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Abstract

AIM: To analyze vast amounts of hepatic carcino-
ma-related microarray data and identify crucial
genes that control the development and progres-
sion of hepatocellular carcinoma (HCC).

METHODS: Cross-species comparison could be
used to explore the similarities between HCC-

related gene expression profiles of human beings
and other species. In order to screen genes that are
involved in hepatocarcinogenesis, gene set enrich-
ment analysis (GSEA) and meta-analysis were
performed to study five gene expression data sets
of independent species.

RESULTS: Among the five gene expression
data sets, three up-regulated and two down-
regulated pathways were found to be consis-
tent by gene set enrichment analysis. The up-
regulated pathways are amino sugar and nucle-
otide sugar metabolism, cell cycle, and thyroid
cancer, while the down-regulated pathways are
linoleic acid metabolism and arachidonic acid
metabolism. A total of 1708 genes with a P <
0.05 were found in meta-analysis for five datas-
ets, of which 720 could be assigned to function-
al pathways by DAVID and KEGG. These path-
ways include cell cycle, oocyte meiosis, and
DNA replication. Cell cycle is the overlapping
significant pathway between the two methods.
Twenty-five genes with a P < 0.05 were identi-
fied in meta-analysis of cell cycle pathway. Five
significant genes may be involved in the occur-
rence and progression of HCC.

CONCLUSION: Cell cycle may be the crucial
pathway to affect signal transduction in hepato-
carcinogenesis.

Key Words: Hepatocellular carcinoma; Gene set en-
rich analysis; Meta-analysis; Cross-species; Key gene
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P 485 4& (gene set enrichment analysis, GSEA)
A BT B H A EAN KA A S W (meta-
analysis, Meta)# 57 7 %, % it B £ 45 oK
F LAl ey KA.

LR MGSEAZ =047, 548845 P PriFid %
sk, LR gk A 64 a8 I8 Ay B KRR B AR AR,
W @R R, VARG, THEP AR
B Ay I BRARGE . e A v b BR ARG, TR A
FIE R AL R 3T Metap 7, 256 HP<0.05
# A H1708/. IDAVID#A2KEGG M 3k # 5~
ML RER X TOSA £ 57 A W P AT204 4
R B EKEGGE ¥ i s, &5 70 f£ 40§ )
B, P mAe A 5. DNAS %) Fid %,
XFAFP AT R R BT, EEMEFZN
T2 e B AR . JE tm e B B ad gk £
P %t 3 E L(P<0.05)89 L H 25/, L#kik
HHPSAERR S RA B A,

it TRYATBELXALREGEZ T T
P& m L B BB BE, )G 4 XAV A 4w 6L B A A
P82 04 R ML R S AT IR E,

RHER: FE; BEESE; MetadfhiT; BME; X5
H

B, FHEB, HER, B, KO, s, B, B ER
EENMeta TN FIOBRR £ R RFEERBIMEL. HFRE
AOBICZYRS 2012; 20(9): 754-758
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R AR R R, A KRB R R 2
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SEBLIRIM. DR, o] S 2 5 o o R R 2E R
(R B 1 231 5078 AN B P S0 v 0 ok
& R 8 A Ak ) Pk . ARk
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BB 58 1, NI UG RIS LE 5 T & (cross-
species){EA RN [ FEAL (WAL A, W] fe AT
LSy R0 S W D RE. 85 P 1) i e be A B I
2T TSR I L T X — I T = AL Mat-
tison%5 iz HI B Sems LA SE IR 41 248, iR
FEFRET AN DR KRR R R,
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DRI AR, A7 RT BB 7T 226 H 52wl JHH e R A R 1R 5k
BEILDR. BRIz T R A, T
AL mRNAZL K504, Tl 145 21 )
T A i S . BORSFHCCH %), A2
AT 2 3 R SR PR ik DR B A A A A YR 9T 500 1)
BER, AN ERIIERER. T ReAR Rax AN i)
781, Mootha®: 14 Hi 3L K 4] & 4 (gene set enrich-
ment analysis, GSEA)ZHT, 1% 7V BEAEN 15 %
PRSI v, R T 3E N R G0 K 1 Eokdz
MRV 1Y) 5 DRl % .l 0 40 i — AL Ak T2 AR
YIRS B R R R IA T e A H i, T AT I AE
R E Dy e DR A v (1) 2 IE R DA X Bl I8 AR
DUEAEAE SR gt 22 k. 4, R SER
TN FEARS R TTIE S BT v A AT
e, ANFESEE U5 B A IR 2 22 R, Joor
Hr(Meta-analysis)&—F o[ 4T IR 515, )
[ — A ) I 3 AH DA i A 110 &5 R dE AT i
. Giik LEES, DUIIRTS S AR ol 2 1
4 KL R, ACKEFFCIATTLLGSEA I Meta ) H7
)7 A RS HEAG LS I SEEHC C A HE R 40 Kk
R BT M, AHCCRIFEHLE] 1 13 B 4
L ) B e S A

1 #RIASE

1.1 A4 ARSGE) 2 1 SCRRANEE R &R, 46
He A E A AT SR IE AR AT DR 5 R 1
TCA8 & NI J2 AT ART HCAth 20 40 1) e AH G i PR 4
IS, A HE MGEO%UE 4 (http://www.ncbi.
nlm.gov/geo/) T 2. 82 4 1] hyhepatocellular
carcinoma, P2 il iff 51 2 Jyexpression profiling by
array, 45 RA7230% LR SRALIE LS 8. fF S
DL ARAE B s SR g N BRAT TR (1) s
NI A FE R A )R mRN A 5l (2)1X
BER 4 2 & THCCRINE S ZH 230 (3) A Ik
F BRI B IR AR AR (4) B R b A
T3 b s, RASERAZALL
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A, T H IR E 2R DAL ol e (B8 ) IR s o
IR e AR TR HE AL,
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WA % & 5
K& 383 T RA
GSEAfMetaZzs g = WHES SR B PR HEAN) MB0N)
tjgg;;ggéz GSE19665 Deng="® u133Plus2.0  paired, tissues 54 000 homo sapiens 10 10
A RAERLH GSE9809  LiaoZE" mouse430_2 unpaired+paired, tissues 45000 mus musculus 3 7
ff,d%iiiﬁ:ﬁ’ 7’:» GSE9012  KhetchoumianZ® mouse430_2 unpaired, tissues 45000 mus musculus 5 5
ii;;;gg GSE19004 ViatourZ" mouse430_2 unpaired, tissues 45000 mus musculus 5 4
BB iE BT fa GSE2127  Sheth&"” mouse430a  paired, tissues 22000 mus musculus 9 6
JE) Rl 2
Paried: $¥hccZBEINIRHKEhccAYA; unparied: ShecBBIN IR REEMIESEHA.
R AR EHE AR EE AE 2R AE
ABI3BP 3.23E-06 UBE2C 3.18E-05 FOXM1 6.58E-05 rrmz2 2.74E-05
CCNB1 5.37E-06 mcm2 4.07E-05 BIRC5 7.18E-05 Ttc36 3.06E-05
NEK2 7.66E-06 ASPM 4.29E-05 STMN1 7.74E-05 Hist1h2ad 5.71E-05
MKI67 1.35E-05 NCAPH 5.23E-05 racgap1 7.84E-05 TOP2A 5.91E-05
cdc20 2.46E-05 TUBA1B 5.23E-05 Hist1h2ag 7.94E-05 Hist1h2ai 7.94E-05
angptl6 2.47E-05 CCNB2 5.45E-05 Hist1h2ah 7.94E-05 CDCA5 9.89E-05

B A 56 R AL ek 56 FRATT HIE A EKEGG
FEU IR AEAE L IR T GSEA T, HIBRAR S 7Y
3L ER<0.5 B2 DAL B — AN 3 ROGE Y LA R
B, BATGR AR S IQR B i 4% . GSEAMH L
Bioconductor[fjcategory it 17, AT L 104~3E
DRI LR B, T Tl Ay 36 6o 5 —— /) 20l i 11 3 1A
HEATRS:. k1 000X AE I HES 240 5 (permu-
tation) 3R A3 B {2 25 18 B (1 PIE. K15 21585
P B R R U I R AT SRR, IR 4
JL 5 (cell cycle)ix ANid i 7E S £ rh AR T
o B FRATTR R s B A i 1) BT B
I TMetaZi T, 12 FHS AS9. 1351, JE LA %
A EEIE H Cell cyclel 4 B IS RENH
PR, FRE A

= (-log(P, .
ts= D g sk oot
SRR R R R 7, B n TR BP<0.05 1) 5
PRI 6 I 6 5 PR 38 8% 1) 20 B 3 i D AVID (http://

david.abcc.nciferf.gov)H IKEGG AT 40 #7.

2 BR

2.1 GSEAL#7 13 GSEA ) 2% SE R Ha AT
DIReREDR s 4R, 43 sl R HH s i JUAN Bt A2 1 =
BRI A N R, GSE19665E 41274
RIS, 7145 N R B, GSE9809% i 4 = 4k
H ERIE R S64%, IS E44%. GSE90124¥i 4
AN LEE 664, N E344%. GSE19004

B w A R 7345, FIREESs14.
GSE21278dls 4 & 4R 1 il Bk 69 4%, N IHid 24
504 H A EEEGSE19665 A1 SEGSE19004
0% TS PR R R SAL I T P £ 08 % 6T B
T R A R A E R R (linoleic acid
metabolism), {£4PUMEIR L (arachidonic acid
metabolism); b rf 4G 1R I8 % b 2 SERE i
FEHEAC I (amino sugar and nucleotide sugar me-
tabolism), il fig i (cell cycle), HIR RS (thyroid
cancer).
2.2 Metaz A FH—FRCIR) e A 36 0) 592 Kt 4 1
o, Hrh GSE19665% #is 48 th 2L H B 14
(K220, H A B AR 0 H B PR RE DR 1 A 2134
X SR A TAS IR AT AN SR I PIE S,
WXL HAFSAS13.0i8 JHIEFEIMeta s AT
S AT, JEA T 708 S R fr)P<0.05. P<1074524
SR, BARBEAN LR A4 FR A PIE(FR2).

X1 7084 HE i DAVID K EG G T
W AR, b 720 S AE WS AEKEG G
i, EE A fEcell cycles YN BRI A 5> 24
(oocyte meiosis)s DNAK lill(DNA replication)-
R (valine). seZ R (leucine) M #7212
(isoleucine degradation)PFfiE A= NS A IE B
20 i 1% (progesterone-mediated oocyte matura-
tion). BUWi Mk K I73% A [ & S (pathogenic
escherichia coli infection). H % (glycine)-
22 5 [ (serine) f1 75 % R (threonine metabolism)
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| PG X4
KRG EoH

ER V1B AE ER 1B AR EE B AR
CCNB2 46.94 9.67E-07 MCM4 46.94 0.0030 CDC25A 29.98 0.0009
mcm2 36.51 6.89E-05 cdc20 36.51 0.0065 Mad2l1 29.43 0.0011
YWHAB 35.63 9.74E-05 smc3 35.63 0.0067 MCM7 28.57 0.0015
CCNA2 33.83 0.0002 pcnA 33.83 0.0079 CCNE1 28.21 0.0017
CDKN2C 32.60 0.0003 RAD21 32.60 0.0090 TGFB1 30.15 0.0127
Cdk1 32.24 0.0004 CDKN1TA 32.24 0.0096 YWHAZ 29.98 0.0206
MCM6 32.07 0.0004 CCND1 32.07 0.0108 YWHAG 29.43 0.0208
cdkn2b 30.15 0.0008 SMAD3 30.15 0.0116 YWHAH 28.57 0.0252
CCNB1 30.15 0.0008

FIACH, 45 MC M5 2 (mismatch repair). FRIT
W (propanoate metabolism). R A& PEALVTERIY
W4 i(primary bile acid biosynthesis). fIi
IR AC U (fatty acid metabolism). A4 HR¥E
(prostate cancer). %li# (focal adhesion). MEREAL
W (pyrimidine metabolism). p5315 5 iH ¥ (p53
signaling pathway). &K (glioma). %
TR VI & E (nucleotide excision repair). #i%
IR B f#(lysine degradation). /NI Al (small
cell lung cancer). BJ4%(spliceosome). il
% (pathways in cancer). TGF-Bf5 5 i i (TGF-B
signaling pathway). FCyR-7\3 [ 41 g 1) 5
IJGE(Fcy R-mediated phagocytosis). [R5 4L
(homologous recombination). &% FRAXH (tryp-
tophan metabolism). 1% P44 41 iy (5 1fi. 97 (chronic
myeloid leukemia). ZRFFiEFA G fi(panto-
thenate and CoA biosynthesis). 2 %/ FHIHE
H K fi# (ubiquitin mediated proteolysis). FriFiR
PEIN(TCA cycle). %)% (one carbon pool by
folate), M&HE IR 115 518 (neurotrophin
signaling pathway). butanoateftiff(butanoate
metabolism). R (thyroid cancer). Az
Jé(melanoma). WLZN & B 4L 1 15 (regulation
of actin cytoskeleton). [i#Jlf}# (pancreatic cancer)
I,

2.3 WAP T R PTAT 4 R oA HIGSEAMIMetapy
il 751, FRAT 14 21 HE B R A v 1) 300 B - 40 S .
TERRATATE S, 138054 HE4E H cell cycleii 1%
& BT O AR RRE S . R ERER S 4% 2 hitp://david.
abce.nciferf.gov/conversion.jsp®uli FHH T E
POPREG AR, 15 30 5 4 Ho s H Az g B S ) 2k B
Z K. GSE19665 HL1E 41 g ) J1 38 i Jir 75 72 57
H X994, GSE980957964, GSE9012590,
GSE19004 %1067, GSE21274 1134, @ik 25
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Metaiz 47 45 R r] 19 40 1 5 3013 e L 7 e v A 4
THEA T (P<0.05) FER 254N, AT PR, &
JIE KPIE(FR3).

3 111E

R, o i DRS v 280Hs 1 40 Br 2 i 8 AL
(R LGy BN S R S 25 S EAT 43 A, T
H GRS 34, B TREAC I, ] RE S
AR Z A7 045 8 1 ELXE S8 RES B2 1Kok
AT E IR BRI, 32 BIREACE 1 BRI, 5304
AE AR Sl o, AT PR R R T, 2 T
ANTRIFEA H ZRIEACT 1) 22 500 LR 4 D il
ok 3 At 2R A T 2 AN [ A IR A (A T R
AR) (0 K, HED B L DR AT L R 1)
ik, L n] DL 5 905 DG TR 1) 2k R B
Himgh,

KL GSEAFIMetaPi Fl )7 01X 545 5
PEREAT 73 A1, RF2Mp g SR BEAT H B R L, A B
FBEIHC CAHK WAL AT 2. GSEAT VA
OB 20 A B IRE A 2 (8] 2 S Ak R IR, A
AHEAT IR IR LSRG W] 5 B PR 3 TA 72 5 I R AR 23
K. HRIE ERA TG, AT H A, 13315
ZH B0 3 ) 508 ) T . Meeta 7 v 0 B K s
RUATR S, #4457 Metady #7, 19 312 57
KL, FOND AVID W 3 £ 313X S8 3 K A fig
JITAE FRD 30 . i 250 T B P v T 4 ) S
FEUEAT 3 M7, 45 tH 2 ek W 2 (R kT

FEFRATTIR 126 H 10 40 Ji J) SO0 i 2 54 22 S Ak
[KFF, CCNB2(cyclinB2). CCNBI(cyclinB1).
CCNDl(cyclin D1). CDC25A. Cdk1%55/N%E A
S R AR A E DI R, Hh CDKAE 41 il
Jo S U 9 0 5% PR A 0 R 1, L SRR P T SR
T2 52 ) 30 40 0 R IR R R, PR A 40 )
e, SHUAgRMAERK. k. B3, T

(Gene Set Enrich-
ment Analysis,
GSEA): #%# &
H oW AR
FAL, MR
Fooineg ik b,
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ARAAELR
B, AV E
EREZE P A
# R KK DL, A R
AR AR LA
%A A A Gt
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