Paclitaxel sensitivity related genes
In gastric cancer

Jae-Joon Jung
Department of Medical Science

The Graduate School, Yonsei University



Paclitaxel sensitivity related genes
In gastric cancer

Directed by Professor Hyun Cheol Chung

The Doctoral Dissertation submitted to the
Department of Medical Science,
the Graduate School of Yonsei University in
partial fulfilment of the requirements for the deg of Doctor
of Philosophy

Jae-Joon Jung

June 2008



This certifies that the Doctoral Dissertation of
Jae-Joon Jung is approved.

Thesis Supervisor : Hyun Cheol Chung

Thesis Committee Member #1 : Sung Hoon Noh

Thesis Committee Member #2 : Hoguen Kim

Thesis Committee Member #3 : Chung Mo Nam

Thesis Committee Member #4 : Sun Young Rha

The Graduate School
Yonsei University

June 2008



Acknowledgements



< Table of contents

ABSTRACT e esesesererseseresmssseasiseseseis sttt ssnns 1
I INTRODUGCTION: ++++eesseseesseseasaresesiamesaiasesssssessesseseesesesessaenens 3
1. MATERIALS AND METHODS: +++eseseseeeesesesssmereesseeeissseresisnnenes 7
1. Cell Lines and CuUltuf@ -« -r-r-rerrrrrrmrmrermen, 7
2. RNA PrEPArAtion - - wessreesseomsseesssseisssisssiss s 7
3. ChemOSENSItiVity ASSEY e eeeereerssssmsismsmninie, 11
4. OligonuCleotide MICrOArTay: - - - rresssremssrrimsneisssiinnees 12
5. Gene SEleCtion ....................................................................... 15
6. HuMan TUMOr Xenograft in MOUSE - -+ --s-wssersseersserresenees 15

7. Quantitative and Semi-quantitative Reverasendaaptase (RT)-
PR e vereseseesseseses e st sttt 16
8. Small Interfering RNA (siRNA) Transfection::«--=-weeeeeee 17
9. IMMUNODIOE ANAIYSHG -++++v-ssreeessreesssremsssemiseissss e 19
10. Ce” Vlablllty Assay ............................................................... 21
11, APOPLOSIS ASSAY: +--++wrwsseeessreessremsssromsssisssisssseaes 21
12. Ce” CyCle AnaIySiS‘ .............................................................. 22
13. Statistica| MethOd‘S ............................................................... 23
I RESULTS e eeeereeereseesesemsmmemmmesesesissssisissssessseseses s ssssssssssesesesenas 24



1. Chemosensitivity Profiling of 78 Human Can€all Lines:-----24
2. Gene Expression Profiling of 78 Human Cancdr IGres---- 24
3. Selection of Paclitaxel Sensitivity Geneg:--«««-----xeemeeeenee 26
4. 1n vivo Prediction of Paclitaxel Sensitivity:--«----seoseeereeeeees 33
5. Gene Annotatlon of Selected Genes .................................... 37
6. Expression Validation of Selected Geneg:«««++-----weereveeeeeeeee 42
7. Knockdown of Gene Expression by SIRMNAx--«terweeeemeeeeeee 45
8. Restoration of Paclitaxel Sensitivity-l. Celb¥Mility Assay:----- 51
9. Restoration of Paclitaxel Sensitivity-1l. Apopts Assay:----- 54
10. G2/M Phase Arrest Effect of Gene Knockdown:«------------- o7
|V DlSCUSSlON .............................................................................. 61
V_ CONCLUS'ON ............................................................................. 66
REFERENCES ................................................................................. 6’7
ABSTRACT (|N KOREAN) ............................................................. 78



LIST OF FIGURES

Figure 1. Dose-effect curve by calcusy: - wreeereeeene: 13

Figure 2. Chemosensitivity profiling of 78 humamcer cell

Figure 4. Selection of paclitaxel sensitivity reldtgenes by
the Volcano plot of GENESPriNG GXeww+wwswwwsserwssrrisseness 28
Figure 5. Supervised hierarchical clustering ofsbkected 115
genes with resistant and sensitive cell lines: oot 34
Figure 6. Tumor growth curve of NCI-N87 and MKN-45
derived tUMOIS - e, 38

Figure 7. Body weight change during the experiment:--39

Figure 8. Unsupervised hierarchical clustering bfee
resistant tumors (yellow) and three sensitive tianeed)
with 15,846 genes satisfied NMP 80%---weeeeeeeene. 40

Figure 9. Supervised hierarchical clustering of ggbes with
resistant/sensitive (yeollow/red) cell lines (blad tumor
HISSUES (@MY -++++vsssrrsssrosssrssssesssissssisssiss s 41

Figure 10. Gene annotation of 115 paclitaxel setitstrelated

iii



Figure 11. Eleven genes selected for expressiodatain--44
F|gure 12. Sem|_quant|tat|ve RT_PCR .................................. 46

Figure 13. Correlation of microarray and quanttatiRT-

Figure 14. Relative expression by quantitative KRP48

Figure 15. S|RNAS targe“ng MRNA e 49
Figure 16. Repressed mRNA expression by SIRNA::- 50
Figure 17. Repressed protein expression by SiRINA-----52

Figure 18. Restoration of paclitaxel sensitivityCell viability
ASSAY — LAMPR - eseeseeseessesssississiisti i 53
Figure 19. Restoration of paclitaxel sensitivityCell viability
aSSAY — RARRESG +++vserseesssessseisssissiiisiisiiiis 55

Figure 20. Restoration of paclitaxel sensitivity-Rpoptosis

ASSAY — LAMPR -+ vvevseisseisseiisiisii s 56
Figure 21. Restoration of paclitaxel sensitivity-Rpoptosis

ASSAY — RARRESG +++rvseeseesssessseisssissiissiisiiiiis 58
Figure 22. Cell cycle arrest analysis: e 59



LIST OF TABLES

Table 1. The origins and &3 of 78 human cancer cell lin&s

Table 2. The primer sets for quantitative and sguaintitative

T T 18
Table 3. The sequences of siRNAs for LAMP2 and
N o 0 20

Table 5. The result of Leave-one-out cross-valaratof 43
resistant and sensitive cell lines with selecteésl ddnes-35
Table 6. The result of support vector machine mgistant and

sensitive tumor tissues derived from gastric cane#rlines

W|th Se'ected 115 gen.es ....................................................... 49



Abstract

Paclitaxel sensitivity related genes in gastriccesin

Jae-Joon Jung

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Hyun Cheol Chung)

Paclitaxel, a widely wused anticancer drug, inkibitmicrotubule
depolymerization during mitosis, which leads tol aidath in various cancer
types. Paclitaxel resistance has been widely dudiat the mechanism was
confined to MDR1 and tubulin. Herein, we selectedet paclitaxel sensitivity
related genes using a high-throughput method alidiated their functions with
respect to paclitaxel sensitivity. We constructdebrnosensitivity and gene
expression profiles for 78 human cancer cell limsing MTT-assays and
oligonucleotide microarrays, respectively. Genethwdifferential expression
between the resistant and sensitive groups werectedl as paclitaxel
sensitivity-related genes. Leave-one-out crosdatitin (LOOCV) was
performed for internal validation, and support eeahachine (SVM) was used

for in vivo chemosensitivity prediction with tumors derivednr gastric cancer



cell lines. For functional evaluation of selectexhgs in gastric cancer cell lines,
gene silencing was conducted with siRNA followed dall viability assays,
apoptosis assays, and cell cycle arrest analydls paclitaxel treatment. We
selected 115 genes that were related to paclisemditivity, for which LOOCV
predicted an accuracy of 93%. The SVM demonstratprediction accuracy of
100% for the selected genes and demonstratedhbse tselected genes could
be predictive markers for paclitaxel chemotherapfter confirming the
expression of the selected genes by quantitatidesami-quantitative RT-PCR
in resistant and sensitive gastric cancer cellsli(dCI-N87 and MKN-45,
respectively) andn vivo tumor tissues derived from NCI-N87 and MKN-45,
functional studies were performed with LAMP2 and RRRES3 in NCI-N87
cell line. Using siRNAs, we observed that the espien of these genes was
repressed. Subsequent cell viability assays, ap@ptssays, and cell cycle
arrest analysis revealed that knockdown of thegegenes restored paclitaxel
sensitivity by increasing necrosis, late apoptoaig] cell cycle arrest at the
G2/M phase. In conclusion, the selected genes rmaagsanot only predictive
markers for paclitaxel chemotherapy, but also a&nuhsensitizers for

paclitaxel in chemo-naive gastric cancer patients.

Key Words: paclitaxel sensitivity, predictive markeharmacogenomics, gastric

cancer
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Jae-Joon Jung

Department of Medical Science
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(Directed by Professor Hyun Cheol Chung)

[. INTRODUCTION

Chemotherapy is one of the most important modalitiecancer treatment and
many investigators have tried to improve its efficaand reduce its toxicity.
However, there remains insufficient understanding§ tbe targets of
chemotherapeutic drugs, their mechanisms of actamg inter-individual
variability in responses to these drugs. Thesectiefire due in part to a lack of
effective predictive markers for drug sensitiviBlinical applications of the few
predictive markers that have been identified tlushive been unsucces$ful
Previous studies have identified several markee getdgn vitro, but these have
not validated the selected genes in animal modgbatients Therefore, in order
to investigate the relationship between identifieatker gene sets and the drugs,

in vitro data needs to be applied in vivo to obtinical datd™. Further, gene



knockdown (or over-expression) methods for funaloralidation of anticancer
drug-related genes are required.

Gastric cancer ranks fourth among the most comeemcers and is the
second-leading cause of cancer-related deaths indwide'®, with an
aggressive tumor doubling time of 40 to 80 day€urrently, the major
treatment modalities for gastric cancer are surgarg chemotherapy. Most
patients who receive radical surgery also recedjevant chemotherapy.

The main anticancer drug used for advanced gasiricer, 5-fluorouracil (5-
FU), produces a single-agent response rate (RR)nbf 12% and a median
survival time (MST) of 7 montH$ In the late 1990s, a randomized phase I
trial conducted by the European Organization fosdaech and Treatment of
Cancer announced that the MSTs were increased>apmtely 7 months with
ELF (etoposide, leucovorin and bolus 5-FU), FUPfu@ional 5-FU plus
cisplatin) and FAMTX (5-FU, doxorubicin and metletate), respectively,
Another drug combination, irinotecan and cisplapimduced a 48% RR and a 9
months MST®. The therapeutic impact of these results on sahias been
modest at best. Therefore, new anticancer agentaegded to improve the
survival of patients with metastatic gastric cancer

Paclitaxel, a natural product-based anticancer dierived from the bark of
the Pacific Yew,Taxus brevifolia, inhibits microtubule depolymerization during
mitosis followed by cell deathand is a more effective anticancer compound
than older drudg, providing a broad spectrum of antitumor activityat

includes lung, breast, and ovarian cancéfs Paclitaxel has demonstrated



substantial activityin vitro against MKN-28 and MKN-45 gastric carcinoma
cell line$’. A phase Il trial involving paclitaxel and gastdancer demonstrated
promising activity, with a RR of 20% In 1999, a combination of paclitaxel, 5-
FU, and cisplatin was introduced to treat advargastric carcinoma with the
tolerable toxicity®. Since then, paclitaxel has been used for gastnicer both
alone and in combination with other drugs with goesponse rat&s®

Despite these findings, the enormous clinical sssof paclitaxel has been
compromised by the emergence of drug resistanciehvelppears to be derived
from several independent mechani$mJhe better characterized biological
mechanisms mediating resistance to paclitaxel dechine enhanced activity of
the xenobiotics transporter MDR1/P-glycoprot&irand alterations in tubulin
structure and tubulin expression levefé Several studies, which have been
contradictory, have searched for predictive markdrpaclitaxel resistance in
various cancers. Thus, there is a need to idemtifyel markers to predict
paclitaxel sensitivity before clinical administiati especially in gastric cancer.

To identify genes that may predict paclitaxel gy, we utilized genome-
wide microarray technology. Microarray technologgshbeen used to screen
genes that are associated with chemosensitivitgaimcer cell linés. This
technology has facilitated the analysis of genondevexpression profiles that
can efficiently generate information on a largelesda clinical or biological
samples. Further, spotted oligonucleotide micrgarravith a 70-base length,
provide high quality results, avoid clone validatidaracking, and maintenance,

and minimize cross-hybridizatidtt®.



To identify novel predictive markers that may pegghaclitaxel sensitivity in
gastric cancer, we used 78 human cancer cell foregene selection. We then
performed predictive and functional validation sésdwith gastric cancer cell
lines. Next, we selected genes using gene expressid chemosensitivity
profiling of 78 human cancer cell linés vitro. Internal validation of selected
genes was used to confirm that our selections wesreonable. To confirm the
prediction ability of the selected geniesivivo, we established xenograft tumors
with gastric cancer cell lines. Consistent with dwpothesis, the genes
correctly predicted in vivo chemosensitivity forcfitaxel. After knockdown of
selected genes, functional validation by cell ligbassays, apoptosis assays,
and cell cycle arrest analysis demonstrated thah@gds in gene expression
restored sensitivity to paclitaxel. These selegedes may act not only as
predictive markers for paclitaxel chemotherapy, &lsb as chemo-sensitizers

for paclitaxel in chemo-naive gastric cancer pasien



[I. MATERIALS AND METHODS

1. Cell Lines and Culture

Among a total of 78 human cancer cell lines of masi origins, 63 cell lines
were obtained from the American Type Culture Caitet (ATCC, Rockville,
Maryland, USA), and 15 cell lines were establisHeam Korean cancer
patients at the Cancer Metastasis Research Ca&l@RC, Yonsei University
College of Medicine, Seoul, Korea). The complese dif cell lines is presented
in Table 1. Cells were cultured in proper mediavjgted by the manufacturer
supplemented with 10% FBS (Omega Scientific, Teaz&lA, USA) and 100
U/ml penicillin and 0.1 mg/ml streptomycin (Inviggen, Carlsbad, CA, USA),
and incubated at 37 in a 5% CQ humidified atmosphere. Media was replaced

every 3 days.

2. RNA Preparation

Total RNA was extracted from each cell line usiriRlZol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturenstructions. Yonsei
reference RNA (Cancer Metastasis Research Cen&oulS Korea) was
prepared by pooling equivalent amounts of total Rik#n the following 11
human cancer cell lines: YCC-B1 (breast cancer)TH05 (colon cancer), SK-

HEP-1 (hepatoma), A549 (lung cancer), HL-60 (agutanyelocyte leukemia),



Table 1. The origins and ¥ of 78 human cancer cell lines

No. Cell line Origin 1Go (UM)
1 HT-1376 Bladder cancer 0.046
2 RT4 0.003
3 IMR-32 Brain cancer 0.004
4 YCC-BRN 0.002
5 T98G 22.968
6 Us87MG 13.007
7 MCF/ADR Breast cancer 0.384
8 MCF-7 0.542
9 MDA-MB-231 0.064
10 MDA-MB-435 0.052
11 SK-BR-3 0.007
12 T47D 0.007
13 YCC-B1 8.015
14 YCC-B2 0.007
15 YCC-B3 9.467
16 YCC-B5 7.229
17 C33A Cervix cancer 0.006
18 CasSki 0.006
19 Hela 0.006
20 SiHa 0.035
21 COLO 205 Colorectal cancer 0.006
22 DLD-1 0.051
23 HCT-116 0.058
24 HCT-15 0.053




25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

HT 29
HT-1080 Fibrosarcoma
AGS Gastric cancer
MKN-45
NCI-N87
SNU-1
SNU-484
YCC-1
YCC-2
YCC-3
YCC-6
YCC-7
YCC-10
YCC-11
YCC-16
HS746T
KATO Il
MKN-1
MKN-28
MKN-74
SNU-5
SNU-16
SNU-216
SNU-638
SNU-668

HL-60 Hematologic cancer

Jurkat
Molt 4

0.081
0.036
0.038

0.019

8.284

1.652

0.011

8.893

9.137

10.586

8.280

15.282

7.978

6.931

8.016

0.081

0.002
0.026
0.602
0.182

0.039

0.001

2.050

0.004

0.051

0.048

0.004

0.054




53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Raji
Caki-2 Kidney cancer
HepG2 Liver cancer
Hep3B
SK-Hep-1
SNU-182
SNU-398
SNU-449
SNU-739
A549 Lung cancer
NCI-H1299
NCI-H460
NCI-H596
NCI-H647
NCI-H69
G361 Melanoma
SK-MEL-2
SK-MEL-24
YCC-0O1 Ovary cancer
Capan-2 Pancreas cancer
YCC-YJH
LNCap Prostate cancer
PC3
SCC-1438 Tongue cancer
SCC-15
SCC-25

1.708
11.965
2.077
7.166
1.241
0.033
11.915
8.384
0.005
1.331
0.047
0.042
0.030
0.905
14.123
31.122
0.715
8.607
13.934
6.342
0.005
7.216
0.051
7.058
7.056
0.333
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MOLT-4 (acute lymphoblastic leukemia), HelLa (cealiccancer), Caki-2
(kidney cancer), T98G (glioblastoma), HT1080 (fikmocoma) and YCC-3
(gastric cancefy. The quantity and quality of RNA was confirmed dry ND-

1000 spectrophotometer (NanoDrop Technologies, Widton, DE, USA) and

gel electrophoresis.

3. Chemosensitivity Assay

Growth inhibition was measured in 13 human gastancer cell lines with
paclitaxel (Sigma, Saint Louis, MO, USA) using thdTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium broda, Sigma, Saint Louis,
MO, USA) assay. Each cell line was seeded into -avélé microplate (BD
Falcon, Franklin Lakes, NJ, USA) and incubated 2dr hours at 3T in a
humidified 5% CQ atmosphere. Paclitaxel was serially diluted byturel
media and various concentrations were added towaltthFollowing 72 hours
of incubation, 5Qul (2 mg/ml) of MTT solution was added and incubatedan
additional 4 hours. After centrifugation at 400og 10 minutes, the medium and
MTT were removed from the wells and the remainingiTMormazan crystals
were dissolved by addition of 150 dimethyl sulfoxide (DMSO, Sigma, USA).
Following 10 minutes of shaking incubation, the abance at 540 nm was
measured with a multi-well ELISA automatic specteden (Behringwerke,
Marburg, Germany). Results are expressed as peceéirgurvival, which was

calculated using the following formula: % surviva[(mean absorbance of test

11



wells — standard absorbance) / (mean absorbancerfol wells — standard
absorbance)] x 100. Control wells were treated witddium alone (without the
anticancer drug). Percent cell survival at varyihgilg concentrations was
plotted to determine the growth inhibitory concation. The drug
concentration at which 50% of cancer cells survifl€d,) was calculated using
Calcusyn software (Biosoft, Cambridge, UK)Figure 1 shows Ig calculation
examples in the resistant cell line G361 and insdesitive cell line KATO IIl.
Because there were wide variations in the scatkataf points for different drugs,

the IG, was transformed to a lggscale.

4. Oligonucleotide Microarray

Oligonucleotide microarray analysis was performethgl a human oligo chip
(CMRC-GT, Seoul, Korea) containing 22,740 oligomatide probes of 70
bases based on a reference design. The test safRplésfrom each cell line)
were labeled with Cy5 and individually co-hybridizevith the Cy3-labeled
reference RNA. One hundred micrograms of total R each sample was
mixed with oligo-dT primer (Genotech, Daejun, Kgread incubated at 66
for 10 minutes. After adding SuperScript Il (Ineigren, Carlsbad, CA, USA),
5X first strand buffer, 100 mM DTT, low-dT/dNTP miand Cy3- or Cy5-dUTP
to the RNA/oligo-dT mixture, a reverse transcriptiprocess was performed at
42°C for 2 hours. The remaining RNA was then hydrolybgdincubation at

65C for 30 minutes in 0.1 N NaOH and the reaction wasitralized by

12
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T
20 40 50

Diug concentration (uM)

O

Effect

1 T 1
2.0e-03 4.0e-03 5.0e-03

Drug concentration (uM)

Figure 1. Dose-effect curve by calcusyn. A. An egharof a resistant cell line,
G361. The IG, was calculated when the effect value on the y seashed 0.5.

B. An example of a sensitive cell line, KATO Il
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addition of an equal volume of 0.1 N HCI. The Cy3xd Cy5-dUTP labeled
probes were purified using a QIAquick PCR PurifizatKit (Qiagen, Valencia,
CA, USA). The purified probes were combined andeadixvith Human Cot-1
DNA (Invitrogen, Carlsbad, CA, USA), yeast tRNA\itrogen, Carlsbad, CA,
USA) and poly (A) RNA (Sigma, Saint Louis, MO, USAJhe final probe was
concentrated using a Microcon YM-30 column (MillipoBedford, MA, USA)
and denatured at 1@0 for 2 minutes. Oligonucleotide microarrays were-pr
hybridized in 5X sodium chloride/sodium citrate fleuf(SSC), 0.1% sodium
dodecyl sulfate (SDS), and 10 mg/ml bovine seruonrain (BSA) at 42 for

1 hour. Next, the probe was hybridized in 30% famuke, 5X SSC, and 0.1%
SDS at 42 for 16 hours. Following hybridization, arrays wesequentially
washed for 2 minutes in 2X SSC with 0.1% SDS, 1>XCS@th 0.1% SDS,
0.2X SSC, and 0.05X SSC, and spin-dried at 500ugpréscence was measured
using a GenePix 4000B scanner (Axon InstrumentsteFcity, CA, USA) and
the scanned images were processed using GenePi®.@reoftware (Axon
Instruments, Foster City, CA, USA).

For further analysis, raw Cy5/Cy3 data weredtvgnsformed. Systemic errors
were corrected by normalization using intensity edefent, within-print, tip
normalization based on the Lowess function. Afternmalization, genes that
were missing more than 20% of their values in apegiments were filtered.
The values of repeated genes were adjusted byss2B0 software (Insightful,
Seattle, WA, USA). Hierarchical clustering andvisualization were performed

with the Cluster module of GeneSpring GX (Agileetciinologies, Santa Clara,

14



CA, USA).

5. Gene Selection

To select paclitaxel sensitivity-related genes, nobeensitivity and gene
expression profiling were integrated. In the cheens#tivity data, cell lines
with a logqlCs, exceeding more than one standard deviation (SDg defined
as resistant to paclitaxel, whereas cell lines witlhgCs, under the one SD
were defined as sensitive to paclitaxel. Cell lingth log;olCso within one SD
were considered to be intermediates and were ai@ihfrom analysts Using
the Volcano plot of GeneSpring GX, genes differhtiexpressed over 1.5-fold
with high significance (p<0.01) between resistamd aensitive cell lines were
selected as paclitaxel sensitivity-related geneas.varify selected genes in
resistant and sensitive cell lines, the Leave-arte-cross-validatiotf of
GeneSpring GX was used. Annotation of the selegetes was performed
using the Stanford Online Universal Resource foon€t and Expressed
sequence tags (http://source.stanford.edu/cgi-bgource/ sourceSearch,
SOURCE, Stanford, CA, USA) and FatiGO (http://fatigo.bioinfo.cipf.es/,
BABELOMICS, Valencia, Spaifiy.

6. Human Tumor Xenograft in Mice

For tumor cell implantation, 1@f the NCI-N87 resistant gastric cancer cell

15



line and the MKN-45 sensitive gastric cancer cile lwere trypsinized and
resuspended in 100 ul of PBS immediately prior rtoculation. Cells were
injected subcutaneously into the right flank of éek-old Balb/c female
athymic nu/nu mice. When tumors reached a volum&Qar-300 mm, mice
were randomly grouped into a control group andeateéd group (five mice
each). The day of the group assignments was defisethy 1. Tumor volume
was measured every 2 days and the volumes wengdataid using the equation
V= (Dxd?/2, where V (mn) is the tumor volume, D is the longest diameter in
mm, and d is the shortest diameter in ‘thiRaclitaxel was administered i.p. at a
dose of 15 mg/kg on days 1, 4, afft*# the control group received 0.9% saline
according to the same schedule. Tumor volume meamnt continued until
the 23rd day. At the time of termination, all oftmice were sacrificed and
paclitaxel-naive control tumors were excised fonayeexpression profiling.
Total RNA extraction from tumor tissues and oligoleatide microarrays was
conducted as described above. For the predictiom gfvo chemosensitivity
with the selected genes, the support vector ma¢&ivi&)*? of GeneSpring GX

was applied.
7. Quantitative and Semi-quantitative Reverse Tuapimse (RT)-PCR
To validate the expression of selected genes bP®&R; 4 ug of total RNA

from each sample was mixed with oligo-dT primer aalibated at 6% for 10

minutes. After adding SuperScript II, 5X first stdabuffer, 1700 mM DTT, and

16



10 mM dNTP mix to the RNA/oligo-dT mixture, a regertranscription process
was performed at 42 for 1.5 hours. The remaining RNA was hydrolyzed by
incubation at 6% for 15 minutes in 0.1 N NaOH. The reaction wasnthe
neutralized by addition of an equal volume of 0.1HEI. The synthesized
cDNA mixtures were purified using a QIAquick PCRrifloation Kit (Qiagen,
Valencia, CA, USA). For both semi-quantitative apdintitative RT-PCR, 200
ng of purified cDNA was used. Semi-quantitative RTR (sqRT-PCR) was
performed using Tag DNA polymerase (Invitrogen,I€taad, CA, USA) and the
amplified products were separated on ethidium bdengjels containing 1.2%
agarose. The house-keeping gene GAPDH was usedcastl for equal
loading. Quantitative RT-PCR (qRT-PCR) was perfatmesing QuantiTect
SYBR Green PCR (QIAGEN, Valencia, CA, USA). Eachation was run in
duplicate on a Stratagene MX3005P (Stratagene, dlia, JCA, USA).
Expression values for each gene were determinedlg uai standard curve
constructed from Human Genomic DNA (Promega, Madistl, USA). The
house-keeping gene ACTB was selected for normaizaand the standard
curve. Non-template-control wells without cDNA weirecluded as negative
controls. The primer sets for RT-PCR amplificatare presented in Table 2. To
compare gene expressions between the microarrayg®TdPCR data, an

appropriate Pearson correlation coefficient wasutated.

8. Small Interfering RNA (siRNA) Transfection

17



Table 2. The primer sets for quantitative and sguaintitative RT-PCR

No. Gene symbol Direction Sequence (5'-3")
Left CTTGTCATTGCCAGCTGTGT
1 IL8
Right GCCTTGTATTTAAAAATGCAGTCA
Left GACAAGGTCACCCTGGAAGA
2 C3
Right ACTTGATGGGGCTGATGAAC
Left TGCCTTGGCAGGAGTACTTA
3 LAMP2
Right TCTCAAAATGCTGGGATTGAT
Left TATTTTGTGGGCTGGTTGCT
4 ENC1
Right TGAACATGAACATTTTCCTTCAA
Left TGAAGCAGCCACAAAATCCT
5 RARRES3
Right GGGCAGATGGCTGTTTATTG
Left TGTGACAAGAGATGAGCCTCTG
6 ARHGAP18
Right ATCATGAACACCGTTTGTGC
Left GCCATTACACTGTGCTTGGA
7 DDX58
Right CCTCCACCACAAAACTTTCAA
Left TGGGGCTACTGTTTCAGTCC
8 SERPINA5S
Right AAAGGATGAATGGCACTTGA
Left GGAGTCCTTGAGCACCTCAG
9 P2RX5
Right GGCAGGAAGGTGGTGTCTT
Left GGAAATGCTTCTCCACCAAA
10 SRPK1
Right GTGAGATCGTGGCAATTTGA
Left CACGGTCAAACTGAAATGGA
11 SOX4
Right ACTGACTGCCCCTGTACCAC
Left CCATGGAGAAGGCTGGGG
12 GAPDH
Right CAAAGTTGTCATGGATGACC

18



Left GGGAATTCAAAACTGGAACGGTGA
13 ACTB
Right GGAAGCTTATCAAAGTCCTCGGCC

Twenty-four hours prior to transfection, variousmhers of cells were
suspended in growth medium without antibiotics aedded in a plate. The cell
density was 30-50% confluence at the time of treect&fn. Transfection of
siRNAs was carried out with Lipofectamine RNAIMAXnhyitrogen, Carlsbad,
CA, USA). Stealth siRNAs (Invitrogen, Carlsbad, G4SA) targeting LAMP2
or RARRES3 were mixed with Opti-MEM | Reduced Serudedium
(Invitrogen, Carlsbad, CA, USA). This mixture wédmen mixed with an equal
volume of Lipofectamine RNAIMAX in Opti-MEM | Reded Serum Medium.
After 20 minutes of incubation, the final mixturegre added to each well of
the plate for a final sSiRNA concentration of 2 nifter a minimum of 48 hours
of incubation, cells were harvested and used fdhéu analysis. The sequences
of all siRNAs are listed in Table 3. A Stealth RNKegative Control Duplex
(Invitrogen, Carlsbad, CA, USA) was used for noméding SiRNAs (NT

siRNA) as a negative control.

9. Immunoblot Analysis

A total of 2x10 cells of the NCI-N87 cell line were plated into @ach well of

a 6-well plate. After 24 hours, Lipofectamine RNANX (control), NT siRNA,

19



Table 3. The sequences of siRNAs for LAMP2 and RERR

Gene symbol Target site Direction Sequence (5'-3")
Left AUUAAGUUCCAAUGCAUAAGACCGC
Site 1
Right GCGGUCUUAUGCAUUGGAACUUAAU
Left UUUGUAGUUUCAUAGGGUACUGUGA
LAMP2 Site 2
Right UCACAGUACGUCAUGAAACUACAAA
Left AAAGCUUGUACAAGAACAUCCCAGU
Site 3
Right ACUGGGAUGUUCUUGUACAAGCUUU
Left AUAUACAGGGCCCAGUGCUCAUAGC
Site 1
Right GCUAUGAGCACUGGGCCCUGUAUAU
Left UGACCAACCAUCUCCUUCGCAGAAC
RARRES3 Site 2
Right GUUCUGCGAAGGAGAUGGUUGGUCA
Left AAAGAGCAUCCAGCAACAACCAGGA
Site 3
Right UCCUGGUUGUUGCUGGAUGCUCUUU

and siRNA were treated as mentioned above for 4@&shoro confirm the
inhibition efficiency of siRNA, siRNA treated cellgiere incubated for an
additional 72, 96, 120 hours. The media was disshrdnd the cells were
washed twice with PBS. Then, 60 ul of lysis buffed fmM Tris HCI (pH 7.4),
150 mM NaCl, 1ImM EDTA, 1 mM sodium orthovanadaten® NaF, 10 ug/ml
aprotinin, 10 ug/ml leupeptin, 1 mM PMSF) was addeells were detached by
scrapping, incubated on ice for 30 min, and sepdrdily centrifugation for

immunoblotting. Whole cell lysates were separatg@&DS-PAGE using 9.4%
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polyacrylamide gels. Proteins were transferred dPDF membranes and
analyzed by immunoblotting using antibodies again&MP2, 1/1000, and
RARRES3, 1:500 (Santa Cruz Biotechnology, SantazCrGA, USA).

Secondary sheep anti-mouse IgG-HRP (GE healthBarekinghamshire, UK)
and donkey anti-goat 1gG-HRP (Santa Cruz Bioteabggl Santa Cruz, CA,
USA) were used at 1/2000 and 1/1000 dilutions, eetypely. The membrane
was developed by ECL Western blotting reagents (Ahswnm Pharmacia
Biotech, Buckinghamshire, UK). Anti-GAPDH (Abcama@bridge, UK) was

used to control for equal loading.

10. Cell Viability Assay

Twenty-four hours before transfection, 1.5 X &6lls of the NCI-N87 cell line
were plated on each well of a 48-well plate. Cellgre treated with
Lipofectamine RNAIMAX (control), NT siRNA, and siRNas detailed above
for 48 hours. After washing each well with PBS, ljjakel was serially diluted
in culture media and various concentrations werdeddo each well (0-6 uM).
Following 72 hours of incubation, the MTT-assay wwasformed as described

in the chemosensitivity assay section.

11. Apoptosis Assay

Apoptosis in cells was evaluated by double stainimigh fluorescein-
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isothiocyanate (FITC)-labeled annexinV (BioBud, @edorea) 7-AAD
(Calbiochem, La Jolla, CA, USA). A total of 2X1RCI-N87 cells were plated
on each well of a 6-well plate. After 24 hours, dfectamine RNAIMAX
(control), NT siRNA, and siRNA were added as maraib above for 48 hours.
Following treatment, the media was discarded amth @zll was washed with
PBS twice. Three milliliters of growth medium witt0% FBS or 6nM of
paclitaxel in the same medium were then added ¢b aell for 48 hours. The
cells were trypsinized and washed twice with PRSpended with 500 ul of 1x
binding buffer (BioBud, Seoul Korea), followed hyet addition of 1.25 ul of
annexin V-FITC. After incubation for 15 minutesrabm temperature in dark
conditions, cells were washed with PBS and reswdgmbrin 500 ul of 1x
binding buffer, followed by the addition of 1 ul &fmg/ml 7-AAD. After an
additional 72 hours of incubation at room temperata the dark, cells were
washed with PBS and resuspended in 500 ul of PB& fihal concentration of
cells was approximately i@ells/ml. As soon as possible, stained cells were
analyzed by flow cytometry and the population wagasated into four groups:
live cells were shown only at the lower left parsgdpptotic cells were shown at
the lower right panel, necrotic death was showmatupper left panel, and late

apoptosis was shown at the upper right panel.

12. Cell Cycle Analysis

Cell cycle analysis was performed by staining waitbpidium iodide (PI) (BD
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Biosciences, San Jose, CA, USA). A total of 2.544CI-N87 cells were plated
into each well of a 6-well plate. Following platingiRNA and paclitaxel
treatment were conducted in the same manner d®iagoptosis assay except
that the duration of paclitaxel incubation was 2uns. The washed cells were
resuspended in 1 ml of Pl solution, and incubatedl® minutes at RT in dark
conditions. Following washing with PBS, cells weesuspended in 500 ul of
PBS and analyzed by flow cytometry. The cell potfiotaof the G2/M phase

was counted for comparison.

13. Statistical Methods

Statistical significance of the data was evaludtgdalculating the student t-
test for comparison between any two groups (t@péd data) and the

Kolmogorov-Smirnov test for comparison between any two whole

chemosensitivity data sets.
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[ll. RESULTS

1. Chemosensitivity Profiling of 78 Human Cancel Cmes

Paclitaxel was tested for growth inhibition in 78nfan cancer cell lines.
Twenty six cell lines with a laglCso over 1 SD were defined as the resistant
group and the 17 cell lines with a g5, under the 1 SD were defined as the
sensitive group (Figure 2.). Whether a cell lineaswesistant or sensitive
groups did not appear to be related to its origgsi§tant group: 2 brain, 3 breast,
9 gastric, 2 head and neck, 1 kidney, 3 liver, igJu2 melanoma, 1 ovary, 1
pancreas, and 1 prostate; sensitive group: 1 biatiddood, 2 brain, 2 breast, 3
cervix, 1 colorectal, 5 gastric, 1 liver, and 1 gaas). All cell lines in the
resistant group had highers§ and all cell lines in the sensitive group had
lower 1Gses than the maximum concentration of paclitaxel,olvhwas 4.27 uM.

The IGgs of all 78 cell lines are listed in Table 1.

2. Gene Expression Profiling of 78 Human Cancel Gprés

To investigate the genetic characteristics of eamhline, we performed gene
expression profiling for 78 untreated cancer cilés using oligonucleotide
microarrays. A total of 19,494 genes that satisflea non-missing proportion
(NMP) of 80% among the 78 cell lines were selefedurther analysis. When

unsupervised hierarchical clustering was conduasidg the log (Red/Green)
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Figure 2. Chemosensitivity profiling of 78 humamcer cell lines. Meant 1
SD of loglCs of the cell lines was applied to divide the cileb into resistant
and sensitive groups. Twenty-six cell lines, repnésd by black bars, which
had a logylCso 1 SD over the mean were defined as the resistaapgand 17
cell lines, represented by grey bars, which hadgalCso 1 SD less than the
mean were defined as the sensitive group. Intetes)i represented by white

bars, were excluded from further analyses.
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ratio there were several clusters of cell linesvimch the cell lines clustered

together due to the similarity of their originsdiie 3.).

3. Selection of Paclitaxel Sensitivity Genes

First, we performed unsupervised hierarchicaltehirsg with 43 resistant and
sensitive cell lines. The cell lines were not aust according to paclitaxel
sensitivity, but rather according to their origiffihus, we attempted to select
genes which were specifically related to paclitagsehsitivity. Using the
Volcano plot of GeneSpring GX, we selected 115 gdhat were differentially
expressed between the resistant and sensitive gywitip a difference of at least
1.5-fold, indicating statistical significance (p@Q) (Figure 4.). The 115
selected genes are listed in Table 4. The 115 ghaesvere selected comprised
48 up-regulated genes and 67 down-regulated gemebkei resistant group.
Supervised hierarchical clustering of the 115 gewesnonstrated good
correlation with the resistant and sensitive dakd (Figure 5.). To statistically
confirm this classification result, Leave-one-oudss-validation was performed
with the resistant and sensitive cell lines asraarnal validation of the 115
genes. The results demonstrated a prediction ancofe®3%, indicating that it

was reasonable to associate the genes with patlgarsitivity (Table 5).
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bladder W cervix W gastric liver ovary W ovary

B brain colorectal M hematologic W lung 4 pancreas

M breast I fibrosarcoma kidney B melanoma B prostate

Figure 3. Gene expression profiling of 78 human ceancell lines.
Unsupervised hierarchical clustering of 78 celefirand 19,494 genes (NMP
80%) showed that cell lines which had similar arggtended to be clustered
together. The color bars under the treeview reptedethe origins of the cell
lines. The scale bar on the right side of treevimdicates the expression values;

red denotes high expression and green denotesdaession.

27



-log, (p-value)
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Figure 4. Selection of paclitaxel sensitivity-reldtgenes by the Volcano plot of
GeneSpring GX. With the criteria of fold change .81and p-value (<0.01),
115 genes, represented by yellow spots, were €diffely expressed between
the resistant and sensitive groups and were sdledepaclitaxel sensitivity-

related genes.

28



Table 4. Informations and expression values in easistant and sensitive

group of selected 115 genes

Expression value (log2R/G)

Status Gene symbol
Mean of resistant group Mean of sensitive group

IL8 -0.73 -2.99

C3 0.33 -1.77

EST 0.58 -0.10

IFNA1 0.67 0.08
PECR 0.59 -0.13

SERPINAS 0.87 0.07

SAT -0.19 -1.57

EST 0.45 -0.24

EST 0.87 0.20

BTD 0.93 0.19
Up-regulated in SCARB2 0.60 -0.21
resistant group TNS3 -0.35 -1.72
ARHGAP18 -0.47 -1.87

TSPAN16 1.34 0.62

EST 0.10 -0.82

DOCK5 0.47 -0.54

PDK4 -1.16 -1.94
Clorf51 1.49 -0.45

EST 1.05 0.33

EST 0.55 -0.06

EST 0.41 -0.24

LAMP2 0.84 -0.08
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AFF4
C18orf25
GPR98
GRIN2A
RARRES3
DDX58
GLS
SPATA1
EST
FRK
EST
ENC1
Up-regulated in EST
resistant group PADI4
EST
NGB
EST
CCL19
PER3
SFTPD
C2o0rf39
EST
EST
CDKN3
DAG1
DLEC1

0.81
0.44
1.08

0.76
0.49

0.63

0.43
0.85
0.70

1.34
0.76

-0.32
0.64

0.56
0.65

0.52
1.19
0.89
0.65
1.04
0.69
1.34
1.03

0.17

0.80

0.74

-0.01
-0.18
0.54
0.05
-0.85
-0.18
-0.43
0.40
0.21
-0.16
0.18
-1.65
-0.15
0.01
0.09
0.07
0.59
0.40
-0.32
0.48
0.02
0.67
0.42
-0.46
0.18
0.08
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GNL1
C9orf37
ZNF22
EST
FLJ12949
EST
RBMX
CCNBL1IP1
EST
CROCC
EST
EST
UPF3B
Down-regulated
o RP11-82K18.3
in resistant group
Cllorf57
EST
SMARCC1
TOP3A
SRPK1
MCM2
RPP21
POLRMT
GCN5L2
CCDC25
RPL39
EST

ZNF44

-0.19

-0.17

-1.80

-1.91

-0.44

-0.18

-1.06

-0.79

-0.56

-0.12

-1.06

-0.37

-0.38

-0.58

-0.13

-0.40

-0.75

-0.28

-0.65

-0.68

0.00

-0.46

-0.45

-0.18

-0.21

-0.55

-0.76

0.42

0.43

-0.51

-0.03

0.12

0.39

-0.52

-0.05

0.53

0.51

-0.14

0.16

0.27

0.18

0.47

0.20

0.12

0.69

0.06

0.12

0.58

0.14

0.39

0.45

0.14

0.21

-0.17
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ZNF184
EST
U2AF1L4
EST
PSRC2
EST
EST
MAP6D1
BLMH
PGAP1
KIT
PKIA
EST
Down-regulated
. . SOX4
in resistant group
AYTL2
PTPRCAP
EST
SIT1
CD48
DLEUS
P2RX5
SEPT6
RORB
USP44
ZNRF1
RPL34
LRP16

RASIP1

0.12
-0.49
-0.01
-0.69

-0.98
-1.38
-0.85
-0.17

-0.71

0.06

-1.08

-1.19

-0.23
-1.13

-0.69

-1.28
-0.82
-1.84
-3.24

-0.58
-1.02
-1.48
-1.67
-2.79
-0.22
-0.39
-0.39
-1.01

0.82
0.60
0.53
-0.08
-0.36
-0.74
-0.05
0.87
-0.17
1.02
0.00
0.44
0.40
-0.02
-0.01
-0.75
-0.28
-0.84
-1.99
0.22
0.28
-0.63
-0.25
-1.26
0.30
0.23
0.33
0.24
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Down-regulated PLCG2 -0.65 -0.07

in resistant group EST -3.20 -1.90
TLX1 0.03 0.75
MARCH6 -0.48 0.11
SERPINF1 -0.06 1.07
PNMA2 -1.12 -0.17
PDPN -0.89 -0.04
CCND2 -3.79 -2.07
CRYGD -1.88 -0.58
XAGE1 -0.72 0.28
XAGE1 0.01 1.00
XAGE3 -2.61 0.11

4. Invivo Prediction of Paclitaxel Sensitivity

To test whether the selected 115 genes were diabledan vivo, especially in
gastric cancer, we selected the paclitaxel regigfastric cancer cell line, NCI-
N87, and the sensitive gastric cancer cell line,N4#5. The MKN-45 cell line
was not included in the sensitive cell lines, hogrewecause it was the most
sensitive cell line among the intermediate groupcd&ise there were no
tumorigenic gastric cancer cell lines in the sévsigroup, we selected MKN-
45 as a sensitive cell line. Before introducing t&N-45 cell line, we
predicted the chemosensitivity of MKN-45 using S\Miith the selected 115

genes. As a result, MKN-45 was predicted as aliogllsensitive to paclitaxel.
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B :cositive cell lines
resistant cell lines

Figure 5. Supervised hierarchical clustering of Hsdected 115 genes with
resistant and sensitive cell lines. Supervisedahigiical clustering showed that
the 115 genes were well classified into resistawt sensitive cell line groups.
The genes were composed of 48 up-regulated gerte$ardown-regulated
genes in resistant group. The color bars under ttheview indicate the
sensitivity to paclitaxel. The scale bar on thehtigide of treeview is to the

same as that in Figure 3.
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Table 5. The result of Leave-one-out cross-valadaaf 43 resistant and

sensitive cell lines with selected 115 genes

Cell line True value Prediction Resistant margin  ns¥éve margin
Caki-2 Resistant Resistant 1.572 -1.572
Capan-2 Resistant Resistant 1.232 -1.232
G361 Resistant Resistant 1.064 -1.064
Hep3B Resistant Resistant 1.131 -1.131
LNCap Resistant Sensitive -0.0496 0.0496
NCI-H69 Resistant Resistant 0.242 -0.242
NCI-N87 Resistant Resistant 0.734 -0.734
SCC-1438 Resistant Resistant 1.576 -1.576
SCC-15 Resistant Resistant 1.509 -1.509
SK-MEL-24 Resistant Resistant 1.68 -1.68
SNU-398 Resistant Resistant 1.416 -1.416
SNU-449 Resistant Resistant 1.564 -1.564
T98G Resistant Resistant 1.291 -1.291
U87MG Resistant Resistant 1.247 -1.247
YCC-1 Resistant Resistant 0.929 -0.929
YCC-10 Resistant Resistant 1.036 -1.036
YCC-11 Resistant Resistant 0.886 -0.886
YCC-16 Resistant Resistant 0.34 -0.34
YCC-2 Resistant Resistant 0.507 -0.507
YCC-3 Resistant Resistant 1.464 -1.464
YCC-6 Resistant Resistant 1.11 -1.11
YCC-7 Resistant Resistant 1.776 -1.776
YCC-B1 Resistant Resistant 0.376 -0.376
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YCC-B3 Resistant Resistant 0.739 -0.739
YCC-B5 Resistant Resistant 1.436 -1.436
YCC-0O1 Resistant Resistant 0.342 -0.342
C33A Sensitive Sensitive -0.918 0.918
Caski Sensitive Resistant 0.238 -0.238
COLO-205 Sensitive Resistant 0.733 -0.733
HelLa Sensitive Sensitive -1.078 1.078
IMR-32 Sensitive Sensitive -1.63 1.63
Jurkat Sensitive Sensitive -2.37 2.37
KATO Il Sensitive Sensitive -1.34 1.34
RT4 Sensitive Sensitive -0.756 0.756
SK-BR-3 Sensitive Sensitive -0.323 0.323
SNU-16 Sensitive Sensitive -1.344 1.344
SNU-484 Sensitive Sensitive -1.483 1.483
SNU-638 Sensitive Sensitive -0.972 0.972
SNU-739 Sensitive Sensitive -1.162 1.162
T47D Sensitive Sensitive -0.662 0.662
YCC-B2 Sensitive Sensitive -0.805 0.805
YCC-BRN Sensitive Sensitive -0.0128 0.0128
YCC-YJH Sensitive Sensitive -0.647 0.647

Xenograft tumors were established with these ded#isl in the subcutaneous
tissue of 5 Balb/c nu/nu mice with each cell livghile paclitaxel-treated

tumors derived from NCI-N87 demonstrated no sigaifit differences from
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saline treated tumors (Figure 6A.), paclitaxelte@daMKN-45 tumors showed
significant inhibition compared with the salineared group (Figure 6B.). Thus,
we defined the NCI-N87 tumors as resistant tumadsthe MKN-45 tumors as
sensitive tumors. There were no body weight chadgeisg the experimental
dates (Figure 7.). To obtain the gene expressiofiilggoof tumor tissues,
paclitaxel naive control tumors were excised andlagonucleotide microarray
was performed using total RNA samples from theuBissas mentioned in
material and methods. Each triplicate of gene esgioa showed that the
resistant and sensitive tumors had genomic diffexernhat were highly similar
within each group (Figure 8.). When we performedesuged hierarchical
clustering using the 115 genes with resistant/t§gascell lines and tumor
tissues, we confirmed that the resistant tumorewkbrstered with the resistant
cell lines and that the sensitive tumors clustes@t the sensitive cell lines
(Figure 9.). To statistically confirm this class#dtion result, SVM was
performed with 115 genes based on the resistansansitive cell lines. The
result showed 100% prediction accuracy (Tabler6pther words, these genes
correctly predicted in vivo tumor chemosensitivitydicating that they may be

able to serve as predictive markers for paclitakeimotherapy.

5. Gene Annotation of Selected Genes

The 115 selected genes comprised of 87 known gamt28 ESTs. When we

performed functional annotation of the 115 gendsguthe criteria of over 10%

37



1600

1400

1200

oo -~
‘ ° Control

200

600 .
' . Pachtaxel
400

200

tumor volume (mm?)

lcm

1600

1400 -
1200 -

1000 - 0 0 Control

g00

son | ‘ @ Paclitaxel

400

lcm

fumor volume (mm?)

200

—i— 0.9% saline —{— Pachtaxel

Figure 6. Tumor growth curve of NCI-N87 and MKN-d&rived tumors. When
tumor volumes reached 200-300 fhfday 1), 15 mg/kg of paclitaxel and 0.9%
saline were administered i.p. on days 1, 4, arfl Paclitaxel-treated NCI-N87
derived tumors (n=5) showed no significant differenfrom saline treated
control tumors (n=5) (p>0.05). B. Paclitaxel trebtdKN-45 derived tumors
(n=4) showed inhibited growth and smaller tumoruvoés compared with the
saline-treated control group (n=4). * Differencastumor volume between the
control and the treated mice were statisticallyigigant on the 21st and 23rd

days (P<0.05, Student’s t-test). Bars, SE.
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Figure 7. Body weight change during the experimAnBody weight of NCI-
N87 derived tumors. B. Body weight of MKN-45 deriveimors. There was no

change between the paclitaxel treated and theaantvups. Bars, SD.
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Figure 8. Unsupervised hierarchical clusteringhoéé resistant tumors (yellow)
and three sensitive tumors (red) with 15,846 gesagisfied NMP 80%. Gene
expression measurements in triplicate showed thatrésistant and sensitive

tumors had genomic differences, with a high degrfesimilarity within each

group.
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Figure 9. Supervised hierarchical clustering of gi&Bes with resistant/sensitive
(yellow/red) cell lines (blue) and tumor tissuegef@n). Resistant tumors

clustered with resistant cell lines and sensitivadrs clustered with sensitive

cell lines.
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Table 6. The result of support vector machine mfstant and sensitive

tumor tissues derived from gastric cancer celldinith selected 115 genes

Sample True value Prediction Resistant margin Heashargin
MKN-45 (1) Resistant Resistant 1.464 -1.464
MKN-45 (2) Resistant Resistant 1.572 -1.572
MKN-45 (3) Sensitive Sensitive -1.078 1.078
NCI-N87 (1) Resistant Resistant 1.291 -1.291
NCI-N87 (2) Resistant Resistant 1.776 -1.776
NCI-N87 (3) Resistant Resistant 0.507 -0.507

enrichment with statistical significance (p<0.08)ese genes were found to be
involved in cellular metabolic process, the regatabf biological process, cell
communication, the cell cycle, cell proliferatioand the defense response

(Figure 10.).

6. Expression Validation of Selected Genes

Expression of the selected genes was examined bBRQR in the gastric
cancer cell lines and tumor tissues. First, wecsetell genes according to their
signal intensity differences between the resistant sensitive groups in the
microarray and according to their functions relatedumors, pharmacology,

and paclitaxel (Figure 11.). Then, sqRT-PCR wa$opeed with these 11 genes
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Figure 10. Gene annotation of 115 paclitaxel sitsirelated genes. Gene

annotation was performed using the criteria of o¥6f6 enrichment with

statistical significance (p<0.05).
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Figure 11. Eleven genes selected for expressiadatain. These genes were
selected according to their different signal intées in the microarray in
resistant and sensitive groups, and for their fonst related to tumors,
pharmacology, or paclitaxel. Each box represerdgsntkan expression of each
gene in the sensitive and resistant groups. THe bea shows expression level;

red denotes high expression and green denotesdaession.
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in two resistant gastric cancer cell lines (NCI-N&1d YCC-7), two sensitive
gastric cancer cell lines (MKN-45 and SNU-16), st gastric tumor tissue
(NCI-N87 derived), and sensitive gastric tumoruesgMKN-45 derived). The
results showed that the differential expressionsvésen the two groups were
consistent with differences in the microarray (Fegul2.). For further
verification, qRT-PCR was conducted with four geneAMP2, RARRESS3,
ARHGAP18, and SOX4, in two gastric cancer cell $ifBlCI-N87 and MNK-
45) and two gastric tumor tissues derived from MNBF and MKN-45. We
calculated a Pearson correlation coefficient betwde logR/G ratio of the
microarray and the lqg relative expression value of gRT-PCR. All genes
possessed a high correlation coefficient (r>0.9) #re results indicated good
correlation between the microarray and qRT-PCRUifidL3.). The differential
expression patterns of the four genes between e groups were also

confirmed by gRT-PCR (Figure 14.).

7. Knockdown of Gene Expression by siRNA

The paclitaxel-resistant gastric cancer cell liN&I-N87, was subjected to
RNA interference specific to two genes, LAMP2 amdRRESS, using siRNA
for gene knockdown and functional analysis. Wenaptted gene knockdown
with three siRNAs, each targeting a different siithin the gene (Figure 15.).
For all three concentrations of siRNA, 2, 10, a@d®, the mRNA expression

was repressed (Figure 16.). Thus, we decided tosiiRIA from site 1, the
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Figure 12. Semi-quantitative RT-PCR. sqRT-PCR werfopmed with 11 genes
in two resistant gastric cancer cell lines (NCI-N& YCC-7), two sensitive
(MKN-45 and SNU-16) gastric cancer cell lines, amdesistant (M.NCI-N87),
and sensitive (M.MKN-45) gastric tumor tissues. Stheesults are consistent

with the microarray expression differences.
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Figure 13. Correlation of microarray and quant@atRT-PCR. gRT-PCR was

conducted for four genes: LAMP2, RARRES3, ARHGAP4®J SOX4, in two

gastric cancer cell lines (NCI-N87 and MNK-45) digsues from two gastric

tumors derived from NCI-N87 and MKN-45 xenografearson correlation

coefficients (r) between the microarray (R/G)) and gRT-PCR (laglgene/b-

actin)) were higher than 0.9 in all cases.
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Figure 14. Relative expression by quantitative RRPThe results of gRT-PCR
were the same as those for sqRT-PCR in Figure ft&irdifferential expression
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45 represent tumor tissues derived from NCI-N87 MitIN-45 xenografts,

respectively.
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closest site from the starting region, at a corra¢ion of 2 nM, the lowest
concentration, to avoid off-target effects by siRNATo verify protein

repression by siRNA, protein was extracted after7®8 96, and 120 hours of
incubation with the siRNA. Compared with contraip@fectamine) and NT
siRNA, protein expression was repressed in siRNatad cells (Figure 17.).
The repression of protein expression was evidenthd@rs after siRNA
transfection After 120 hours, the protein was slightly re-exgess Thus,

subsequent gene knockdown experiments were pertorb®® hours after

siRNA transfection.

8. Restoration of Paclitaxel Sensitivity-1. CellMility Assay

To examine whether a knockdown of selected gepnaklaestore paclitaxel
sensitivity, we repressed the expression of LAMR2 RARRESS, which are
over-expressed in resistant cell lines and tisgkigsire 14.), and examined cell
viability using MTT assays. In the case of LAMP2|l egability significantly
decreased in LAMP2 knockdown cells after paclitarehtment compared with
control and NT siRNA-treated cells (Figure 18.).r Rl concentrations of
paclitaxel, this effect was observed with significalifferences relative to
controls according to the Kolmogorov-Smirnov tget@.001); this difference
was maximized at concentrations of 6 nM or lesss Tésult has very important
clinical implications when considering clinicallyelevant concentrations of

paclitaxel in plasma, which are between 5 and 2@8nA slight inhibition of
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Figure 17. Repressed protein expression by siRN#o fianomolar siRNAs
were transfected into NCI-N87 cells for 48 to 12futs and immunoblotting
was performed. Protein expression was repressed itases compared with
control (lipofectamine only) and the NT siRNA-tredt groups. Protein
expression recovered slightly after 120 hours. e experiments, LAMP2

and RARRES3, were performed independently.
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Figure 18. Restoration of paclitaxel sensitivity@ell viability assay. Cell
viability was significantly decreased in LAMP2 krkolown NCI-N87 cells
after paclitaxel treatment compared with controhdffiaxel only) and NT
siRNA-treated NCI-N87 cells. Significantly decredseell viability was
observed at all concentrations of paclitaxel (p@Q)0 and the difference was
maximized at concentrations of 6 nM paclitaxel essl. A slight inhibition of
cell viability was observed in the paclitaxel naivAMP2 knockdown cells,
although there was no significant difference coragdao control or NT siRNA

treated cells (p=0.11).Student’s t-test* Kolmogorov-Smirnov test.
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cell viability was observed in the paclitaxel naivAMP2 knockdown cells;
however there was no significant difference comghdcecontrol or NT siRNA
treated cells (p=0.11). RARRES3 analysis showedlaimesults to LAMP2
(Figure 19.). Although there was no significanffefiénce between RARRESS
knockdown cells and control or NT siRNA cells (p2@1), cell viability was
significantly decreased in RARRES3 knockdown cedated with 6 nM or less
paclitaxel (p<0.05). This result indicates that ¢kaown of selected genes
restored paclitaxel sensitivity and this effect wagdent even when low

concentrations of paclitaxel were used.

9. Restoration of Paclitaxel Sensitivity-Il. Apopi® Assay

For apoptosis assays, the paclitaxel concentratis fixed at 6 nM because
we wanted to examine the changed apoptotic stateAMP2 or RARRES3
knockdown cells compared with control and NT siRMéated cells in which
the apoptotic changes should only be slightly datde, if not undetectable.
After 6 nM paclitaxel treatment for 48 hours, cohtcells and NT siRNA
treated cells did not demonstrate any changeslirpopulation (Figure 20A,
B.). LAMP2 knockdown cells, however, showed sigedtitly increased
necrosis and late apoptosis portions in the presehpaclitaxel (Figure 20C.).
A bar graph showed that necrosis and late apopiesis significantly increased
by about 4-fold in LAMP2 knockdown cells after theent (p<0.005 and

p<0.0005, respectively); however control and NTN#Rtreated cells were not
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Figure 19. Restoration of paclitaxel sensitivity@ell viability assay. Cell
viability was significantly decreased in RARRES3kkdown NCI-N87 cells
after paclitaxel treatment compared with controhdffiaxel only) and NT
siRNA-treated NCI-N87 cells. There was no significalifference between
RARRESS3 knockdown cells and control or NT siRNAlgeh the overall
concentration of paclitaxel (p=0.201), but cell bildy was significantly
decreased in RARRES3 knockdown cells treated wittM6paclitaxel or less

(p<0.05)." Student’s t-test: Kolmogorov-Smirnov test.
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Figure 20. Restoration of paclitaxel sensitivityApoptosis assay. After 6 nM
paclitaxel treatment for 48 hours, NCI-N87 cellsrevtabeled with annexin V-
FITC and 7-AAD. A. Control cells treated with lipgftamine only. B. NT
siRNA-treated cells. C. LAMP2 knockdown cells. Qohtells and NT siRNA-
treated cells did not show any changes in cell [agjons. LAMP2 knockdown
cells, however, showed significantly increased osisrand late apoptosis in the
presence of paclitaxel. D. Bar graph showing tretrosis and late apoptosis
both significantly increased by approximately 4dfoah LAMP2 knockdown
cells whereas there were no significant changehérNT siRNA-treated cells

or control cells. * p<0.005; ** p<0.0005, Studertttest.
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changed (Figure 20D.). Increased necrosis and agiepi@re also observed in
RARRES3 knockdown cells only after paclitaxel tmant (p<0.005 and
p<0.0005, respectively) (Figure 21.). In contrast.f&MP2 knockdown cells,

increased early apoptotic cells were detected IrRRBS3 knockdown cells
with or without paclitaxel treatment; however, tbigange between paclitaxel
naive and paclitaxel-treated RARRES3 knockdownsceths not significantly

different (p>0.05); this effect was attributed t&RRES3 knockdown. These
results revealed that knockdown of selected gezmtoned paclitaxel sensitivity

by increasing necrosis and late apoptosis.

10. G2/M Phase Arrest Effect of Gene Knockdown

We identified the restoration of paclitaxel senitji based on cell viability and
apoptosis assays. Next, we wanted to examine tliel @Base cell population
that was specifically and directly involved in geotel mechanism in intact
cells. After treatment with 6 nM paclitaxel for Béurs, control and NT siRNA-
treated cells showed a slight decrease in the @&gpand a counter increase in
the sub-G1 phase, but no changes in the G2/M fRigqare 22A, B.). However,
in LAMP2 knockdown cells, the G2/M phase populatiooreased by over 2-
fold; this was accompanied by a decrease in thel@ke population (Figure
22C.). In this case, the ratio of populations iW&IM phases was reversed
compared with control and NT siRNA. Thus, we reachi®e conclusion that

knockdown of LAMP2 restored paclitaxel sensitivitgt only by increasing
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Figure 21. Restoration of paclitaxel sensitivityApoptosis assay. After 6 nM
paclitaxel treatment for 48 hours, NCI-N87 cellsrevtabeled with annexin V-
FITC and 7-AAD. A. Control cells treated with lipgftamine only. B. NT
SiRNA treated cells. C. RARRES3 knockdown cells.ntta cells and NT
siRNA treated cells did not show any changes ih pgpulations. RARRES3
knockdown cells, however, showed significantly eased necrosis and late
apoptosis in the presence of paclitaxel. D. Baplgrshowing that necrosis and
late apoptosis both significantly increased in RASR knockdown cells
whereas there were no significant changes in thesiRNA-treated cells or

control cells. * p<0.005; ** p<0.0005, Student'test.
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Figure 22. Cell cycle arrest analysis. After treatitwith 6 nM paclitaxel for 24
hours, NCI-N87 cells were labeled with Pl. A. Caohtcells treated with
lipofectamine only. B. NT siRNA-treated cells. CAMP2 knockdown cells.
Control and NT siRNA-treated cells showed a slightrease of the G1 phase
and a counter increase of the sub-G1 phase bubarges in the G2/M phase.
In LAMP2 knockdown cells, the G2/M phase populatioareased by over 2-

fold with a concomitant decrease in the G1 phageilpgion.
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necrosis and late apoptosis, but also by arrestingcell cycle in the G2/M
phase. RARRES3 knockdown, on the other hand, didafiect G2/M arrest;
based on this we hypothesized that different geimdisience paclitaxel

sensitivity in different ways.
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IV. DISCUSSION

We selected paclitaxel resistant and sensitiidinek from 78 various human
cancer cell lines according to their chemosensjtivalues (IGes). Staunton et
al. first applied this algorithm with 60 human cltles (the NCI-60) In their
study, they used the following criteria for cut-gflues: 0.8 standard deviations,
which divided the 60 cell lines into resistant, swe, and intermediate groups,
the latter which was excluded from gene selectidi. investigated a larger
number of cell lines, 78 human cancer cell lines] applied one standard
deviation of the Igas a cut-off. This criterion was more strict withspect to
excluding intermediates. After successful intewelidation, with a prediction
accuracy of 93% for the resistant and sensitiveliogls, we performed in vivo
prediction as well as expression and functionatiesibn.

Using 115 selected genes, we performed gene dimmota narrow down the
genes for validation. Among the overexpressed gantdwe resistant cell lines,
IL-8, C3, SERPINA5, IFNz, RARRES3, ENC1, LAMP2, ARHGAP18, and
DDX58 were selected first. It bas been reported & is over-expressed in
paclitaxel resistant cell lingsand that increasing IL-8 concentration correlates
with a poor initial response to paclitaxel chematipg’’. C3 and SERPINA5
are members of the ‘complement and coagulationackst pathway stimulated
by the chemotactic effect (IL-8). RARRES3 and timalator, IFN+#, were co-
up-regulated in the resistant group and these gammethought to be regulators

of cytokine expression and tumor growttENC1 was also selected because its
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over-expression has been examined during carcimsigh ARHGAP18 and
DDX58 were also selected because of their highifierdintial expressions and
not because of their functions. Among these gemas,were particularly
interested in LAMP2, a major component of the lysns, because LAMP2 has
been implicated in the elimination of foreign méks, including drugs, by the
lysosome. Several researchées/e previously reported that LAMP2 and the
lysosome are associated with drug resistance alhdieath in cancer cells.
Lysosomal permeabilization induces tumor cell ddayhbreak-down of the
lysosomal membrane and the release of cathepsnsdynal hydrolasé®
Recent research has shown that lysosomes perfgoortamt functions in some
forms of apoptotic cell death®® Several studies have suggested that lysosome-
associated apoptosis is induced by a number ofertiibnal anticancer drugs,
including etoposide, cisplatin, and 5-fluorourdcilFor these reasons, the
lysosomal death pathway is attracting consideraibégest as a drug target and
as a possible source of combination anticancer tthergpy.

In sensitive cell lines, we selected SRPK1, SOXERE5, and P2RX5 as up-
regulated genes. SRPK1 is known for a cisplatinsigity gene, the
inactivation of which can lead to cisplatin resigta in a human ovarian cancer
cell line®?. Research has shown that the inhibition of SRPHKases 4-fold
resistance to cisplatin. Resistance to platinumaioimg chemotherapy in
testicular germ cell tumors was also reported ta$sociated with the down-
regulation of the protein kinase SRPKIAhn et al. published results indicating

that SOX-4 is a positive regulator of apoptosisutet by prostaglandin,

62



followed by caspase®! In relation to microtubules, which are a direoget of
paclitaxel, SEPT6 has been reported that suppressioseptin expression
causes increased microtubule stability via MAP4c(otubule binding protein)
fragment binding to microtubul®s Based on its differential expression pattern
in sensitive cell lines compared to resistant loadls, P2RX5 was also selected.
When we performed expression validation with guatitie RT-PCR for these
selected genes, however, IkeNaend SEPT6 did not show differential expression
patterns in the NCI-N87 and MKN-45 cell lines.

In 2006, Potti et al. reported several gene $etsdould predict responses to
anticancer drugs, including paclita¥elThere were 36 paclitaxel predictors;
however, none of these were found in the 115 gemses in this study; this
discrepancy may be due to the use of differentlicels for gene selection. Potti
et al. used the NCI-60 panel, which does not cangaiy gastric cancer cell
lines, and there was no prediction analysis witktriacancer specimens. In our
research, among the 78 major cell lines, 23 wemdrigacancer cell lines.
Therefore, it is likely that the 115 genes ideetifin this study could be more
useful for predicting paclitaxel sensitivity in ¢i@s cancers. Indeed, we were
able to accurately predict the sensitivity of gastanceiin vivo.

By performing functional studies with two represive genes (LAMP2 and
RARRES3), we confirmed that knockdown of selectedies that are over-
expressed in resistant cell lines restored pa€litagnsitivityin vitro. For both
LAMP2 and RARRES3 knockdowns, we observed slighttduced cell

viability in siRNA transfected cells, although themvere no significant
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differences in viability when compared with conteellls (Figure 18, 19.). This
result is consistent with a previous report in \mhknockdown of LAMP2
induced a low level (10%) of apoptd¥isRARRES3 may function to regulate
tumor growth, although this study did not direalaluate this possibility. The
possible mechanism by which LAMP2 knockdown restorpaclitaxel
sensitivity is thought to be a loss of lysosomanction or a break in the
lysosomal membrane. Loss of lysosomal function BP2 knockdown could
disturb the elimination of intracellular paclitax®} hydrolysis or exportatiGh
A break in the lysosomal membrane by LAMP2 knockdowould cause
permeability of the lysosomal membrane, leadingdthepsin release from the
lysosome”*® which could induce cell death. These events mag lheen the
mechanism underlying restored paclitaxel sensjtivitresistant gastric cancer
cell lines. Restoration of paclitaxel sensitivityasvalso observed in RARRES3
knockdown cell lines. Increased RARRES3 expressoknown to decrease
cell growth through the MAPK signal pathwWay: Conversely, decreased
RARRES3 could increase cell growth through rapitl cgcle progression,
giving cells more of a chance to come into contaith paclitaxel when
compared with RARRES3-expressing cells. Therefdhe restoration of
paclitaxel sensitivity could also occur in RARRER®ckdown and resistant
gastric cancer cell lines.

In this study, we selected 115 genes related tlit@eel sensitivity using a
large number of human cancer cell lines and thdigtiee power of the 115

genes was confirmed by vivo gastric cancer xenografts. Using this gene set,
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further studies including clinical validation staedi should be performed to
assess the ability of this set of genes to predtietresponse to paclitaxel in
chemo-naive gastric cancer patients. In this stwdy, also revealed that
knockdown of a single gene could restore paclitaegisitivity in a paclitaxel-
resistant cell line. Following the process we el in this functional study,
more candidate genes that may also act as chemsiizers of paclitaxel are

expected to be found.
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V. CONCLUSION

To identify genes related to paclitaxel chemogefitsi in gastric cancer, we
first selected 115 paclitaxel-related gemesitro using 78 human cancer cell
lines of various tissue origins. Seconih vivo prediction of paclitaxel
sensitivity was performed with human gastric canaografts derived from
the resistant and sensitive gastric cancer celis|ifNCI-N87 and MKN-45,
respectively. The gene set comprising the 115 smlegenes was found to
correctly predictin vivo chemosensitivity. Thus we concluded that these 115
genes might be predictive markers for paclitaxensbtherapy in gastric cancer.
Third, to certify whether these genes could chapgelitaxel sensitivity, the
expression of LAMP2 and RARRES3 was repressed WNAj and
subsequently, cell viability assays, apoptosis y@ssand cell cycle arrest
analyses were performed. Knockdown of the genesoresbs paclitaxel
sensitivity by increasing necrosis, late apoptoaig] cell cycle arrest at the
G2/M phase. In conclusion, these selected genesagtags not only predictive
markers, but also as chemo-sensitizers of paclit&timical validation will be
required to confirm whether these genes are afipic® chemo-naive gastric

cancer patients.
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Abstract (in Korean)
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