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Molecular Profiling of Clinical Features in Breast Cancer
Using Principal Component Analysis

ZHE B4 PHL o&F Ut 93d 543 B
8 fAx 24

Mi-Ryung Han', Seckho Lee!, Wonshik Han??, Mihyeon Kim!, Ju Han Kim'" Dong-Young Noh**"

!Seoul National University Biomedical Informatics (SNUBI), “Department of Surgery, and *Cancer
Research Institute, Seoul National University College of Medicine, Seoul 110 -799, Korea

"To whom correspondence s hould be addressed. E-mail: dynoh@plaza.snu.ac.kr, juhan@snu.ac.kr

Abstract
1A H (clinical features) & ¢cDNA microarray 7]&-S ©]83}e] 9L FAA
By T2aYLe G oF AAE A= dd vig- Fasith B =AM dAHRe
& AEA EMete o zA FAR 14 (Principal Component Analysis)
o] &35t o] WHe thiF A5 AYE Fole WHOEN, Y& 41 HolHR
A HAstE FAEE AAs] A8t @o] 2ol itk E AFdAMeE FAHAE 24
=Q) FHret 3z 739 9] cDNA microarray H|°]E] LS Foli, o]l
] do]Zl FAJ E(Principal Components) T} O"‘T'?“]E. golg]g}e] A4 AFAAE B A} One-way
ANOVAE o] &% JaaA 24 A3}l Pvalue permutation testE 53l HAF3H3TE 5L
3k WS estrogen receptor (ER) (+) 3=} 2093} ER () &4 319 A L3 A7 ER(-) &
A A AL #dd FARE FE AU FAHAE £4L molecular phenotypic
profiles of clinical features o] ©]-&% A3} dAF FAAE gy Ads BAF AF A
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Introduction

ER statusT F132He] biological behavior & £3RE W &<l WA, ER (0) #x2}9
AostE dHd Fod xE/E do 53] A= AfHo)x] R3hrh3, 10]. WA ER
ER (+) $kA= adjuvant hormonal therapy S & () AolAA AL BHEE {HARE 3
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B =FdAE cDNA microarray 7] &S
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& W7] 9938k ¢DNA microarray 7| &<
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e e #AESE 48 Fda 2l
T2Hdg o] WyE o8t 2t
FAE E4& 533 genetic dataset> 2
FH 58AHA FAHAEE 43 olRE °lF
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Materials and Methods
Patients and tissue samples

19961 4493 2002'd 9E€7HA A& gt
SELNN PG FES '
=91 primary invasive
2 stk
T chemotherapy (77.5%), radiotherapy (36.6%),
endocrine therapy (40.8%)2] A7} adjuvant
treatmentsS okt iy B3 7384 o
BRRE X 19 7159 3tk
w5} 7 A|(devascularization)
liquid nitrogenoll A €¥ F
-80CelA ¥F R#ASSTH. Holx 40%°]
AF SFAEE 7FA specimenTt Aol AS
H AL, RNAT  TRIzol |
(Invitrogen, Carlsbad, CA)S A}8-3lo] F&3}
Ak AA RNAY FEE
spectrophotometer(Hitachi, Yokohama, Japan)&

o] &3t ZA 313 1, amplified tumor RNAE

o
ar o
O Hlol 2=

TMow T = T
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2 A solution

GeneSpec 1

Cy5%, amplified Universal Human Reference
RNA(Stratagene, La Jolla, CA)T= Cy3Z2
labeling3} At} Labelingdt amplified RNAT
43,20071¢] human c¢DNA clone& 7HAl:=
cDNA mici'oarray slidesl hybridizationd}31Th
[9]. Labeling®} hybridization ©Jn] 7]&=¥
WO E Flskiti12].

olu) A 47} o] A 2 preprocessing)

Z}7z+e]  ¢DNA microarray slide Axon
scanner® scanning¥t ¥, GenePix Pro3.0

(Axon Instruments, Foster City, CA)< A}-&-3}]



Number (%) Number (%)
Age (years) <30 4 (5.50%) Tumor size (cm) <lecm 2 (2.70%)
30~39 24 (32.90%) 1~2 cm 15 (20.50%)
40~49 26 (35.60%) 2~5cm 47 (4.40%)
50~59 11 (15.10%) >5cm 9 (2.30%)
60 > 8 (11.00%)
Stage Stage 1 10 (13.70%) Lymph node positive (number) 0 27 (37.00%)
Stage Ila 20 (27.40%) 1~3 19 (26.00%)
Stage IIb 27 (37.00%) 4~9 13 (17.80%)
Stage Illa 13 (17.80%) 210 13 (17.80%)
Stage IV 3 (4.10%) Unknown 1 (1.40%)
c-erbB2 status  Positive 37 (50.70%) Estrogen receptor status Positive 30 (41.10%)
Negative 33 (45.20%) Negative 40 (54.80%)
Unknown 3 (4.10%) Unknown 3 (4.10%)
Recurrence Disease-free 48 (65.75%)
v Recurrence 25 (34.25%)
£ 1B 439 374 1399 9Rn
oulx BAFAh olnlx BH EFe, 0oz FARY AUHA sleims
W Eom HRA  9ER doleste 4RBAE 2] 94

spot quality7} W& A& o

A A & ). Missing value & 7FA] = F- A&}
BA A Asle 3, 43200719 &A=}
o A 23806709 HH=
t}. Bioconductor R package & ©]-83}] VSN
transformation & 3t 5}, LOWESS normalization

S 3l 7 slideo] HH2 0, AFHAE |
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one-way ANOVA7Z} A} 51T}, R package S
AHgste] Zh7be] FA R thdol sfidate
PGAE ol et AAUATL P-valueR
AXFE AT}, age, tumor size, tumor stage,
lymph node metastasis, estrogen receptor status,

c_erbB2 status, A do] XL

o] =2 39t} e} HLF WHoz ER (B A
2083 ER (1) A 31%E& ZF F

FAES 4R dojgg JudA £4 st A4St A Fotel FAAE
dx4 0 7339l 2 dlojgE sz Btk F 519 #:xe 36MYS
Bioconductor R package 2 FAIE EAS 7|Eo2 A ¢ o)X & Bz
gt 70708 ZEAHA FHES FEIAT 2608 ALE do ;xR swoz
zt FAAEL AAHF digd ddF< TEAY. o dHee FAHAE VA4S
Zldxe] w2 gel WEAESLE AMEstd ER () IFLEREH 197)e
7t ARG FAEE FEE g @A FAHES, ER () IFLoZHEH
EF=Az7E A8 S AL Akl 29709 ZY@AA FAES 4 FE8UH
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Permutation testg ©]-&-3 }##A HAF
FAE7 to]E1 2+¢]  one-way
Adojzl P-value?} 9%t
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ANOVA  test3-9]]
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Results
FAE 4

707M¢ FAEo] AdALEEHo R quq
onizt deA Potr7] fléto
to]E1 ¢} one-way ANOVA testE 3+ A=
% 26) 71&50] itk 2dA FA42e] ER
status$} 7+ ok AREATE A2
(P < .00001, one-way ANOVA), 17 T4
o] Ajutei ol 7} freog FHAA
=5 AATHP = 0.0008,
ANOVA). °]& ER statue?} Aol #TH
A4AHR dolE7t & ATl ALgE
oF 3x} wlolElel Fojdk ATl

ek
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Ao F-; P =0.004).

t}S-© 2 ER status (ER (+), ER (-))¢} A2
Aol AAAAE LolRAT. 209W 9

g3} ol Eo
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o o]&E3rth ER (+) ﬂx}oﬂ/ﬂ—t— 16W 4]
Aol Aol B foF AHH
R o]3(P = 0.072, one-way ANOVA), ER (-)
datol e 3 WA FAEo] AR}
Folg AHBAAE RIATHP < .00001,
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< Clinical features > ER c_erbB2 rec age stage  size Np
ER(+) vs ER(-) PC2  <.00001
c_erbB2(+) vs c_erbB2(-) PC9 0.0001
rec=1 vs rec=0 PC17 0.0008
age>50 vs age<50 (year)  PC62 0.003
stage2 vs stage3 PC23 0.007
size>5 vs size<5 (cm) PC34 0.022
Np=0 vs Np>0 PC65 0.023
£ 2. FAEIS JAAE ol e G
(ER, estrogen receptor; rec; recurrence; Np, lymph node positive7} )
TH13]. GeneBank accession ¥ 5.7} AA865573 Discussion
91 GRB2-associated binding protein 2 -2 B =RdMe 944 BEXAES #dA
oA estrogen ZHAR} FH o] UTi[14]. g T2yt JRAARZ AT 9
& FAE BAE ol &dgith FAE B4
2 tiZ dolgE EME o A4S Fo
? & pgoE solm grk
o] E dFo] A= cDNA microarray 7] €& ©|
g3te] L WP FHA dE EZ2ud
g o & 2487 9okl FAE BAL o83l
Atk ER (1) 32 dolgl 4N F&§
® FE7 QAR doje st Anue
ol KD Aol FFE vAE FAAE FEe dHol
71§t} E3] ER (-) A= adjuvant

2
rec
I8 1 ER(-) &2 317 HolEeA F&5F
A WA FA] E(Principal Component)¥} =2
o R-9le] 2477 (PC, Principal Component

1; rec, recurrence; a, H| A% b, AHh

o] 9] = Tissue factor pathway inhibitor 2,
Lymphocyte cytosolic protein 1 (L-plastin), LIM
and SH3 protein 1, Solute carrier family 39(Zinc

transporter) member 6, B lymphoid tyrosine
kinase: Fetel oM FU FAJ A

Jeg HAT,

33

hormonal therapy® A &5 7|7} o8 ¢-B2
ER (-)°l¥dA A #dE s 9%
A=A en| 7t Tt

HA 73989 F3g 82 ey AAE
43t9S Wl ER status$} Ao F-7b 2bzh
FRAETH Fos FABAE B3, o
o2 F IF(ER (+), ER ()A 2+ A
oke] daTAE EA483h ER ()

=]
o

=S|

H

[e)

1=)
T

g2l dolel® F4
F HolEE 2 A%
gl Awerst 1Y &

R 0B Z(P<.00001, one-way ANOVA) =

>

Lo



Loading value Accession N¢

Gene name

0.039864
0.039475
0.038201
0.036653
0.036113
0.035086
0.035067
0.034693
0.034341
0.033465
0.032781
0.032622
0.032569
0.032347
0.032269
0.031934
0.031525
0.031494
0.031265
0.030862
0.030476
0.030148
0.029921
0.029886
0.029576
0.029459
0.02837

0.028366
0.028317
0.028228
0.028193

AA973805
W56522
H29315
AATT79752
R96780
AA133167
AA496795
AA425719
AA670430
AA233079
AA486284
T59043
AA682807
AA251784
T71042
H64379
AA670357
AA994689
Al084074
H93332
AA001290
R60169
H73941
AA919020
R59086
W73144
T61078
AAB65573
AI261686
AA679218
AA701860

chromosome 6 open reading frame 110

dopachrome tautomerase (dopachrome delta-isomerase, tyrosine-related protein 2)
solute carrier family 39 (zinc transporter), member 6

T-cell activation WD repeat protein

apolipoprotein A-I

KIAA1644 protein

intersectin 1 (SH3 domain protein)

hypothetical protein BC016861

G-protein coupled receptor protein signaling pathway

insulin-like growth factor binding protein 1: IGFBP-1

DORA reverse strand protein 1

alpha-fetoprotein

Rhesus blood group-associated glycoprotein

galactosidase, alpha,GLA ( GALA)

echinoderm microtubule associated protein like 4

angiotensinogen (serine (or cysteine) proteinase inhibitor, clade A

solute carrier family 25 (mitochondrial carrier; oxoglutarate carrier), member 11
natriuretic peptide receptor B/guanylate cyclase B (atrionatriuretic peptide receptor B)
B lymphoid tyrosine kinase

apolipoprotein B (including Ag(x) antigen)

spectrin, alpha, erythrocytic 1 (elliptocytosis 2)

guanine deaminase; Guanine deaminase (GDA)

hemoglobin, zeta

transketolase-like 1

LIM and SH3 protein 1

lymphocyte cytosolic protein 1 (L-plastin)

carbamoyl-phosphate synthetase 1, mitochondrial

GRB2-associated binding protein 2

dopa decarboxylase (aromatic L-amino acid decarboxylase)

hypothetical protein MGC14421

follistatin
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g shd TR el A P = 0.001). R W
Ho| A positive gene loading value g
HA FAA FolA 5 el A,
HA BHho] e fAAdE UEH Eoh
Insulin-like growth factor binding protein 1,

lo

) /‘3

2 o i
ox o o ot

ol 3 o o

o
=
uE

¢

i)

ofl

Tissue factor pathway inhibitor 2, Lymphocyte
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cytosolic protein 1 (L -plastin), Solute carrier
family 39 (zinc transporter), Apolipoprotein A -I,
LIM and SH3 protein 1, GRB2 -associated binding
protein 2, B lymphoid tyros ine kinase

ol¢} o] FAR EME ol&std #A
o] fAA H Z2udg YFHR ol
Elgte] AR AEd F de AL,
molecular phenotypic profile & A& & vt
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