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Table 1 List of HNF family transcriptional factors regulating HCC’s characteristic genes

TF

HNFla

HNF6

HNF4a

HCC’s characteristic genes regulated by TF

HSPC216 SERPINA1 GOT1 AADAC TSC22 DUSP6 C210RF50 SERPINEI AQP3 LY6E IGFBP1 SLC17A2 C4BPA
TNFRSF6 FHL1 KIAA0022 SERPING1 SLC23A1 C210RF4 ASGR2 ASGR1 C1S HSD11B1 PCK1 CPB2 F11 GRHPR PLGL
CYB5 MTHFD1 MT1H MTIL GCKR UGT2B15 APCS MTP LOC54518 KNG SERPINA6 HAL FHR-3 VIN G6PT1 ALB
TNFRSF11B NPC1L1 AGTR1 RAMP1 HSPC210 C220RF3 M96 STRAIT11499 HSPC224 FLJ20080 APOH PAX8 CDC25B
CKS1 C200RF1 CDC20 CDC2 AKR1C3 TXNRDI

STAT4 OAT HSPC216 TNFSF10 EIF2B2 CRADD TSC22 RNF9 EIF4A1 C210RF50 NFKBIA IFITMI1 LIF SREBF1 PONI
GROI1 TNFRSF6 SSI-3 ADAMTS1 SERPING1 APOH SLC23A1 C210RF4 C1S PCK1 F11 PLGL UGT2B15 APCS IF SAS10
TNFRSF11B AGTR1 HSPC210 EIF4B Homo RPLP1 PPP2RSA HSPC224 TIF1 SIAHBP1 C220RF3 TIF1B CDC25B TAF2E
E2F1 CKSI1 EIF4A2 TCFL1 C200RF1 CDC20 CDC2 CDKN3 IFIT1 EIF3S6 FABP5 SLC29A1 AF038169 H2BFS H2BFL
H2BFQ DHFR

STAT4 SERPINAS HMOX2 HSPC216 SLC31A2 TF CSF2RA NCF1 EPB72 TNFSF10 NAPA CSF2 TFAP2A CST3 PIR121
LOC55862 FLJ20010 SLC4A4 KIAA0914 SERPINA1 GOT1 CRADD C4A ILIRAP TSC22 RNF9 DUSP6 JUND JUN
C210RF50 FOSL2 CLECSF2 MAFF SERPINE1 NTN4 IL15RA TFPI2 MAPK7 SAA1 IFITMI1 FLJ11286 FGF12B AQP3 CST6
FNTA EHM2 HMGCS2 SREBF1 PONI IGF1 CRSP3 GCHFR PCBD CBS GCSH IGFBP1 SLC17A2 HADH2 C4BPA TNFRSF6
TF ENC1 ICSBP1 FHLI JUNB jSSI-3 ADAMTS1 EPHA2 PHLDA1 MBLL SGK PLSCR1 PBEF PROZ TFG HSPAS5 SERPING!
SCYA14 SLC23A1 C210RF4 ASGR2 ASGR1 MST1 APOA1 C1IS CYP2C8 HAAO PIPOX HSDI11B1 ANG PCK1 ACAA2
VLCS-H2 PCK2 CPB2 EHHADH GRHPR ACADSB PLGL PEMT CYB5 MUT GYS2 MTHFD1 VLCS-HI MTIH MTIL
GCKR ACY1 UGT2B15 APCS MTP LOC54518 ORM1 KNG SULT2A1 CYP2J2 EHD3 FTHFD SOD1 SLC10A1 PDK4 CSFIR
FETUB SERPINA6 COX7A2 HAL VTN G6PT1 ATF5 FNTA SAS10 FLJ20037 TNFRSF11B KIAA1017 NPCIL1 AGTRI1
GSTM4 RAMP1 HSPC210 ABCC6 C220RF3 DKFZp762L0311 M96 CETN2 SCD RABI11A IK3C3 STRAIT11499 ORC3L
RPLP1 AF093680 PYCS LOC51107 HMG17 CSNK2B LOC51596 MCP ABCB10 TCOF1 DXS1357E HSPC224 RPS16 RPS19
MAFG PRKAB2 PRPSAP1 FLJ20080 AD022 APOH CS KIAA0205 SIAHBP1 PAX8 UBE2M CLPTMI1 TAF2E VARS2
CDC25B FLJ10604 GPC3 CKS1 PRCC USP21 C200RF1 CDC20 CDC2 CDKN3 USP1 TYMS RDBP GNPAT ACLY
LOC51606 POLR2K FLJ10511 PTK2 XPR1 PSMD10 NFYA NME1 PPGB GSTA4 BCAT2 DCK AKRIC3 TXNRDI PIR
SNRPA1 TACC3 SLC29A1 NCOR1 DUSP12 NDRG1 TAGLN2 NRCAM YKT6 H2BFS H2BFL H2BFQ

Table 2 List of genes’ function about HNF1la regulating HCC’s characteristic genes

Functional category Gene Functional category Gene

Chaperone C4BPA APCS Enzyme-regulator SERPINAI

F11 VIN C1S SERPING1

Transferase GOT1 UGT2 BI15 Hydrolase AADAC CPB2

Lyase

PCK1 HAL Oxidoreductase CYB5

Transporter-channel/pore AQP3 SLC17 A2 Transporter-lipids and small molecules APOH G6PT1 ALB

Ligand bingding IGFBP1 Signal transduction-receptor ASGR2
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Fig. 1 Functional map about HNFla regulating HCC’s
characteristic genes
[J: Enzyme; [ : Chaperone; B : Transporter function; []: Ligand

binding; N: Signal transduction-receptor.
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Table 3 Relations of combined regulation about HNF family transcriptional factors and HCC’s characteristic genes

TFs HCC’s characteristic genes regulated by TFs

HNF4o. HNF6

C1S SAS10 CDK2 TNFRSF6 PON1 CASP2 SERPING1 PCK1 VTN PLGL APCS APOH

C1S PCK1 TNFRSF6 VTN PLGL SERPING1 CPB2 C4BPA FLJ20080 LOC54518 DUSP6 AQP3 MTP

HNF4oa. HNFla

AGT ASGRI1 PAXS8 IGFBP1 RAMP SERPINA1 UGT2B15 HAL MTIH GRHPR HSD11B1 SLC17A2

APCS SERPINE!I MTHFD1 APOH GOT1 ASGR2 STRAIT11499 MTIL M96

HNFloa. HNF6

HNF4o. HNFla. HNF6

F11 CIS PLGL SERPING1 TNFRSF6 PCK1 VIN UGT2B15 APCS APOH SLC23A1
C1S PLGL TNFRSF6 VTN PCK1 SERPING1 UGT2B15 APCS APOH

(a) Auto-regulation (b) Feed-forward loop

s | T ——

-

(c) Multi-component loop (d) Regulator chain
T m

EELE RN RN

(f) Multiple input

\
[ TFI |

(e) Single input

Fig. 2 Relations of Combined about

transcriptional factors and genes

regulation

— - Translation; —: TF binding to DNA; HEl: Target gene; [7F]:
TF-encoding gene; CTE>: TF protein.
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B, K 5 IRAITATLLE H, C1S. APCS.
F11 1 VIN & 4 ¥ {18, PCK1 & % f# i ,
SERPING1 & i ¥ W , UGT2BI1S A& # ¥ W ,
APOH HAHAFLZ e, 1 WIXLeIE PR 2R

R, ZA AR, DR R R K8
AR e AT I e s AR IR RO T T RE. AEAN R A
ik, BT AU R 42 45 &, AT Re s Al
EATTFEA [ A PR I5E R S REAS 21 e s 47510,

Table 4 Feedforward loop about HNF family transcriptional factors regulating HCC’s characteristic genes

TF1 HNFo6 HNF4o/ HNFla

TF2 HNF4a HNF1a/ HNF4a

C1S SAS10 CDK2

C1S PCK1 TNFRSF6 VIN PLGL SERPING1 CPB2 C4BPA FLJ20080 LOC54518 DUSP6
Gene AQP3 MTP AGT ASGR1 PAXS8 IGFBP1 RAMP SERPINA1 UGT2B15 HAL MT1H GRHPR
HSD11B1 SLC17A2 APCS SERPINE1 MTHFD1 APOH GOT1 ASGR2 STRAIT11499 MTI1L

PONI CASP2 PCK1
PLGL TNFRSF6
SERPING1 VTN

Table 5 Multi-input motifs about HNF family transcriptional factors regulating HCC’s characteristic genes

TF1 HNF6
TF2 HNF4a
TF3 HNFla

C1S PLGL TNFRSF6 APOH VTN PCK1

HNF6
HNFla

APCS CIS PLGL SERPING! TNFRSF6

G
e SERPINGI UGT2BIS APCS PCKI VTN UGT2BIS APOH Fil
3 i ® R e P RA L R R D) e SRk AT R 7y,

FFHE(HCC) 4> F R IRALEE H AT ANt 28, Kk
O N R R T R L& SR EC SN DO AN
S A R R I 1) R G0 3 W nT LA A Je e R 9 ML
(IR A BT PR A AR 20, ORI P R R SR i £dl . ]
DLIE I PRI BEAT D REZR IS, AT 0Ll A 6 25 AT 1 2
e, T LL 4k B 3R K % A IR L E AE A (tumor
sample) H & Al & 18 & A1 9E 8 5E A A (nontumor
sample) 71 J DA 2% ik 1 2 7 U A0 AP 32 DR (B RS S
FARFER), A AT LUK FEAS [R]RE AR R 45 35 PR 3 5%
FA PRI T 43 B4

H2, E R IR RIEENRE T, Joikik s
PRI R e 1 IR T DR (1) e s R 25 O R T A A
XL S i 0 R, A Rt — 20 % I B
RS RIBRIY PO A SO 3 Tk i 3%
IE TR RN HNF 4% 56 PR 7~ 205 1) ChIP-chip 525
HG X (1 4R e e 0 ok R TR AT Je S R 42 () 1F
TCs TR 2 HE S5 DR 7 R 4 B R DRI () S s R R
1T TS HNF K 5 R 70 HR 2 e e R
IRFE R BA Hes i E R, e VIR Ik B9 2011
e RIEFEIR b, 52 HNF ¥ 36007 80wt b
23.3% (& 1). JF H Al HNF Z 5 5% D87~ 0 458 1) Jik
N2 A mE P IRE (R 2), 5% HNFla

IhBer SR P g RS Rl 2, 43%, JLIK
N PR B SRR (R Fe RNy
T T 24%, A ARG G R AAE BT
AR, KT 45% 4. DL ER TR E A, KA
MU R R A R OCEZE, TEIRmb R R (1
JFAEAR P R, #R 251 B M. I H HNFla 5 4
AN P R R, T REEA 7 P AR I SRR
Ji AR A% 0 A2 JHF i v Ry R 3R OA 1) 3 R (C4BPA.
C1S. Fl1. APCS. VTN), iXiiH] HNFla 78 HT i
(R A R T EE AR T, 9 L a] DAHEI LR 9
WA RS, FF R IhEe s o7 AR
FER T RER B R OCEENEN, BiFhTFEmRE
K, FEOEHMb—SE ARG & FE L TS
A GEBUAI AR, Ik, X 3 e 4 S
REEN, BATE D NELS T LIS e 2Rk kK
VAR g I ANF S5 S5 R 1 I 4

AR CABHFFT T 2 A HNF FE % 5% K7 B[R] 14
PRSI OCR. B, WATFIH SAEM Hik, £
BT 2SR T LR g5 R (3 3). iR
Lee Z59F1 Yeger-Lotem 25T, 2246 568 11
i LI IR 00 1 R AEAEAS TR IR B 20 (1 2). R AT 145
WL, AR SO HNF S5 S R 1 W ) o 42 B
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SE PR EAT TS, 31 T T A (R 4)
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Finding Transcriptional Regulatory Motifs of Hepatocellular
Carcinoma’s Characteristic Genes Using Bioinformatics Methods"

WANG Shi-Lei, HUANG Bo, ZHOU Yun, SUN Zhi-Rong™
(Institute of Bioinformatics and System Biology, Ministry of Education Key Laboratory of Bioinformatics,
State Key Laboratory of Biomembrane and Membrane Biotechnology,

Department of Biological Science and Biotechnology, Tsinghua University, Beijing 100084, China)

Abstract In order to research the molecular pathogenesis of hepatocellular carcinoma (HCC), firstly, gene
expression profile data of HCC, which dealt with ¢-test method, was used and HCC’s characteristic genes were
found, secondly, SAEM method was used to analyze these data combining HCC’s characteristic genes and human
liver’s HNF family transcription factors ChIP-chip data, finally, transcriptional regulatory relations of HCC’s
characteristic genes and HNF family transcription factors were got, furthermore the transcriptional regulatory
motifs of HNF family transcription factors regulating HCC’s characteristic genes were found. All the results
indicate that HNF family transcription factors regulate many HCC’s characteristic genes, a great number of those
have very important functions, and multi-HNF family transcription factors regulating HCC’s characteristic genes
can form feedforward loop motif and multi-input regulatory motifs.

Key words transcription factor, transcriptional regulation, gene expression profile, motif, ChIP-chip
experiment
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