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Whole transcriptome sequencing

1207 9] 8 fhARe] Al x4 o 2 FE RNA

il

A

=

#29
transcriptome= AFA t &4 7] A & 7] < (Illumina HiSeq 2000) ©]-8-3}¢]

squencingd} A th. o5 dataZF-H o AEZA F&A FAFQ Fd o

I>

EzA &4 549 el F3x 2dAolE FPKM

(fragments per kilobase per million reads) #k©. % H] 1.3} Fold change”} 24l

P

Q1 7 9-o]w Al Benjamini-Hochberg p-value”} +2]3F gt =22 A$]
40705 APt 12831 cell cycle?t #AE F-d2E W=3str] $3l

A Ql cellcycle & AR CCNBIFFS] WAL A S 43519



In silico validation

7l 3 fF42 e dolHE o] gste] oF AvAde EA%h=
web 7]HFS] =91 Kaplan-Meier Plotter(kmplot.com)E ©]-8-3} % t}. Kaplan-
Meier Plotter= E=A57F Ao Qle 1,809W 2 4 At 1
G xA 0 Z Affymetrix HGU133A ¢} HGU133+2 microarraysE ©]-&3fo] &
538t 22,277 W] FAA Td FJRIE QL= dlolHMo|AE HIE O ®E 3
Ao AEARE T F AL BEE] 643d0Hh(25). 1AL 9]
Lo AL #H dolErt BHEEal gl o] HloJHHo]AE o] &5,
CCNBI¥} Hdd ol 7H8 =3kd A9l 40 Fdare] B+

d ARE goR T PO WWry 247 o5 E vust

£
rlr
[
ot
&

- <1 SurvExpress (http://bioinformatica.mty.itesm.mx) = ©]-&
SFITH?26). 18lal o] Z R I#ES o] 83}l TCGA Hl©o|H, Kao Huang

Breast GSE20685, Ivshina Miller Breast GSE4922 "' Wang Foekens Breast

GSE2034, & 4719 dlolEjmlo]~olA] 807] FAALY o]F o=

A3
Ay

b,

gh
ol
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Targeted RNA sequencing
354 wRke] T =t FEA FA, HER2EY Ipddo] fle et

O] MAMEAZXAN=32)1} 404 o)A 494 o]&te] AT =2 =84 o

mRNAS EFH9 PHoz FEgth 24e 5% A AAE IF

g3l 80t A A HAshe] BEATH

Touch, Bio-RAD) °llA ®WH-&AIZtk. ®EE©] E% 9, RNase H Digestion
master mix 5 F7}8}%] thermal cycler 37°C © A4 30 min &<t ¥H-§ A S
], DNase I Digestion master mix & 7}5}0] thermal cycler 37°C A 30
min & <%F ¥H-8-A1Z1 ¥ RNA sample ¥} Agencourt RNAClean XP (Beckman
Coulter, Inc., Cat. #A63987) BeadsE 41©] 7 #l| 5} %L o}, Purified mRNA (50-250

ng)°ll mRNA Fragmentation mix & <3319 94C oAl 5 min &< WEEA]

o

%, RNA Fragmentation Stop solutionS 2T} ©]7]¢] Ethanol & 37}
g % -80C ol 60 min &3t RS 712 FAISI T FA T mRNA ©f
First Strand cDNA mater mix & <Z3$55}%] W& A]7] 1, First Strand cDNA ©]|
Second Strand ¢cDNA mater mix & 21 16T A 2.5 hours HF3A] 71 3
MagBead (TopQ XSEP MagBead, Celemics) & Al£3}9] double-stranded
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cDNA & Attt o] 27 A% double-stranded cDNA ©l| End Repair
mater mix & 233} 20T oA 30 min &<t WH&A| ZA T MagBeadE At
4319 end-repaired cDNA & FAst ¥, A ¥ end-repaired cDNA®] dA-
Tailing mater mix 5 <3%sle] 37C ©lA] 30 min &<+ WHE-A| 7], o] %
MagBeadE A}8-3t0] dA-Tailed ¢cDNA & J A3} TF dA-Tailed cDNAC]
Adaptor Ligation mater mix & <33} room temperature °l|4] 15 min =<t
HE-3-A| 7] 31 MagBeadE AF-8-3}0] Adaptor ligated cDNA & #5151 2™,
Adaptor ligated DNA°]| w3 MagBeadE ©]-83F>] 180~200bp = size
selection 31T}, Size Selected cDNA$} PCR mater mixE < 3135l0] DNAE
SEAZ1 % MagBeadE AF23te] PCR product® A A|3F a1, 2200
Tapestation (Agilent)E ©]83to] TH5o]% cDNA library2] size peak
(270~290 bp)E A3} TF. Target enrichmentE $13l| Celemics target
enrichment panel ProbeS ©]-83}¢] capture=H] S 3}t ¢cDNA productE
3.4 pl kel 100ng =H]3ko] target capture probes ©]-8-3F°] thermal cycler,
65C oAl 24 hours &<t HESA|Zl % T1 bead (Dynabeads MyOne

Streptavidin T1, Life Technologies)® capture3} 1 TF.  Capture$t DNA 2} PCR

|
>
~y

mater mixS 3 3l0] DNAS 5 ZA)7] 1, MagBead S AM-galo] 52

[-‘Ij
iy
2
=

PCR productE 7 AI3}SItF. 2200 Tapestation(Agilent)E ©] -8 3}¢]
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target captured libraryS QC 3} T}

Raw FASTQ+<i= tophat2 2.0.13 WS ©]83}%] hgl9el| refseq gene 5.
= AFE3A align $F 9 cufflinks 2.2.1 W% © 2hgl9 refseq gene HH &
o] g-3te] FPKM<S AlAFsFSItE. 18] 31 coverage 2] =RSeQC-2.6.1 W&

S ol &3A FAESItE o] Aol A= housekeeping gene (ACTB,

ol

GAPDH, GUSB, RPLPO, TFRC)% ¥ 241 Ay 713 wolzl Ad

TFRC A5 7|+ 2% 3to] FPKMS AlAFstSith

B ATE gaARsE 24 9 Qgdu g Ak oal £
Mg wgkor] qgdstmE A AgolabE g Sk AR e

4% olgdtel YW ATE 22 JE YPATH AN 5

[-‘O
o
i
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o
E
Z
e
=
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>
@
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d T2

Analysis of cDNA microarray
cDNA microarray©lli= 2178 2] 354 w|7He] AT =28 584 A

ok @Akl A 337 9 404 o) w1 A gz EE FEA X

S

d T A

1o

A5 o] gstled, e A7

W, HER2E 2 o] e S5 4 2484 553 Kie7 43 =

cDNA microarray 2 ¥oA & 354 m|Tk 359 A5 =282 84
Fd G A A 404 o] HAE A BAE AdETEE FEA

A e 22 ef HlE 355 genes ©] up-regulation (>1.5 fold) ¥

32
R

209 genes ©| down-regulation %] SIATH 1™ 1). ©]# 3t microarrayd ¥}

il

o] gato] & APl ] 354 vrtE A 404 o] HAF A

>

(22

ol th3ll Principal Component Analysiss A|3ist A3}, o] 23t genes

Ao Aol F T UMB & Y FF AAAHIY 2.
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3 1. cDNA microarray S A &3t SxbrE9] 3 eles =
35M| ojet 40X O ¢ HHH
(N=21) (N=33) p-value
N % N %
T stage 0.426
1 5 23.8 3 9.1
2 11 52.4 24 72.7
3 4 19 4 12.1
4 0 0 1 3
unknown 1 4.8 1 3
N stage 0.718
0 6 28.6 14 424
1 10 47.6 11 333
2 2 9.5 3 9.1
3 3 14.3 5 15.2
Nuclear grade 0.186
1 0 0 3 9.1
2 14 66.7 13 394
3 6 28.6 14 424
unknown 1 4.8 3 9.1
Histologic grade 0.159
1 0 0 3 9.1
2 12 57.1 11 333
3 6 28.6 16 48.5
unknown 3 14.3 3 9.1
HER2 IHC 0.805
0 8 38.1 11 333
1+ 4 19 7 21.2
2+ 7 333 9 273
3+ 1 4.8 1 3
unknown 1 4.8 5 15.2
Ki67 0.548
<14% 19 90.5 28 84.8
>14% 2 9.5 5 15.2
(HER2 IHC: HER2&H® of] tfj gt H & 3= 4] 5} 8} of A1)
— 23 —
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Young Age (Red) vs. Old Age (gray) PCA
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719 2. ¢cDNA microarrayd ¥} = ©]2-3} Principal Component Analysis (& 5: 35

Al wiRE Ak, 3] 404 o HAE A ghab

=3

wpebd] 354 viure] fgek 2HoA ol

3}o] pathway analysise Al 3slo] R Ski=d], DAVIDE ©

il

°o]-&

fARE

|83t pathway

e A= cell cycle?} ubiquitin mediated proteolysis®} ¥+ ¥ pathway”’|

S8 WITHEE 2).
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E 2. 354 w9k et A oA wEo] & FHAEC tis] DAVID 21

S o] &3k Pathway analysis oA /2t 2w & UEFA pathway.

o

Category Term P-Value
KEGG_PATHWAY Cell cycle 0.0149

KEGG_PATHWAY Ubiquitin mediated proteolysis 0.0235

=

1¥] 3 ingenuity pathway analysisoll A= 354 wRke] frbql o2 R
B HAojZ up-regulated genes< T = cell cycle, cellular development
cellular growth 2} proliferation ¥} #HE 7|5 7}Z pathwayol]l 31O,
roletAl A stE o] AATHIH 3).

5+ pathway ¥4 235 1dshd, 354 v oAERZA 22
LA S LA = cell cycle pathway 78] - AF=0] 404 o]

P
&

o

3 A Aol e 22 239 ARy 2 EdE s

AT
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Molecular and Cellular Functions

Name

p-value #

Molecule

S

Cell Cycle

Cellular Development

Cellular Growth and Proliferation
Cell Morphology

RNA Post-Transcriptional Modification

a9 30 354w et

Pathway Analysis ¢+ 2 9] networks 13 7} ©]

=

=

Z_'
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Selection of genes by whole transcriptome sequencing data

1207 s A

BN

20 ZHE AL whole transcriptome sequencing
Ol e o ~ERAl 444 FHA G 54 Lo 1

ol e A HA Aolg BAS AERA FEA P

1o

el A Tdol THE ek Al A U2 40719 FAAE A
% THRNA-seq data®] FPKM#L U] % fold change>2.0, Benjamini-Hochberg

p-value F+957). AR wE Gdw AL gk V)5S QoFEY S

kv

DNALII, Céorf211, TPRGI > "d&3tA 71 7]s°] BrslA] UA FAHE

3, X 3-1).
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vl 3o] = 4070 F AR (p-value 7F 7V 2% =07 A )
Gene Fold change  bh.p value Gene Fold change  bh.p value
ESRI1 8.613048 5.64E-12 ZNF552 2.456377 1.25E-05
AGR3 16.64908 3.81E-10 NAT1 3.968839 2.83E-05
TBC1D9 4.032516 4.91E-10 FAM134B 2.123584 2.83E-05
DNAJC12  4.980084 5.20E-08 MAGED2 3.559443 3.30E-05
ANXA9 3.25019 6.74E-07 CLSTN2  2.309303 4.12E-05
NKAIN1 3.093068 8.52E-07 BCAM 2.826416 4.45E-05
SUSD3 3.768186 1.14E-06 ACADSB  2.447808 4.65E-05
PARD6B  2.610353 1.14E-06 FSIP1 2.248298 4.65E-05
RERG 3.495378 1.89E-06 BMPRIB  4.348326 4.71E-05
BCAS4 2.349927 1.90E-06 MYB 2.550959 8.87E-05
DNALII 3.6221 1.91E-06 DOK7 2.04176 9.06E-05
GATA3 4.424286 2.02E-06 RIMS4 2.114063 1.05E-04
CAl2 5.613585 2.28E-06 XBP1 2.270703 1.14E-04
SLC39A6  3.868733 2.29E-06 LMXI1B 2.069978 1.15E-04
Coorf211  2.816403 2.29E-06 AFF3 2.348905 1.24E-04
TFF1 10.64851 4.32E-06 DACH1 2.115944 1.25E-04
BNIPL 2.411877 5.02E-06 SIGIRR 2.058825 1.25E-04
TCEALI 2.45499 6.44E-06 TPRG1 2.123778 1.62E-04
SLC7AS8 2.946641 6.60E-06 Cl9orf21  2.054524 2.03E-04
TFF3 7.035883 1.16E-05 GREBI1 3.0651 2.41E-04
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g2

Gene Location Function
ESR1 6g25.1 estrogen receptor
AGR3 7p211 related with differentiation and metastatsis genes in ER(+) breast cancer
TBC1D9 493121 associated with a shorter progression-free survival and all survival in gatric cancer
DNAJC12 10g22.1 associated with complex assembly, protein folding, and export
ANXA9 1921  family of calcium-dependent phospholipid-binding proteins
NKAIN1  1p35.2  associated with alcohol dependence in subjects of European descent.
SUSD3  9g2231 promoter of estrogen-dependent cell proliferation/regulator of migration in breast cancer
PARD6B  20g13.13 involved in asymmetrical cell division
RERG 12p12.3 inhibits cell proliferation and tumor formation
BCAS4  20q13.13 amplification, overexpression, and fusion in breast cancer.
DNALIL  1p35.1  T7he precise function of this gene is not known
GATA3 10p15 important regulator of T-cell development/ important role in endothelial cell biology
CA12 15922  participate in respiration, calcification, acid-base balance,bone resorption, et al.
SLC39A6 18g12.2 involved in protein, nucleic acid, carbohydrate, and lipid metabolism
Cé6orf211 3 The precise function of this gene is not known
TFFL 21g223 protect the mucosa from insults, stabilize the mucus layer, and affect healing of the epithelium
BNIPL 1g21.3  function as a bridge molecule between BCL2 and ARHGAP1/CDC42 in promoting cell death
TCEALL  Xg221 function as nuclear phosphoproteins that modulate transcription in a promoter context-dependent manner
SLC7A8  14qll2 SLC7A8 and CD98 were reduced in fetal cortex at different gestational ages
TFF3 21g223 protect the mucosa from insults, stabilize the mucus layer, and affect healing of the epithelium
ZNF552  19q1343 overexpression of ZNF552 in the COS-7 cells inhibited the transcriptional activities of AP-1 and SRE
NAT1 8p22  transfer of an acetyl group from acetyl-CoA to various arylamine and hydrazine substrates
FAM134B  5pl151 necessary for the long-term survival of nociceptive and autonomic ganglion neurons
MAGED2  Xpll.2 involved in several types of cancer, including breast cancer and melanoma
CLSTN2 3923  Interactive effects of KIBRA and CLSTN2 polymorphisms on episodic memory in old-age unipolar depression
BCAM 19q13.2 play a role in epithelial cell cancer and in vaso-occlusion of red blood cells in sickle cell disease
ACADSB  10g26.13 catalyze the dehydrogenation of acyl-CoA derivatives in the metabolism of fatty acids or branch chained AA
FSIP1 15q14  association between the variants in FSIP1 and aspirin intolerant asthma occurrence in a Korean population
BMPR1B 3 functions as a receptor for bone morphogenetic proteins (BMPs)
MYB 10 promote the development of lymphomas
DOK7 4p16.3  essential for neuromuscular synaptogenesis
RIMS4  20g13.12 linked to microtubule stability, apoptosis and protein degradation in the human brain
XBP1 22912  regulates MHC class II genes
LMX1B 2 associated with skeletal development.
AFF3  2q11.2-q12 function in lymphoid development and oncogenesis
DACH1 13922  regulate gene expression and cell fate determination during development
SIGIRR  11p15.5 association was found in the SIGIRR rs7396562 polymorphism and SLE susceptibility in a Chinese population
TPRG1 3928  The precise function of this gene is not known
C19orf21 19p13.3 involved in mitotic spindle positioning in human cells
GREB1 2p25.1  early response gene in the estrogen receptor-regulated pathway
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Aot A2 whole transcriptome sequencing G| ] E | 4] cell cycle?} ¥
A fFAARE TEstr] f8l Al cell cycled s - AR CCNBI#H2)
W3 correlationS F23}9] correlation coefficient’} 7} =& o2 F
A2F 40705 A7dsSlal, Pathway 415 &3 ©] 40708 FAA7} o+

i Cell cycle, Mitosisel #HAES <2153 21 (GeneAnalytics:

ofr
tlo

ga.genecards.org), 7} FA7e] SPEE wulAe J)5e ke Qo

SFAUTHEE 4, X 4-1).
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3 4. Cell cycle?} #HA=o] HGH 4070 Fd=kel & pathway

3l°] CCNBI13}9] correlation coefficient”} 2 O 2 g2])

Gene Correlation coeff Gene Correlation coeff
CCNB1 1 NDC80 0.702598
DEPDC1B  0.775522 UBE2C 0.701318
BUBI1B 0.770129 FAMS3D 0.695056
CKS2 0.754076 PLK4 0.69184
PBK 0.750199 CDCAS 0.687702
CDK1 0.745293 KIF2C 0.687533
MELK 0.743334 NCAPG 0.684262
SKA3 0.740616 HJURP 0.683499
CCNB2 0.739845 PCNA 0.68234
GINS1 0.736509 TOP2A 0.681719
KIF11 0.730844 NEK2 0.679521
DLGAPS 0.729363 BIRCS 0.673604
PTTG1 0.726934 NUF2 0.666893
MAD2LI1 0.720674 TTK 0.662272
KIF15 0.718614 CCD(C99 0.658729
FBXO5 0.712902 KIF23 0.6573
TPX2 0.711182 CENPF 0.655939
SPC25 0.71081 CCNA2 0.654745
MYBL2 0.709569 PLK1 0.654105
BUBI1 0.708197 AURKA 0.645461
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Pathways: 57.

.80
1305
4226
Bl 33.33
Bl s1.85
Bl =0.14
B =2s.25

Matching Gene(s): 34

b Name

Cell Cycle. Mitotic
Mitotic Prometaphase

Cell cycle Role of APGC in cell cycle regulation

Mitotic Metaphase and Anaphase

Cell Cycle / Checkpoint Control

PLK1 signaling events

Cell cycle Spindle assembly and chromosome separation
Cell cycle

Regulation of PLK1 Activity at GZ/M Transition
CDK-mediated phosphorylation and removal of Cdc6
Docyte meiosis

Cell cycle Chromosome condensation in prometaphase
Aurora B signaling

FOXM1 transcription factor network

Gastric cancer netwark 1

REB in Cancer

Cyclin A/B1 associated events during G2/M transition

S0 and Eardy G1

E2F mediated regulation of DNA replication

Mitotic Roles of Polo Like Kinases
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¥ 4-1. Cell cycle®t #H o] AAH 407 FAAE2 7% Lok (Fad Qo

CCNB13} ] correlation coefficient®] =& 02 42])

Gene  Location Function
CCNB1 5q12  regulatory protein involved in mitosis /expressed predominantly during G2/M phase
DEPDC1B  5qgl2.1 coordinates de-adhesion events and cell-cycle progression at mitosis
BUB1B 15915 kinase involved in spindle checkpoint function
CKS2 9922  essential for their biological function of the cyclin dependent kinases
PBK 8p21.2  protein kinase related to the dual specific mitogen-activated protein kinase kinase (MAPKK) family
CDK1 109211 essential for G1/S and G2/M phase transitions of eukaryotic cell cycle
MELK 9p13.2  novel regulator in cell cycle control, embryonic development, and cancer
SKA3  13g12.11 component of the spindle and kinetochore-associated protein complex
CCNB2  15g22.2 essential components of the cell cycle regulatory machinery
GINS1  20p11.21 essential for the initiation of DNA replication in yeast and Xenopus egg extracts
KIF11 10g24.1 involved in various kinds of spindle dynamics
DLGAP5 149223 engaged in the regulation of cyclin E1 expression
PTTG1 5g35.1  homolog of yeast securin proteins, which prevent separins from promoting sister chromatid separation
MAD2L1  4q27 component of the mitotic spindle assembly checkpoint that prevents the onset of anaphase
KIF15 3p21.31 important role for antagonistic motors in chromosome segregation
FBXO5 = 6g25.2 inhibits the anaphase promoting complex
TPX2 20q11.2 for DNA damage response
SPC25 29311 involved in kinetochore-microtubule interaction and spindle checkpoint activity
MYBL2  20q13.1 phosphorylated by cyclin A/cyclin-dependent kinase 2 during the S-phase
BUB1 2914 phosphorylating members of the mitotic checkpoint complex and activating the spindle checkpoint
NDC80 18pl1.32 organize and stabilize microtubule-kinetochore interactions
UBE2C  20g13.12 required for the destruction of mitotic cyclins and for cell cycle progression
FAM83D 20q11.23 novel oncogene in breast cancer development
PLK4 4q28 regulates centriole duplication during the cell cycle
CDCA5 119121 Phosphorylation and activation of cell division cycle
KIF2C 1p341  depolymerize microtubules at the plus end, thereby promoting mitotic chromosome segregation
NCAPG = 4p15.33 responsible for the condensation and stabilization of chromosomes during mitosis and meiosis
HJURP  2g37.1  involved in the chromosomal stability and immortality of cancer cells
PCNA  20pter-pl2 helps increase the processivity of leading strand synthesis during DNA replication
TOP2A 17212 involved in processes such as chromosome condensation, chromatid separation
NEK2 1g32.3  involved in mitotic regulation
BIRC5 17925 negative regulatory proteins that prevent apoptotic cell death
NUF2 19233 regulatory role in chromosome segregation
TTK 6g14.1 essential for chromosome alignment at the centromere during mitosis
CCDC99 5g35.1  novel role of farnesylation in targeting a mitotic checkpoint protein, human Spindly, to kinetochores
KIF23 15923  transport organelles within cells and move chromosomes during cell division
CENPF 1g41 play a role in chromosome segregation during mitotis
CCNA2 4q27 binds and activates CDC2 or CDK2 kinases, and thus promotes both cell cycle G1/S and G2/M transitions
PLK1 16p12.2  Therapeutic PLK1 inhibition results in mitotic arrest
AURKA 20913 involved in microtubule formation and/or stabilization at the spindle pole during chromosome segregation
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In silico validation
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S T HR = 2.66 (1.96 - 3.62)
. logrank P = 8.4e-11
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A) By CLASS:ER = + (362)
{Overall betas )
Concordance Index = 87.16, Log-Rank Equal Curves p=1.482e-10, R"2=0.236/0.666
Risk Groups Hazard Ratio = 11.32 (conf. int. 4.61 ~ 27.77), p=1.177e-07
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aga v Al A 7] dsd A 2 dojEfMo] A%l Wang
Foekens Breast GSE2034, Ivshina Miller Breast GSE4922, Kao Huang Breast
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Targeted RNA sequencing
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% =) & % p-value
T stage 0.006
1 12 37.5 1 3.6
2 18 56.3 24 85.7
3 2 6.3 3 10.7
N stage 0.970
0 11 344 8 28.6
1 14 43.8 13 46.4
2 15.6 5 17.9
3 2 6.3 2 7.1
Nuclear grade 0.601
1 1 3.1 1 3.6
2 19 59.4 13 46.4
3 12 37.5 14 50.0
Histologic grade 0.302
1 0 0.0 2 7:1
2 18 56.3 14 50.0
3 14 43.8 12 42.9
Ki67 0.022
<14% 15 46.9 21 75.0
>14% 11 344 7 25.0
unknwon 6 18.8 0 0.0
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Abstract

Gene expression analysis of hormone receptor positive

breast cancer under the age of 35

Jong Han Yu
Medicine, Dept. of Surgery

The Graduate School

Seoul National University

Breast cancer patients under 35 years are more common in Asian than in western
country relatively and the prognosis of them is generally worse than older
premenopausal and postmenopausal breast cancer patients. In hormonal receptor
positive breast cancer, breast cancer patients under 35 years has worse prognosis
even after anti-hormonal therapy. However, the biologic mechanism related with
poor prognosis has not been known well. This study was done for revealing the
characteristics of gene expression in breast cancer under 35 years.

To check the differential expressed genes, cDNA microarray was done using the
breast cancer tissue of <35 year and premenopausal patients over 40 year old and
more and then marked differential expressed genes were analyzed by pathway
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analysis software. The candidate geneset related with breast cancer with positive

estrogen receptor and cell cycle was made through the whole transcriptome

sequencing from 120 breast cancer tissues. For in silico validation, Kaplan-Meier

plotter and Survexpress were used. Finally the expression of candidate geneset was

validated by targeted RNA sequencing in the breast cancer tissue of <35 year and

40~49 year old patients with positive hormonal receptor.

The result of ¢cDNA microarray and pathway analysis showed the activated

genes in <35 year breast cancer tissue related with cell cycle function and pathway.

Therefore, we selected the 80 genes related with breast cancer with positive

estrogen receptor and representative cell cycle gene(CCNBI) through whole

transcriptome sequencing result. In the result of Kaplan-Meier plotter, two risk

groups divided by mean expression of cell-cycle related geneset showed

significantly different prognosis(Hazard ratio 2.66(log lank, p=9.43e-11)). The

results of SurvExpress in the four independent published gene expression database

showed that 80 geneset could separate significantly low-risk and high-risk groups.

The number of genes with relatively higher expression level among the cell cycle-

related genes in <35 year old breast cancer was more than 40~49 year old patients

according to the result of targeted RNA sequencing.
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In conclusion, genes related with cell cycle function and pathway were expressed

highly in breast cancer patient with positive hormonal receptor under 35 years. This

result may explain their poor prognosis.

Keywords: Breast neoplasm, Genes, Young woman

Student Number: 2010-30529
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