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epithelial-to-mesenchymal-transition (EMT) A 2& 7}A
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L "oy 3

TS SEMAAES] FA 2 HolH RS fld GEO (ww

w.nchi.nlm.nih.gov/geo/) ¢t ArrayExpress’ (www.ebi.ac.uk/arrayexp

14 14 " 14

ress)ol A Ao} "cancer stem”, "breast”, "sphere”, "mammosphere
", "tumor stem-like"E ©o]&3to] dloly AL T AN Ay
Z 4970 dHlolHE o FUg HeolHY AAYE S8 o F
Affymetrix Human Genome U133 Plus 2.0 Array9 platforme ©]
31770 diolE & Adsginh 1770 diolg Fol A - 2714 7]
< ol&3ste] HF 371 dHlolHE AeHeh (1) "Heoly gt
AT (2) TYMAAME AFE 98 sphere cell? adherent cell
tlolg o] EFFol . Affymetrix Hlo]g oo & AL o5
sl o]l A Tlumina human HT12-v4 Beadchip= ©]-&3F9] sphere
cell?} adherent celldl]l thal] A Fx F&d dolgE &4 dlo]H
of F7tslAtt. HEHoRE B WERRA A E 3712 Affymetrix ©l
olE ¢} 1719] Mllumina HIo|HE AAA &A1& a3t (Figure

1.
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We searched GEO using the search terms including
“cancer stem”, "breast”, “sphere’, “mammosphere”
and “tumor stem-like".

J

49 records after
duplicates removed

32 records excluded
after data platform screened

17 records of
Affymetrix platform selected

14 records excluded after
abstact and methods
screened for relevance

Ajou University provided 1 record

4 records included in meta-analysis
GSE32526 using Affymetrix Human Genome U133 Plus 2.0 Array
GSE24460 using Affymetrix Human Genome U133 Plus 2.0 Array
GSE35603 using Affymetrix Human Genome U133 Plus 2.0 Array
E-MTAB-3860 using llumina human HT12-v4 Beadchip

Figure 1. MEHEA] S 919 dlol8 3 #A.
2. Axvld 9@ {312 24 profiling

2 A7y ¥E AFE T ofFHT s MCF-7 AlxXFE
American Type Culture Collection (ATCC, Manassas, VA)oll A
A3t 10% fetal bovine serum® DMEN mediumol 4] 8] F3laL
A2 2E profilingS F3EFATE. MCF-7¢]  single  cell
suspensions< 1 x B27 supplement (Life Technologies, Carlsbad,
CA), 20 ng/mL basic fibroblast growth factor (R&D Systems,
Minneapolis, MN), 20 ng/mL recombinant epidermal growth factor

(Life Technologies, Carlshad, CA), 100 U/mL penicillin, 100 pn



g/mL  streptomycing  ¥3%3d=  DMEM/F120]  wjdE o
ultralow adherence dish (Corning, Corning, NY)ol A Ze] it} A
thuj e 2o F W WA o™ sphere cell HI%S 93] single
cells® mammosphere medium 274 o= A HjgsAt [7].
RNA #%& mirVana™ RNA isolation kit (Ambion, Inc., Carlsbad,
CA)E o] &3to] AxAL ZE2EZ wdt 1Pt on RNAS &
%2 Illumina TotalPrep RNA amplification kit (Ambion, Inc.,
Carlsbad, CA)& AH&3to] cRNA Aol A& =3t cRNAE A%
Abe] 2 EFo| wg} Illumina human HTI12-v4 Beadchip gene
expression array?] hybridization®] AF8% 13 hybridization®
array 2] fluorescence signals< Illumina Bead Array Reader
(Illumina, San Diego, CA)S A}-&3}o] At}

3. dloly A4

FHE dolH F  Affymetrix platform? HlolE+= GSE32526,
GSE24460, GSE356035 > &gl o o] dolge wdgs x3ts)
7] #138] robust multi-array analysis (RMA) W¥HS R package$!
affy''S o] g3ato] APt [8]. T3l ol F 371 dlolEo] &g
o Al EA|3F= batch effectE A A3t sl dolH=E F33H7]
93] ComBat &i18]Z< R package?l sva'E o] &3le] A &s19t)
[5]. ComBat& A &3t HoFo] high-throughput Hlo]EjellA A5
+ A batch effecttt X% /S empirical Bayesian
framework WS F3l batch effect7} #A|AE HAE 3oz A&
slo] =t} Illumina platforme] ®lol8 W& gk X F3}= log2 W3k}
quantile normalization W& &3l ofFustulel A X3S
ol wagke %F3) o]F F 47 "Hlo]E ¢ gene label2 Database
for Annotation, Visualization, and Integrated Discovery (DAVID)!
2 o] &3lo] Entrez IDs"& W3ttt [9].



4. Gene set analysis

Gene set analysist™ Generally Applicable Gene-set Enrichment (G
AGE) W< R package?l gage®ES o]&3to] a9t GAGEE
o] A 9] gene set analysis W<l GSEAY PAGE7} 7Hd A& o &
sample=7] ¢} A3 HARlS A=A o= FHAE AAT W
HOo R ofdel Wy Hlaste] APl £ AHAE Ko vt [1
0]. B dA43& sphere cells?} adherent cellsS H uldte] FoA<S
HolE gene setS AW3E7] 913 gageE Affymetrix¢} Illumina
platform Z}ztoll A4 #8319t} gager= Kyoto Encyclopedia of
Genes and Genomes (KEGG)olA Aot Z+7+o] gene setoll tf 3l
AP tfxzato FAgE o] &sto] p-value k& AT Af
fymetrix®}t Ilumina ZFZ+ell A gene setoll 3k p-value #S A&
% p-value < 0.001% cut-off2 3to] 24 AA HolE HQ
gene setS AWalal F platform =50l A p-value < 0.001& wH=

3t 470 gene setS HFE A€t

5. BAA AE Y F47 vpA A

HE AdE 47 gene set®] FAZA HSES 915 leave-one-out
cross—validation® ¥ & A}&3}% ). Leave-one-out cross-
validatione Affymetrix®} Illumina platform Z}Z}ol| A 28] &}$d o
A& HH 2 sphere cell?} adherent cellS X38Fsli= A A d] o] B o A
stuo] dlolHE A LA7IaL YA HolEE o] 83k prediction
model W= &, o] RS o] &eto] ALJAZE Tlo]E7} sphere
cellel A adherent cell 1% dZ3l= WHOZ 9t} Prediction

model& prediction analysis for microarrays (PAM)S Ap-&38to] wh



5901 PAMS nearest shrunken centroid S AF-&3to] o]
B9 classE =3 dug 5oz oy Aol A microarray Hl
olel o] FAA AFel Ar&EHo Skt FAIHAS A 4709] gene set

2y 2ol A Affymetrix®} Ilumina platformel] 3|9 38l= accuracy =

HE M FAA vAL] AHE 98] AEl® 4719 gene setS T
Asl= N FHdA e gk p-valueE R package "Globaltest” 2]
component testE ©]-&3to] ATt [11, 12]. Globaltest+= tz=a"3}
At Aol o] p-value®t &7 positive association E+ negative
association®] #3k AHBE AFsly B Ao A  positive
association< sphere celldl A dld F-d27F ddlo] F713lthE 9
o] negative associatione H#o] Tt oujoltt W
4= w7 = Globaltest A3 Affymetrix®t  Ilumina 2712
platformell A p-value < 0.055 w3t W3] F7lo] UAHAs+=
FAAE Adsgrh 47019 gene set 2ol A A fFH bS] 9]
A& AZrststz] 918l GlobaltestE ©]-83F] gene plots A8k
o gene plote] bare MY FHAAL  p-valueol 3o

Adherent cells¥} H]13}o] sphere cellsollA @d 78S HFASHY]
A8 bare] AZE WA mE Fesor dgsor He

sl 31 AF7F sphere cellsell A 2&o] S7HS& 9n|stal =

o] gade Ae o,



6. Reverse transcription-PCR

A3 FFATE $H3 obFdgtad = RT-PCRS &
6}04 Al NE fARe] Hde AgHon 9lsy] Y& 7
= 1 = e | S

reverse transcriptase kit (Promega)e AF&3t91o™ Tag DNA
polymerase (Promega)® %Y= cDNAE PCRe| A}F&3F3th PCR
TE2 HAAXdE EH2xNA IPEA e PCR cycles 35+ 17
w3002 39T

m. 23
1. =349 dolge 44

dele FHZAZ GEOAIA 20103 201210 sl GSE32526,
GSE24460, GSE356032 233k 3702 Affymetrix Gene Chip Array
FHAA FE golHE HWEREA Y AFE3FA T GSE325262 554,
8oA o1 et #Ake] A 7\} e oy oln o] F w2 T
BS B sample tlolH S2N& AEsilar o] ol 2bz)
370 €] sphere cell¥} adherent CeHA T2 4d glolHE xE3% st
ot [2]. GSE32526> ¢t 2] 93 ¢4 4 sampled]
FH2 3 dolgolnw o] A4S University of Palermo on
human experimentation®] 7|3 ¢193] &2+ HS wel A3PsA
[2]. GSE24460°) 4]+ parental MCF-73 MCF/ADR cellsS A}-&3}
St} Parental MCEF-7 cells wild-type®]™ estrogen receptor
positive luminal subtypes®. 2 &7 #Ht} [13, 14]. MCF-7/ADR

2



cells2 W& FAEHEEZ Hol= sphere cellso]™ =2 F=
doxorubicin®] 7 wiA A wiFEH ATt [13]. Parental MCF-7
cells¥} MCF-7/ADR cells 22t 2709 +x7 HeolB & 23Hatl
t}. GSE35603<2 3709 parental MCF-7 cells®} parental MCF-7
cellsoll A f-21¥ 2719 sphere cell 32 & dolg & 33}
t}.  GSE35603¢] parental MCF-72 wild-type®]|™ estrogen
receptor—positive® #F Ht} [15, 16]. Ilumina platform®] © o] E
F7F=2 9@, parental MCF-7¥ parental MCF-7914 $#%
sphere cells Z}7tol s@ste 271 FdA && doly & ofFdl gt
WZEE AJr}. ofFtistuo A ALg3F parental MCF-7 cells=
luminal A subtype©]™ estrogen receptor-positive® i ¥t} o}
Fgae A A FHaA TA dHolH= ArrayExpressoll 2=
HRdow dolEE E-MTAB-38602. 2 accession number’} &% 5
At

Affymetrix Illumina

Figure 2. Affymetrix®} Illumina platformol 4 €& Gene set analysis 23& H
T ditjo]o 19y,

- 10 - '\-\.-i 2 _



2. Gene set analysis®} EA4 #H=

Gene set analysis 23, p-value < 0.001= cut-off2 A}-83}o]
Affymetrix®?} Hlumina platform Z}Z}oll A oA A A & 2o 7}
U= 12, 20719] gene setS AU} Figure 2& gene set analysis
Ao A FoAdE HQl gene setd HWitio]o] 1} & o] &3fo] LE
W Aol o] F Affymetrix®} Ilumina platform X=FolA 94
S H< 4709 gene set@l cytokine-cytokine receptor interaction,
valine, leucine and isoleucine degradation, systemic lupus
erythematosus, DNA replications A &3}t A elw 4702] gene
set> Affymetrix®} Illumina®l A %% false discovery rate (FDR)
<0.052 "3l o DNA replications sphere® adherent cells
Abololl A 7+ =& FoAS B (Table ).

Affymetrix Hlumina
Gene Sets accuracy accuracy
p-value FDR AUC p-value FDR
(%) (%)
DNA replication 9.81E-05 0.008 87 0.939 6.62E-12 1.17E-09 100

Valine, leucine
and isoleucine 0.000729 0.016 73 0.816 | 0.000251 0.007 100
degradation

Cytokine-cytokine
receptor 0.000852 0.041 87 0.841 | 0.000575 0.010 100
interaction

Systemic lupus
0.000978 | 0.041 93 0.982 | 0.000553 0.010 100
erythematosus

Table 1. Gene set analysis A, Affymetrix®} IDlumina platform 5ol A

p-value < 0.001& W=3s}i= 47] gene set®] p-value, FDR, accuracy %.
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A 4709] gene setol]l W3 FAA HASS 938 leave-one-out

cross validationS ©]-&3}%] accuracyE A%t

0

39t} Leave-one-out

O

-

cross validation Z 3}l A4 positive?} negatives= 217} sphere cell?}
adherent cellS 9|v|3lY accuracye] oo w2l true positive
(TP)= A A sphere celle] prediction modele] <3} sphere cell®
o =¥ A9 Fo]ln false positive (FP)E= A A| adherent cell©]
sphere cellZ o&¥ 49 Foltf. T2 WHOZ true negative
(TN)> 24 adherent celle] adherent cell2 oZ% 7Z$-2] J=o]H
false negative (FN)<2 24| sphere celle] adherent cell® <S4
L9 o)t} [17]. Accuracy:= Ao wz} TP, FP, TN, FN %t
o] &3] A4tE St} Table 2+ leave-one-out cross validation
A3RE yerd 3Zolth lllumina platformel A= EE sample©]
P &&= TN ZA¥3E ®gom Affymetrix platformol &= 2 7
¢] sampleo] FP E& FNeo Z¥E Hth Cytokine-cytokine
receptor interaction®] gene setol A= sample 49} 157} 217 FP<}
FNe] A3E yele™  valine, leucine and isoleucine
degradation®] gene setol]l 5]&= sample 73} 8¢] FP, sample 10¥} 15
7} FN9o] Z3E HAr}l Systemic lupus erythematosusel A=
sample 157} FN¢ ZA 3= H. ¢ 31 DNA replicationo] A &= sample 4
o} 10°] Zt7} FPe¢F FN¢ ZA¥}E H At Leave-one-out cross
validation 2¥& vlgo =2 A ¥ 47 gene set®] accuracyE T-3f
Fom 4709 gene sete] Affymetrix platformol A 70% ©]%2]
accuracy=S X 13l Ilumina platformel 4 100%2] accuracyES H .1
t} (Table 2).
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Samples of Affymetrix Samples of Illumina

Gene Sets Adherent Sphere
Adherent cells Sphere cells
cells cells

1(2|3|4|5|6|7|8|9|10 11| 12|13 14|15 1 | 2| 3| 4

Cytokine-cytok
ine receptor | T|T|T|F|T|T|T|T|T|{T|T|T|T|T|F| T | T| T| T
interaction

Valine, leucine
and isoleucine | T| T| T|T|T|T|F|F|T|F|{T|T|T|T|F| T | T| T| T
degradation

Systemic
lupus T|T|T|{T|T|T|T|T|T|T|{T|T|T|T|F| T | T| T| T
erythematosus
DNA
o T|T|T|{F|T|T|T|T|T|F|{T|T|{T|T|(T| T | T| T| T
replication

Table 2. Leave-one-out cross validation Z3}. T+ adherent %=+ sphere cell©]
Z}7} adherent =+ sphere cell® o|=%¥ 7 -$-o]1 F+= adherent %=+ sphere cell

o
o] 7Z}7} sphere =+ adherent cell2 o =% 7299,

3. 18 A7 vhA A

l

W FAzE kA= AEE 4709 gene sets FASHE FAAE U
o A AE st om {\j‘;—”. 712 Globaltest 2391 p-value®} 271 <]
platformell /] A F7He] LA {2 53T

Table 3& 4719] gene setS 1A 3F+= ‘ﬁ’;ﬂx}

[lumina platform =54 p-value < 0.05& ®

o] Affymetrix<}t
[ i oz B =
= IL12RB2,

S 7 A R

oi

E o]t} Cytokine-cytokine receptor interaction ]
CXCL1, CXCR49] & o] 2709 platform 5ol »

___>LJPN
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CXCL10, CXCL6, TNFRSF11B Mlumina®l A ®F & o] 7FAst3

t}. Valine, leucine and isoleucine degradation®l ~4]+= ACADM,
BCKDHB, HMGCS1¢] 23] 2709 platform RE5FellA 7AW

PCCB, AOX12 270¢] platform ©]= 3 7jol| A=k wra o] FHAskS]

t}. Systemic lupus erythematosusol| A= HLA-DMARFo] 27§ 2]
platformoll A & o] Z7}3%9 31 DNA replicationol A& & Z=7}o]
A xst= FAATE LA 4709 gene set ol A= cytokine-
cytokine receptor interaction¥} valine, leucine and isoleucine

degradation®] WA F7ro] A= FHAAE Bol 3T

Gene Sets Genes Affymetr.ix - IIIumina.l -
p-value direction p-value direction
CXCL10 0.004 down 0.038 up
Cytokine-cytokine CXCL6 0.009 down 0.028 up
receptor IL12RB2 0.013 up 0.030 up
) ) CXCL1 0.014 up 0.011 up
Interaction TNFRSF11B 0.022 down 0.009 up
CXCR4 0.029 up 0.001 up
PCCB 0.000 up 0.025 down
Valine, leucine ACADM 0.004 up 0.013 up
and isoleucine BCKDHB 0.015 up 0.037 up
degradation AOX1 0.036 down 0.023 up
HMGCS1 0.038 up 0.005 up
HIST1H2BD 0.000 down 0.037 up
HLA-DMA 0.001 up 0.049 up
Systemic | HIST2H3A 0.002 down 0.004 up
ystemic 1UPYS - rsTiH2BC | 0.006 down 0018 up
erythematosus H2AFJ 0013 down 0.008 up
SSB 0.026 up 0.025 down
HIST2H2BE 0.045 down 0.000 up
RfC4 0.000 up 0.030 down
RPA1 0.002 up 0.001 down
MCM4 0.005 up 0.001 down
DNA replication MCM5 0.007 up 0.014 down
MCM2 0.009 up 0.009 down
FEN1 0.022 up 0.039 down
RFC5 0.029 up 0.031 down

Table 3. 470 9] gene setg TA3t= FdA F p-value <0.055 ¥t FHdA

9] p-value®} FHS FH.
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Figure 32 Affymetrix®} Illumnian platformol| A cytokine—
cytokine receptor interactionr®} valine, leucine and isoleucine
degradation®] gene plotS X o=t} Affymetrixel| 4] cytokine-
cytokine receptor interaction= TNFSF9, VEGFB, CRLF2, IL7,
ILISR1S X33t 21719 A A7} sphere cellel A 994 AA &
&lol 17}6} a1 IL13RA1, CCR1, CCL8, CXCL10, ACVR1& *3
& 22709 FAATY o Al wdE o] FHAsSth Hluminacl A
cytokine—cytokine receptor interaction-- CXCR4, PDGFRA,
IFNGR2, CCL28, OSMR=< x3tst 25702 A7} sphere celloll 4]
frold A Edo]l Frkeklal CXCL12, ZFP91, PDFGB,
TNFRSF10A, IFNA2S 23he 13719 A7 94 A 24
o] A3ttt Affymetrixol 4] valine, leucine and isoleucine
degradation PCCB, HADH, ALDH9A1, ACADM, ALDH7Al%
A 7T7hel FH A7 sphere cellell A+ Al ol F7tst
R AOX1e] F9A A Edo] HAsHA . luminaol A valine,
leucine and isoleucine degradation% HMGCS1, AUH, ABAT,
ACADM, AOX1E ¥3Fsk 10719l =+ A7) sphere cellol Al 2] A
JA T&o]l Fr7hskAal PCCB7E ol Al Edo] 7HAsiint
Affymetrix2} ¥ L3-S ], Illumina platform®l 4] cytokine-
cytokine receptor interaction®} valine, leucine and isoleucine degra
dation®] ¥deo] T7Fe FAA 71 o BAdH HAFTAHR
cytokine-cytokine receptor interaction¥ valine, leucine and
isoleucine degradations A3k A Foll Affymetrix 2}
[lumina platform 24 @& e] S71E IL12RB2, CXCL1, CXCR
4, ACADM, BCKDHB, HMGCS1< 233 6719 fdxE /M &
AR AR A s T
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4. Reverse transcription-PCR

AE 67] F-12 npA o] wE S AgHor sty 9, B A
T FEAFE FY3 o= RT-PCRS o]&3to] 671
A2 w4 (IL12RB2, CXCL1, CXCR4, ACADM, BCKDHB,

HMGCS1)¢ mRNA 23S MCF-73 MCF-79l4 f#%¥ sphere
cellsol A &3 9th. RT-PCRS %3 A, SNAI®} ACTINSG
reference FAXE AFE3A T SNAIE FUNAAE 7)Aol o]
st FAAR, TEMAIAZANA Hdo] Frhsvta LA o
ACTIN= control &A= AFEE AT [16, 18, 19]. RT-PCR 23}
CXCL1, CXCR4, HMGCS1¢] mRNA 2do] MCF-73 B3-S o)
MCF-7914 s #%¥  sphere cellsolA Z71EQ&S  &elsya
IL12RB2, ACADM, BCKDHB= #24 A& @& #ol& Ho|X
%ktt (Figure 4).

MCF-7  Sphere MCF-7

M O#H2 ™ #2
- - o RV

>

Shs
_|_L4
tlo

Figure 4. v €}

of
)
o~

671 &AAe] RT-PCR A3 (o}Fuldtnl A &)
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A daelFe] ey A AAAH Bl&o] 54 ¥ AFHA A
= 23E RoFe AHor s HT o] Aol mEREA o
AREE AL vk 53] microarray okl BE AFolA A EE vE
A4 o] A oy o 7kA] ZAAola AA A A
o S E ] okl B A= gene set analysisE 483}
oA FU¢ FEMANAE AT2FEH 4L Fd2 Fd dHolHE
o] &3 MEEAS FHGAL 1 AR FUY FENAAE
Hst= 714 F12 vtAE AASFI T Gene set analysis A
T ZF 47019 gene set? cytokine-cytokine receptor interaction,

valine, leucine and isoleucine degradation, systemic lupus
erythematosus, DNA replicationS cut-off¢l p-value < 0.001& ©]
£33t AMEsgon o] 47019 gene setS TASE FHAA =
Affymetrix®} Ilumina platform =54 p-value < 0.05¢ 23 9
7ol dA3%k IL12RB2, CXCL1, CXCR4, ACADM, BCKDHB,
HMGCS1& 32 wtAR ddstdnh. o] A-elA FSHA A
Z 71Ae #ojdtta EHer &zl SNAILS 749 gene set
analysisoll A AE ¥ 4719 gene seto] ¥3Fsl= A A Ab ¢l
A7) wiimel = AFelA AAE 6702 FAA wpA = o] H
A qE 371 9] Affymetrix ©l o] H (GSE32526, GSE24460, GSE35603)
7} E3¥ Affymetrix  platform®} Ilumina platform 5ol A
adherent cell® W]:3}] sphere cello| A ®do] F7l% &S B3

i

3t} Affymetrix platformol 4] ComBat method® HoJEE &
3l7] Ao SNAILY &S GSE32526, GSE24460, GSE35603 X%

o A adherent cell¥} B3} sphere celloll A W&l o] Z718% o
37 & GSE325262 SNAIL® p-value’l 6.69E-05% =2 o4&
HATH o]& Fall & AFolA AEd dHeolgrt 71EY A+ A3
2l SNAIL®| 2 E whed3hs gelst it

HEREA ol A A FHxt v dds AFAoE gl

~ 19 - ___:rx | _k:i_ -I_-]i



Al 2 AR FEAdTE FASE ofFdEgue s RT-PCRE
st o 1 A¥ CXCL1, CXCR4, HMGCS12] mRNA %3 o]
MCF-7 cells?} vlaste] MCF-791 4 f+2l¥ sphere cellsoll A 57}
dAee wAIAL. FT/hE A FolA CXCR4ME CXC
chemokine 834 < 3= stromal derived factor-1 (SDF-1)<

gier 7hA A4 Abghe] Aol A= CXCR4 frak Zdol

SAY fle Aem A glod sk A ofd SAE, A
HASE 5 23744 olde] el wde] SUkske Ao g A
Q. 58 CXCR4 wdo] T7hst A= CXCLIZPe) wdo] i
2 AN A, g, e AojHe ¥l e Aow dHA 9l
o ER w2 Aol e delo gad e st IA
=

= [
AATE Foko] Holo] ZAAZA ddt

A & dIgeE BHurt du
[20-23]. CXCL1'%¢] A%, <k #H, A3, dade, dgAg
T ThEE ol A e S HaEglon FHkdkel A o 3
A7F Aol FUks A9 HZ o] 2§ e o] = Ao
2 4#A Ak [24-28]. F Ao WEFEA o] AAg 3709 7
2 w7 S 2707F olv] cancer stem cells 7] dol #dtE T3
AR e orns B Ao AAE wWEEA BHS FH
TEMAAM L HolstE FHA vpAE AEe=d FE& HWH

olgta & 4 dom vmA 17881 HMGCSIY ®3+ cancer stem
cells 7]del #HA3st= wpARZ A AT

B A9 A= GEOSF 22 open databased] &7l% dlolg
Tt TYNANAE #E dHolE 7 BA gob HWEREA S ¢l d)
oA 3709 Affymetrix platform® TS AF&3 ot} mdk
AR&E HlolH e samplec] FRH7F EF dASHA &tow
RT-PCR ZA¥ %= W& sensitivityES H AT dlolg EAd AFgH
5 cell line & GSE24460, GSE35603, E-MTAB-38602]
molecular subtype< XF estrogen receptor-positive luminal
MCF-7 cell linec]l™ 2382 #H5& ¢35 RT-PCRoA = estrogen

receptor—positive luminal A subtype$l MCF-7 cell lineS AF&3F0

_ 20 _ .__:l'x ! _'k.l_-l_ -I-li -__.:.I ;



o}, MCF-7 cell line cancer stem cells 7o o] AF&H o] $
ow E3| 3-dimensional (3D) #iA| oA wiA=E QS wf in vivool A
% cancer stem cells®] Ad@o] Wo|l WAL LHA 9l
[20-32]. HlolH & 93] & A% Ilumina platform®] {31
2 2 HlolB & ofF st R FH o] F7letl o Affymetrix
o] dlo]E 9} H]u3E}e] Ilumina H©|©]E] &= sphere¥ adherent cells
Abololl A Hth Wekgk W o] AolE HoAFAT mebA 2 A4R%]
o] F7}& Illumina H°lE = Fx2 wAE dEst=d oA H
o wee g sdEs Aleete] A A 7jod = dATh
ek flo]E FEAo] ojA Affymetrix®}t Illumina Hlo]EHE =%
A&t o =M F platform®] 545 5 LAt
AzHog B AFZL gene set analysisE A -83Fo] A= W
EREA WS AAFoEHA AbEA FRoRE ZAA mtAE A
s < W AESH 71d AEE FUIE adedlen o
& Tl AANE FH4 A= WG gene seto] A= 5H
pathway 7]zl #oJ57] wjiel FEFMAAME 71 ERH o=
i ¢ Atk d ou7E dv oA S FAARE e sk
Tt FEMAAE 7)ol #ofdt= FHAA mbAREA CXCR4,
CXCL1, HMGCS1& Ad®stglon o]& RT-PCRE °]&sto] &d

S
=
o 494 AL FAs

&3l
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The Gene Expression Omnibus (GEO) is an international public
repository that archives and freely distributes microarray,
next-generation sequencing, and other forms of high-throughput
functional genomic data sets (1). Approximately 90% of the data
in GEO are gene expression studies that investigate a broad
range of Dbiological themes including disease, development,
evolution, iImmunity, ecology, toxicology, metabolism, and more.
The non-expression data in GEO represent other categories of
functional genomic and epigenomic studies including those that
examine genome methylation, chromatin structure, genome copy
number  variations, and genome - protein interactions. A
breakdown of GEO data types and technologies is provided on
the repository Summary page.

Data in GEO represent original research submitted by the
scientific community in compliance with grant or journal provisos
that require data to be made available in a public repository, the
objective being to facilitate independent evaluation of results,
reanalysis, and full access to all parts of the study. The resource
supports archiving of all parts of a study including raw data
files, processed data, and descriptive metadata, which are indexed,
cross-linked, and searchable. While the principal role of GEO is
to serve as a primary data archive, the resource also offers
several tools and features that allow users to explore, analyze,
and visualize expression data from both gene-centric and
study—centric perspectives.

To summarize, the main goals of GEO are to:

e Provide a robust, versatile primary data archive database in
which to efficiently store a wide variety of high—-throughput

functional genomic data sets.
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e Offer simple submission procedures and formats that support
complete and well-annotated data deposits from the research
community.

e Provide user—friendly mechanisms that allow users to locate,
review, and download studies and gene expression profiles of

interest.

(3] : http//www.ncbi.nlm.nih.gov/books/NBK159736/)

2. WEFHEA (Meta-analysis)

Aol A AREEE A Rolth v A2 she] F o) 5
7 B ol ddelA #E vlelHE = ¥ EA <
1

_‘_4

N r}m

& Abgstel el Uz Egsn $¥E dolHzr A
28 ABS olZolus Witk vetEA e HA 2¥S S
A g Fa FAHQ tﬂollﬂ A 7F HFEONA o] FAEE H]E o
A B3 &wsb e el Ak okl viERAel wi 4w
o] o},

STUDY 1 STUDY 2 STUDY 3 STUDY 4
Statistical Statistical Statistical Statistical
results results results results

Combined
/pooled
statistical results

(MEHEA O] T8 %
Z %] : https://hsLlib.umn.edu/biomed/help/understanding-research-study-designs)
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2-2. vlEE A o] A4
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3. Affymetrix

2 AFgNE HERAS 337 918Fe] Gene Expression
Omnibus (GEO)°ll A % 37}A] microarray HI°|E]E A%lom o] ¢
olH & R%F Affymetrix 3] AFY] microarray chipol A f#1E dH o] g
o]t} Affymetrix: microarrayS A Z3df= vl IALR ol

Affymetrix 3] Aol o3k A o]t}

Affymetrix, Inc. is an American company that manufactures DNA
microarrays; it is based in Santa Clara, California, United States.
The company was founded by Dr. Stephen Fodor in 1992. It
began as a unit in Affymax N.V. in 1991 by Fodor’'s group,
which had in the late 1980s developed methods for fabricating
DNA microarrays, called "GeneChip” according to the Affymetrix
trademark, using semiconductor manufacturing techniques. The
company’s first product, an HIV genotyping GeneChip, was
introduced in 1994 and the company went public in 1996. As a
result of its pioneering work and the ensuing popularity of
microarray products, Affymetrix derives significant benefit from
its patent portfolio in this area.

Affymetrix has taken over Genetic MicroSystems for slide-based
microarrays and scanners, Neomorphic for bioinformatics,
ParAllele Bioscience for custom SNP genotyping, USB/Anatrace
for biochemical reagents, eBioscience for flow cytometry, and
Panomics and True Materials to expand its offering of low to
mid-plex applications. In 2000, Perlegen Sciences spun out from

Affymetrix to focus on wafer—-scale genomics for massive data
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Biology for a better world

(Affymetrixoll A1 AAF8}= microarray chip,

ZA : http://www.genehk.com/news/news_20140205_5.php)

creation and collection required for characterizing population
variance of genomic markers and expression for the drug
discovery process.

Thermo Fisher Scientific announced on January 8, 2016 the
acquisition of Affymetrix for approximately $1.3 billion. The
acquisition is anticipated to close in the second quarter of 2016.
The acquisition will enhance their diagnostic equipment offerings
and lead to 10s of millions of dollars in savings in the first few
years after completion of the deal.

(£ : https://en.wikipedia.org/wiki/Affymetrix)

4. ComBat method (R A2 %] 2 R package 4 *])

2 ATl A = Gene Expression Omnibus (GEO)dA] A2 372
tolEH = 3te dolHZ 53387 98l ComBat methodE AF&3}
o] batch effectE #| A3 TE o714 batch effect= W EFZA] ol A]
AbEE Bol2 dRbHor FX7F g o HolHE sum §F
f A2t stz st W (AT A AR@AAE stHA f
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A dagEs AREst e o] duglE R package?l SVA
package°o] 93 AFFHJAY. R  packagee R ET2IH
(https://www.r-project.org/) ol A A Q3= package  F29
software®2 R T2 SAAALY 1Hgs 93 Zz= ol
A AZESS T As Ao e AFEHI Ut R 22
#& open source 7]Rbolw Z 2y Adojx Aol frh AR
= Axlo] a3t 54 dug]dS R T2 1WA package FE| =
Asjo] 73 2016 1Y 7|22 7801709 package’} Wit
At

SVA R package A&¥H<S 7FA3HA 4278H 4 package= R
229 S Aol Hrm R ZRIHS Aol gt R
xgad HAAgdS o vy 9§ https://cloud.r-project.org/oll
H<ste] 19 20014 Download R for Window 2 A & gt}

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most
likely want one of these versions of R:

* Download R for Linux
* Downlead-R-fertlac) 05 X

o Cownload R for Windowy
v

R is part of many Linux distributions, you should check with your Linux package management system in
addition to the link above.

19 2. https://cloud.r-project.org/ol 4] A &3+ R program T 2=

R for Windows

Subdirectories:

Binaries for base distribution {managed by Duncan Murdoch). This is what you want to install R for the
first time.

Binaries of contributed CRAN packages (for R == 2.11.x; managed by Uwe Ligges). There is also
contrib information on third party software available for CRAN Windows services and corresponding
environment and make variables.

i Binaries of contributed CRAN packages for outdated versions of R (for R < 2.11.x; managed by Uwe
old contrib Ligges).
Tools to build R and R packages (managed by Duncan Murdoch). This is what you want to build your
own packages on Windows, or to build R itself.

19 3. R program U$E2E 83

Rtools
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Download R for Window& d#stA W 7 33 22 3}Ho|
Q.11 o] 7] A ThA] baseE A€ 3k},

R-3.3.0 for Windows (32/64 bit)

ownload R 3.3.0 for Windows)62 megabytes, 32/64 bit)

Installation 10NS
New featuras in this version

If you want to double-check that the package you have downloaded exactly matches the package distributed by R, you can compare the
md5sum of the .exe to the true fingerprint. You will need a version of mdSsum for windows: both graphical and command line versions are
available.

Freauently asked auestions

¢ Does R run under my version of Windows?

» How do I update packages in my previous version of R?
e Should I run 32-bit or 64-bit R?

Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information.
Other builds

e Patches to this release are incorporated in the r-patched snapshot build.
» A build of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot

Previous releases
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Previous Releases of R for Windows

This directory contains previous binary releases of R to run on Windows 95, 98, ME, NT4.0, 2000 and XP or later on Intel/clone chips.

The current release, and links to development snapshots, are available here. Source code for these releases and others is available through
the main CRAN page.

In this directory:

R 3.2.5 (April, 2016)
R 3.24 (March, 2016)
R 3.2.3 (December, 2015)
R 3.2.2 (August, 2015)
3.2.1 (June, 2015)
R 3.2.0 (April, 2015)

R 3.1.2 (October, 2014)

R 3.1.1 (July, 2014)

R 3.1.0 (April, 2014)

R 3.0.3 (March, 2014)

R 3.0.2 (September, 2013)
R 3.01 (May, 2013)

B-3-6:0 (April, 2013)
@ March, 2013)
2 (October, 2012)
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source("http://bioconductor.org/biocLite.R")
biocLite("sva”)

o] FE=3= R package FlA SVA packages A3t FZE==E o
FEE BASIA R TR Fo97]E st AE o= SVA
package’} R Z=Z 1o AX]7} #t} SVA packageol| Wish AR
+ Bioconductor (https://bioconductor.org/packages/release/bioc/ht
ml/sva.htmDol A A&3star o™ SVA packaged] A&%H+= FA
A w74, work flow, 2A| o Aet 2 W&ol pdf FLU=E A=l
Ak & ATFolA = o] AEE nfg o R A5t A HolH
o Z=5 24kl Combat methodE 2 &} T

R wversion 2.15.3 (2013-03-01) -- "Security Blanket™
Copyright (C) 2013 The R Foundation for Statistical Computing
ISBN 3-500051-07-0

Platform: xEG_G‘lfuéefming'USZ./xéﬂ (64-bit)
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5. Illumina

oA dgEAdAdE olFdigue A AlEdt  Illumina
platform® ©o]lEHZS A3t Hlumina: Affymetrixeb #3714
2 microarrays A Zsk= W=re] 3|AFol™  microarray  ©] €]
DNA Sequencing 7|1& #d Ax IJAIEZE d#HA Sl ofd&
[lumina 3] Abol]l th3k Adrg o]t}

Illumina, Inc. is an American
company incorporated in April
1998 that develops, manufactu
res and markets integrated s
ystems for the analysis of ge
netic variation and biological
function. In 2014, Illumina wa
s named the world’s smartest

company by MIT Technology

Review. Using its technologie
(Ilumina®ll A A3 AF% =Arrays

=2

https://www.eurofinsgenomics.eu/en/geno

s, the company provides a lin
e of products and services
that serve the sequencing, ge typing-gene-expression/service-platforms
notyping and gene expression /illumina-array-platforms.aspx)
markets. This technology had

purportedly by 2013 reduced the cost of sequencing a human
genome to US$4,000, down from a price of US$1 million in 2007.
Customers include genomic research centers, pharmaceutical comp
anies, academic institutions, clinical research organizations and bi
otechnology companies. Its tools provide researchers with the

capability to perform genetic tests needed to extract medical infor
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mation from advances in genomics and proteomics. Its headquarte

rs are located in San Diego, California.
5-1. History

Illumina was founded in April 1998 by David Walt, Larry Bock,
John Stuelpnagel, Anthony Czarnik, and Mark Chee. While
working with CW Group, a venture capital firm, Bock and
Stuelpnagel uncovered what would become Illumina’s BeadArray
technology at Tufts University and negotiated an exclusive
license to that technology. Illumina completed its initial public
offering in July 2000.

Illumina began offering single nucleotide polymorphism (SNP)
genotyping services in 2001 and launched its first system, the
Illumina BeadlLab, in 2002, wusing GoldenGate Genotyping
technology. Illumina currently offers microarray—based products
and services for an expanding range of genetic analysis
sequencing, including SNP genotyping, gene expression, and
protein analysis. Illumina’s technologies are used by a broad
range of academic, government, pharmaceutical, biotechnology,
and other leading institutions around the globe.

On January 26, 2007, the Company completed the acquisition of
Hayward based Solexa, Inc. Solexa Ltdbased in Cambridge UK
was founded in June 1998 by Shankar Balasubramanian, and
David Klenerman to develop and commercialize genome
sequencing technology invented by the founders in the University
of Cambridge. Solexa INC was formed 2005 when Solexa Ltd
reversed into Lynx Therapeutics of Hayward. technology uses

also the DNA colony sequencing technology, invented in 1997 by
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Pascal Mayer and Laurent Farinelli and which was acquired by
Solexa in 2004 from the company Manteia Predictive Medicine. It
1s being used to perform a range of analyses, including whole
genome resequencing, gene expression analysis and small
ribonucleic acid (RNA) analysis.

In June 2009, Ilumina announced the launch of their own
Personal Full Genome Sequencing Service at a depth of 30X for
$48,000 per genome, and a year later dropped the price to
$19,500. This is still too expensive for true commercialization but
the price will most likely decrease substantially over the next
few vyears as they realize economies of scale and given the
competition with other companies such as Complete Genomics
and Knome. As of May 2011, Illumina reduced the price to
$4,000. Illumina acquired Epicentre Biotechnologies, based in
Madison, Wisconsin, on January 11, 2011. On January 25, 2012,
Hoffmann-La Roche made an unsolicited bid to buy Illumina for
$44.50 per share or about $5.7 billion. Roche tried other tactics,
including raising its offer (to $51.00, for about $6.8 billion).
Illumina rejected the offer, and Roche abandoned the offer in
April. As of April 2013, the company’s chief executive officer
was Jay Flatley. In 2014, the company announced a
multimillion—-dollar product, HiSeq X Ten, that it forecast would
provide large-scale whole-genome sequencing for $1,000/genome.
The company claimed that forty such machines would be able to
sequence more genomes in one year than had been produced by
all other sequencers to date. In January 2014, Illumina already
held 70 percent of the market for genome-sequencing machines.
Illumina machines accounted for more than 90 percent of all DNA

data produced.
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5-2. Products

1) Golden Gate Methylation

The GoldenGate Methylation Cancer Panel allows the user to
probe 1505 CpG loci selected from 807 genes across a large
sample size. The array based method allows 96 samples to be

probed simultaneously on one array matrix.

2) Infinium methylation

Utilizing Ilumina’s HumanMethylation27 DNA Analysis BeadChip
and the Infinium technology, this method allows the user to map
single methylation resolution for 27,578 CpG sites across over
14,000 genes. This Chip has been replaced by the 450K
Methylation Chip and later by the EPIC Array, covering about
890k sites.

3) DNA sequencing

Illumina sells a number of very high-throughput DNA sequencing
systems, also known as DNA sequencers, based on technology
developed by Solexa. The technology features bridge amplification
to generate clusters and reversible terminators for sequence
determination. The technology behind these sequencing systems
involves ligation of fragmented DNA to a chip, followed by
primer addition and sequential fluorescent dNTP incorporation and
detection.

(3] : https://en.wikipedia.org/wiki/Illumina_(company))

- 41 - M =T



6. Gene set analysis

dntzow Fa HE E4 (gene expression analysis)ol A= i
W fd el FsliE p-valueE sampleE9 Wd HHE o] 83514
AXELaL o] T FoAS HoleE NE FAAES vARA
AA A Hel AR gene set analysist HE FAAE] e
p-valueg AAtst= il 7l FHARIES] FS20 gene setS 7|

ete dag] ol B Aol AFE3E gene
set 7I'd2 pathway 7Id¥ #om o] pathways KEGG (Kyoto
Encyclopedia of Genes and Genomes)olA A3k 7|2 A8t
Gene set, & pathwaye 54 A& oy AW vAYS

o sFsle AHE ¥3slar 7] wWjFol gene set analysisE ©]

g3l BAZARE AA HA 79 FHA HE FA oA ALEH
A A=Al Fojd ¥ oRF oy} AEETA FH7HA aHE 4
HE AS F gon HEHow BAAN PETHA sfio] go]
3HA] v} o}#l:= gene set analysisol] T3F Aot}

Gene set enrichment (also functional enrichment analysis) is a
method to identify classes of genes or proteins that are
over-represented in a large set of genes or proteins, and may
have an association with disease phenotypes. The method uses
statistical approaches to identify significantly enriched or depleted
groups of genes. Microarray and proteomics results often identify
thousands of genes which are used for the analysis. Researchers
performing high-throughput experiments that yield sets of genes
(for example, genes that are differentially expressed under
different conditions) often want to retrieve a functional profile of
that gene set, in order to better understand the wunderlying
biological processes.

(Z3*] : https://en.wikipedia.org/wiki/Gene_set_enrichment)
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OQutput Qutput
: P-value of Individual gene : P-value of Gene set (pathway)
Gene Sets (pathways) pval [.t/qval set.size
hsa05012 Parkinson's disease 6.276-05 0.007599 92
normal 1 nomal 2 cancer 1 cancer 2 15303030 DNA replication 9.81£-05 0007599 33
hsa00620 Pyruvate metabelism 0.000161 0.007599 35
Garial hsa00071 Fatty acid metabolism 0.00018 0.007599 42
Gene? hsa04540 Gap junction 0.00033 0.011166 87]
Gene 3 hsa00640 Propanoate metabolism 0.000515 0.014511 29
Gered . hsa04620 Toll-like receptor signaling pathway §  0.00065 0.041329 93]
Expressionvalues hsa00280 Valine, leucine and isoleucine degra} 0.000720 0.016416 44
hsa04640 Hematopoietic cell lineage 0.000747 0.041329 83
hsa00330 Arginine and proline metabolism 0.000777 0.016416 29|
Gene set analysis hsa0406C Cytokine-cytokine receptor interacti [ 0.000852 0.041329 221
hsa05322 Systemic lupus erythematosus 0.000978 0.041329 76|
= |hs300220 Urez cycle and metabolism of amin | 0.001178 0.020949 23]
gage (R package) |hsa00010 Glycolysis / Gluconeogenesis 0.00124| 0.020949 47|
hsa04140 Regulation of autophagy 0.0024 0.064651 28]
hsa04630 Jak-STAT signaling pathway 0.002635 0.064651 133]
hsa04210 Apoptosis 0.002762 0.064651 81
hsa00650 Butznoate metabolism 0.002767 0.04205 37]
hsa04110 Cell cycle 0.002986 0.04205 98]
hsa01032 Glycan structures - degradation 0.00306 0.064651 27]
hsa01430 Cell junctions 0.003356/ 0.043623 107,
hsa03430 Mismatch repair 0.00504 0.060834 22
hsa00100 Biosynthesis of steroids 0.005626 0.063388 21
hsa00480 Glutathione metabolism 0.007328 0.077402 38|

a3 8 9% 192 gene set analysisollA AF&%+= input HlelE Y formato]H
o] input HolEE dutHd FHAA Hd FHol AEE AHS ANE FAAte] &S
3tE p-valueE 9A| W gene set analysisE 283 A$ 9223 7+o] gene set

(pathway)ol al@3t= p-valueE ¥4 5 At

B A fo] A= gene set analysisE 2 33}l7] ¢18] R package ‘gage
'S A3 T gage R packagei= Bioconductor (http://bioconduct
or.org/packages/release/bioc/html/gage html ol 4] F =52  thyko}
Abgo] 7hs sk o] Lol A packageell gk &A1 Wi, work flow,
AA AtgEE Z=7F 239 guidelineS Al-&sta Ut B AF=
Bioconductor”7} A3}

AP dHolg e WA =5 ZASIAl gene set analysisE 73

aF At

gage R package? guidelineS *il3}o]
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7. Prediction analysis for microarrays (PAM)

PAMS E Ao A] gene set analysisE® F3] 4& Slgnlflcant
gene set®] FAIA HAFE 98l AMEE AZES ootk PAMS
A #wd glolH e class odFS T uw AlEHE X2 1%‘ =2
nearest shrunken centroid methodet= &7 ¢izF& ARESHY
prediction modelS THE31l 9] prediction modelS ©]&3}o] test
sample?] classE =3t WHo 2 ZP Tt Nearest shrunken

R PAM: Prediction Analysis for Microarrays
LI Class Prediction and Survival Analysis for Genomic Expression
% Data Mining

Features:

« Performs sample classification from gene expression data,
via "nearest shrunken centroid method" of Tibshirani, Hastie, Narasimhan and Chu (2002):
i i i ion" (PNAS website).
PNAS 2002 99:6567-6572 (May 14).

« For survival outcomes, implements 'supervised principal components' method. See

(Prediction Analysis for Microarrays $jA}olE &3 o] %],
%7 http://statweb.stanford.edu/ " tibs/PAM/)
centroidi= class ¥l b2 7t classol dia] 718 2
= 7= Hess sty o] WHE uxd ERe EAE
% AFE 7}s3lth Nearest shrunken centroid w52 AlXF v
TRz A A FE] dig WHyEEo IdEgkd e 4 5
(Mo Hat B3EZHS wM F, nearest centroid E7F5 4 &84
] zs Sz AR AYE Axteto
A 7b b #e e sk W olth Nearest shrunken
centroid 7% o] naAAQl EAES AW Sz e o
Aol Lo = ¢cDNA wlo]a 2o ¢ o] (Microarray)

A2 9 profiles 712 &2 EE(sample)E 9 e =80
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13] HMEC MSSM Test

S| ||

Plot of the shrunkencentroids for the specified threshold with the ranked
list of significant genes that are used for the predictions

(Z3*] : http://dspace.inha.ac.kr/pdfupload/15715.pdf, https://www.re
searchgate.net/figure/7153056_figl_PAM-Prediction-Analysis—of-M

icroarrays—This-is—a-statistical-technique-for-class)

PAM< open source 7]Wke]

525
Chewreld AbgTbsEM B QelAs PAMS
[e]

package?l
‘pamr’' S AR&3ste] AT pamrs Rel AX|g= TdS
https://cran.r-project.org/web/packages/pamr/index.html ol 4] +=

TS g don gerert gy 29 99 o] wgr el =4

of U&= zip FLEZHYH IH7A(E) AA'E AHse] pamrs A

9ol F a2 wEF+= R packagers WEE Googles &3

A 2 gL2ert 7 stk pamrs ok url F4E pamr
74, work flow, 24 oA =] #A3F JAS A

Foka glon & Aol o] ARE vigoR ZAs A P

glolglell StA R =& AAdste] doly £4& A3yt
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8. Globaltest

R package] Globaltest= # <594 gene set analysis 23E
F8] 92 4709 significant gene setoll 4] 7B A+ candidate=
Adg o) ARESE AZE o2 Bioconductor  fJAFOlE
(http://bioconductor.org/packages/release/bioc/html/globaltest.html)
o 5| 52 A&} Package A&l #3t w74, work flow, 2
Al oAl =X 3Fo] HFE] AlFst dow B AoA= o
ARE v o=w A5tz Pdd dolHol| BHA Z=E A sk
GlobaltestE 233t} Globaltesti= 7|¥ 1o gt p,
q-valueZ sample?] expression valueZ ©| &3}t
3Fal control?} B] 13} treatmentol A & <
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9. ArrayExpress

ArrayExpress© & A9 WEREA A Holy F3& 93] Gene
Expression Omnibus(GEO)$} &7 A€ 3@ Genomics Ul o] EH| 9]
o]t} ol = ArrayExpressol] ™3k Aot}

ArrayExpress is a new public database of microarray gene
expression data at the EBI, which is a generic gene expression
database designed to hold data from all microarray platforms.
ArrayExpress uses the annotation standard Minimum Information
About a Microarray Experiment (MIAME) and the associated
XML data exchange format Microarray Gene Expression Markup
Language (MAGE-ML) and it is designed to store well annotated
data in a structured way. The ArrayExpress infrastructure
consists of the database itself, data submissions in MAGE-ML
format or via an online submission tool MIAMExpress, online
database query interface, and the Expression Profiler online
analysis tool. ArrayExpress accepts three types of submission,
arrays, experiments and protocols, each of these is assigned an
accession number. Help on data submission and annotation 1is
provided by the curation team. The database can be queried on
parameters such as author, laboratory, organism, experiment or
array types. With an increasing number of organisations adopting
MAGE-ML standard, the volume of submissions to ArrayExpress

1s iIncreasing rapidly. The database can be accessed at
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http://www.ebi.ac.uk/arrayexpress.
(£3*] : httpy//www.ncbi.nlm.nih.gov/pubmed/12519949)

“ ARRAYEXPRESS G

The Array Archive is a of functional genomics experiments including gene expression where you can query and download data
collected to MIAME and MINSEQE standards. Gene Expression Atlas contains a subset of curated and re-annotated Archive data which can be
queried for individual gene expression under different biological conditions across experiments,

Experiments Archive | | Gene Expression Atlas

15300 experiments, 425731 assays 1504 experiments, 44436 assays, 9346 conditions
Experiment, citation, sample and factor annotations Genes Conditions
cancer human 1 up/downin ¥

"I| Browse experiments W Advanced query syntax Any species v Query

Gene Expression Atlas Home

P -
&2 submitter/reviewer login 48 ArrayExpress Query Help

(ArrayExpress $AFO]E E3 0] A],

=

=2 . http://bioinfo.cipf.es/babelomicstutorial/data_downloading)

10. affy

B Ao A AFEE Affymetrix data®] T3S 93] AF&3F R

package©|th. Affymetrixoll Al A& 3t= Lo &7 . CEL' <!
AR e dHolHE R TR A affygli= packageE o] &3}
o] importing % normalizatione A3 & 4 At} o] package:s

Biocondoctor (http://bioconductor.org/packages/release/bioc/html/af
fy.html) oA F8& Roll Ax&te] AL87}53t™ packageo] thak
W) 7D, work flow, 2A oA Z=Z AFstar Yot Aol A
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11. DAVID

Database for Annotation, Visualization, and Integrated Discovery

(DAVID)= 2 AelA =849 a4 & delde {33 ID
mapping®l  AHEFE Aol Eolth & A= S+ 7HA
platform, Affymetrix®} Illumina H°oJHE Al&sF o F
platforme A= t& Fxdx IDE ¥3t317] wio DAVIDE o] &
sto] Entrez IDE 34 IDE SAAIAY HEEAAAE AR 1
= 249 HolHE A8 WEe F44 D 5L wge we

Al AAAofst= @Alolt obgl= DAVIDO #&k A w ot

DAVID (the Database for Annotation, Visualization and Integrate
d Discovery) is a free online bioinformatics resource developed b
v the Laboratory of Immunopathogenesis and Bioinformatics. All
tools in the DAVID Bioinformatics Resources aim to provide func
tional interpretation of large lists of genes derived from genomic
studies, e.g. microarray and proteomics studies. DAVID can be fo

und at http://david.niaid.nih.gov or http://david.abcc.ncifcrf.gov

The DAVID Bioinformatics Resources consists of the DAVID
Knowledgebase and five integrated, web-based functional
annotation tool suites: the DAVID Gene Functional Classification
Tool, the DAVID Functional Annotation Tool, the DAVID Gene
ID Conversion Tool, the DAVID Gene Name Viewer and the
DAVID NIAID Pathogen Genome Browser. The expanded DAVID
Knowledgebase now integrates almost all major and well-known

public bioinformatics resources centralized by the DAVID Gene
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Gene ID Conversion Tool
DAVID Bioinformatics Resources 6.7, NIAID/NIH

Home  Start Analysis = Shortcut to DAVID Tools = Technical Center Downloads & APIs Term of Service Why DAVID? About Us

*** Announcing DAVID 6.8 Beta with updated Knowledgebase (_more info). You may explore the new version at david-
d.nciferf.gov.

*** Please read: Due to data center maintenance, DAVID will be offline from Friday, June 17th @ 5pm EST through Sunday, June
19th with the possibility of being back online sooner. ***

Upload List Background .
Gene ID Conversion Tool

Demolist 1 Demolist 2 Help and Tool Manual
Upload Help

A: Paste a list

Option 1: Convert the gene list being selected in left panel to [pAvID (Default) v

Submit to Conversion Tool
Option 2: | Go Back to Submission Form

21| Clear

B:Choose From a File

g Mo | Al ntel gls

- Multi-List File

(DAVID §1A}o] &,

2= : https://david.nciferf.gov/conversion.jsp)

Concept, a single-linkage method to agglomerate tens of millions
of diverse gene/protein identifiers and annotation terms from a
variety of public bioinformatics databases. For any uploaded gene
list, the DAVID Resources now provides not only the typical
gene-term enrichment analysis, but also new tools and functions
that allow users to condense large gene lists into gene functional
groups, convert between gene/protein identifiers, visualize
many-genes—to—many-terms relationships, cluster redundant and
heterogeneous terms into groups, search for interesting and
related genes or terms, dynamically view genes from their lists

on bio—pathways and more.
(&3 : https://en.wikipedia.org/wiki/DAVID)
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12. Entrez 1D

1154
T

JH4 0 2 microarray HlolE9F 22 fFHA @d dHolHE 14
16 E A gAbe] e} 4= v& F3d4 IDE A4 9HA drh
Enrez ID+ Entrez Global Query Cross-Database Search System
ANA Agsts A2 ID T stuE 2 ATdAs AR 08 =4
o A Hd dolHE Y W FHdA IDE stvE S3st]
el AFEEATE B A9 gene set analysisE 98] AL&3F gage
R package+ Kyoto Encyclopedia of Genes and Genomes (KEGG)
7} EFdlES pathwayel 3 ) Zza3 A3 Aol o p-valueZ
ALstAl |t gage dagFol inputl® Eol7be= FAA Ed
Ho]lHE f42 IDZ Entrez IDE ¥ Ska|Fo]oF gage ¢are]Eo|
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platformol| A/l A &3t 2ol {312 IDZ FAHA du 2 A
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13. Leave-one-out cross validation

B Ao A= gene set analysisol A A% significant gene set<
TAARCRE #HZS3s7] $18] Leave-one-out cross validations AR

A
itk o] W& AW significant gene setd] A4S H7}E)7)

st

H Ao A= prediction analysis for microarrays

= A
(PAM)S ©]€3}o] 7= prediction modelS 7}A i1 Leave-one-out
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cross validations F33tH vt WP HLS k79 sampleo] Atkar
S w2 F 1709 samples AAIZI YA k-17) 2]
samples ©]-83}°] prediction models& WFS3l ] prediction model
S o] gste AJAAY  sample] classE N 33ATE o]
prediction model®] modeling +24dS #7138l AF 3l gene set
of HAZFES ol&stH dFstaA F= sample  (ALAIH

sample)2] &G JA] {94 7 } 3= gene seto] W3

ow FAdEolof gt} o] RS ke EE AlEolA T kH A
ota o] AFRE oot FdE HIbstaLAl st 27| gene

setoll Al accuracy @< 43t

ra r

k folds (all instances)
s o
fold
P
1 y 4
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u
T
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5
' : testing fold
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Vi z

(Leave-one-out cross validation 7 &%=
=3 : http://www.intechopen.com/books/advances—in-data—mining—knowledge—dis

covery-and-applications/selecting -representative—data-sets)
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14. C-X-C chemokine receptor type 4 (CXCR4)

C-X-C chemokine receptor type 4 (CXCR-4) also known as fusin
or CD184 (cluster of differentiation 184) is a protein that in
humans is encoded by the CXCR4 gene.

14-1. Function

CXCR-4 is an alpha-chemokine receptor specific for
stromal-derived—factor-1 (SDF-1 also called CXCL12), a molecule
endowed with potent chemotactic activity for Ilymphocytes.
CXCR4 1s one of several chemokine receptors that HIV can use
to infect CD4+ T cells. HIV isolates that use CXCR4 are
traditionally known as T-cell tropic isolates. Typically, these
viruses are found late in infection. It is unclear as to whether
the emergence of CXCR4-using HIV is a consequence or a cause

of immunodeficiency.

CXCR4 is upregulated during the implantation window in natural
and hormone replacement therapy cycles in the endometrium,
producing, in presence of a human blastocyst, a surface
polarization of the CXCR4 receptors suggesting that this receptor

1s implicated in the adhesion phase of human implantation.

CXCR4's ligand SDF-1 is known to be important in
hematopoietic stem cell homing to the bone marrow and in
hematopoietic stem cell quiescence. Until recently, SDF-1 and
CXCR4 were Dbelieved to be a relatively monogamous

ligand-receptor pair (other chemokines are promiscuous, tending
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to use several different chemokine receptors). Recent evidence
demonstrates ubiquitin is also a natural ligand of CXCR4
Ubiquitin is a small (76—amino acid) protein highly conserved
among eukaryotic cells. It is best known for its intracellular role
in targeting ubiquitylated proteins for degradation via the
ubiquitin proteasome system. Evidence in numerous animal
models suggests ubiquitin is anti-inflammatory immune modulator
and endogenous opponent of proinflammatory damage associated
molecular pattern molecules. It is speculated this interaction may
be through CXCR4 mediated signalling pathways. MIF is an
additional ligand of CXCRA4.

CXCR4 is present In newly generated neurons during
embryogenesis and adult life where it plays a role in neuronal
guidance. The levels of the receptor decrease as neurons mature.
CXCR4 mutant mice have aberrant neuronal distribution. This

has been implicated in disorders such as epilepsy.
14-2. Clinical significance

Drugs that block the CXCR4 receptor appear to be capable of
"mobilizing” hematopoietic stem cells into the bloodstream as
peripheral blood stem cells. Peripheral blood stem cell mobilization
is very important in hematopoietic stem cell transplantation (as a
recent alternative to transplantation of surgically harvested bone
marrow) and is currently performed using drugs such as G-CSF.
G-CSF is a growth factor for neutrophils (a common type of
white blood cells), and may act by increasing the activity of

neutrophil-derived proteases such as neutrophil elastase in the
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bone marrow leading to proteolytic degradation of SDF-1.
Plerixafor (AMD3100) is a drug, recently approved for routine
clinical use, which directly blocks the CXCR4 receptor. It is a
very efficient inducer of hematopoietic stem cell mobilization in

animal and human studies.

It has been associated with WHIM syndrome. WHIM like
mutations in CXCR4 were recently identified in patients with

Waldenstrom’s macroglobulinemia, a B—cell malignancy.

While CXCR4’s expression is low or absent in many healthy
tissues, it was demonstrated to be expressed in over 23 types of
cancer, including breast cancer, ovarian cancer, melanoma, and
prostate cancer. Expression of this receptor in cancer cells has
been linked to metastasis to tissues containing a high
concentration of CXCL12, such as lungs, liver and bone marrow.
However, in breast cancer where SDF1/CXCL12 is also expressed
by the cancer cells themselves along with CXCR4, CXCL12
expression is positively correlated with disease free (metastasis
free) survival. CXCL12 (over-)expressing cancers might not
sense the CXCL12 gradient released from the metastasis target
tissues since the receptor, CXCR4, is saturated with the ligand
produced In an autocrine manner. Another explanation of this
observation is provided by a study that shows the ability of
CXCL12 (and CCL2) producing tumors to entrain neutrophils that
inhibit seeding of tumor cells in the lung.

(3] : https://en.wikipedia.org/wiki/CXCR4)
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15. C-X-C motif chemokine 12 (CXCIL12)

The stromal cell-derived factor 1 (SDF1) also known as C-X-C
motif chemokine 12 (CXCL12) is a chemokine protein that in
humans is encoded by the CXCL12 gene.

Stromal cell-derived factors 1-alpha and 1-beta are small
cytokines that belong to the chemokine family, members of which
activate leukocytes and are often induced by proinflammatory
stimuli such as lipopolysaccharide, TNF, or IL1. The chemokines
are characterized by the presence of 4 conserved cysteines that
form 2 disulfide bonds. They can be classified into 2 subfamilies.
In the CC subfamily, the cysteine residues are adjacent to each
other. In the CXC subfamily, they are separated by an
intervening amino acid. The SDF1 proteins belong to the latter
group.

(%3] : https://en.wikipedia.org/wiki/Stromal_cell-derived_factor_1)

16. chemokine (C-X-C motif) ligand 1 (CXCL1)

The chemokine (C-X-C motif) ligand 1 (CXCL1) is a small cyto
kine belonging to the CXC chemokine family that was previously
called GRO1 oncogene, GROa, KC, neutrophil-activating protein

3 (NAP-3) and melanoma growth stimulating activity, alpha (MS
GA-a). In humans, this protein is encoded by the CXCL1 gene.
CXCL1 1is secreted by human melanoma cells, has mitogenic
properties and i1s implicated in melanoma pathogenesis. CXCL1 is
expressed by macrophages, neutrophils and epithelial cells, and ha

s neutrophil chemoattractant activity. CXCL1 plays a role in spin
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al cord development by inhibiting the migration of oligodendrocyt
e precursors and is involved in the processes of angiogenesis, art
eriogenesis, inflammation, wound healing, and tumorigenesis. This
chemokine elicits its effects by signaling through the chemokine
receptor CXCR2. The gene for CXCL1 is located on human chro
mosome 4 amongst genes for other CXC chemokines. An initial s
tudy in mice showed evidence that CXCL1 decreased the severity
of multiple sclerosis and may offer a neuro—protective function.
(3] : https!//en.wikipedia.org/wiki/CXCL1)

17. Hydroxymethylglutaryl-CoA synthase (HMGCS1)

In molecular biology, Hydroxymethylglutaryl-CoA synthase or
HMG-CoA synthase is an enzyme which catalyzes the reaction
in which Acetyl-CoA condenses with acetoacetyl-CoA to form
3-hydroxy-3-methylglutaryl-CoA (HMG-CoA). It is the second
reaction in the mevalonate-dependent isoprenoid biosynthesis
pathway. HMG-CoA 1is an intermediate in both cholesterol
synthesis and ketogenesis. This reaction is over—activated in
patients with diabetes mellitus type 1 if left untreated, due to
prolonged insulin deficiency and the exhaustion of substrates for
gluconeogenesis and the TCA cycle, notably oxaloacetate. This
results in shunting of excess acetyl-CoA into the Kketone
synthesis pathway via HMG-CoA, leading to the development of
diabetic ketoacidosis.

(F4]

: https://en.wikipedia.org/wiki/Hydroxymethylglutaryl-CoA_synthase)
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Abstract

The intratumoral heterogeneity of solid tumors in vivo has been
more complicated by the advent of a tumor-initiating cell, also
known as cancer stem cells. Cancer stem cells have epithelial-to-
mesenchymal-transition characteristics and more aggressive prope
rties, which may cause metastasis. However, there is no confiden
t identification of cancer stem cells-related markers. For
investigating the mechanism of cancer stem cells, the comparativ
e method between adherent cells and sphere cells is widely used
because sphere cells have been known to maintain the capacity o
f cancer stem cells. Here, using gene set, we conducted meta—an
alysis that combined gene expression profiles from several studie
s which utilized tumorsphere technology for investigating tumor-s
tem like breast cancer cells. To collect gene expression profiles,
we brought our own gene expression profiles from Ajou Universi
ty and three different gene expression profiles from the Gene Ex
pression Omnibus (GEO) together. Gene expression profiles of
GEO were combined by ComBat method and gene set analysis w
as conducted using our dataset and the combined dataset. In
gene set analysis, we found four gene sets including cytokine—
cytokine receptor interaction and valine, leucine and isoleucine de
gradation, which commonly demonstrated significance. Among the
genes of four significant gene sets, we selected CXCR4, CXCL1,
IL12RB2, ACADM, BCKDHB and HMGCS1 that satisfied p—value
< 0.05 and consistently up-regulated in both datasets. Finally,
Ajou University confirmed the expression of candidates using qua
ntitative reverse transcription-polymerase chain reaction and CXC
R4, CXCL1 and HMGCS1 showed significant up-regulation in
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MCF-7 derived sphere. In this study, we demonstrated a
framework of meta—analysis by applying gene set analysis and d
etected CXCR4, CXCL1 and HMGCSI1 as candidates that involved

1n tumor-stem like breast cancer cells.

Keywords:
tumor-stem-like breast cancer cells, meta—analysis, gene set
analysis, cytokine-cytokine receptor interaction gene set, valine,

leucine and isoleucine degradation gene set

Student Number: 2012-30467
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