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Abstract
AIM: To identify differentially expressed genes
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in pancreatic cancer stem cells and to analyze
them by bioinformatics.

METHODS: MIA-PaCa2 (TIC"®") and BxPc-3 (TI-
C"") were used as tool cells in this study. Total
RNA was prepared from MIA-PaCa2 (TIC"&")
and BxPc-3 (TIC™") cells. After quality identifica-
tion and fluorescent labeling, RNA samples were
hybridized with the Agilent human gene expres-
sion microarrays. Raw data were normalized us-
ing Quantile algorithm and Gene Spring Software
11.0. Gene Ontology database and KEGG data-
base were used for GO and Pathway comments
on differentially expressed genes, respectively.

RESULTS: A total of 7059 differentially expressed
genes were identified (P < 0.05, fold change = 2),
including 3440 up-regulated and 3 619 down-regu-
lated genes in MIA-PaCa2 (TIC"®") cells. These dif-
ferentially expressed genes were mainly involved
in polyamine metabolic process, nucleobase-con-
taining small molecule interconversion, histone H4
acetylation, cell division, cell cycle, apoptotic pro-
cess, and toll-like receptor signaling pathway. GO
analysis demonstrated they are involved in cancer,
endocytosis, O-glycan biosynthesis, pyrimidine
metabolism, and glutathione metabolism. Pathway
analysis showed the presence of crosstalk among
several signaling pathways.

CONCLUSION: Differentially expressed genes
identified in this study may be involved in the
regulation of different signaling pathways and
the genesis of pancreatic cancer stem cells. They
might become new therapeutic targets for pan-
creatic cancer.

© 2013 Baishideng. All rights reserved.

Key Words: Pancreatic carcinoma; Stem cell; Gene
microarray; Bioinformatics

Jiang JX, Gao S, Wang M, Li X, Sun CY. Identification and
bioinformatic analysis of differentially expressed genes
in pancreatic cancer stem cells. Shijie Huaren Xiaohua
Zazhi 2013; 21(13): 1218-1225 URL: http://www.
wijgnet.com/1009-3079/21/1218.asp DOI: http:/ /dx.doi.
org/10.11569/wcjd.v21.i13.1218

2013-05-08 | Volume 21 | Issue 13 |



L2 5. RINETHRERERNRANESR

FOM

1219

i 2
By 55t 5 MR T 20 ledn £ 89 £ 3 Rk
AR, FFRAT A B F T

Fik: YAMIA-PaCa2(TIC"®") 5 BxPc-3(TIC"")
ARG RIS T am i b T L sm i k) % S RNA,
Z % % G BAT R AARIT; R AgilentA
A KR 444K R AT R R KB, FRAFmRNA
%k i%; vAGene Spring Software 11.0344F=
Quantile ik A% K R, Thik 5k
WS T m oA % 69 2 FmRNAs; & TGene
Ontology #t 3 & #t /7 GOE#, & TKEGG# ¥
JE 3t 47 Pathway /£

R FEAFGARLA EBREAFEN
RNA#M &, AR H X ERFESITIE £
F+ %X mRNAs 70594N(P<0.05, fold change=
2), £ PFMIA-PaCa2(TIC"*") & L & i 3440
A, FREZE36194. GOEB R T~ 2%
TR ERKTE, SRAG Iy THEL
¥, WEOHATEAL, M5 L. @i
B, A, Toll# 2 k455 45 38 %5
Pathway/ZB £ 2 R BENEEZ. AN
By O-# KA AN E R R ARH. BeH
PR F AZ 5 @B AENAR BT S 555
B I A R

i Faahe EF AR AR TERAL AR
Tl ey X ALK, 5 REE 5 A6
5, A T AR A IR T 68 08 9T Bk

© 2013FhRiYFBaishidengFia.

R RIS, T4UME; BEEG R, EYFER

BOIROR: A GRS B R, KILEFFakek
R 23 WPt 345 5@ 5%, 5RO 69
whe, e R, BAE 5 @ KR P 28 B AT,
2w LR T @G XA, A TR
I 7 A8 T IR T 4 e 64 Kk 5 R AR AL

STEERA, S, T8 =18, JWE. RIRETMRERERNTRA
REVNERZDH. BFRENENAYE 2013; 21(13): 1218-12256
URL: http://www.wjgnet.com/1009-3079/21/1218.asp DOI:
http://dx.doi.org/10.11569/wcjd.v21.i13.1218

0515

i g 2 v PR T e 2 R B 2 —,
SEEAEAFRARISNN, K ZHURH WL fE
SRR/ B b R 2 . RS TR 2k TR I,
BI85 R T AR v 2 D7) i 1 Mol e A R A

(49

kR £ 3

Baishideng® WCJD | www.wjgnet.com

K22 B DR H B A R RNz Ak 3 B T J W 22, DR
DL kg A 3 e B A T i B AT 7 . Jo
Jige () R RS . RAR SR YT IR LA R 5
SRR LB OB 25, T T 4 i 2 i o
BT LIRS, AR T 40 B 7 Y 78R
IR AT — AN AN i, X RF A R B A
TR oA B LU KA e A FRT O e
[FJ IS, X A0 30 H AT 12 28 e 7% R AL T HIRPURY
PE. S IR B SRR A T e BT i
J5% -7 Jit#% Ak (epithelial-to-mesenchymal transition,
EMT)JE Js i i 14t o, 2 3L R A H, ih
ST, ERIRAJRFY. OF PR B
H CD44"/CD24 3 1L (¥ o gt 48 it L A5 b9+
A0 e, JE IR 41 RMIA-PaCa2ffiCD44 "/
CD24 KIEH95.5%, MBxPc-3[KIEHK17.5%.
[A i, MIA-PaCa2(TIC"®")5BxPc-3(TIC"")r] L
AR R WE N T A0 ) R A, AN
B0 w4 A TCR FHImiRN A HAR,
PAMIA-PaCa2(TIC ") HIBxPc-3(TIC"™) A 57 %
5, 0 06 JER e 40 A DG I mRNAs, JFxf Lk
AT o i, e — B0 U 4
JH R e AR R P RIL A, ST VR T R R B
Hetit

1 $RR0T5E

L1 A N kB X Pe-3(TIC ™) FIMIA-
PaCa2(TIC"*") A AR A7 4 b 77 4 8 STk
[7,81 K HHDMEM: 5235 (Gibic A 1l), 710%[1)
56 ‘CHKIE 2113, 25 mmol/L HEPES, 2 mmol/
L L- & Bk, 75 %5 2250 U/mL K 557 250 pug/mL.
1.2 7%k

1.2.1 RNAF# ., #hibFefite: K HmirVana™
miRNA Isolation Kit(Ambion, Austin, TX, US)
(TH T3 E 4 2, 41 miRNA) I BAR
P Az R SR AL A AR HE B AR SR REAT FE S
RNAHH#E, TS MRNAZ Agilent Bioana-
lyzer 2100(Agilent technologies, Santa Clara, CA,
US) R TUR A6 I 46 .

122 SR ER, AMARKERR (G LELY
R TAA RS ZR): FEMRNAKHAgilent
RIETES A ERA &, Low Input Quick Amp
Labeling Kit, One-Color(Agilent technologies,
Santa Clara, CA, US)FIbRUERRAE AR XS HFE i
RNAFFmRNABAT B FAR L, JFHRNeasy
mini kit(QIAGEN, GmBH, Germany)Zfifbric

WA LA 5

B AT X T IR &
T fm foAn & A A
2R AREETL
3 5 STk IR
k& o R AR 4 b
% ) R Fok M % 2R
B 5 ik 0 RAR IR
M T AR R
B B AT R A G
R oA i R SR
T £ 534 H
kg,

2013-05-08 | Volume 21 | Issue 13 |



1220 ISSN 1009-3079 (print) ISSN 2219-2859 (online) tBFEAHILZYE 20135F5E88 $21% 134
Wi £
Kallifatidis % #F %2,
KA B A CD44"/
CD24 & & w9 Mk
M5 am R B A B ARSI
T A GeneSymbol AE R fEEL
W 5 20 W, % MIA- S10044 0.0004723 161.8347
PaCa2#CD44%/ Vim 2.75E-05 59.54529
CD24 Kk & oppy 3.16E—05 18.09616
95.5%, mBxPc-3
6 Eik E17.5%: CDH1 2.64E-05 0.001399
kA MIA - ACTA2 0.25197 0.64338
PaCaZ(TIC‘“I‘g“)E TUPT 9.83E-05 0.268177
BxPc-3(TIC") 7T B
AP CTNNB7 2.41E-05 0.406122 e ra—
We I T 4 64 NFYA 3.67E-06 1.954545
TR, A=
ii};f;&:\iéﬁi #E: P<0.05; (3)fF 7 18 B 4% M 4% (path-act-net-
AR e I 5 T 2m A ., . g " e .
g IUCDNA. L Agilent IR A ICERMN  work): 3£ TKEGGHH 7%} & % pathway 2 [ ]
Ef;v*&ﬁ h\*jﬁﬁ AR UESURE AL E X (A gilent technolo- ¢ ZEMEATHEFN, M2 00 J7 110 15 51 i 3% Pepathway
% T m e 2

Ak, HoP
EFAEART A
LA =, mie)E
B, R, @
& 5K 45 M) Fo it
HE LA @,

(49

TEE
Jaishideng®

gies, Santa Clara, CA, US), 1.65 pg Cy3#trid
[IcDNA 5 Agilent N 45 M 4*44K 0 iR B %
AL, 65 °C, 10 r/min, RENAAZ1T h. 28585 [F5
O VERSE, YE P EK71 24 Gene Expression
Wash Buffer Kit(Agilent technologies, US), ith
Jr &5 R H] Agilent Microarray Scanner(Agilent
technologies, US)FAT44H, % E Scan reso-
lution = 5 pm, PMT 100%, 10%, 16 bit. FFeature
Extraction software 10.7(Agilent technologies, US)
BEIEE, K HGene Spring Software 11.0(Agi-
lent technologies, US)#FAT VA — L ALHE, it FH 57
%A Quantile, 244815 5 LA B i . 227
mRNAMH T limmalfAT 0 Ko 5, %
' 2 HP<0.05, fold change =2[Foldchange = Sig-
nal MIA-PaCa2(TIC"*")/Signal BxPc-3(TIC"™)].

1.2.3 12 8554 (DHIWHESHT(GO-Anal-
ysis): ¥ FIRBEPR 72 7 R IA M mRNAKE T-Gene
Ontology ¥l FEBH TGO, fHEIF NS 51K
A GO, KM EE T JLf 734 (hypergeomet-
ric distribution)ffJFisher exact test#EfT 11 S AR
GOHJBZE VKT (PIH), xS 2 BRI ) 4
AT IF I 3/4F R ) Z (false discovery rate,
FDR), i th 2 s 5L D T R B 8 5 R G O.
FEVETRIE AR E: P<0.01. LA N I 2 55
I3 AT WA VD RE A SR AN T R 22
SR AT B DR E A, ()% 7 (path-
way-analysis): B IR HEDR 7 R mRNA KL
T IEFKEGGHHE B TPathwayi - B, 153 2
SR TS 5 T Y Pathway. F1 H Fisher k% fif
g AN Pathway IF 52 5 HE7KF, X2 E
A 56 (1) 25 AT AL IE IF3RAFFDR, Jiidk th 7
SN PTE# 2 5 ¥ pathway, 235 PEIE bR

WCJD | www.wjgnet.com

Z NG S 3R, ARG HE W% ipathway
ZIRE S SR AN, %ML Pathway i
F M IEFEARUE AP<0.05.

it F A K Hmean+ SDER R, N
SPSS17.04E VR A 53 #r, FEDRLES 0 AT g A T oA 560

2 #R

2.1 AR A AL ERNAG R L5 E Friiem
BRNA, 2850 LV MA 10050 FIROGBE, 1
SERE S RNl ; 12 H Agilent2100 R G0
1T HLIK TR, ZI5E, RNAMIA 60000 L E A T
2.03-2.09, 18S. 28SHL¥k &7 T, 2884 L
WA i, RNASEEEPEPES3(RNA integrity num-
ber)/11°8.7-9.3, RNAFE il -3 i >60 mg/L, &
RNA U SELF, 45 R4, v DL T 5 1 S0,
2.2 ARG K AL R mRNAD 80 # 1
KUG LI, B9 5 amtls], (55 rii
W, SRR, ZAS SR AR S R
5 NFeature Extraction software 10.73ZH I,
M L% 5E $141001 M mRNAs, #%dE S A Gene
Spring Software 11.073#T, 152 % H X A mRNAs
70594 (P<0.05, fold change=2), A MIA-
PaCa2(TIC"")h 1% 1534404, Fi#IA£3619
A A M EMTAH G 22 53 R IA JE IR LKL
2.3 AW EF M IR 25 RIEFR
HFGene Ontology il TGO R, Hrp,
FLAEY) 2 e R B I 2 AR AR L Ak
/NG AL e . 4R AHAZBHE . 40
SR AED A BT R AW H IR AR e
et iy, AR b, HL 53
L IOMMT . A 2. AR, 5
T T TollFEZARME S s, 18+

2013-05-08 | Volume 21 | Issue 13 |



TR, 5. BT AR E SRR A IS B 1221
MEN GRS S S, semaphorin-plexin A8 J7%5); Ak, X CD44'Y/CD24" " £ R () ;@ﬁﬁ%)ﬂﬂﬁ
{5 50 Iﬂl/J\*ﬁﬂI’iikl?xﬁ%ﬁ%% HMLESY SEMT A5 B, 366 T FREIOSE o £t

WAE MRIRIER A MR S R D
T A AR ﬂMﬁTAPE’J
MHC T AMEMEZIRPsm T 55 25, L
R 2 57 iléj\i?ul&ﬁﬂ%rﬁb Resr i,
TR E R W2, IR ) 25 Rk
%%KEGG%&%Eﬁi&ﬁPathwayiﬁ%, iR
N ZE R T B S 5 N S W3 &
BV IR AR . NEE . O-Bli AL A=)
GG BEREARH . 2RI H IR A, R TKEGG
é&#EJEXT  Epathway 2 [A][F ¢ RFATHEIE, 15
FIME 510 P A P 5% L P4,

3 111E

JiPR R AN P, SRR R A e, LA R 7
RS RO T I Y. Kallifatidis% i
JigeE 40 AR AT 23 - CD44(+)/CD24(-), CD44(+)/
CD24(+) 5 CD44(+)/CD133(+) [ 2435 5 1 Bl
FIRE ST A FRRE . SORETEAR K. MR Rk
AT ALDHIE 1 LA KR 97 HEHT A iR 144
RS P 1) 56 R IEAT RAIWET, I HATCD447/
CD24 3 7Y (1 Ji M s 0 L L A7 o 8 1 & J e 1 5
JEE Mg 41 i RMIA-PaCa2(f)CD44/CD24 F ik %
95.5%, 1MBxPc-31KIE%17.5%; FFILAMIA-
PaCa2(TIC"®") 5BxPc-3(TIC"™)VA] LL B 44 N
WF 5T el T 4N i) T R4 e, R st —
A L, AR LR, L
MIA-PaCa2(TIC"¢") 5 BxPc-3(TIC")WE W57 i
Jiges 4 M i) T B 40, RALCD44(+)/CD24(-)
bREPIIRE.

BT R B R AR T B W, YT
HATHAE R AR 4y FREERE A L 2 40 e (Wi: PanIN
2R3 G rp R b R A ), R SR AR
(fn: 1S PERRR 0) F R AEEMT, 52040 Mo Py AR 2%
BED R A B g R, SRAT R 2R RS R ) A R
A A R, SR A . i
FRARR I EMT MR id(cancer stem
cells, CSCs)JEk, e T4 g HATEMTHE. 4l
W, GioffidE WF Ik A 4k (i A FUIR 1 iz 41 i
(human mammary epithelial cell, HMLE){E#}Ji
PES A TwistalSnailf sk A1, sl TGF-p1i%
SEMT/ A b, SR8 T 1E W FLIRT40 5%
RCD44""/C D24, 3 H A T4 ke
BRI A REFTRE ST« e BEERIIE R R

(49

a3

Baishideng® WCJD | www.wjgnet.com

B X RBEMTRERS P2 A= T-40 fy, IXUe4h i th 3=
JIREMTH SR & 43 T-(WIN-cadherin, Fibronec-
tin. vimentin, FOXC2. SIP1f1Snail). £HMLE
T AN S ANHER2 Ineulw %I (HMLEN cells),
HAMNEME SN TwistsSnailF3EN, FSFEMTA
A, IXBE N i BE T SR A, T AL CR B
NTwistS Snarl 5K AN Ge R X R BHEMTREE
BECSCsIE k. Xie®E " HFFTIL-6/ FIEMT 331
T?LH%:%EQH}H@E’J}I/ i, A HEMT A2 3 4i i 3R
13 CFPET BOCEENLE, JE TR R A
UEMT /&£ CSCsH— AN KU, Morel S5 5T iIE 5K
FHICDA4 CD247" ™ [ FLIR I T 41 I B % KI5
T-RACDA4" CD24 BRI E I FLIR b H 4 i,
AL B HIERas/MAPKAS 522 AIEMT.
Kasimir-BaverZ:PHF 57 R W 1@ N BRI R4
FH 1) L 5 41 i (circulating tumor cells, CTC)+
AMIFREDMEMT I T hr Sl ik, R
T4 RAEM TR, teAb, V52 SEI0UE /e 3k
SR DR T M L S T 40 M DL T
M SEMT S %A 5. Shah %58 i %
VG At Y TR 245 114 Jk JI s 440 PR 0 6 T, X T 4 i
R FEHRRE ) i, EMThr oy FRIET s, T
MR S> -CD24. CD44FIESAKIETH . X
RWIT 2090 SR B T4 LA EMTR
R 5 1 IRl Bao ' IWF T UE 52 78 B R i
M HukAsPC-1t, id KA Notch-1FIFoxM 153
EMTRA, MY L TEMTHRE 5> T(ZEBI1.
CD44. EpCAM. Hes-1), th i T CSCHEHitx
GEYI(CDA4FIEpCAM) IR IA, Ko T iiJed 40 1o
MR 28 Wk . AREHERT; b
HRIX LRI R BHEM T K& 4215 CSCR AL A 5%
BE DR H B g AR AR OC, IR BT IR 1 52 R R i
2. FeATas FH 0 e BRI 12 v e 1k JBR e 4
HIMIA-PaCa2(TIC" ") RG24 e i 141 g
BxPc-3(TIC"") M) 22 S FE IR R IA W R W AT H B
=, %EMT*H?‘%E@FEU?QJ‘iﬁ%ﬂ% AMIESE
T ERWFTLE 8, BN FHLEIJZ HIE S
TMIA-PaCaZ(TICh‘Bh)ﬂJBxPc—3(TICl°W)1/E79H?“«Cﬂr?
Pt T 0 PR PRI T L 40 L AT — R mT HE
Ub Ak, BATTR AW B2 7 o0 Bk
T RBEAT T T, 22 RIS I R B 2 T
Wi VF 22 AW Dy fe, R 2 22 A R A A
WHHTAPIIMHC T 2RAMJEIE 2 Ik n 152

PaCa2(TIC"¢") 5
BxPc-3(TIC"") 4
S BE 5 MR IR T
4 v T B e,
SRR ARE SRR
Rkt K2k
B S T 4w B AR
£ AR &k
R AR, AT
T4k A KA R
A BT A A
5 j g5 T fm e
KA. AREAR
89 5 B B R A3
AU

2013-05-08 | Volume 21 | Issue 13 |



1222

| PAHE L
HEMF —k
BARKF AR
e A
o oL 5 3R
A FA, R
MRNA K T B %
AR AR ER,
AR mER
Fash ety — A&
L5

(49

TEE
Jaishideng®

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

A GO-analysis

[E]

R YL AYE 20136888 5215 138

-Log,P
10 15

nucleobase-containing small..
chromosome segregation

cell cycle
mitotic prometaphase

cell division

|

GO-terms

polyamine metabolic process
cellular amino acid biosynthetic... I

glutathione metabolic process

M phase of mitotic cell cycle

nucleobase-containing small.. e

histone H4 acetylation

mitosis |

o

type I interferon-mediated signaling...

cytokine-mediated signaling pathway

cell adhesion

interferon-gamma-mediated...

apoptotic process

hemidesmosome assembly

integrin-mediated signaling pathway

O-glycan processing

angiogenesis

cell junction assembly

epidermis development

response to lipopolysaccharide

antigen processing and...

negative regulation of cell proliferation

negative regulation of transcription...

positive regulation of transcription...

induction of apoptosis

activation of cysteine-type

response to drug

positive regulation of I-xB

response to hypoxia

actin filament bundle assembly
regulation of immune response
response to organic nitrogen
immune response

cellular response to mechanical...
regulation of cell proliferation
innate immune response

positive regulation of anti-apoptosis
positive regulation of cell migration
keratinocyte differentiation
lipopolysaccharide-mediated...
response to mechanical stimulus
skin development

positive regulation of NF-xB
adherens junction organization
anti-apoptosis

positive regulation of cell proliferation
cell migration

cell-cell junction organization

actin cytoskeleton reorganization
response to growth factor stimulus
toll-like receptor signaling pathway
positive regulation of apoptotic...

GO-terms

positive regulation of JNK cascade
positive regulation of cell adhesion
hair follicle development

response to stress

tumor necrosis factor-mediated...
wound healing

positive regulation of chemokine...
post-translational protein modification
heart development

cell-cell signaling

positive regulation of angiogenesis
cell-cell adhesion

surfactant homeostasis

positive regulation of peptidyl-...
negative regulation of viral genome...
positive regulation vascular
platelet-derived growth factor...
arachidonic acid metabolic process
mesenchymal cell differentiation
vesicle fusion

cytoskeleton organization

defense response to virus

toll-like receptor 4 signaling pathway
regulation of apoptotic process

hair follicle morphogenesis
leukocyte migration

response to vitamin D

focal adhesion assembly

canonical Wnt receptor signaling...
signal transduction
MyD88-dependent toll-like receptor...
semaphorin-plexin signaling pathway
epithelial cell differentiation
peptidyl-tyrosine phosphorylation
antigen processing and presentation
toll-like receptor 1 signaling pathway
toll-like receptor 2 signaling pathway
oxidation-reduction process

positive regulation of transcription...
activation of pro-apoptotic gene...
aging

inner ear development

cellular response to interleukin-1
antigen processing and...

response to virus

MAPK cascade

positive regulation of gene expression
skeletal system development

ethanol oxidation

positive regulation of vascular...

interspecies interaction between...

WCJD | www.wjgnet.com

2013-05-08 | Volume 21 | Issue 13 |



LR, 5 RIRE THRERERORENEERZ DN

1223

GO-analysis Enrichment W @) 5
-10 -8 -6 -4 -2 0 2 4 6 AR IGEHH AR, A
polyamine metabolic process ' —— RIEAHE, Xk
histone H4 acetylation —— )17%%’5‘3 T 2 #E] %
glutathione metabolic process — £ F 1R ﬁ ik
chromosome segregation — IRt AR — R
M phase of mitotic ITL:! ?y‘cle (— w4 gﬁ', 13‘ & j@fﬁ]—
cell division EN
— Hf' p=3 L.
signal transduction —
—]
positive regulation of cell... ——
—
apoptotic process —
cell-cell signaling —
regulation of apoptotic process ]
negative regulation of... —
—
anti-apoptosis —Q
skeletal system development ——
——
response to drug —
positive regulation of apoptotic... —
——
heart development —
positive regulation of gene... ]
—
leukocyte migration ——
———
response to hypoxia —
cell migration ———
——
toll-like receptor 1 signaling ——
———
positive regulation of I-«B... |
——
positive regulation of NF-kB... —
= positive regulation of cell migration ]
el ———
9 canonical Wnt receptor signaling... ]
0 ) R N ————
@) toll-like receptor signaling pathway ——
(D ——
MAPK cascade —
——
cytokine-mediated signaling... ————
——
wound healing ———
————1
antigen processing and... ——
———
defense response to virus —
——
epithelial cell differentiation ——
activation of cysteine-type... ———————
——1
epidermis development ]
——
integrin-mediated signaling pathway —
——
response to mechanical stimulus —
——— 1
skin development —
——1
positive regulation of cell adhesion ]
——1
interferon-y-mediated... ————
———
cellular response to interleukin-1 —
———
actin cytoskeleton reorganization —
————— 1
tumor necrosis factor-mediated... e —
—————————— 1
response to organic nitrogen ——————
platelet-derived growth factor... ]
response to vitamin D g
negative regulation of viral... g
positive regulation of chemokine =
ethanol oxidation -—-
response to growth factor stimulus e ——
——————— 1
semaphorin-plexin signaling... e —
mesenchymal cell differentiation e —
positive regulation of transcription C

antigen processing and...

B 2 ZRERSSHDEMTERDBSIINFEES. A LIEREREFEIREAITE, B FEEERT
ST C: WE DR S A
KEGGH#E PEXT i #pathway 2 8] i 5¢ RHEATIE
L, 1925 Sl B R g, iz s I E
50 B TR A SO T i NS AA ) 5 48 71 ik o
40 W 1) R A R A B
BN, AT S BRI T 70595 58

JUR A A R AH DG 1) 22 e RIS L N, FE T L REAT
TRV B E b, X IR K 4y 1 Dh RE A 2

2, RUIZ W R PS4 7 D RER) 72 5 3R I8
HEIA A H] HE S 5 A T A0 P R 2 5 A
SLIBUB NG I8 IR SENINE IR TE 2
WA VF 20 {5 55 %, R 0l A9 SRR IR iR A2
WE AR, 5 Wi 3 P A3 B (10 2 S T A
DS BEAT T 43 s I e T A0 L 1 A A 5 IR 45 2
L5 TR A0 B P e A g R LA BTk

(49

oishideng® WCJD | www.wjgnet.com

2013-05-08 | Volume 21 | Issue 13 |



1224 ISSN 1009-3079 (print) ISSN 2219-2859 (online)  tt

FENHIZVE 2013F5888  $21%5  F13H

Pathway-analysis
2 4

A

-Log,P
14

Pyrimidine metabolism
Glycine. serine and threonine metabolism

Glutathione metabolism
Purine metabolism

Cysteine and methionine metabolism

Arginine and proline metabolism
Insulin signaling pathway

Metabolic pathways

Pentose phosphate pathway
Pyruvate metabolism

Pathway-terms

—
‘—

ECM-receptor interaction

Steroid biosynthesis

RNA polymerase

2

Pathway-analysis
4

-Log,P

16 18

()]
Joo
—_
S
-
N

— o

Pathways in cancer
Endocytosis

O-Glycan biosynthesis
ECM-receptor interaction
Leishmaniasis

Adherens junction
Focal adhesion
Arrhythmogenic right ventricular cardiomyopathy...

Toxoplasmosis
NOD-like receptor signaling pathway

Axon guidance

Cell adhesion molecules (CAMs)
Amoebiasis

Hypertrophic cardiomyopathy (HCM)

Cytokine-cytokine receptor interaction
Cytosolic DNA-sensing pathway

Steroid biosynthesis

Small cell lung cancer
Aldosterone-regulated sodium reabsorption

Pathway-terms

Proximal tubule bicarbonate reclamation
Toll-like receptor signaling pathway
Type I diabetes mellitus

Apoptosis

Lysosome
Thyroid cancer
Antigen processing and presentation
Chagas disease
Sphingolipid metabolism
Regulation of actin cytoskeleton

B 3 EZEREREZZESNESERBE A HAZRENE

Thy.cer
s (CAMs) /

Adhel

Purin olism

Cell adhesion ]

ion

\A
Cytokine-c okjp.or interaction

A \
Toll-like recep!
oskeleto
A

<
A g \

ECM-rece]

L5 A5 5 30 B T REVD B R 4 IR s A0 R R
T A ) 2 R e, a0 — 0 0] A= 9 2 Dy e R 4%

(49

TR

Baishideng® WCJD | www.wjgnet.com

|

/ﬁ

Glycine, serine an

ling pathway

s

==

e

E2 =

S

Z 5= SimiklA.

2 5155 igE, B: NMEZEFRRT
B 4 SSERPRMEE. kK
ta: PR EPathway; IRIKE:
VA FHM I Pathway; FH: FRIEY
DM Pathway.

ine metabolism

4
vbosm

Pyru

[‘ Insulin sigthway

PLRIZEAT IS, A3 Bh T A A b 23 A Jge i i 1
AL A BN, SRR BRI IR T HE AL

2013-05-08 | Volume 21 | Issue 13 |



LR, 5 RIRE THRERERORENEERZ DN

1225

10

3 LN

Siegel R, Naishadham D, Jemal A. Cancer statis-
tics, 2012. CA Cancer | Clin 2012; 62: 10-29 [PMID:
22237781 DOI: 10.3322/ caac.20138]

Tuveson DA, Neoptolemos JP. Understanding me-
tastasis in pancreatic cancer: a call for new clinical
approaches. Cell 2012; 148: 21-23 [PMID: 22265397
DOI: 10.1016/j.cell.2011.12.021]

Lim KH, Chung E, Khan A, Cao D, Linehan D, Ben-
Josef E, Wang-Gillam A. Neoadjuvant therapy of
pancreatic cancer: the emerging paradigm? On-
cologist 2012; 17: 192-200 [PMID: 22250057 DOI:
10.1634/ theoncologist.2011-0268]

Rasheed ZA, Matsui W. Biological and clinical rel-
evance of stem cells in pancreatic adenocarcinoma.
] Gastroenterol Hepatol 2012; 27 Suppl 2: 15-18 [PMID:
22320910 DOI: 10.1111/j.1440-1746.2011.07015.x]
Rhim AD, Mirek ET, Aiello NM, Maitra A, Bailey
JM, McAllister F, Reichert M, Beatty GL, Rustgi AK,
Vonderheide RH, Leach SD, Stanger BZ. EMT and
dissemination precede pancreatic tumor forma-
tion. Cell 2012; 148: 349-361 [PMID: 22265420 DOIL:
10.1016/j.cell.2011.11.025]

Kallifatidis G, Rausch V, Baumann B, Apel A, Becker-
mann BM, Groth A, Mattern J, Li Z, Kolb A, Molden-
hauer G, Altevogt P, Wirth T, Werner ], Schemmer P,
Biichler MW, Salnikov AV, Herr 1. Sulforaphane tar-
gets pancreatic tumour-initiating cells by NF-kappaB-
induced antiapoptotic signalling. Gut 2009; 58: 949-963
[PMID: 18829980 DOI: 10.1136/ gut.2008.149039]
Rausch V, Liu L, Kallifatidis G, Baumann B, Mat-
tern J, Gladkich J, Wirth T, Schemmer P, Biichler
MW, Zsller M, Salnikov AV, Herr 1. Synergistic
activity of sorafenib and sulforaphane abolishes
pancreatic cancer stem cell characteristics. Cancer
Res 2010; 70: 5004-5013 [PMID: 20530687 DOI:
10.1158/0008-5472.CAN-10-0066]

Zhang C, Kolb A, Biichler P, Cato AC, Mattern
J, Rittgen W, Edler L, Debatin KM, Biichler MW,
Friess H, Herr 1. Corticosteroid co-treatment induc-
es resistance to chemotherapy in surgical resections,
xenografts and established cell lines of pancreatic
cancer. BMC Cancer 2006; 6: 61 [PMID: 16539710
DOI: 10.1186/1471-2407-6-61]

Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan
A, Zhou AY, Brooks M, Reinhard F, Zhang CC,
Shipitsin M, Campbell LL, Polyak K, Brisken C,
Yang J, Weinberg RA. The epithelial-mesenchymal
transition generates cells with properties of stem
cells. Cell 2008; 133: 704-715 [PMID: 18485877 DOIL:
10.1158/1078-0432.CCR-11-1270]

Cioffi M, Dorado ], Baeuerle PA, Heeschen C. Ep-
CAM/CD3-Bispecific T-cell engaging antibody

(49

TEE
Jaishideng®

WCJD | www.wjgnet.com

11

12

13

14

15

16

17

18

19

MT110 eliminates primary human pancreatic cancer
stem cells. Clin Cancer Res 2012; 18: 465-474 [PMID:
22096026 DOI: 10.1016/j.cell.2008.03.027]

Xie G, Yao Q, Liu Y, Du S, Liu A, Guo Z, Sun A,
Ruan J, Chen L, Ye C, Yuan Y. IL-6-induced epitheli-
al-mesenchymal transition promotes the generation
of breast cancer stem-like cells analogous to mam-
mosphere cultures. Int | Oncol 2012; 40: 1171-1179
[PMID: 22134360 DOI: 10.3892/ij0.2011.1275]

Morel AP, Lievre M, Thomas C, Hinkal G, Ansieau S,
Puisieux A. Generation of breast cancer stem cells
through epithelial-mesenchymal transition. PLoS
One 2008; 3: 2888 [PMID: 18682804 DOI: 10.1371/
journal.pone.0002888]

Kasimir-Bauer S, Hoffmann O, Wallwiener D, Kim-
mig R, Fehm T. Expression of stem cell and epithe-
lial-mesenchymal transition markers in primary
breast cancer patients with circulating tumor cells.
Breast Cancer Res 2012; 14: R15 [PMID: 22264265
DOI: 10.1186/bcr3099]

Zhang Z, Filho MS, Nor JE. The biology of head and
neck cancer stem cells. Oral Oncol 2012; 48: 1-9 [PMID:
22070916 DOI: 10.1016/j.oraloncology.2011.10.004]
Loépez ], Poitevin A, Mendoza-Martinez V, Pérez-
Plasencia C, Garcfa-Carranca A. Cancer-initiating
cells derived from established cervical cell lines
exhibit stem-cell markers and increased radiore-
sistance. BMC Cancer 2012; 12: 48 [PMID: 22284662
DOI: 10.1186/1471-2407-12-48]

Kim HM, Haraguchi N, Ishii H, Ohkuma M, Okano
M, Mimori K, Eguchi H, Yamamoto H, Nagano
H, Sekimoto M, Doki Y, Mori M. Increased CD13
expression reduces reactive oxygen species, pro-
moting survival of liver cancer stem cells via an ep-
ithelial-mesenchymal transition-like phenomenon.
Ann Surg Oncol 2012; 19 Suppl 3: S539-S548 [PMID:
21879266 DOI: 10.1245/510434-011-2040-5]

Shah AN, Summy JM, Zhang ], Park SI, Parikh NU,
Gallick GE. Development and characterization of
gemcitabine-resistant pancreatic tumor cells. Ann
Surg Oncol 2007; 14: 3629-3637 [PMID: 17909916
DOI: 10.1245/510434-007-9583-5]

Bao B, Wang Z, Ali S, Kong D, Li Y, Ahmad A,
Banerjee S, Azmi AS, Miele L, Sarkar FH. Notch-1
induces epithelial-mesenchymal transition consis-
tent with cancer stem cell phenotype in pancreatic
cancer cells. Cancer Lett 2011; 307: 26-36 [PMID:
21463919 DOI: 10.1016/j.canlet.2011.03.012]

Bao B, Wang Z, Ali S, Kong D, Banerjee S, Ahmad A,
LiY, Azmi AS, Miele L, Sarkar FH. Over-expression
of FoxM1 leads to epithelial-mesenchymal transi-
tion and cancer stem cell phenotype in pancreatic
cancer cells. | Cell Biochem 2011; 112: 2296-2306
[PMID: 21503965 DOI: 10.1002/jcb.23150]

BE WE b LT

2013-05-08 | Volume 21 | Issue 13 |



