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Figure 1. Sudy scheme

Figure 2. Electropherograms of distribution of intact and

degraded RNA with YCC-16

Figure 3. Electropherograms of distribution of intact and

partially degraded tissue RNA

Figure 4. Representative scanned image of cONA Microarray

Figure5. M-A plot before and after normalization

Figure 6. Box plot before and after normalization

Figure7?.

A. Two-way hierarchical clustering of all experiments

using partially degraded tissue RNA

B. Two-way hierarchical clustering using selected significant

genes between normal and tumor

iii



Figure 8. Unsupervised hierarchical clustering using intact and

partially degraded RNA microarray data

Figure 9. Grouping of partially degraded colon tissue RNA

according to degraded states

Figure 10. Venn diagram with selected significant genes between

normal and tumor in colon intact RNA and three groups

of partially degraded colon tissue RNA

Figure 11.

A. Two-way hierarchical clustering with selected significant

112 genes using Intact RNA microarray data in partially

degraded colon tissue RNA microarray data

B. Two-way hierarchical clustering with selected significant

142 genes using partially degraded RNA microarray

data in intact colon tissue RNA microarray data

Figure 12.



A. Two-way hierarchical clustering with selected significant
1320 genes using Intact RNA microarray data in partially
degraded colon tissue RNA microarray data

B. Two-way hierarchical clustering with selected significant
1320 genes using partially degraded RNA microarray

datain intact colon tissue RNA microarray data
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Table 1. List of top 20 selected significant genesusing intact RNA in

colorectal cancer tissues

Table 2. List of top 20 selected significant genes using degraded

RNA in colorectal cancer tissues

Table 3. List of commonly selected top 20 significant genes between

intact and mildly degraded A-group RNA in colon cancer

tissues

Table 4. List of commonly selected top 20 genes between intact and

degraded RNA in colon cancer tissues
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+ oligo-dT primert4l T7 promotor sequences X38+3dl= T7
oligo-dl primer& AM&3t= 7IWolth !, T7& 7|9ko & ¢ RNA
amplification 7|Wo] =dH o]F oy 7HK=Z FHE WHE0]
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1 AEF A Aw 57

2000 WH-E 2003 WA AAhEka ojshrjet A& AlE g
9, A SHAEe] et A @A ot mi fgtow Aw
e AL daon Q. ol5uNEH 4% 34 el F

F Wast Feo APLAE AARYL, 4G AAA 80 TAA

fz
e
ol

AT, EE A7 dAuste Aluds Bl dddT Ao
193] (Institutional Review Board)7} %9138k Fo|Aje] =joz
TR SAE Ut ew APsA.

AMEFE= AA bdo]l A+ AlE (Cancer Metastasis
Research Center, Yonsei University College of Medicine, Seoul,
Korea)oll Al &=rQl xa4d ¢k ghxte] 2% dAozwriy Fyd
YCC-16 91%F AEFE ARESETH. AlEFE= 10 % fetal bovine
serum, 100U/m¢¢] penicillin 2¥8]al 0.1lmg/ml%] streptomycin®]
3 MEM WA (GIBCO, Grand, NY, USA)el 37 T, 5% CO.ollAl vl

sttt

2. RNA 5%

3 TR AEFTE YE intact RNASH degraded RNAS 7] 913}



o] YCC-16 Al EFo RNase A (5 x 10°0)E A20]A] 5 E7F 0k3A
Zck., &3 0.1 N NaOH 1 w= 65 CollA 5 B3+ Agste] 7h45
&l A171aL, 0.1 NHCl 1 w=Z F3tA 7 dAwE RNAS T H3 ),

ol Al g et AEFEHEE total RNAFZ=2 TRIzol (Invitrogen,
Carlsbad, CA, USA)& o]&ste] Ax=YAFe] protocolel wel A3y
vk, =23S AAEA LA AAE F, 1 mee] TRIzolel &3fst
a1 200 ple] chloroformes Yil 4 ColA 10 &3+ 95 Al 3

4 ColA 14,000 rpmo. 2 25 271

jubd
Mo
)
il

ol
ol
Q9
o
ofj
12
=2
=
=z
=
Ll

A RNAE 70 % ol L3R FAskaL, oA Holgls &
FLS AXAZ ZF . ultra—pure watero]l =9tl. F=3F total
RNAS] <9F3} A& NanoDrop (NanoDrop Technologies, Rockland,
USA), 1 % agarose gel electrophoresis®t Bioanalyzer 2100
(Agilent Technologies, Palo Alto, CA, USA)S o]&3to] FHelslyd
o},

=2 A8 Yonsei reference RNA (YRR)+= 11 70¢] human
cancer cell line (YCC 3, YCC Bl, HCT-116, SK-Hep-1, A549, HL-
60, MOLT-4, HeLa, HT-1080, Caki-2, T98G)>.ZY-E] F=¢ Z&

eko] total RNAZS Alo] 34|38},



3. RNA amplification
RNA®] amplification= Eberwine¥} coworker2] group®] <3 =

tol whE Qbdo] AF+41H protocolell whel 3

ki
i
ol

o
WS A

o
38

(D=
Wz Adx}F RNA FZ BAHOZ | 4 4g9 total RNAZ 2 ugol T7
oligo-dT primer (5 -GGC CAG TGA ATT GTA ATA CGA CTC ACT ATA

GGG AGG CGG TTT TTT TTT TTT TTT TTT TTT TTT-3" )<} A &3

r$£

H, 9 el RNase-free watero] =%It}. RNA/primer =3H&

rlo

65 TCollA 10 &7t denaturest ¥, 4 TelA 5 &3t YZFsiict.
First strand cDNAE #Ad3H7] &l 4 we 5 X first strand
buffer (Invitrogen, Carlsbad, CA, USA), 2 wpé2] 100 mM DIT, 2
w2l 10 mM dNTP mix (Invitrogen, Carlsbad, CA, USA), 1 nl9]
RNAsin (Promega, Madison, WI, USA) —1¥]al 2 2] SuperScript
II (Invitrogen, Carlsbad, CA, USA)e] &&= RNA/primerel] 7}
st 42 TolA 1 AzF &t 9 HAF ¥ AZH. 1 %,
second cDNAES A 37l ¢38Fe] 91 09 RNase-free water, 30 ul
9] 5 X second strand buffer, 3 02 10 mM dNTP mix, 10 U2] DNA
ligase, 4 U9 DNA polymerase 1 Z12]3l 2 U] RNase HO &3&

S, BAE first strand cDNAO 7}Fake] 42 CollA 2 AIRE <l

=

S AAHT. WSS 10 w09 1 N NaOH®} 10 109 0.5 M EDTAS 7}sh

10



65 CollA 10 3k Aoz T AL, 25 we] 1N
Tris-HCl (pH 7.5)& 7}ske] 3k A|Zth. Double strand cDNA=
97 102] phenol: chloroform: isoamyl alcohol (25:24:1)& ©]&-3}
o] XA+ 3 Phase Lock Gel™ (Eppendorf, Westbury, USA)Z A
At tt. AAE double strand cDNAS] T7 MEGAscript™ (Ambion,
Texas, USA)E /n vitro transcriptions 38} th. o]&= 8 ]
double strand cDNA® 2 o] 75 mM NTP, enzyme mix ~Z@]3L 10
X reaction bufferE& &§ste] 37 ColA 5 AIZF &< HEGA| S
=24 s, AWAE mRNAE=  RNeasy mini kit (Qiagen,
Valencia, CA, USA)E o]&3dle] AAFH ™, amplified mRNAY]
k3t 28 NanoDrop (NanoDrop Technologies, Rockland, USA), 1 %
agarose gel electrophoresis® Bioanalyzer 2100 (Agilent

Technologies, Palo Alto, CA, USA)S o] &3}o] 3Helalitt.

4. cDNA microarray 538

cDNA microarray:= 9UA A|5E o] 83+ 2do+= 17 K human
cDNA chip (CMRC-GT, Seoul, Korea)s ©]&3F3lal, AMEFE o]&
5l Ado= 7.5 K human cDNA chip (CMRC, Yonsei University
College of Medicine, Seoul, Korea)S ©]&3}3t}. cDNA

microarray 23S reference design®® 3 E o] test sample

11



RNAZ = 27 AEZF RNAE (yo&2 %ASAL, 7217Fe] samples
Cy3= A% YRR (CMRC, Seoul, Korea)¥} co-hybridization 3}
T}, cDNA microarray A¢-2 2 AAMed] ddo] A-AlE (CMRC)
oA g WHPE o] gste FAEdoH, AMEFE oge A

2 pngol amplified mRNAT reverse transcriptionsti= &<F Cy3-
T= Cyb-dUTP=  EA|3}$ 3L, mRNAE= 6 pg® random primer2}
65 CTollA 10 #%F incubation 3}FTh. 8 wle 5 X first strand
buffer, 4 ©02 100 mM DIT, 2 ul2] SuperScript I RT, 2 2] 20
X low—dT/dNTP mix Z@]aL 1 09 RNAsinS RNA/random primer <&
ol 7hetel 42 CollA 1 ARE &8k WA, A8 RNAE
5 x2] 0.5 M EDTASF 10 w09] 1 N NaOHZ 65 CTolA] 15 #3F Hk&
AA ZHEEE & FH, 25w 1M Tris-HCL (pH7.5)& 718te] &

AT

AT}

g3 Ed 24 A7} Sl 3.5 X SSC, 0.1 % SDS, 10 mg/ml
Bovine serum albumin (BSA; AMRESCO, Ohio, USA)¢} &= FA4%
blocking €& MFS-25 (MFS Inc, Pleasanton, CA, USA)E o ¥}A]
71 & microarray= 42 ColA 1 A7t pre-hybridization A]Zth.

Pre-hybridization® <&lo]l=% L3} isopropanole] H+2&d 3

500 rpm oAl 5 F FoF YA HEste] ARAIFTE. Cy3-dUTPS}

12



Cy5-dUTP=  3A|¥  probex= QIAquick PCR Purification Kit
(Qiagen, Valencia, CA, USA)E o]&3le AAS H, 20 ugd
Human Cot-1 DNA (GIBCO-BRL, Gaithersburg), 20 ug2] yeast tRNA
(Invitrogen, Carlsbad, CA, USA) 18] 20 pg2 poly(A) RNA
(Sigma, Saint Louis, MO, USA)¢} &3tslitt. Hybridization -8
2 Microcon-30 filter (Amicon, Bedford, MA, USA)E o]&3}o] 50
W2 F=A17]3, 20 X SSC 25 uf, formamide 25 w “18]31 0.1 %
SDS 1 wt= HF 100 w2 S5t 1 ¥, hybridization &<
100 ColA 2 ¥3F denature A1Z1 &, 13000 rpmol]l A 2 & HoF
Al Fglate] Lafoltol 2ela, 42 TollA 16 Azt Bt vHEAIR
o}, 0.5 X SSC-0.01 % SDS, 0.06 X SSC-0.01 % SDS <} 0.05 X SSC
o EMUE A 1000 rpmell A 5 E7E QA F-2lstuA
AZA AT, Hybridization©] % microarray: GenePix 4000B 2~
70 (Axon Instruments, Forster City, CA, USA)= o]u|A]E 9}a1,
GenePix Pro4.1 software (Axon Instruments, Forster City, CA,

USA) = FX3te A3E It}

5. Data analysis
oA 9] study schemes Figure 19 A2 sit).

WA M EF RNAE o] 83l A& microarray 23S 7[R &
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design¥} cDNA chipe d3 o= 8% Ao,

AH"E RNAE o] 83t UL microarray A3 A9
variation® =°|7] $93}9] intensity-dependent within pin-tip
group Lowess normalization™ WS o] &3le] TF3} 3t &
=3t Ay 5, 2 AT E AFAVE stve gl A2 Non-
missing proportion 100 %)TFS AH3lo] Qo o] H Ao o] &3}
Aok FAAES 2d AgES #EE7] 918kl hierarchical
clustering (Eisen software, Stanford Univ.)*& Al&@&te] A]7z}s}
3l7] 918 TreeView software (Eisen software, Stanford Univ.)*

g AHgsa.

AETFE o] &3 Al Mo RbEdgd= Aol J=AE A<lst

-

d

7] 938Fe] S-Plus 2000 software (Insightful, Seattle, WA, USA)
£ o]&st] AHATE ST, FH Y RNAH ¥ RNAZHY
microarray data® AR HlREr] flste] F 7k FFY
discordance rate® 4] 3}9ut}*. “quality discordance” = H]
askanAp a7k Al FAke] signale] present vs.
absent® WzE Y= FHAAER AWM, “quantity
discordance” &= F 7FA] AFolA HAATY A dee] izt
o] A &l H]Ete] log, ratio®] Fke] positive vs. negative

9] zolE YEMNE fHAR AHostgtl. Discordance rate: Th
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RNA amplifiction-based cDNA microarray
using cell line RNA

== 7 0K cDMA microartay
== Comparizon of intact and degraded EIA
(cotrelation coefficient, discordance rate)

— 1

RNA amplification-based cDNA microarray using
degraded tissue RNA
>= colon, gastric tissue EMA (10 Mormal, 10 Tumor)
== Unsupervised clustering
> two-class SAM between normal and tumor tizsue
(10,746 genes-100% NLIEP in colon and gastric tissue)

S

Comparison of gene expression profiling with intact and
degraded tizsue RINA

== previous 17E cDMA microarray results with intact tissue EMA

colon, gastric tissue BEMA (10 Mormal, 10 Tumeor)

>= number of analyzed genes : colon(®,627 genes), gastric{? 476 genes)

== clustering & comparison of significant genes

—J L

Grouping of partially degraded tissue RNA

== Compare with selected significant genes according to the group

e L

Heliahility of selected significant genes with intact and
degraded tissue RINA in colon cancer

>= polon (8,627 genes)-100% NMKP in intact and degraded R4
== clustering with selected significant genes in partially degraded
colon tissue EMAusing intact BIA microarray data set & versa

Figure 1. Sudy scheme
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. 2z
1. AEZEFA intact® degraded RNAZS o] &3t 42 Ua HA

b, ARE RNA FH| 9 AET RNA FE

YCC-16 AM|Z2F9] <2 <e] RNAZ FH RNase®} NaOHE ©o]-&3to] in
vitro ZFolA A AHow  AHZF  total RNAS  qualityE
electrophoresis®t Bioanalyzer< ©|83}e] &<lst3th(Figure 2A).
okA o] RNAo| H]5}e] RNaseo ¢]3] HAE RNA (RA-RNA)E 2o
28s¢t 18swt Fobgllar, NaOHel Hsd%l RNA (Nd-RNA)&= 18swh &
< AT, 2, AZEA 2279 total RNAE ©]&
ko] RNA amplifications <85} 3l, amplified mRNAS] quality
+ electrophoresis®} Bioanalyzer< ©]&3}o] &elstit}d (Figure
2B). Amplified mRNAS] &l <Fde] RNASH =l RNAZRO At
5l Ao w2 ey ow E3| RI-RNAZF electrophoresisol A 1.7 Kb
ol peak7b lo] FH ] RNASH F O FARSEAH. Al 7HA] =4
o] RNAE o] &35}o] ¥ amplification yieldi= &2 RNAS] 7

Wt 31.63+2.69 ug, RA-RNAS] ¢ H 29.41+6.33 ug, Nd-RNA
o] o] 38.48+3.38 ugl @ &+ RNASH A RNAZe 2 A

o]& VFERRA i,
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Figure 2. Electropherograms of distribution of intact and degraded
RNA with YCC-16. Analysis was performed using agarose

electrophoresis and the RNA 6000 Nano LabChip KiadioanalyzerA
displays a gel image and Bioanalyzer images i R&A with intact (A)
and degraded (B, C) RNA. Also B displays a gel imagd Bioanalyze
images in amplified mRNA with intact (A) and degedd B, C) RNA.
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5 0|83 cDNA microarrayoll 4]+= RNA amplification ¥4
o AAAMS HIIsHZ] $ske] Al W] cDNA microarraye S HZA O
2 439 amplification product® = ACE. Al 7}A] 2Ho =

& microarray data sets® ¥ o] AFHA

1
ki

o
-
+ gene9| expression ratioE ©|-83teo] AT, FE o] RNA

St

2 o] &3slo] amplificationd F triplicatezte] AdASFE=

0.917£0.02 31, Rd-RNAZS o] &3}o] amplificationdt

o

triplicate7Fe] A#AFE 0.91740.020191 27, Nd-RNAZ o] &3}
o] amplificationdt A9 triplicatezre] A#AAF+E= 0.94+0.04 ]
ATk, aEla Ao RNAZEY RA-RNATZES MRS o
0.927+0.03, intact¥ RNATZH¥ NA-RNATZHS Hlastls o
0.857+0.03, RAd-RNAZZH ¥} Nd-RNAZLES ®W3lS wE wus)
RS o 0.862+0.03 ©]JL}.

dAo] RNASF W H RNAE ©]835}o] amplification®S o,
AFSE microarray datags AT F A=AE H7EsHz] A& Al 7
A 27 2HE discordanceE WA TE. 7,680 79l EE spot
o oFAol RNA, RA-RNA 223 Nd-RNAZ ©]&3% triplicateztel

27y 4.4 %, 8.5 %, 12.6 %7} present ¢} absentzre] W3E I} 9=
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Ao yehkon | kAol RNA 1H3} RA-RNA ZF 7ol 5.6 %,
Fde] RNA 253 Nd-RNA ZE7rel = 7.9 %9 Wsh7t e 3o=
LERSTE. Quantity discordance rate: 9 W AFoA] 100 %
NMP processing 3 5,002 709 spot< 7}A 3l log ratio®] WH3}7}
positive®?} negativeztd] WslE YEl= Z& ZARSISIH. 3 W
o] W& Ade wE intactd FAZFY WEE= 17.4 %, RNaseol

o)t A= 16.5 %, NaOHe e]st A= 16.4 %= YEFS

-

o}, sh7bx] 7oA YERE 4 QlE technical variations 79

¢

g 5 vE 7 2718 vas] s o, E o] RNASH Rd-RNAZHE]
discordance ratet 15.4 %3, <A RNA®F Nd-RNAZHol &=
21.6 %°] discordance rates WEMHJATE. T=F 2 o] RNASE 4A
¥ RNA 7Fe] quality discordance rate= fold change”’} < 7Fshol
wet Ao 0 9% FHAstHA, {Fog AolE UEE FAAE A
Bighell glojAl Aol RNASH H¥l® RNAZRS] Apol7t A€ fleE

ol FRr}.
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2. FiAow Ay x4 RNAE ©o]-&3 cDNA microarray®] 3

7F., FEA o2 AHFE RNAS quality <13} RNA amplification

AR EE AL 74z 10 JHe A H FTFEA 9 total RNAY
qualityE electrophoresis®} Bioanalyzer< o|-&3}e] 3HQldtSit}
(Figure 3). Ribosomal peak® A BH]E&E = 28s¢ 1859
proportions BioanalyzerE §3dle] FAFSH 23} intact RNAS] 28s
¢} 18s9] H]|EL ZAZF 40 %9t 18 %= YEwew™, partially

degraded RNAE= 28se} 18s7}F A= 17 % AEoA AHA+=

o

Bioanalyzerell detection® A %S HAL= EAstE ZA7FA ohFst

R8s

P ehiglth, o]F 40 S HE AHE RNAS ol §3ke] RNA

amplificatione 33k A3}, 40 /o] RE AE

rlo

t}ok3l size®
A Ho] 9o} =Z5 pRNAY sizer 0.2~4 Kbi-Lol I3}

W amplification fold¥ 10° o] A4S el ST,
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Figure 3. Electropherograms of distribution of intact and partially degraded tissue RNA. Analysis vas performe:
using the RNA 6000 Nano LabChip Kit on a BioanatyZe-6 are electropherograms of partially degradesli¢
RNAs from gastric or colon cancer patients.
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(1) cDNA microarray 23 # 3¢

g E= 9 A ORRE I 40 oo FE AHE RAE
g3l A2 amplified mRNAE ©]-83}o] cDNA microarrayE 43}
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A B C D

Figure 4. Representative scanned image of cDNA microarray.
A Normal colon mucosa B : Colon canceicosa
C : Normal gastric mucosa D : Gastric carissue
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Figure 5. M-A plot before and after normalization.

A, B : Normal colon mucosa; C, D : Colon cancesuss, E, F : Normal
gastric mucosa; G, H : Gastric cancer tissue. dgeratio (M=logR/G)

are plotted on the gxis against the log of the geometric mean of

signal intensities (A=log/R/G) for each spot on the slides.
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Figure 6. Box plot before and after normalization.

A, B : Normal colon mucosa; C, D : Colon cancesuss, E, F : Normal
gastric mucosa; G, HGastric cancer tissue. This plot displays a sieait

summary consisting of the median, upper, and |layuartiles as well €

the range. The ogral box in a plot represents the Inter QuartiEnée.
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Gastric Colon
Figure 7-A. Two-way hierarchical clustering of all experiments using
partially degraded tissue RNA. The CN, CT, GN and GT represt
colon normal, colon tumor, gastric normal and gastrmor, respectively.
A number represents each patient’s sample.

Colon tissue RNA Gastric tissue RNA
| er e f = - .
TATA TTTITE TITHG T10N 2Tam s o mn n TS T T4T? TR T8 T3 T1H4 mnmn'mmnsmmmms

Figure 7-B. Two-way hierarchical clustering using selected significant
genes between normal and tumor. The N, T represent normal tissue i

tumor tissue, respectively.
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Figure 8. Unsupervised hierarchical clustering using intact and
partially degraded RNA microarray data. The N, T represent norm
tissue and tumor tissue, respectively.



Table 1. List of top 20 selected significant genes using intact RNA in

colorectal cancer tissues

Accession no.

Name

W76339
AAG29692
AA485151
AA398406
Al669374
AA052960
AA912034
AA446462
AA402440
AA504130
AW084638
H98666
W49672
AA954935
AAG82719
W46577
AA337434

AI350153
AA459292
AA400464

nuclear factor (erythroid-derived 2)-like 3

chaperonin containing TCP1, subunit 5i{eps

heat shock 105kD

Homo sapiens EST00098 gene, last exon
minichromosome maintenance deficient égevsiae) 3
dyskeratosis congenita 1, dyskerin

isoleucine-tRNA synthetase

budding uninhibited by benzimidazoles éast homolog)
Homo sapiens EST00098 gene, last exon
cytoskeleton associated protein 2

carbonic anhydrase |l

procollagen (type 1l1l) N-endopeptidase
wingless-type MMTYV integration site famitgember 5A
matrix metalloproteinase 11 (stromelysin 3
chromobox homolog 3 (Drosophila HP1 gamma)
endothelial cell-specific molecule 1

ESTs, Moderately similar to A40493 DNA topoisome

[H.sapiens]

ATPase, Class VI, type 11A

CDC28 protein kinase 1

SRY (sex-determining region Y)-box 9
(campomelic dysplasia, autosomal sex-reversal)

32



Table 2. List of top 20 selected significant genes using degraded RNA in

colorectal cancer tissues

Accession no.

Name

AA4T78724
R55490

AA815407
AA485893
AAG609992
AA486324

N24824

Al271909
AA975148
W92603
N93505
N59532
H29475
AAG79278

W63749
AA281798

AAG699390
AA634308
Al017052

AA608514

insulin-like growth factor binding protetn

phospholipase C, delta 1

ryanodine receptor 1 (skeletal)

ribonuclease, RNase A family, 1 (pancm®ati

retinol dehydrogenase homolog

proteasome (prosome, macropain) activatbunit 3

(PA28 gamma; Ki)
v-kit Hardy-Zuckerman 4 fate sarcoma viral oncoge
homolog

ESTs

ESTs

cathepsin G

transmembrane 4 superfamily member 2
aminomethyltransferase (glycine cleavageesygprotein T)
pyruvate dehydrogenase kinase, isoenzyme 2

nuclear factor of activated T-cells, cysasmic, calcineurin-
dependent 1

B-cell CLL/lymphoma 2
Homo sapiens mRNA; cDNA DKFZp564C1216 (from cl
DKFZp564C1216)
Novel human gene mapping to chomosom

ATP-binding cassette, sub-family A (ABCijember 8

DNA methyltransferase 1-associated pratein

H3 histone, family 3B (H3.3B)
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Figure 9. Grouping of partially degraded colon tissue RNA according
to degraded states. A group composed of RNA with remainetdosoma
peak. B group composed of RNA with more 18s tham. Z8 group
composed of RNA with hardly remained ribosomal peak
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Intact RNA Degraded- A

Degraded-B 88 Degraded-C

Figure 10. Venn diagram with selected significant genes between normal
and tumor in colon intact RNA and three groups of partially degraded
colon tissue RNA.
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Table 3. List of commonly selected top 20 significant genes between

intact and mildly degraded A-group RNA in colon cancer tissues

Accession no. Name
W95082 hydroxysteroid (11-beta) dehydrogenase 2

AAA44TT727 Homo sapiens cDNA FLJ12770 fis, clone NPP2R01613,
weakly similar to Mitochondrial import receptor suiit TOM40
Al017394 ESTs, Weakly similar to 2109260A B celbgth factor [H.sapiens]
AA609992 retinol dehydrogenase homolog
Al924753 aldo-keto reductase family 1, member Bilddgse reductase-like)
AA454732 interleukin 16 (lymphocyte chemoattracti@ator)
Al301329 aldo-keto reductase family 1, member Bdlfidse reductase)
AA455369 Na+/H+, amiloride solute carrier family
(sodium/hydrogen exchanger), isoform 1 (antipogensitive)
AA293215 ubiquinol-cytochrome c reductase coreginok
W60057 keratin 13
AA461304 KIAA1605 protein

H03961 Homo sapiens CAC-1 mRNA, partial cds

R55490 phospholipase C, delta 1

T65736 selenium binding protein 1

H61193 Wiskott-Aldrich syndrome (eczema-thrombopwgttia)
N59532 aminomethyltransferase (glycine cleavagtesygrotein T)

Al356451 CD19 antigen

Al369378 creatine kinase, mitochondrial 1 (ubiqugp

Al990510 ATP-binding cassette, sub-family G (WHITE), memBer
Al343497 ESTs
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Ho2 A4 FHAE ToM 9 ranke] 20 JHe) FAAE
Table 4o WeERHSATE. ol¢} e A= o] RNAMA o #
Aol 1,320 70 HH A (FDR 0.03 %)E 7FAa2 23 ¥ RNAo
X AL nicroarray data® 7FA 1 clusteringS F33 Ao}
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Figure 11-A. Two-way hierarchical clustering with selected significant
112 genes using Intact RNA microarray data in partially degraded colon
tissue RNA microarray data.
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Figure 11-B. Two-way hierarchical clustering with selected significant
142 genes using partially degraded RNA microarray data in intact
colon tissue RNA microarray data.
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Table 4. List of commonly selected top 20 genes between intact and

degraded RNA in colon cancer tissues

Accession no.

Name

AA046527
AA634308
Al373245
AA171613
H45668
N93505
H23187
Al986336
AA452278

R43532
AI380522
H72723
W95082
AA872383
AA485893
W63749
AATT75454

AA034213
AA932983
Al924753

tetraspan transmembrane 4 super family
ATP-binding cassette, sub-family A (ABCijember 8
hypothetical protein FLJ21511

carbonic anhydrase XIlI

Kruppel-like factor 4 (gut)

transmembrane 4 superfamily member 2

carbonic anhydrase |l

adaptor-related protein complex 1, gammsalunit
solute carrier family 4, sodium bicarbanaptransporter,
member 4

neurexin 1

integrin, beta 7

ESTs, Highly similar to SMHU1B metallothiémdB [H.sapiens]
hydroxysteroid (11-beta) dehydrogenase 2
metallothionein 1E (functional)

ribonuclease, RNase A family, 1 (pancm®ati

B-cell CLL/lymphoma 2
CMP-NeuAC:(beta)-N-acetylgalactosaminide
(alpha)2,6-sialyltransferase member VI

integral membrane protein 3

UDP glycosyltransferase 1 family, polypeetA9
aldo-keto reductase family 1,
member B11 (aldose reductase-like)
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Figure 12-B. Two-way hierarchical clustering with selected significant
1320 genes using partially degraded RNA microarray data in intact
colon tissue RNA microarray data.
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ABSTRACT

Gene expression profiling of partially degraded tissue RNA

using RNA amplification—based cDNA microarray

Yeon Ju Yang

Department of Medical Science
The Graduate School, Yonsei University

(Directed by professor Sun Young Rha)

Recently, c¢DNA microarrys are widely applied in cancer
research to identify the candidate biomarkers for prognosis of
various cancers or predicting the efficacy of cancer therapy.
Besides the limitation of RNA amount in cDNA microarray, the
other significant limitation 1s the requirement of good
quality of RNA. Various RNA amplification methods have been
devised to overcome limitation of amounts and there had been
strong demands to use even the partially degraded RNAs for

gene expression analysis.
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The purposes of this study are to evaluate the possibility of
using degraded tissue RNAs for gene expression analysis and to
evaluate the reliability of the microarray data from the
degraded RNA.

Intact RNA from YCC-16 gastric cancer cell and their degraded
products were prepared by RNase A or NaOH treatment. T7 linear
RNA amplification-based ¢DNA microarray with intact and
degraded RNA using 7.5K human cDNA microarray in an indirect
design was performed. The degraded RNA was successfully
amplified and the quality of microarray data was acceptable
for gene expression profiling. To evaluate the similarity
between intact and degraded RNA a Pearson correlation
coefficient (r?) and discordance rates were analyzed. The
correlation coefficients between 3 conditions were 0.93
between [-RNA and Rd-RNA and 0.86 between I-RNA and Nd-RNA.
The quantity discordance rate was decreased at the larger
fold-changes.

Next, T7 linear RNA amplification—-based cDNA microarray with
partially degraded colon and gastric tissue RNAs (10 normal &

10 tumor tissues for each tumor type) using 17K human cDNA

56



microarray 1in an indirect design were performed. After the
preprocessing, the gene expression profiling was compared with
previous microarray data of intact tissue RNAs (10 normal & 10
tumor tissues for each tumor type) using unsupervised
clustering and the differentially expressed genes between
normal and cancer tissues using SAM.

The degraded tissue RNAs with at least one ribosomal peak
could be successfully amplified and resulted in reliable gene
expression profiling. However, the gene expression patterns of
intact and degraded RNAs were different both in clustering and
selected genes. Among the selected colon cancer specific genes,
114 (FDR 0.36%) in intact and 169 (FDR 0.39%) in degraded
tissues, only 12 genes between them were overlapped, and the
functional category of selected genes i1n each condition was
not exactly identical.

In order to evaluate the influence of degraded states, a
partially degraded colon tissue RNAs were divided into three
groups. As the selected significant genes from intact RNA data
tend to more similar to A group of mild degraded RNA than B, C

group of moderate to severely degraded RNA, it 1s suggested

o7



that the degree of RNA degradation might affect the expression
profiling.
Although the selected genes differ with in intact RNA and
degraded RNA, to observe the reliability of selected
significant genes in degraded RNA microarray data, results of
clustering using the selected significant genes in degraded
RNA to intact microarray data set showed could classify normal
and tumor, and vise versa.

In summary, the gene expression profiling is possible using
partially degraded tissue RNAs, but the cautious data analysis

for relevant biological meaning is needed.

Key Words: cDNA microarray, RNA amplification, partially

degraded tissue RNA

58



	목 차
	국문요약
	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 세포주와 임상 시료 수집
	2. RNA 추출
	3. RNA amplification
	4. cDNA microarray 수행
	5. Data analysis

	Ⅲ. 결과
	1. 세포주에서 intact와 degraded RNA를 이용한 유전자 분석
	가. 절편된 RNA 준비와 세포주 RNA 증폭
	나. 양질의 RNA와 절편된 RNA를 이용한 cDNA microarray 결과 비교

	2. 부분적으로 절편된 조직 RNA를 이용한 cDNA microarray의 수행
	가. 부분적으로 절편된 RNA의 quality 확인과 RNA amplification
	나. 부분적으로 절편된 조직 RNA를 이용한 cDNA microarray의 수행
	(1) cDNA microarray 결과 전처리
	(2) Unsupervised hierarchical clustering 을 이용한 부분 절편된 조직 RNA의 발현 양상 관찰
	(3) 양질의 RNA와 부분 절편된 조직 RNA의 유전자발현 양상 비교
	(4) 부분 절편된 조직의 RNA에서 절편된 정도에 따른 grouping
	(5) 대장암에서 절편된 세 그룹과 양질의 RNA에서 SAM에 의해 선정된 유전자들의 비교
	(6) 절편된 대장암 조직 RNA에서 선정된 유전자군의 유용도



	Ⅳ. 고찰
	Ⅴ. 결론
	참고문헌
	영문요약

