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Identification and Validation of a Novel Gene Signature Associated with Surgical Outcome of

Human Hepatocellular Carcinoma with Portal Vein Tumor Thrombus
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Abstract: [ Objective ] To identify and validate a gene signature to predict prognosis and select suitable surgical candidate for
HCC with PVTT (portal vein tumor thrombus) by microarray gene profiling. [ Methods] Forty HCC with PVTT cases were divided into
two groups: long-term survival and short-term survival, according to their median survival. Gene profiling study and a 3-fold cross-
validation and resampling method were performed to pick up candidate genes, and then immunohistochemistry (IHC) study was used
to validate the microarray results.  [Results] Ten candidate genes including AKR1C1, TARDBP, EIF4E, MFN1, SNRNP25,
LOC55908, ARPP19, RORC, PEX11B, and EGFR2 were selected by microarray. The sensitivity, specificity, and false positive
rates for selecting postoperative longer survivor in HCC patients with PVTT were 95%, 100%, and 0%, respectively. Hepatocellular
carcinoma associated gene TD26 (LOC55908) was the most significant up-regulated gene in longer survivors (fold-change=9.51, P <
0.001). The expression of TD26 in longer survivors was validated by IHC study (P = 0.016).[ Conclusion]Our data demonstrate that
these 10 genes expression signature could be a novel biomarker to predict prognosis for HCC patients with PVTT.
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Table 1 Comparison of clinical variables of long survival group and short survival group

Clinical Variables Total Short Long P value
Gender (male ; female) 36. 4 19. 1 17. 3 0.305
Age (< 60; = 60)years 35.5 18. 2 17. 3 0.643
AFP (< 400; = 400) ng/mL 15 25 6: 14 9. 11 0.340
PVTT (Segmental/lobe : main branch; trunk) 19. 19. 2 9.9.2 10: 10: 0 0.232
Tumor No. (Single: Multiple) 16. 24 6. 14 10. 10 0.206
Tumor Size (<10; =10) cm 21. 19 9. 11 12. 8 0.355
Cirrhosis(None ; mild: moderate: Poor) 2.21.11:6 2:.9.7.2 0.12:4.4 0.568
Regional Lymph Node (+n: —n) 4. 36 3.17 1. 19 0.305
Tumor Capsule(None ; Partial; Complete ) 14. 20. 6 7.11:2 7:9.4 0.651
Surgery Type (PR : Hemi-Hepatectomy ) 27. 13 13. 7 14. 6 0.744
Resection Margin(< 2: =2)cm 30. 10 16. 4 14. 6 0.478
TNM Staging( 11 Illa. Illc) 6:30. 4 2.15:3 4.15. 1 0.214

Student ¢ test; Short: short survival group; Long: long survival group; PR partial resection.
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Table 2 Ten candidate genes was selected in this study

Gene title Gene symbol P value Fold change
Aldo-keto reductase family 1, member C1 AKRIC1 0.0002 -7.09
TAR DNA binding protein TARDBP < 0.0001 -1.31
Eukaryotic translation initiation factor 4E EIF4E < 0.0001 -1.6
Mitofusin 1 MFNI 0.0001 -1.53
Small nuclear ribonucleoprotein 25 ku (U11/U12) SNRNP25 0.002 -1.81
Hepatocellular carcinoma-associated gene TD26 LOC55908 0.0001 9.51
cAMP-regulated phosphoprotein, 19 ku ARPP19 0.0004 -1.77
RAR-related orphan receptor C RORC < 0.0001 7.27
Peroxisomal biogenesis factor 11 beta PEX11B < 0.0001 1.88
Fibroblast growth factor receptor 2 FGFR2 0.0005 2.65

Candidate genes were selected by a 3-fold cross-validation and resampling method
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Fig.1 Unsupervised clustering using a 10 member genes
signature shows two distinct clusters with 75% detection

sensitivity for long survivors and a false positive rate of 12%.

Short; short survival group; Long: long survival group
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Fig.2 Fisher’s linear discriminant analysis
The accuracy of the gene signature was used for classifying long
and short survivors. The gene signature had a sensitivity of 95% and a

specificity of 100% with a false positive rate of 0%
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Fig.4 Different expression of hepatocellular carcinoma-
associated gene TD26 in long survival group and short
survival group using Image Pro Plus software

Long: long survival group; Short: short survival group; 10D

integrate optical density
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Fig.5 Expression of hepatocellular carcinoma-associated
gene TD26

A':long survival group; B:short survival group. Scale bar = 50 pm

TE AASLD F1 BCLC Myl IRFE 51, B 3 UCR H
HNBRFAR ISR 98 [ k Bogada 2 (HA I R A
IS, EBAMEEA PVTT A998 1 - A B 5 b
Jo MR ReFE M AR S AEAE IS XA IF PVTT
(g R, B D e v me AR, IR BB, 32
SRR AT IR VI BRI SRR U R, LU T
o7 i LA N EHG YT . fF PVTT WG TT
SR RIS, HETIG IR LS = n] H T 10 A A7
PVTT () )9 TR 1005 A4 7 TR 38 1 07 32 114
FEbR, WA e 1 B A R AT AR AR U BR 11

9 ) EL AT R R I PR A S

AW R SIS R HA, FrfEA PVTT
(IR SE R Fe ik ik, e 10 N54F PVTT B9
VIBRA G TS FIAHDCEE A 4245 AKR1C1 TARDBP,
EIF4E MFN1 SNRNP25 LOC55908 ARPP19, RORC .
PEX11B #l EGFR2, & H Fisher's #5153 #7 , A4
10 Ak JE PRV S O e 8 b, i i TR DD B £
PVTT () i K A A2 TR 2 W vfE ol 1
95% , F§ 51 100% , R FHPE 2R 0% (€] 2), Tanaka
ER BN, RIS FF =20 0 - B
AR LR RS SR 132 S35 R AT LK ELA I
EARALH TR e ok, IFIA Sk JE R 43 B A 5
B T F 5 02 Hui Z5090F58 B, R 57 4
RS A0 AR AL PG A I PRAS A , AT LAl
DA S5 R0 52 A 0 s 9] . 53 A SR IA T, JE A
Kiss-1 MMP-9 .PD-ECGF .VEGF 5 PVTT 1% % 1%
el SIS IR A AL AR | L PR 7 1k 4%
AR P ) S R 05 36 7 e AN TR) T A () A 1 i
AEEAR R 22 5, (HIA R LR 3% o A il Ay 9 1)
IR TR T B SR . R R 1 A0 AN
TR )35t 1% /3 ULIst A% 27 (1) 5028 () 45 5% b 44
PR  WGIRAT IR 2540 B R =
JEPENT A PVTT FHET-RUIBRIS , #4951 ]
I R AT FR AR S B, 7R AT T T RBAEAEAS TR A 43
TFor A, AT SR TC I RS A A 4l
Wt 53R 2 A5 A A DGR LR R (T 1)

JHF368 AH CFE R TD26 ARG i de B 35 1 1
P (FC = 9.51,P < 0.001), H i & TiZ 3 A 1)
AR /D LD REATI SR NI 2 . TD26 K&K [H]
L9k iy 44 PRO118S Il PVPAS99, & i T 19
SR, 19p13.2, FE M FL S P G A P 5
I 14 45 5 B 11, TD26 18 15 5 JFE 41 A P98 41 i Py
PRIk ts) il i G 4 24k 4 B0 I R e 5
T M 45 5 TD26 FIF 4 it () 2 11 78 3% rh 65k
TER AT P 5 B (P = 0.016) , ABF5EH,
R TD26 K 3% 35 15 5 o BERs 4 30 3 61 43
TD26 & 4% ik 4 ALk 241, TD26 5 A i £ ik 4
HAFEHHARGEAFAH(P=0.011,K 3), &
A T Re XALF AR, AT i e s
P LU0 UE T A 4 3 DRES F BT O 3k o A 3 [
TD26 7 JFFgs 4l 23 v B 3k i BE KA T REAE Ry
A PVTT 19 R B3 000 - R 1 sl b 47 R
T N AE T A HE AR — o PRI AR S 0 4 1Y 10



%

34

RGN, A PEITR IDIORE R A TR A T AR S L A B9 7 1

347

MRS, A RTREAE A LA PVTT 196
BAE R FARIGIT RN 55 /)4 T 48 b5, MAT
FE IR IR N S5k,

SE k.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

Pawlik TM, Poon RT, Abdalla EK, et al. Hepatectomy
for hepatocellular carcinoma with major portal or hepatic
vein invasion:Results of a multicenter study [J].
Surgery, 2005, 137 (4). 403-410.
Llovet JM, Bruix J.
carcinoma | J]. Lancet, 2003, 362(9399).1907-1917.
Llovet JM,  Bruix J.

Burroughs A, Hepatocellular
Novel advancements in the
management of hepatocellular carcinoma in 2008 [J]. J
Hepatol 2008, 48 (Suppl 1): S20-37.

Bruix J,
carcinoma [J]. Hepatology, 2005, 42 (5): 1208 -
1236.
Pawlik T™M,

Sherman M. Management of hepatocellular

Poon RT, Abdalla EK, etal. Critical
appraisal of the clinical and pathologic predictors of
survival after resection of large hepatocellular carcinoma
[J]. Arch Surg, 2005, 140 (5): 450-457.

Portolani N, Coniglio A, Ghidoni S, et al. Early and
late recurrence after liver resection for hepatocellular
carcinoma; Prognostic and therapeutic implications [J ].
Ann Surg, 2006, 243 (2). 229-235.

Tung-Ping Poon R, Fan ST, Wong J. Risk factors,
prevention, and management of postoperative recurrence
after resection of hepatocellular carcinoma [J]. Ann Surg
2000, 232 (1). 10-24.

Prince S, Zeidman A, Dekel Y, et al. Expression of
gallbladder
carcinoma and its correlation with clinicopathologic
variables [J]. Am J Clin Pathol, 2008, 129 (3). 424-
429.

Braga-Neto UM, Dougherty ER. Is cross-validation valid

epithelial cell adhesion molecule in

for small-sample microarray classification?  [J].
Bioinformatics, 2004, 20 (3): 374-380.
Brentani RR, Carraro DM, Verjovski-Almeida S, et al.

Gene expression arrays in cancer research: Methods and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

applications [J]. Crit Rev Oncol Hematol, 2005, 54
(2): 95-105.

Chau GY, Lui WY, Wu CW. Spectrum and significance
of microscopic vascular invasion in hepatocellular
carcinoma [J]. Surg Oncol Clin N Am, 2003, 12 (1):
25-34, viii.

Tanaka S, Mogushi K, Yasen M, et al. Gene-expression
phenotypes for vascular invasiveness of hepatocellular
carcinomas [J . Surgery, 2010, 147 (3). 405-414.
Wang SM, Ooi LL, Hui KM. Identification and
validation of a novel gene signature associated with the
recurrence of human hepatocellular carcinoma [J]. Clin
Cancer Res, 2007, 13 (21): 6275-6283.

Guo L, Kuroda N, Toi M, et al. Increased expression of
platelet-derived endothelial cell growth factor in human
hepatocellular  carcinomas  correlated ~ with  high
Edmondson grades and portal vein tumor thrombosis [ J].
Oncol Rep, 2001, 8 (4). 871-876.

BEoedl, TS, IS, 45 IR e RS A BE P KGSS-1
FIHE 57 4 i 2 11 T -9 7 JHT-400 Mg 1 i o A vh iy 3%
K[ J]JEAE, 2007, 26 (6): 591-595.

Zhou J, Tang ZY, Fan J, et al. Expression of platelet-
derived endothelial cell growth factor and vascular
endothelial growth factor in hepatocellular carcinoma and
portal vein tumor thrombus [J]. J Cancer Res Clin
Oncol, 2000, 126 (1). 57-61.

Fialkow PJ. Clonal origin of human tumors [J]. Biochim
Biophys Acta, 1976, 458 (3). 283-321.

Suzuki Y, Yamashita R, Shirota M, et al. Sequence
comparison of human and mouse genes reveals a
homologous block structure in the promoter regions [ J ].
Genome Res, 2004, 14 (9). 1711-1718.

Clark HF, Gurney AL, Abaya E, et al. The secreted
protein discovery initiative (SPDI), a large-scale effort

to identify novel human secreted and transmembrane

proteins: A bioinformatics assessment [J]. Genome
Res, 2003, 13 (10): 2265-2270.
(# REAR)





