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Subtractive hybridization, electronic subtraction, serial analysis
of gene expression 59 HPHOoZ AFEU] mRNAE o] &3}
F372F ] Kol g Hohlle Wlo] AHEE o) cDNA
library & %] WHEoloksle MARE, L o] AL 44
g Ze die At dlek

2 whE 717 Holl AoE A4S o glem, vl
2] total RNATre. 2% A¥o] 7h53lal, mRNA Wde] &
7kt AEE Tl A ¥ = glon, prevalanceo]] &}
A gk v R EAsh: mRNAE &Qlo] 7hs3t differ
ential display (DD)o] 7H=| e} olell DD W& o]-g3fe]
AF73HE 3AeA AL g F Wde] FrksAL 7
&3l fAAE AR w3l

z
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Chet 2
1. M X

184] o]gols] 804] witeg =AFHOE XA A
Fooln] Fok2 Febdoz ¥ shssta o] s
Foll fiXete] Aol sHedt AFFEE BAE e
2 #I3lck 180 Gy AAAE T 408l AFARE =7
S AHstel WAL 2ATOR T2 AR wAAE
Aol Azl =T sgich

2. YARMZEAL

AF7RL BAell iR AN 2AE Bl AR
st A& protocolel] me} BAHZ sempsha AH7HE7]E ol &
slod 180 cGyE =Asteich

3. RNA 23|

Total RNAT= Promega”}l2] SV total RNA 22| system o &
manualol] w2} E2jslgicl. DD-PCRAl A-8-2 ZH7ke] A g5
£ ulcA] DNasex]2lE AA3l|4] genomic DNA 2938 #|A
slgdeh. @k 1~54g9] total RNAel] 1XDNase I buffer$} en-
zymeg A7kl 37C 3087 vbSAIZch ZH RNA sample®
< spectrophotometerE ©]-8-3}0§ 260 nmol] A A3} I o7}
22 7 A7) odEslo] 2859} 18s bandS syt

4. Differential Display

Differential Displayx- Liang@} Pardeeoll 2]} 1¢l%l ulol|
23t RNA Image9} Display system 3}ALe] display PROFILE-
BASIC Eukaryotic kit-Z o]-&&lo] AAjslgich

7L 7Y

1) Primer

display PROFILE kito}]4]¥= total 647112 arbitray primerE-
ol ehieh

2) mRNAS| AFA} 8IS

Total RNAol] ZA8= mRNA molecule s JAA PSS X
#1o] cDNAZ 3M3319lch. Total RNA 2 sgoll 5XRT buffer 4
p, HTHM 2 4, 250 M dNTP 1.6 4, dH,O0E #7}8lA]
19 @7} 5)A & % thermal cyclerol|#] 65C 1087} 7}2-3k
% MMLYV reverse transcriptase 1 5 Wi 37T 1A)17F HkS-
AZrk 75T 5§ 7FEsE F 4Cell Baigict.

3) PCR

cDNA%MJ )] o]&% (23l H-TIIM primer®} kitol]4] A
3k 10mere] arbitrary primerE ZR FIFHEE-& A
t}. 7+ PCR Hlg-oHo] =zAJ& ¢DNA 2 g} 10XPCR buffer
2 44, 2 M H-AP primer 2 4, 2 xM H-TIIM primer 2 /l,
25 4M dNTP 1.6 zl, 2000 xCimmol [a-"PJdATP 02 .,
Taq polymerase 02 ul, dH08 7lste] HE 20 W} A
slodel W=7 94T 30, 40°C 2%, 72T 302%0ll4] 40
cyed 9 F 72T 52 42 F 4TE fAskgic

4) PCR ¢h=0| MIIHE

ZZ%] PCRA-E-E& 8M urea7} E3HE 6% polyacryl amide
AL o] &l Ealsirh. 1200VellA 3A17F AE runnigsh
1 BPB} 79| sekitel Wele wibA A7) GEsigich

=3

AL wo]Wl & vaccum-dryAl7) 3, alignmentE FHslo] HE
< Y3 24~4847F 70Tl Bslgich

5) DNA band 3|4 L PCR MSE

2L 48 3 A4l oA ch2A WHEE band
2 Al dH,0 100 [4E E71sA 1001557 7hdslo]

DNAE &3l Yok £33 DNAE glycogen, sodium acetate,
100% EOHEZ #7}eilA AAAZA Az DNAZ 10 A
DWE H7lellA] 2] B-RA5 olF 4 4E $]9] DD-PCR
ol Ags T 24T 2N FL primers 7HA
3 A FZ3%ck Al $%3 PCR A€ 15% agarose 7]l
A A7) E3t] A7E ARlsigich

6) PCR product cleaning

Agarose o4 #<1E DNAE 733k bladeZ ol shod
o ¥ 15 mL wbeol] F3ick A 2749 FAE A F
QX1 bufferE o]|&slo] A Bxjo] 3uje] bufferZ Ar7}slar
A Egelgivh QEXI 30 @E 7R ¥ 50CoA 10E
71eslgrt. Sampled YAEelsli pellets 500 4 QX1
buffer2 A)&stgr) pelletS PE buffers 28 Aldg 3 27
AZAF|L, 20 4l DWel| & =9}
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5. Reverse Northern Blot screening

1) ¢cDNA membrane@| FH]|

Nylon membraneZ- slot blot manifold®] =17]el| WA AE23
20X SSCollA} dtAI7 A% vl MembraneS manifold$]ol]
2283 QA Z ). Differential display®} subtractionol| 4] 1
0]Z ¢DNA A-E-2 1 N NaOH/2 mM EDTA%}o4 1057}
7V e A denature R]F ). denature ) DNAS membraneol] &
Zs}3L vaccumE o] €3t FYAAH ;. membraneS 10xSSC
buffer2 A% & manifoldol]A] Wjo] W% UV crosslinkings}$)
t}.

2) ProbesQ| FH|

Total RNAE RIZ FA3le] probed 3HAslgiv}. Total
RNA 5 ug3} oligo (dT)primer, dNTP, MMLV reverse trean-
scriptase® A7FskL RTRE3-2 Al3slglc). of RT W55
random primed labeling WHH-S o]-&3}o] radioactive probesZ
Ak HA cDNAE 100TellA 10853t 7Ha)A]
denature  A|71F HAFoNA SEZ WXsigdd. 2™ oS
cDNA®l| dATP, dGTP. dTTP ¥3%}%E 3 (4, reaction mixture 2
g, [PIdCTP 5 4, Klenow enzyme (5 Ujpl) 1 4 Hrfslz
37CellA 15~30%-7} incubation A]ZIc}. Labelingo] &1t vk

LA

%< ZA] Sephadex spin columng o] 8sle] HF2elx] ke

radioactive nucleotideZ A3}l ch

3) Hybridization and autoradiogaphy

Membrane-8- 68°C 2-Eoj|4] ExpressHyb solution (CLONTECH)
€ 7}A) 31 3087} prehybridization A|Zx}. prehybridization-8-H
< ¥eElz AZE hybridizaion§Hg MR & 3x10°
cpm/ml®] Rl 2] probe} salmon sperm DNAE X 7}slglo
v 68TColl4] overnight hybridizations}93t}. membraned ZA
28A A Z 2XSSC¢ 0.1% SDS AR AL 7ixjz Al
ol 1584 28 Alslgicl. 5 Al AA A 0.1x8SCh
0.1% SDS Adalel &71 % 60TSIA 3057k APgeigich
membraneE saran-wrapl 2 G3 EZ& & freezer (-707T)ol|A]
ZAAE Agelo] X4 Aol il st vl
slo] A& Zo]7} 1} DNAE Northem Blotting £3)] &
U3t
6. Northern Blotting

Toul RNAS th=F @ AR 24l Helt ¥ 10
ugS nylon membraneol] 20XSSCE 7}A|31 downward ca-

pillary® Ev}o] Mol A7l ¥ UV cross-linking A7 Probe
G412 slot blot soreening E3to] BelEl hEA| wEE

o

]

AR S ESIX] 2001;19(4):389~396

DNASS Random labeling ¥hH-S o] &3}e] [o-"PldCTPS
7FA 3L probed §HAISIGICE o probe o] Btk HEEEE
Z1] Sephadex spin columng o]-&slo] HHE3}A] ¢S nucleo
tideZ AAsIG}) slot bloted|4] 27 ExpressHyp Solutiong-
742138 68°CollA] ovenight hybridization AX]Zit}. hybridization$-
ol] membraneS- 2 xXSSC% 0.1% SDS AR ML 7}A) a1 Aol
A 1584 28 AelGlc) 7 HA APgAl 0.1xSSC ¢
0.1% SDS AlgHez e0ColA 3087 AEsdct mem
braneE- intensifying screen Afolol] 7|93 Xray HES Y
T0CAA 1-TREE eF A

7. Cloning and seguencing of differentially expressed
¢cDNA bands

Northern blot 422 <¢lo]Z DD-PCR AH35-2 cloning
9l seguencingol] ©]-8-3}33r}. cloning® PCR2.1 TA cloning
vectorE- ©]-8-8}9 ch(Invitrogen). Seguencinge- chain termination
reactionoll 28l manual® AIAJFEAY i Biomediclal Re-
search centeroll 5= automatic systemS o]-&3&}9ith. clond
SR A9 BLAST network AH[AE 53l GenBank
database 7}A| 3L search &}gic).

8. RT-PCR

B Aol 4] o] 88 primer seti ulo] L jolol] Fi- FHA
slo] Agslolom Total RNAE F8 o2 XA vbgll 9
slo] cDNAS THERL olo}d] PCRe| fsto] DNAS 2%
9Ack. RT-PCRE 742t} 270014 2 pgf] total RNAE o]
itk wA RNAA RS 65Toll4] 5 E7F 7hdsta wWAAl
F)ar gd2ofl FYAZ E 2 9] 10X RT buffer, 2 2]
dNTP (2.5 mM dATP, dTTP, dCTP, dGTP)S 7}l 10 .M
2] oligo-dT159} RNase inhibitor 3} 1U2] reverse transcriptase
2 7k & U] 20 Wl HES ZREE A1 3 3
TCollA 1A7F BE-gste] cDNAE <19lv}. cDNA AHE2 95T
oflA] 5EZF Thdste] HHA a4E I o dF
o]l @7} Fslictl olBA A4%E DNAES 7HA|a vt
S3} 2 B} 27K PCRE Agelsich Z, 4 ule)
10XPCR buffer, 4 ul®} 25 mM dNTP mixture, 20 uM2]
3’primer 3 5 primer, 1 U Taq DNA polymeraseS Z} eppen-
dorf tubeoll “d7ksle] Fub-goHo] 40 wrt HEF FTHTE
718k & PCR-2- DNA thermal cyclerd AR8-slo] AJs¥s}gich
CxCa-11 mRNA W& HEAS 98t PCR 2712 denaturation-
94CollA] 14, annealing 57CollA 18, exiension 72Col|
A 137 Asgstod 35819] DNA ZE3-8 A|shalch
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1. Differential Display 241

DD-PCR W& ol&3to] WAL A4 dde] 57}
e Z4d 18709 S8 WHEdckEg. 1). 749 o2
W= E DAN bandsE 8 & 7AZHE DNA =7
Eelsigich 7lZsAl AAZE DNAE ofHell o] & pri-

merE ©]g3lo] AFHI F pGEM-T Easy vectors A-g-3}

PiT,
N2 T1

PiTs

N1 T2 N1 N2 Tt T2

Fig 1. Differential display of cDNAs from paired irradiated
and not irradiated cevical cancer tissue using multiple primer
sets. Total RNA from irradiated (T) and not irradiated (N)
cervical cancer fissue was transcribed with anchored oligo
(dT) primers and generated c¢DNAs were amplified with
arbitary primers in the presence of [0-*P]dATP. The PCR
products were then seperated on 6% polyacrylamide gel
electrophoresis and autoradiographed. Putative differentially
expressed cDNAs are indicated with arrows.

P

9|

g

o3 subclonings}%c}.

2. Confirmation of Differential Expression

Reverse Northern Blotol|4] WH&le] Z7ld 10702 &3
243 179 S22 FsickFg 2). 114e] &8¢ 77}

CxCa4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 152 g} rHTable
1.

3. Sequencing of ¢cDNA Fragments

229 DNA 22T L O 400~500 bp AE Sl
o, 1% I/ FE& & 4deA chemokine receptor
CXCR4 FAAS & 4548 HJow, sl FTEL

.
i

Table 1. Differentially Expressed Genes in not Irradiated and
irradiated Cervical Cancer Tissue

: GenBank
clones BL&%; Sse:rlcf;n‘ggth ID  Accession
q No.
CxCa-4 No match
CxCa-5 Human EST 98% AA514190
CxCa-7 Human DNA sequence on 100% AL138706
chromosome 13
CxCa-8 Homo sapiens similar to 97% XM_049049
proliferation-associated protein
204
CxCa-9 Home sapiens chromosome 19 98% AC005261
CxCa-10 Human EST 95% BG360938
CxCa-11 Human EST 9%B% T30167
CxCa-12 Homo sapiens chemokine receptor 91% XM_051229
CXCR4
CxCa-13 Human EST 97% BGO24795
CxCa-14 Homo sapiens hypothetical gene  97% XM-055861
CxCa-15 Human DNA sequence on 97% ACO12195

chromosome 15

Fig 2, Reverse nothern blot analysis. After denaturation and renaturation of cDNA fragments amsg)liﬁed by

PCR, they blotted onto two replicas of nylon membrane. Membranes were hybridized with

P-labeled

cDNA probes made from the RNAs of either not irradiated (N) or irradiated (T) cervical cancer tissue by
reverse transcription. Arrows indicate the 1 differentially expressed ¢DNA fragments in not irradiated and
10 in irradiated cervical cancer tissue. * indicates B-actin and findicates GAPDH, as a control to equalize

differences in efficiency of reverse transcription.
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1 aaactaccaaaccaaaggttactatttttnaaacatcgtgtpttcattccagecaaggeag

61 aagactgcaccttctttccagtgacatgcetgtgtcatttttttnaagtectcttaatttt

121 tagacacatttttggtttatgttttaacaatgtatgcctaaccagteatcttgtetgeac

181 caatgcaaaggtttctgagaggagtattetctatcectgtggatatgaagacactggeat
241 ttcatctatttttcectttectntttaaaggatttaactttggaatcttccaaaggaagt

301 ttggccaatgncagatccccaggaatttggggggptttte tttcttttca actg

Fig. 3. Nucleotide sequences of Human ESTs clone. Sequences of primer
sets used for RT-PCR are underlined. Expected product size is 162 bp.

Fig. 4. Identification of EST clone by mRNA RT-PCR for 5
cervical cancer patients. 2ug of total RNA from different
cancer patients (A, B, C, D, E) was transcribed with
reverse transcriptase, the mRNA samples were obtained
before (lane 2), after 180 ¢Gy irradiation (lane 3), after 27
Gy irradiation (lane 4). And equal amount of cDNA were
amplified with EST clone-specific primers. Lane F is
GAPDH as a internal control. M is 200bp sized marker.
EST clone expressed in not irradiated and decreased or
did not express in irradiated cervical cancer tissue for all
patients.

Human ESTsZ 159l S7He) L 7l%50] ofx ¥l
7 e FEA Ye AL BA=gen, e F
£2 ofed §AAE match®|7) $IteHTable 1)

4. Confirmation of Reverse Northern blot

Reverse nothern blot-g 3¢t 23} CxCa-11 FEo] WA
AzA A dde] Zashs S B3k o] &S FF
g & Y pimerE AFsled 58O AZMAAEANAE
CxCa-113E0] ofufdt Wagds HoleA Al Het

o] RTPCRE Faelich. olw] 483 primer sequences} 7]

=)= product sizer= Fig. 3ol 7]€slgict. BE 3kAjoll4 s+
AARE A A gollA whdg Ho), AR R & A5
oflAE 1 wegko] ZhastAL WEe] Q= YrkFig. 4).
ok HE

AFNA e At Holgkout Ao WA AAF
A7t Aeks] BEAA gghen, ok hALS QA =4
i Wbl B3 whSle] free radicals B, o]
free radicalo] A|E=te] Ao} el E4E Fste] Al
¥7} w4 QlA)s) A= . radiation induced signal transduc-
tiong AJZ&A I 833 Qick

AAEL DD RT-PCR W& o|&sto] A4S =ARE
A} =AollA BolH oz wiEe FHAE AAsaA
SHIEk DD RT-PCRAMEZ MAZAS B A7
243 WAAZAE BA S ATARLEAN FolH
o7 wEEE 18709 FES 9dgirh Reverse Northemn blot
o 3ot Azt 19 FELS WAARAE 2AEA &
& orzAollA WHPEI} 2okow, 10719 FE& WA
ZAE e gzl WA LI} A velyich. DD-PCR
o] AxH positive cDNAS] F¥MIETL E31, sequ
encing gel ZHE] HolH o g Wals]= cDNAE 2o o v}
2 o] EgE Fgol b= 7], ol#dt olf wiE
olx 79l EFEL WEe Ae|rt gtk 1INY] EEE
automatic system<- ©]-&8lo] sequencing & Fol} Genbank
databaseol| 4] BLAST search program2- o]-§#le] AEAlL 2
Aalgiel. CxCadis 7|FEll ¥4 Adve AR Feie
As Holx| ¢gkon] CxCa-5, CxCa-10, CxCa-11, 2|3
CxCa-13 52 1 715°] B¥s] BeAA %L Human ESTs
o] Aoz olxlgict R CxCa7, CxCa9 |1 CxCa-15
Z22o 747t chromosome 13, 19 “12]3L 15W0]] 9JX]3F DNA
sequenceq] 0.2 ViElRkh

—

o

lo

lo
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Ked 2 72 NISTRY XA LA E Al 28it=s SR

CxCa-8 FFo] AExFA7} W= Homo sapiens similar to
proliferation-associated protein 204 ThlA N =o AZXG B
9ic}. Halahan 57 wWhAbAlol 98t 27947 wrede] 4%
2 TNF, basic fibroblast growth factor, -1, z2lx TGF-8
9] secondary response geneS WFHA)A ZHE growth factor,
cytokineS HHIAIA AT AEALFE, €42 DNAY 3]
&, cell cycle perturbation, A|ZEAYZE, apoptosis 52 Yo7t
3 Pt o] g sl CxCa8 FAR} HhAAX)
Fe] ZARAERH J1Ae #f=o] J& F Y& Ao A
Exlo] o]F #elsly] $sle] CxCa8 S22 2R3 F-4%}
£ RV 2§ dAAXE A Bofsle EAA
Y 71l ofd dAkg sl=Roll diste] AlEH o
77t Bed AoF A5

B AgATAN] Ago] 7 #AE 23 e CxCa
12 B2 HARARA o o] B HAFES Bglon
chemokine receptorQ] CXCR49} 91% AEAS Hgiv). CXCR4
of tigh A7 2@ ARE) wo) HojAgen Y oA
stromal cell-derived factor-1 (SDF-1)2] specific receptor® &lL}
ole},'” HIV 7o)l coreceptorZ% A&k’ CXCR4%t
SDR-lo] gl Wz €l Wsk7sh Wa iy A
chemoattractants}#] &cl'> ' Panomaryov £-8 SDF-10] DNA
damage?} Yoluk-S 73-¢ host defense responseo]] Fhoddlrl=
Bag aieh B AdolA F2d CXCR4E meehs
] AR S BAAAESEQ s)He] SDF-10] Fofsh=
g AFZAZAHZES o do] gl A F e
m, a2ist B4 CXCR47} WX 59 &35 olZ&s)
<ol EFo] Heletx Agdd

CxCa-11Z-E2 WAARAE A 9k GAXEolA wkd
BAE7L gor 7Edd A AR A 45AEE
HolA 9k= AMEF 4424 Human Uterus Homo sapiens
¢cDNA 5 end®} 93%9] 4248 R4iv) reverse Northern 2
T AHFs) s1sked Norhem blotg F3siglont AAE
A F3l3rt. Nothem blot2 RNAS] A4, Aeke Al¥sl]
HAstel 7H dubd o ojfule WO EA RNAS #4
o] vmithER] EA s mRNAQ| prevalancer} ¢ YohE
A, w3k g AU Sl 2F7t g Aol o AE
717t of®el. B HYoAE mRNAS Wy AHxr} g
Aol AAY Aozt 71 sloll F3| £ ZH9lE F
Zo] 7h53te] mRNAS] prevalanceol] FAIglo] 1 EAIH-F
£ #U¥F Y& RT-PCR WS o] &3lu). ofwf] primer
© CxCa-l1ZE9 sequenced o] 8sle] A&3hsl  primer
desigen softwareE- o]§8lo] AJslglon, 7)ul=l= product

8

71 162 bptk. CxCa-11 o] WAAXE A #E3l=
Z1Ad ZFagt adelghd o WX E FU FAEC
A% wdld gEo] & AHolghs 7Pgslol WA XEF
ol 549 AZF7EY IAE Yoz RT-PCRE F28813
o, ofuf] WAAX| 84, 180 Gy WAAXE 40% &, 28
I 27 Gy A E F9 A8E ditez Agsgich
CxCa-11 ZEo] WAAXE A A4 wdo] Hglon,
180 cGy WAMIXE ¥ A|5¢} 27 Gy AKX E F A&l
A o wde] x| Z4SAY WEe] QbEle] reverse
Northern blote] 239} xRt o= CxCa-11E-E0] WA
A A7 A EAYESHS 71Ae)] ojd &g & A 7
A AAd) oz CxCa-11F-E9] 943 §AAE F3
dola a2 AR ARARE A Fofdte EAESH
9l 7)Aol ojdl AY-E =Rl disle] AEHY A+t
Ao Aoz Agdch B AYoA 2 AHAEL AT
Fololl gt WA E 713 ATl 24o] & Aoz A
kE221=1
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The Differentially Expressed Genes by Radiotherapy
in the Patients with Uterine Cervix Cancer

Eun Young Seo, M.S.*, Moon-June Cho, M.D."", Jeung Hoon Lee, M.D.",
Young-Sook Lee, M.S.", Myung-Hoon Na, M.D.", Woong-Hee Lee, M.S.},
Jun-Sang Kim, M.D.""" and Jae-Sung Kim, M.D.""'

Department of Dermatology®, Therapeutic Radiology*, Thoracic & Cadiovascular SurgeryT, College of Medicine,
Department of Biology®, College of Natural Sciences,
Cancer Research Institute", Chungnam National University

Purpose : To detect differentially expressed genes in the patients with uterine cervical cancer during the
radiation therapy.

Materials and Methods :In patients with biopsy proven uterine cervical cancer, we took a tumor tissue
just before radiation therapy and at 40 minutes after external irradiation of 1.8 Gy. Total RNAs isolated
from non-irradiated and irradiated tumor tissue samples were analyzed using the differential-display re-
verse transcription-polymerase chain reaction (DDRT-PCR). Complementary DNA (cDNA) fragments cor-
responding to differentially expressed messenger RNAs(MRNAs) were eluted, and cloned. The differential
expression of the corresponding mRNAs was confirmed by reverse northern blot. Differentially expressed
c¢DNA bands were sequenced. Nucleotide sequence data were analyzed in the Gene Bank and EMBL
databases via the BLAST network server to identify homologies to known genes or cDNA fragments.
Expression pattern of down-regulated clone was examined using RT-PCR in 5 patients undergoing radio-
therapy.

Results : We identified 18 differentially expressed bands by DDRT-PCR, which were eluted and cloned.
There were 10 up-regulated ciones and 1 down-regulated clone in reverse northern blot. One cDNA
fragment had homology to chemokine receptor CXCR4, four were identified as Human ESTs in the EMBL
database in EST clones. Down-regulated CxCa-11 was also down regulated in all patients.
Conclusion : Using the DDRT-PCR, we have identified 10 up-regulated and 1 down-regulated clone(s) in
the patients with uterine cervical cancer during the radiation therapy. The clinical relevance and the
functions of these genes will be further investigated.

Key Words : Uterine cervix cancer, Radiotherapy, Differentially expressed genes
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