WARNES oF 277k Adelel 18~27 GyE ZAY ¥
o AR AN BRI AFARLES] Held
A7 B A AL Qglont W
Ae WA gk, FE PAARAG] % AEA el
death & AlAbste 7o) Ee] 2 AYde &3 44
WA S AsPste=dl Aol vk AtE ek Az
Al whg §47 A e A EE FEAEANA F7H
HRW AT F4, AEF7], AT B AR
o] MubHe g zhaww e VR thTable 2). Spry 2,
ILK, tyrosine phosphatase, ERK 3, cell division protein kinase 8
59 Zratio7} Z}7F -3.04, -3.00, -2.85, -2.36, 220024 W
& g vhehle] WA 93] FPALY Fdnt 24
o] A A= Yea UL F Uik

AAAX 5o} dekekete S Wask A, WA 5
Zo] vjslo] §AA} v AEI} Zaatio 2.0 oo B =7}
%] Zo] Angiopoietin-2, K-ras oncogene, cAMP phosphodies-
terase 52 X3kslo] 3270 3L, Zratio 2.0 o]slE ZrAE A
£ AXL receptor tyrosine kinase, G protein-coupled receptor ki-
nse GRK 4 5 147124 o chakst alopahe 2eih of
7ol Ao AAa 4 9 AsAg] AAE FHE
o] YR EIFUEH, olx WEXES A5 olF FAA
o] A& Foll= o4 Fhrh= 2n|7} ofye}, WA
X Rl HlEiA] AHHer EFdvhe oumEA A4
Fol edith Y ZANY Aozt PAAAE 95

A8 Aol E FHY 5 izl

A el 2 AolE Hol, FAAF FollAle &
E71A w2 Hpol7h Ylg= AlAkERlek. 53] Angiopoietin-

reh oo fv

o

L
1o,
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2, NKG2-D type II integral membrane protein, cAMP phos-
phodiesterase & HHAHFHA!, HAHEE, DNA E43] 56l I3
¥l AR W =719} death-associated protein (DAP)-kinase
T AlEaAe B ARk HE hae AR ‘457]
A9} WEX 59 ?M% A ¢ e H3tE F35E9
G5 olell thgk A7t B AlsE|ojok T Zi-i A
7] et

Angiopoietin-2+= vascular endothelial growth factor (VEGF)&}
37 ZorzRolA FTAWA o] Folsls Aoz Byl
t}. Angiopoietin-10] Tie 2 F&Ad] AS5AE 28310 A3
9] AJ<(maturation)@} Q1A $H(stabilization) B )& Al (remodel-
g e FEelo] FHAL w AE o F1A5 oA At
G PR BV VEE A4S sol Az
gl W]z 9l Wb, angiopoietin-2= Tie 2 &4l 72
Agslo] angiopoictin-19] 7] Aeksa FRol
BPYBE Gk TP 7S] B Hhosy

- angiopoietin-29] ZH-go® EQHYS}t ¥ HyhlzlAl
F9| MEIA7} LojA ==, VEGF7} angiopoietin-22} 3¢
A EAP ForEe] Alzo] AAEE ZolchY A4
A 29} Gobl WX 2A WK BEA 29 79 urh angt
opoietin-22] ¥l o| Zratio 29002 Z=7}%|i VEGFY #H
Zole g9, webd Wex R A ZoREuse ¥
So} Hebl WAANE B 0% wel Agselehy
333k

ol:m
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d

rJ
lo

neh neh oot % o
2

ZAEZR 0 DNA microarray S o] 8slo] A-ZAE HAFA}
IellA AEAT Sl Bofete FAAL AEFT]

SRR, NSRS B G404 SO WAZAE AnHo
2 BAY & Qoick olo] mel AFTNbe] Ralzh 24
£ [LKo|9J8 AT AJAL, Spry 20]] 93k X139 ZF MAPK
signaling®] #4127}, Cdc 2 9 cell division kinase Sol] 2]k
27 5 o2l §40) B 94 27} B
ofslElgla §3 & 4 AUk AR S Felle THAZ
ol o] F7HEAY AT F4 9 AeAD A=
FAAES] Wale] FoJsiAl FawEle], FAES FAH
Aol Azl = lsioick. WA dekeel Bl
A 5ol A%, ‘:‘Vh_ ‘_ﬂ?].ﬁ‘)ﬂ vlal AEAAD} F4 9
ATAD B fAAEe] Wde] AFoE FUksL,
333 A (angiopoietin-2), ™ 2JHH-S(formyl peptide receptor-like
1), DNA <43]5(cAMP phosphodiesterase)ol] F21%l 742}

e

AT o
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—— Abstract

Gene Expression Profiles in Cervical Cancer with Radiation
Therapy Alone and Chemo-radiation Therapy

Kyu Chan Lee, M.D.", Meyoung-kon Kim, M.D.", Jooyoung Kim, M.D."
You Jin Hwang, Ph.D.", Myung Sun Choi, M.D.* and Chul Yong Kim, M.D.*

*Department of Radiation Oncology, TLaboratory of Molecular Biology, Gachon Medical School, Incheon,
"Departments of Biochemistry, ¥Radiation Oncology, College of Medicine, Korea University, Seoul, Korea

Purpose : To analyze the gene expression profiles of uterine cervical cancer, and its variation after ra-
diation therapy, with or without concurrent chemotherapy, using a cDNA microarray.

Materials and Methods : Sixteen patients, 8 with squamous cell carcinomas of the uterine cervix, who
were treated with radiation alone, and the other 8 treated with concurrent chemo-radiation, were included
in the study. Before the starting of the treatment, tumor biopsies were carried out, and the second time
biopsies were performed after a radiation dose of 16.2~27 Gy. Three normal cervix tissues were used as
a control group. The microarray experiments were performed with 5 groups of the total RNAs extracted
individually and then admixed as control, pre-radiation therapy alone, during—radiation therapy alone,
pre-chemoradiation therapy, and during-chemoradiation therapy. The 33P-labeled cDNAs were synthesized
from the total RNAs of each group, by reverse transcription, and then they were hybridized to the cDNA
microarray membrane. The gene expression of each microarrays was captured by the intensity of each
spot produced by the radioactive isotopes. The pixels per spot were counted with an Arrayguage”, and
were exported to Microsoft Excel”. The data were normalized by the Z transformation, and the com-
parisons were performed on the Z-ratio values calculated.

Results : The expressions of 15 genes, including integrin linked kinase (ILK), CDC28 protein kinase 2,
Spry 2, and ERK 3, were increased with the Z-ratio values of over 2.0 for the cervix cancer tissues
compared to those for the normal controls. Those genes were involved in cell growth and proliferation,
cell cycle control, or signal transduction. The expressions of the other 6 genes, including G protein
coupled receptor kinase 6, were decreased with the Z-ratio values of below —-2.0. After the radiation ther-
apy, most of the genes, with a previously increase expressions, represented the decreased expression
profiles, and the genes, with the Z-ratio values of over 2.0, were cyclic nucleotide gated channel and 3
Expressed sequence tags (EST). In the concurrent chemo-radiation group, the genes involved in cell
growth and proliferation, cell cycle control, and signal transduction were shown to have increased expres-
sions compared to the radiation therapy alone group. The expressions of genes involved in angiogenesis
(angiopoietin-2), immune reactions (formyl peptide receptor-like 1), and DNA repair (cAMP phosphodie-
sterase) were increased, however, the expression of gene involved in apoptosis (death associated protein
kinase) was decreased.

Conclusion : The different kinds of genes involved in the development and progression of cervical cancer
were identified with the ¢cDNA microarray, and the proposed theory is that the proliferation signal starts
with ILK, and is amplified with Spry 2 and MAPK signaling, and the cellular mitoses are increased with
the increased expression of Cdc 2 and cell division kinases. After the radiation therapy, the expression
profiles demonstrated the evidence of the decreased cancer cell proliferation. There was no significant
difference in the morphological findings of cell death between the radiation therapy alone and the
chemo-radiation groups in the second time biopsy specimen, however, the gene expression profiles were
markedly different, and the mechanism at the molecular level needs further study.

Key Words : Uterine cervix cancer, cDNA microarray, Gene expression, Radiation therapy, Chemo-radi-
ation therapy
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