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Supplementary Materials and Methods
FACS and MACS Analyses

Cultured cells were trypsinized, washed, and re-
suspended in Hank’s balanced salt solutions (Lonza,
Basel, Switzerland) supplemented with 1% HEPES and
2% fetal bovine serum, Cells then were incubated with
FITC-conjugated anti-EpCAM monoclonal antibody
Clone Ber-EP4 (DAKO, Carpinteria, CA) on ice for 30
minutes, and EpCAM* and EpCAM™ cells were isolated
by a BD FACSAria cell sorting system (BD Biosciences).
For magnetic separation, cells were labeled 24 hours after
enzymatic dissociation with primary EpCAM antibody
(mmouse 1gG1; Dako), subsequently magnetically labeled
with rat anti-mouse IgG1 Microbeads, and separated on
a MACS LS column (Miltenyi Biotec, Inc, Auburn, CA).
All the procedures were performed according to the man-
ufacturer’s instructions. The purity of sorted cells was
evaluated by FACS. Fixed cells also were analyzed by
FACS using a FACSCalibur (BD Biosciences). Anti-
EpCAM antibody VU-1D9, anti-CD133/2 clone 293C3
(Miltenyi Biotec Inc), and anti-CD90 clone SE10 (Stem-
Cell Technologies Inc, Vancouver, British Columbia, Can-
ada) were used to detect EpCAM™, CD1337, or CDI0"
cells. Intracellular AFP levels were examined by a BD
Cytofix/Cytoperm Fixation/Permeabilization Kit (San

WNT SIGNALING AND HEPATIC CANCER STEM CELLS 1024.e1

Jose, CA) and anti-AFP rabbit polyclonal antibody
(DAKO).

Quantitative Reverse
Transcription—Polymerase Chain
Reaction and THC Analyses

Total RNA was extracted using TRIzol (Invitro-
gen) according to the manufacturet's instructions. The
expression of selected genes was determined in triplicate
using the Applied Biosystems 7500 Sequence Detection
System (Applied Biosystems, Foster City, CA) as previ-
ously described.! Genes expressed in embryonic stem cells
were determined in quadruplicate using TagMan Human
Stem Cell Pluripotency Array (Applied Biosystems). IHC
analyses with specific antibodies were performed essen-
tially as previously described.! Confocal fluorescence mi-
croscopic analysis was performed essentially as previously

described.?
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Supplemetary Table 1. Clinicopathologic Characteristics of HpSC-HCC and MH-HCC Cases Used for Oligonucleotide
Microarray Analyses

Parameters HpSC-HCC (n = 60) MH-HCC (n = 96) P value?

Mean age, y (SD) 46.0 + 10.7 529+ 10.5 .0004
Sex: male/female 50/10 87/9 .18
Cirrhosis: yes/no/no data 56/4 88/7/1 ‘ J12
Median AFP level, ng/mL (25%-75%) 1706 (865-5915) 11.8 (4.0-48.6) <.0001
Histologic grade®

-1l 14 41

IS 44 48

-1v 2 5

No data 0 2 .031
Mean tumor size, cm (SD) 51+*30 4.4 = 3.0 .088
Multinodular: yes/no 16/44 15/81 .09
Portal vein invasion, yes/no¢ 11/49 9/87 .10
TNM classification

| 24 46

I 22 42

il 14 8 .03
Virus status: HBV/HBV + HCV/unknown 56/4/0 95/0/1 A3

“Mann-Whitney U test or x2 test.
bEdmondson-Steiner.
“Macroscopic portal vein invasion.

Supplementary Table 2. Clinicopathologic Characteristics of HpSC-HCC and MH-HCC Cases Used for IHC

Parameters HpSC-HCC (n = 24) MH-HCC (n = 55) P value®

Mean age, y (SD) 46.4 + 9.4 58.4 +11.9 < .0001
Sex: male/female 20/4 48,7 .64
Cirrhosis: yes/no 23/1 46/9 .14
Median AFP level, ng/mL (25%—75%) 1620 (887-3166) 12 (9.3-219) < .0001
Histologic grade®

-1 12 32

1= 8 21

"=V 4 2 A3
Mean tumor size, cm (SD) 71+ 36 5.2+ 3.6 .014
Multinodular: yes/no . 4/20 16/39 .24
Portal vein invasion: yes/no¢ 12/12 12/43 012
TNM classification

| 4 19

1l 8 20

] 12 16 14
Virus status: HBV/HCV/unknown 21/2/1 32/21/2 026

Mann-Whitney U test or x? test.
PEdmondson-Steiner.
‘Macroscopic portal vein invasion.
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Supplementary Table 3. Top 10 List of Canonical Pathways Activated in HpSC-HCC From Ingenuity Pathway Analysis

Pathways

Genes included in cluster A

Axonal guidance signaling
Up

Down
Transforming growth factor-g signaling
Up
Down
Integrin signaling
Up
Down
Apoptosis signaling
Up
Down
G2/M DNA damage checkpoint regulation
Up
Down
ERK/MAPK signaling
Up
Down
Wnt/B-catenin signaling
Up
Down
PI3K/AKT signaling
Up
Down
Amyloid processing
Up
Down
Leukocyte extravasation signaling
Up
Down

ROBO2, ARPCSL (includes EG:81873), SEMA4G, PDGFRB, PLCB1, PRKCD, FGFR3, FZD5,
MERTK, DDR1, LINGO1, SEMA3C
PIK3C3, IGF1, PIK3C2G, MAP2K2, ARHGEF15

PDGFRB, FGFR3, MERTK, UBD, DDR1, SMADS
MAP2K2, HNF4A

ARPCSL (includes EG:81873), PDGFRB, FGFR3, GRB7, MERTK, ITGBS, DDR1, DDEF1
PIK3C3, MYLK, PIK3C2G, MAP2K2

PDGFRB, BAK1, CYCS, FGFR3, MERTK, DDR1
MAP3K5, MAP2K2

YWHAZ, CCNB2, UBD, WEE1
CDKN2A, GADD45A

ELF3, PDGFRB, YWHAZ, PRKCD, FGFR3, MERTK, DDR1
PIK3C3, DUSP1, PIK3C2G, ESR1, MAP2K2

DKK1, SOX9, FZD5, UBD, TCF7L2, CSNK1E
CDKN2A, RARG

PDGFRB, YWHAZ, FGFR3, MERTK, DDR1
MAP3K5, MAP2K2, GYS2

BACE2, CSNK1E, MAPK13

PRKCD, CLDN4, CLDN1, MMP11, MAPK13
PIK3C3, CLDN2, PIK3C2G, MAP2K2

NOTE. The top 10 pathways were selected based on the significance for the enrichment of the genes with a particular canonical signaling pathway
determined by the one-sided Fisher exact test (P < .01).
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Supplementary Table 4. Top 10 List of Canonical Pathways Activated in MH-HCC From Ingenuity Pathway Analysis

Pathways

Genes included in cluster B

Lipopolysaccharide/interleukin-1-mediated inhibition

of RXR function
Up
Down

Xenobiotic metabolism signaling
Up
Down

Hepatic cholestasis
Up
Down

Aryl hydrocarbon receptor signaling
up
Down

NRF2-mediated oxidative stress response
Up
Down

Complement system
Up
Down
Coagulation system
Up
Down
Acute-phase response signaling
Up
Down
p53 signaling
Up
Down
LXR/RXR activation
Up
Down

SULT1C2, ACSL4, ACSL3, FABP5, GSTP1

NR1I2, NR1I3, CYP7AL, ALDH1L1, ABCB1, SLC10A1, SLC27A2, CD14,
GSTM1, ALDH6A1, GSTM4, ACSL5, CES2 (includes EG:8824), FM0O3,
SULT2A1 (includes EG:6822), GSTAL, CYP2C8, LC27A5, CYP3A7, ABCGS,
ALDHBA1L, APOC4 (includes EG:346), CYP3A4, ACSL1, ABCB11, FMO4,
MAOA

SULT1C2, PRKCD, GSTP1, MAPK13

NR112, NR1I3, ALDH1L1, ABCB1, UGT2B15, MAP2K2, UGT2B7, PPARGC1A,
GSTM1, PIK3C3, ALDHBA1, GSTM4, CES2 (includes EG:8824), MAP3K5,
FMO3, PIK3C2G, SULT2A1 (includesEG:6822), CYP1A2, GSTA1, CYP2CS,
CYP3A7, NQO2, ALDH8A1, CYP3A4, CES1 (includes EG:1066), FMO4, MAOA

ADCY3, PRKCD
CD14, ABCGS, NR1I2, CYP7A1, CYP7B, CYP8B1, ABCB1, ESR1, SLC10A1,
ABCB11, ABCB4, HNF4A

GSTP1

CDKN2A, NQO2, GSTM1, ALDH8A1, ALDHBA1, ALDH1L1, GSTM4, ESR1,
CYP1A2, GSTA1, RARG

DNAJA4, PRKCD, GSTP1

NQO2, GSTM1, AOX1, PIK3C3, GSTM4, MAP3KS, SOD1, PIK3C2G, MAP2K2,
FKBP5, GSTA1

C8A, C1R, MASP1, C6, C8B, MASP2

SERPINC1, KLKB1, F9, KNG1 (includes EG:3827), F11

MAPK13
APCS, RBPS, C1R, MAP3KS, HRG, MAP2K2, KLKB1, SAA4

THBS1
CDKN2A, PIK3C3, SNAI2, GADD45A, PIK3C2G, GADD45B

HMGCR
CD14, ABCG5, APOAS5, CYP7AL, APOC4 (includes EG:346)

LXR/RXR, liver X receptor/retinoid X receptor; NRF2, NF-E2-related factor 2.
NOTE. The top 10 pathways were selected based on the significance for the enrichment of the genes with a particular canonical signaling pathway

determined by the one-sided Fisher exact test (P < .01).
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Activation of lipogenic pathway correlates with cell proliferation
and poor prognosis in hepatocellular carcinoma’™
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Background/Aims: Metabolic dysregulation is one of the risk factors for the development of hepatocellular carcinoma
(HCC). We investigated the activated metabolic pathway in HCC to identify its role in HCC growth and mortality.

Methods: Gene expression profiles of HCC tissues and non-cancerous liver tissues were obtained by serial analysis of
gene expression. Pathway analysis was performed to characterize the metabolic pathway activated in HCC. Suppression
of the activated pathway by RNA interference was used to evaluate its role in HCC in vitro. Relation of the pathway acti-
vation and prognosis was statistically examined.

Results: A total of 289 transcripts were up- or down-regulated in HCC compared with non-cancerous liver (P < 0.005).
Pathway analysis revealed that the lipogenic pathway regulated by sterol regulatory element binding factor 1 (SREBFI)
was activated in HCC, which was validated by real-time RT-PCR. Suppression of SREBFI induced growth arrest and
apoptosis whereas overexpression of SREBF1 enhanced cell proliferation in human HCC cell lines. SREBFI protein
expression was evaluated in 54 HCC samples by immunohistochemistry, and Kaplan—Meier survival analysis indicated
that SREBFI-high HCC correlated with high mortality.

Conclusions: The lipogenic pathway is activated in a subset of HCC and contributes to cell proliferation and prognosis.
© 2008 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

Keywords: Hepatoceliular carcinoma; Serial analysis of gene expression; Lipogenesis; Gene expression profiling; Sterol

regvulatory element binding factor 1
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most
frequently occurring malignancies in the world [1]. The
major risk factors associated with HCC include chronic
infection with hepatitis B virus (HBV) and hepatitis C
virus (HCV), alcohol abuse, and exposure to aflatoxin
B1 [2]. HCC usually develops from liver cirrhosis, which
involves continuous inflammnation and hepatocyte
regeneration, suggesting that reactive oxygen species
and DNA damage are involved in the process of hepato-
carcinogenesis [3].

The development of gene expression profiling tech-
nologies including DNA microarrays and serial analysis

0168-8278/$34.00 © 2008 European Association for the Study of the Liver. Published by Elsevier B.Y. All rights reserved.

doi: 10.1016/j.jhep. 2008 .07.036
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of gene expression (SAGE) have enhanced our ability to
identify inventory transcripts and global genetic altera-
tions in HCC [4-10]. In general, these methods have
demonstrated that transcripts associated with cell
growth are up-regulated, whereas those related to inhi-
bition of cell growth are down-regulated, in HCC [11].
It is difficult, however, to decipher molecular pathways
activated during hepatocarcinogenesis.

Epidemiological studies suggest that metabolic dys-
regulation in the liver increases the risk of HCC develop-
ment. For example, diabetes is associated with a 2-fold
increase in the risk of HCC [12]. Obesity and hepatic ste-
atosis also increase the risk of HCC [13-15]. Further-
more, recent studies indicate that HCV infection
provokes hepatic steatosis, which may be a vulnerable
factor for liver inflammation and HCC development
[16,17]. Thus, dysregulation of a metabolic pathway
may play a crucial role to promote HCC growth, but
the molecular mechanism is still obscure. In this study,
we have utilized SAGE [18,19], which enables us to
monitor the differential expression of all genes, to deter-
mine the global changes in gene expression that occur
during hepatocarcinogenesis.

2. Materials and methods

2.1. Tissue samples

All HCC tissues, adjacent non-cancerous liver tissues, and nor-
mal liver tissues were obtained {rom 69 patients who underwent hep-
atectomy from 1997 to 2005 in Kanazawa University Hospital.
Normal liver tissue samples were obtained from patients undergoing
surgical resection of the liver for treatment of metastatic colon can-
cer. HCC and surrounding non-cancerous liver samples were
obtained from patients undergoing surgical resection of the liver
for the treatment of HCC. The samples used for SAGE, real-time
reverse-transcription (RT)-PCR analysis, and immunohistochemistry
(IHC) are listed in Supplemental Table 1. All samples used for
SAGE and real-time RT-PCR analysis were snap-frozen in liquid
nitrogen. Four normal liver tissues and 20 HCCs and their corre-
sponding non-cancerous liver tissues were used for real-time RT-
PCR analysis; seven of these HCC samples, along with 47 additional
HCC samples, were formalin-fixed paraffin-embedded and used for
IHC. HCC and adjacent non-cancerous liver were histologically
characterized as described [20].

All strategies used for gene expression analysis as well as tissue
acquisition processes were approved by the Ethics Commitiee and
the Institutional Review Board of Kanazawa University Hospital.
All procedures and risks were explained verbally, and each patient pro-
vided written informed consent.

2.2. SAGE

Total RNA was purified from each homogenized tissue sample
using a ToTally RNA extraction kit (Ambion, Inc.. Austin. TX),
and polyadenylated RNA was isolated using a MicroPoly (A) Pure
kit (Ambion). A total of 2.5 pyg mRNA per sample was analyzed by
SAGE [18]. SAGE libraries were randomly sequenced at the Genomic
Research Center (Shimadzu-Biotechnology, Kyoto, Japan), and the

sequence files were analyzed with SAGE 2000 software. The size of

each SAGE library was normalized to 300,000 transcripts per library,
and the abundance of transcripts was compared by SAGE 2000 soft-

ware. Monte Carlo simulation was used to select genes with significant
differences in expression between two libraries without multiple
hypothesis testing correction (P <0.005) [21]. Each SAGE tag was
annotated using a gene-mapping web site (http://www.ncbi.nlm.nih.-
2ov/SAGE/index.cgi).

2.3. Analysis of signaling networks

Ingenuity Pathways Analysis software (Ingenuity® Systems,
wwiw.ingenuity.com) was used to investigate the molecular pathways
activated in an HCC SAGE library compared with an adjacent non-
cancerous liver SAGE library. All reliable transcripts statistically
up-regulated in HCC were investigated and annotated with biologi-
cal processes, prolein-protein interactions, and gene regulatory net-
works, using a reference-based data file with statistical significance.
All identified pathways were screened individually. MetaCore™
software (GeneGo Inc., St. Joseph, MI) was used to evaluate candi-
date transcription factors responsible for up-regulation of transcripts
in HCC.

2.4. RT-PCR

A l-pg aliquot of each total RNA was reverse-transcribed using
SuperScript 11 reverse-transcriptase (Invitrogen, Carlsbad, CA).
Real-time RT-PCR analysis was performed using ABI PRISM
7900 Sequence Detection System (Applied Biosystems. Foster City,
CA). Using the standard curve method, quantitative PCR was per-
formed in triplicate for each sample-primer set. Each sample was
normalized relative to B-actin. The assay IDs used were
Hs00231674_m1 for sterol regulatory element binding factor |
(SREBFI); Hs00203685_ml for fatty acid desaturase | (FADSI)
:Hs00748952_s1  for stearoyl CoA desaturase (SCD); Hs001
88012_ml for fatty acid synthase (FASN); and Hs99999 ml for B-
actin. SREBFla and SREBFIc mRNA levels were assayed by
semi-quantitative RT-PCR [22].

2.5. RNA Interference targeting SREBFI

Si-RNAs targeting SREBFI were constructed using a Silencer™

SiRNA Construction kit (Ambion) according to the manufacturer’s
protocol. We constructed two different si-RNAs, targeting different
sites of SREBFI (SREBFI-1; CAGTGGCACTGACTCTTCC, SREBFI-
2; TCTACGACCAGTGGGACTG). Control si-RNA duplexes target-
ing scramble sequences were also synthesized (Dharmacon Research,
Inc., Lafayette, CO). Lipofectamine 2000™ reagent (Invitrogen) was
used for transfection according to the manufacturer’s instructions,

2.6. Cell proliferation assay

Cell proliferation assays were performed using a Cell Titer96 Aque-
ous kit (Promega, Madison, WI). Results are expressed as the mean
optical density (OD) of each five-well set. All experiments were
repeated at least twice.

2.7. Soft agar assay

To each well of a six-well plate, containing a base layer of 0.72%

agar in growth medium, was added 1 x 10* cells, suspended in 2 ml
of 0.36% agar with growth medium (DMEM supplemented with
10% FBS), and the plates were incubated at 37 °C in a 5% CO, incu-
bator for 2 weeks. The numbers of colonies in each well were counted
as previously described [23].

2.8. TUNEL assay

A DeadEnd™ Colorimetric TUNEL System (Promega) was
used to measure nuclear DNA fragmentation as described previously

24
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2.9. Annexin V staining

To evaluate apoptotic cell death, Annexin V binding to cell mem-
branes was evaluated using Annexin V-FITC antibodies and FAC-
SCalibur flow cytometer (BD Biosciences, Franklin Lakes. NJ), as
described by the manufacturer.

2.10. Focus assay

HuH7 cells and Hep3B cells were transiently transfected with
pCMV7 or pPCMV7-SREBFI ¢ vectors (kindly provided by Dr. Hitoshi
Shimano) using Lipofectamine 2000™  reagent (Invitrogen), as
described by the manufacturer. A total of 2 x 10* cells were seeded
on six-well plates 48 h after transfection, and cultured in usual media
with 400 ng/ml of Geneticin for 9 days. The foci were fixed with ice-
cold 100% methanol and stained with 0.5% crystal violet solution.
All experiments were performed in triplicates.

2.11. Western blotting

Whole cell lysates were prepared using RIPA lysis buffer. Antibod-
ies used were rabbit polyclonal antibodies to phospho-GSK-3p (ser9)
(Cell Signaling Technology Inc., Danvers, MA), rabbit anti-sterol reg-
ulatory element binding protein-1 (encoded by SREBFI ) polyclonal
antibody H-160 (Santa Cruz Biotechnology, Inc.. Santa Cruz. CA).
and B-actin (Sigma-Aldrich Japan K.K., Tokyo, Japan). Immune
complexes were visualized by enhanced chemiluminescence (Amer-
sham Biosciences Corp., Piscataway, NJ) as described in the manufac-
turer’s protocol.

2.12. Immunohistochemistry

Rabbit anti-SREBFI polyclonal antibody H-160 (Santa Cruz Bio-
technology, Inc.) and mouse anti-proliferating cell nuclear antigen
(PCNA) monoclonal antibody PCI10 (Calbiochem. San Diego. CA)
were used to evaluate the immunoreactivity of HCC samples, using a
DAKO EnVision+"™ Kit, as described by the manufacturer. The sig-
nal intensity of SREBFI was scored as negative, low, or high deter-
mined by the representative staining of the normal liver tissue and
cirrhotic liver tissue (Supplemental Fig. 1). HCC was referred as
SREBFI-high if SREBFI expression in the tumor was higher than that
in the cirrhotic liver tissue. PCNA index was evaluated as previously
described [25].

2.13. Statistical analysis

Kruskal-Wallis test was used (o compare the differentially
expressed genes, as shown by real-time PCR, among normal liver,
CLD, and HCC tissues. Mann-Whitney U test was also used to eval-
uate the statistical significance of differences of gene expression
between CLD and HCC tissues. Spearman’s correlation coeflicient
was used to assess correlations between the expression levels of
SREBFI, FADSI, SCD, and FASN. Univariate Cox proportional haz-
ards regression analysis was used (o evaluate the association of gene
expression and clinicopathologic parameters with patient outcomes.
All statistical analyses were performed using SPSS software (SPSS
software package; SPSS Inc.. Chicago, IL) and GraphPad Prism soft-
ware (GraphPad Software Inc., La Jolla. CA).

3. Results
3.1. Gene expression profiling of HCC
We constructed two SAGE libraries from a HCC-

HBYV tissue and a corresponding non-cancerous tissue
(chronic liver disease (CLD)-HBV). We also used two

previously described SAGE libraries, from an HCC-
HCYV sample and a corresponding non-cancerous tissue
sample (CLD-HCV) [4]. After excluding tags detected
only once in each library, to avoid the contamination
of tags derived from sequence errors, we selected
105,288 tags corresponding to the 9731 genes in all
libraries. Using Monte Carlo simulation, we compared
the differentially expressed transcripts in HCC and cor-
responding CLD libraries. Compared with their corre-
sponding CLD libraries, there were slatistically
significant increases or decreases in 140 transcripts in
the HCC-HBV library and in 197 transcripts in the
HCC-HCYV library (P < 0.005).

The HCC-HBV library contained one SAGE tag
encoding the HBV-X region, which was increased more
than 35-fold compared with its expression in the corre-
sponding CLD-HBYV library (Supplemental Table 2).
We identified two additional SAGE tags, encoding
unknown genes (GTTCTAAAGG, GCATTATGAT).
which were expressed more than 10-fold in the HCC-
HBV library than in the corresponding CLD-HBV
library. The HCC-HBV library also contained tags
associated with lipogenesis, at greater than 10-fold
abundance, in the HCC-HBYV library; these including
tags for steroyl-CoA desaturase, fatty acid synthase,
and fatty acid desaturase I.

In contrast, SAGE tags associated with the immune
response were up-regulated in the HCC-HCYV library.
These included tags for Thl-type chemokines, including
chemokine ligand 10 (C-X-C motif), chemokine ligand
9 (C—X~C motif), and major histocompatibility complex
classes IA and IB (Supplemental Table 3). In addition,
tags associated with lipogenesis were increased in the
HCC-HCV library, including tags for 3-hydroxy-3-
methylglutaryl-coenzyme A synthase 1 and cytochrome
P450, family 51, subfamily A, polypeptide 1. Taken
together, the differential gene expression patterns may
exist in HCC-HBV and HCC-HCV. HBV-X and lipo-
genesis-related genes are activated in HCC-HBV,
whereas genes associated with inflammation as well as
lipogenesis are activated in HCC-HCV.

3.2. Analysis of molecular pathwvays activated in HCC

To further characterize the gene expression patterns
of HCC-HBV and HCC-HCV, we performed pathway
analysis on SAGE data. Using MetaCore™ software.
we found that the candidate transcription factors acti-
vated were distinct in each HCC library (Table 1).
Several of these transcription factors, including NF-
kB, c-Myc, c-Jun, and HNF4-4, have been reported to
be activated in HCC [26-29]. In addition, our findings
indicated that the transcription factor SREBFI may be
activated in both HCC-HBYV and HCC-HCV (to avoid
a confusion, we use HUGO symbol SREBFI to indicate
both gene/protein name).
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Table 1

Candidate transcription factors that regulate molecular pathways activated in HCC.

SAGE library Transcription factor Molecular processes P-value

HCC-HCV NF-xB Antigen presentation 0.004
Antigen processing
Defense response
Immune response

SREBFI Cholesterol biosynthesis 0.05

Lipid biosynthesis
B-Glucoside transport
Negative regulation of lipoprotein metabolism
SPI Electron transport; drug metabolism 0.05
Oxygen and reactive oxygen species metabolism
Cell-substrate junction assembly; wound healing
IRFI Immune response 0.05
Antigen presentation: antigen processing
Defense response; positive regulation of cell

HCC-HBV HNF4-»

Lipid transport 0.002

Fatty acid metabolism
Smooth muscle cell proliferation

HNFI Acute-phase response; lipid transport 0.01
Negative regulation of lipid catabolism
B-Glucoside transport
Negative regulation of lipoprotein metabolism

SP1 Zinc ion homeostasis; response to biotic stimulus 0.01
Nitric oxide mediated signal transduction
Copper ion homeostasis; fatty acid biosynthesis

c-Jun Progesterone catabolism; progesterone metabolism 0.03
Regulation of lipid metabolism;
Prostaglandin metabolism

C/EBP-u

Lipid transport; negative regulation of lipid catabolism 0.03

Negative regulation of lipoprotein metabolism
B-Glucoside transport
Positive regulation of interleukin-8 biosynthesis

SREBFI

Lipid biosynthesis; fatty acid biosynthesis 0.03

Fatty acid metabolism
Negative regulation of lipid catabolism
Negative regulation of lipoprotein metabolism
c-Myc Fatty acid biosynthesis: fatty acid metabolism 0.03
Fatty acid desaturation;
Activation of pro-apoptotic gene products
Release of cytochrome ¢ from mitochondria
USF1 Fatty acid metabolism 0.03
Smooth muscle cell proliferation

PPAR-z

Fatty acid metabolism - 0.03

Smooth muscle cell proliferation

COUP-TFI

Lipid transport 0.03

Smooth muscle cell proliferation

C/EBP-f

Acute-phase response 0.03

Regulation of interleukin-6 biosynthesis
Fat cell differentiation
Inflammatory response

These findings were evaluated by other pathway anal-
ysis software, Ingenuity Pathways Analysis (IPA). We
applied the signaling network analysis to the transcripts
up-regulated in the HCC libraries (P < 0.005). We found
that the top signaling network activated in HCC-HBV
contained several pathways involved in ERK/MAPK
signaling, PPAR signaling. linoleic acid metabolism,
and fatty acid metabolism (Supplemental Fig. 2A). Sim-
ilarly, pathways involved in interferon signaling, NF-xB
signaling, antigen presentation, PPAR signaling. linoleic

acid metabolism, and fatty acid metabolism were
included in the top signaling network activated in
HCC-HCV (Supplemental Fig. 2B). Consistent with
the results of transcription factor analysis by
MetaCore™, pathway analysis indicated that SREBFI
participates in the lipogenesis pathway in both
HCC-HBV and HCC-HCYV (blue nodes in Supplemen-
tal Fig. 2A and B). SREBFI, a major regulator of the
lipogenesis pathway, binds to sterol regulatory elements
on the genome [30], but less is known about its role in
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HCC [31]. We therefore focused on the role of SREBFI
signaling in HCC.

3.3. Validation of SAGE and signaling network analysis

We performed real-time RT-PCR analysis of
SREBFI and three representative target genes (SCD,
FADSI, and FASN) [20] on 44 samples not used for
SAGE. We found that the levels of SREBFI, SCD,
and FASN mRNAs were higher in HCC tissues and
CLD tissues compared with normal liver, and that these
differences were statistically significant (Fig. 1A). We
further compared the expression of SREBFI, FADSI,
and FASN between HCC and non-cancerous liver tis-
sues, and identified the overexpression of SREBFI in
HCC with statistical significance (Supplemental
Fig. 3). Scatter plot analysis showed that the expression
levels of SREBFI were correlated with those of FADS/
(R=0.57, P<0.0001), SCD (R=0.82, P <0.0001),
and FASN (R=0.74, P <0.0001) (Fig. 1B).

Since the mammalian genome encodes two SREBFI
isoforms, SREBFla and SREBFI¢ [22], we performed
semi-quantitative RT-PCR with isoform specific primers
to determine which of these isoforms was up-regulated
in HCC. We found that SREBFI¢ mRNA. but not
SREBFIla mRNA, was up-regulated in HCC compared
with adjacent non-cancerous liver and normal liver tis-
sues (Supplemental Fig. 4A).

3.4. Functional assay of the lipogenesis pathway in cell
lines

Although genome-wide expression profiling showed
that the lipogenesis pathway was activated in HCC
possibly through up-regulation of SREBFI, it was
not clear that this pathway played a role in HCC
growth. To investigate the role of lipogenesis in
HCC cell proliferation, we transfected two short inter-
fering (si)-RNAs (SREBFI-1 and SREBFI-2) targeting
SREBFI into the HuH7 and Hep3B cells. These cell
lines have no chromosome amplification or deletion
on 17pl1, on which SREBFI is located [32]. Transfec-
tion of the si-RNA constructs for SREBFI-1 or
SREBFI-2 decreased expression of SREBF! 90% and
70%, respectively, and the expression of both SCD
and FADSI 70% and 60%, respectively (Fig. 2A).
Because differences in SREBFI¢ and SREBFla
sequence alignments are very small, we could not
design si-RNAs specifically targeting SREBFIc. We
therefore checked the effect of si-RNAs on the expres-
sion of the SREBFI isoforms. We found that the
expression of SREBFIc¢ was relatively more sup-
pressed than that of SREBFla (Supplemental
Fig. 4B), which may have been associated with the
higher expression of SREBFla than SREBFI¢ in cul-
tured cell lines [25].

We found that the growth of these transfected cells
was significantly inhibited at 72 h compared with mock
transfected cells (Fig. 2B and Supplemental Fig.5A).
Examination of anchorage independent cell growth
showed strong suppression by deactivation of the lipo-
genesis pathway (Fig. 2C). Because insulin-like growth
factor (IGF) is known to induce cancer cell proliferation
through activation of PI3-kinase signaling followed by
SREBFI induction, we investigated the eflect of
SREBFI knockdown on IGF2 mediated cell prolifera-
tion. Interestingly, SREBFI knockdown abrogated the
IGF2 dependent cell proliferation (Supplemental
Fig. 5B). Moreover, both the TUNEL assay and
annexin V staining showed that transfection of SREBFI
si-RNAs increased apoptosis compared with mock
transfected cells (Fig. 2D and E).

We further investigated the role of SREBFI overex-
pression on cell growth in vitro. We transiently transfected
control pCMV7 plasmids or pPCMV7-SREBF] ¢ plasmids
(Fig. 3A), and cell proliferation was enhanced in SREBFI
overexpressing cells compared with the control in both
HuH7 and Hep3B cells evaluated by focus assay
(Fig. 3B and supplemental Fig. 6). Furthermore, overex-
pression of SREBFI intensified the phosphorylation of
GSK-3p, one of the major kinase phosphorylated by the
activation of IGF signaling, in a dose-dependent manner
(Fig. 3C).

3.5. SREBFI Expression and prognosis

Since the above results indicated that SREBFI signal-
ing may play an important role on tumor cell growth, we
investigated the relationship between SREBFI expres-
sion and mortality in 54 HCC patients by IHC. When
we examined the expression of SREBFI in HCC tissues
and adjacent non-cancerous liver tissues, we identified
the increase of the cytoplasmic SREBFI staining in a
subset of HCC (Fig. 4A). We evaluated the expression
of SREBFI in HCC and classified 4, 30, and 20 HCCs
as SREBFI-negative, SREBFI-low, and SREBFI-high
HCC, respectively (Fig. 4B and Supplemental Fig. 1).
We could not detect any differences of clinico-patholog-
ical characteristics between SREBFI-high HCC and
SREBFI-low/-negative HCC including histological stea-
tosis (Supplemental Table4). Since the seven of these
HCC samples were also used for real-time RT-PCR
analysis, we investigated the relation of SREBFI RNA
and protein expression (Fig. 4C). SREBFIRNA expres-
sion was significantly higher in SREBFI-high HCC than
in SREBFI-low/-negative HCC with statistical signifi-
cance (P = 0.03). Then we examined the cell prolifera-
tion of these HCC samples by PCNA staining.
Notably, PCNA indexes were significantly higher in
SREBFI-high HCC than SREBFI-low/-negative HCC
with statistical significance (P < 0.001) (Fig. 4D). We
further investigated the relationship between SREBFI

- 629 -



T. Yamashita et al. | Journal of Hepatology 50 (2009) 100110 105
A 30 7 [ Non-Cancerous SREBF1
- . cc
3 207
S P=0.005
g 10
%3
o
0-
normal liver (n = 4) CLD-HCV and HCC-HCV (n = 12) CLD-HBV and HCC-HBV (n = 8)
50 7 [ Non-Cancerous FADS1
5 B e
]
s P=02
2 25 1
a
2
a
x
’ ”
) o - m__nm an (8 sa nfl
normal liver (n = 4) CLD-HCV and HCC-HCV (n = 12) CLD-HBV and HCC-HBV (n = 8)
757 [ Non-Cancerous SCD
g B Hcc
— 50 -y
[ =
K] P < 0.0001
17}
@
a 257
>
o
0 [ | ' a 0 .a ..I i
normal liver (n = 4) CLD-HCV and HCC-HCV (n = 12) CLD-HBV and HCC-HBV (n = 8)
400 [ Non-Cancerous FASN
g 300 - R cc
pos i
§ 20 P =0.009
2 107
o
3
o 57
0 e i
normal liver (n = 4) CLD-HCV and HCC-HCV (n = 12) CLD-HBV and HCC-HBV (n = 8)
B 1907 =057 1007 =082 w o 10007
° ° °
° oo weo © r=0.74
104 P <0.0001 ) . 109 p<0.0001 100 1
q}. Hi o o')t p < 0.0001 .
% o..o ¥ a i ] ‘.. Y % 10 e ®
2 " o eel e a < T N
w * o 0.1 & by e, o8
| . * el
o1 0014 oo 0.1 Pl
° L]
0.01 T T T 1 0.001 T T : - 0.01 - T T 1
0.01 0.1 1 10 100 001 0.1 1 10 100 0.01 0.1 1 10 100
SREBF1 SREBF1 SREBF1

Fig. 1. (A) Real-time quantitative RT-PCR analysis. RNA was isolated from 44 tissue samples: 20 HCC, 20 corresponding CLD, and four normal liver
samples. Differential expression of each gene among normal liver tissues, CLD tissues, and HCC tissues was examined by Kruskal-Wallis tests. (B)
Scatter plot analysis. Gene expression levels of FADSI, SCD and FASN were well-correlated with those of SREBFI, as shown by Spearman’s correlation
coefficients.

protein expression and prognosis. Kaplan—Meier sur-
vival analysis showed a significant relationship between
poor survival and high SREBFI protein expression

= 630 —

(P=10.04; Fig. 4E). Univariate Cox regression analysis
showed a correlation between high SREBFI protein
expression and high risk of mortality with statistical
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Fig. 2. (A) Effect of RNA interference targeting SREBFI in HuH7 cells. Expression levels of SREBFI mRNA were reduced by si-RNAs targeting
different exons in SREBFI. Transcripts of FADSI and SCD were also down-regulated, showing transcriptional deactivation of the lipogenesis pathway.
(B) Cell proliferation assay. Deactivation of the lipogenesis pathway severely reduced cell growth in HuH7 cells. (C) Soft agar assay. Deactivation of the
lipogenesis pathway inhibited anchorage independent cell growth in HuH7 cells. (D) TUNEL assay. Deactivation of the lipogenesis pathway significantly
increased the number of TUNEL-positive cells in HuH7 cells. (E) Annexin V staining evaluated by flow cytometer. Deactivation of the lipogenesis
pathway significantly increased the number of annexin V positive cells in HuH7 cells. :
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Fig. 3. (A) Western blot analysis of SREBFI protein expression in
HuH7 cells transfected with control pCMV7 plasmids or pCMV7-
SREBFIc¢ plasmids. Both cytoplasmic and nuclear forms of SREBFI
protein expression were increased by pCMV7-SREBFI ¢ overexpression.
(B) Focus assay of HuH7 cells transfected with control pCMV7 plasmids
or pPCMV7-SREBFI¢ plasmids. (C) Western blot analysis of SREBFI
and phospho-GSK-3f pratein expression in HuH7 cells transfected with
indicated amounts of pPCMV7-SREBFI ¢ plasmids.

significance (HR, 3.7; 95% CI, 1.0-13.7;, P = 0.05;
Table 2).

4. Discussion

Using large-scale gene expression profiling, we have
shown that the lipogenesis pathway is transcriptionally
activated in HCC. Our SAGE profiles will be available
on our homepage (http://www.intmedkanazawa.jp/)
and will be submitted to the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/).

We found that the levels of expression of FADSI,
SCD, and FASN were each correlated with those of

SREBFI, suggesting that SREBFI is one of the main
factors involved in the activation of lipogenesis in
HCC. Activation of growth signaling pathways, such
as the Pl 3-kinase and mitogen-activated protein
kinase pathways, has been shown to induce up-regula-
tion of SREBFI in prostate and breast cancer cells
[33,34]. We have observed induction of SREBFI pro-
tein expression by IGF2 in HuH7 cells (data not
shown). Furthermore, we have identified that SREBFI
overexpression results in the activation of cell prolifer-
ation and PI 3-kinase signaling, whereas expression
inhibition of SREBFI abrogated the IGF2 induced
cell proliferation. Although detailed mechanisms
should be clarified in future, our results suggest that
SREBFI is a key component of PI 3-kinase signaling
in HCC.

SREBFI is induced by alcohol [35], insulin, and fat
[30,36], and plays a central role in the mechanism of
hepatic steatosis [37]. Interestingly, these SREBFI
inducers are risk factors for HCC [12,13,38,14]. Strik-
ingly, two recent studies have shown that HBV and
HCV infection may also induce hepatic steatosis
through activation of SREBFI [39,40]. Furthermore, a
recent report revealed the activation of SREBFI signal-
ing in cancer by hypoxia [41]. Thus, these pathologic
conditions such as chronic viral hepatitis, alcohol abuse,
obesity, diabetes, and local hypoxia may up-regulate the
expression of SREBFI, which, in turn, may contribute
to an increased risk of hepatocarcinogenesis. Transgenic
mice overexpressing SREBFI in the liver exhibited hepa-
tic steatosis and hepatomegaly, suggesting the role of
SREBFI on lipid metabolism and cell proliferation.
However, it should be noted that no transgenic mice
overexpressing SREBFI have been reported to have
the risk of HCC development thus far. Interestingly, a
recent report indicated that HCV core transgenic mice
known to develop HCC showed coordinated activation
of lipogenic pathway genes and SREBFI [42]. Although
further studies are clearly required, we speculate that the
activation of SREBFI may contribute to promote the
development of HCC in already-initiated hepatocytes
but not in normal hepatocytes.

Recently, Yahagi et al. reported the activation of lip-
ogenic enzyme related genes in HCC [31]. In that paper,
the authors suggested that SREBFI expression was not
correlated with the expression of other lipogenic genes
by Northern blotting, inconsistent with our current
data. One possible explanation of these discrepancies
might be the different methods for quantitation of
mRNA, and we believe that real-time RT-PCR method
used in our study would be more accurate. In addition,
we evaluated the expression of SREBFI and lipogenic
genes using more samples (a total of 44 liver and HCC
tissues) than Yahagi et al did (10 HCC tissues). Further-
more, a receni paper indicated the coordinated activa-
tion of SREBF! and lipogenic genes m HCC
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Fig. 4. (A) A photomicrograph of an HCC with adjacent non-cancerous cirrhotic liver stained with anti-SREBF] antibodies. (B) Representative
photomicrographs of SREBFI-negative-, SREBFI-low-, and SREBFI-high-HCC tissues stained with anti- SREBFI antibodies. (C) SREBFI gene
expression by real-time RT-PCR according to protein expression status assessed by THC. SREBFI was highly expressed in SREBFI-high HCC
(P =0.03). (D) SREBF1 expression and cell proliferation in HCC. PCNA indexes in SREBFI-high HCC were higher than those in SREBFI-lowl-
negative HCC with statistical significance (P < 0.001). (E) Kaplan—Meier plots of 54 HCC patients analyzed by immunochistochemistry. The differences
between SREBFI-high and -low/-negative HCC were analyzed by log-rank test,

developed in the liver of HCV core transgenic mice [42], these data suggest that the lipogenic gene activation
strongly support our data. Although further studies seems to be mediated, at least in part, by SREBFI
using large numbers of HCC tissues may be required, expression in HCC.,
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Table 2
Univariate Cox regression analysis of survival relative to SREBFI
protein expression and clinicopathological parameters.

Variables (n) HR (95% CI) P-value
SREBFI and mortality (n = 54)
Tumor size

<3cm (n=37) 1

=3cm(n=17) 2.2 (0.6-8.3) 0.2
pTNM stage

I, 11 (n = 45) 1

HL IV (n=9) 2.0 (0.4-9.4) 0.4
Serum AFP

<20 ng/ml (n = 35) 1

=20 ng/ml (n = 19) 1.5(0.4-5.4) 0.5
SREBFI

Low (n = 34) 1

High (n = 20) 3.7 (1.0-13.7) 0.05

Because the majority of our HCC patients ana-
lyzed had Child-Pugh class A scores and about
70% had tumors less than 3 cm in diameter, all were
expected to have a good prognosis. Indeed, patient
survival in this cohort was not segregated by tumor
size or pPTNM stage (Table 2). Although the sample
size was relatively small, we found that enhanced
expression of SREBFI was a prognostic factor for
mortality in HCC possibly due to the highly prolifer-
ative nature. Activation of lipogenesis pathways, as
shown by overexpression of FASN, has been found
to correlate with high mortality in breast, prostate,
and lung cancer [43], suggesting that activation of
lipogenesis may be a fundamental characteristic of
cancer with poor prognosis. Thus, SREBFI expres-
sion may be a good biomarker for HCC classifica-
tion. a finding that should be validated in a large
scale cohort. Because deactivation of the lipogenesis
pathway by inhibition of SREBFI gene expression
could inhibit HCC cell growth in vitro, SREBFI
may be a good target for pharmaceutical intervention
in these tumors.

In conclusion. our genome-wide gene expression
profiling analyses found that the lipogenesis pathway
was activated in a subset of HCC. SREBFI, which
activates the lipogenesis pathway, may be a good bio-
marker for HCC prognosis and may be a good target
for therapeutic intervention.
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Abstract

Proteome analysis of human hepatocellular carcinoma (HCC) was done using two-dimensional difference gel electrophoresis. To gain
an understanding of the molecular events accompanying HCC development, we compared the protein expression profiles of HCC and
non-HCC tissue from 14 patients to the mRNA expression profiles of the same samples made from a cDNA microarray. A total of 125
proteins were identified, and the expression profiles of 93 proteins (149 spots) were compared to the mRNA expression profiles. The over-
all protein expression ratios correlated well with the mRNA ratios between HCC and non-HCC (Pearson’s correlation coefficient:
r=10.73). Particularly, the HCC/non-HCC expression ratios of proteins involved in metabolic processes showed significant correlation
to those of mRNA (r = 0.9). A considerable number of proteins were expressed as multiple spots. Among them, several proteins showed
spot-to-spot differences in expressicn level and their expression ratios between HCC and non-HCC poorly correlated to mRNA ratios.

Such multi-spotted proteins might arise as a consequence of post-translational modifications.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Hepatocellular carcinoma; Proteome; Two-dimensional difference gel electrophoresis; Transcriptome; cDNA microarray

Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide, and a leading cause of death
in Africa and Asia [1]. Although several major risks related
to HCC, such as hepatitis B and/or hepatitis C virus infec-
tion, aflatoxin Bl exposure, and alcohol consumption, and
genetic defects, have been revealed [2]. the molecular mech-
anisms leading to the initiation and progression of HCC
are not well known. To find the molecular basis of hepato-
carcinogenesis, comprehensive gene expression analyses
have been done using many systems such as hepatoma cell
lines and tissue samples [3.4]. Previously, we have carried

" Corresponding authors. Fax: +81 76 234 4250 (M. Honda). +81 29
856 6136 (Y.Tabuse).
E-mail addresses: mhonda@medf.m.kanazawa-u.acjp (M. Honda),
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out a comprehensive mRNA expression analysis using
the serial analysis of gene expression (SAGE) [5] and
c¢DNA microarray-based comparative genomic hybridiza-
tion [6] to acquire the outline of gene expression profile
of HCC. Although these genomic approaches have yielded
global gene expression profiles in HCC and identified a
number of candidate genes as biomarkers useful for cancer
staging, prediction of prognosis, and treatment selection
[7], the molecular events accompanying HCC development
are not yet understood. In general, proteins rather than
transcripts are the major effectors of cellular and tissue
function [&] and it is accepted that protein expression do
not always correlate with mRNA expression [9,10]. Thus,
protein expression analysis, which could complement the
available mRNA data, is also important to understand
the molecular mechanisms of HCC.
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The technique of two-dimensional difference gel electro-
phoresis (2D-DIGE), developed by Unlu et al. (11]is one of
major advances in quantitative proteomics. Several groups
have recently utilized 2D-DIGE to examine protein expres-
sion changes in HCC samples [12,13], whereas reports on
the analysis combining both transcriptomic and proteomic
approach are rare.

In the present study, we compared quantitatively protein
expression profiles of HCC to non-HCC (non-cancerous
liver) samples derived from 14 patients by 2D-DIGE. We
also compared the protein expression profiles of the same
HCC and non-HCC samples to the mRNA profiles which
have been obtained using a cDNA microarray. The expres-
sion ratios of 93 proteins showed significant correlations
with the mRNA ratios between HCC and non-HCC. Pro-
teins involved in metabolic processes showed more promi-
nent correlation. Our study describes an outline of gene
and protein expression profiles in HCC, thus providing
us a basis for better understanding of the disease.

Materials and methods

Patients. A total of 14 HCC patients who had surgical resection done
in the Kanazawa University Hospital were enrolled. The clinicopatho-
logical characteristics of them are shown in Table 1. The HCC samples
and adjacent non-tumor liver samples were snap frozen in liquid nitrogen,
and used for cDNA microarray and 2D-DIGE analysis. All HCC and
non-tumor samples were histologically diagnosed and quantitative detec-
tion of hepatitis C virus RNA by Amplicore analysis (Roche Diagnostic
Systems) showed positive. The grading and staging of chronic hepatitis
associated with non-tumor lesion were histologically assessed according to
the method described by Desmet et al. [14]}and histological typing of HCC
was assessed according to Ishak et al. [15] Al strategies used for gene
expression and protein expression analysis were approved- by the Ethical
Committee of Kanazawa University Hospital.

Preparation of cDNA microarray slides. In addition to in-house cDNA
microarray slides consisting of 1080 ¢cDNA clones as previously described
[6.16-18], we made new cDNA microarray slides for detailed analysis of
the signaling pathway of metabolism and enzyme function in liver disease
[19). Besides cDNA microarray analysis, a total of 256,550 tags were

Table |
Characteristics of patients involved in this study

Patient  Age Sex® Histology of non- Tumor Viral
No. tumor lesion” histology status
! 64 M F4Al Moderate HCV
2 65 M F4Al Well HCV
3 48 M F3Al Moderate HCV
4 69 F F4A2 Moderate HCV
5 66 F F4A2 Well HCY
6 45 M F4Al Well HCV
7 75 F F4A1 Well HCY
8 46 M F4A2 Moderate HCV
9 6 M F2A2 Well HCV
10 75 M F3Al Moderate HCY
11 67 F F4A2 Well HCV
12 64 M F4A1 Moderate HCV
13 68 M F4A0 Well HCV
14 74 M FIAO Moderate HCV

4 M. male: F. female.
" F. fibrosis: A. activity.

obtained from hepatic SAGE libraries (derived from normal liver, CH-C,
CH-C related HCC, CH-B, and CH-B related HCC). including 52,149
unique tags. Among these, 16,916 tags expressing more than two hits were
selected to avoid the effect of sequencing errors in the libraries. From these
candidate genes, 9614 non-redundant clones were obtained from Incyte
Genomiics {Incyte Corporation). Clontech {(Nippon Becton Dickinson),
and Invitrogen {Invitrogen). Each clone was sequence validated and PCR
amplified by Dragon Genomics {Takara Bio), and the cDNA microarray
slides (Liver chip 10k) were constructed using SPBIO 2000 (Hitachi
Software) as described previously [6,16- 18],

RN A isolation and antisense RNA amplification. Total RNA was iso-
fated from liver biopsy samples using an RNA extraction kit (Stratagene).
Aliquots of total RNA (5 pg) were subjected to amplification with anti-
sense RNA (aRNA) using a Message AmpTM aRNA kit {Ambion) as
recommended by the manufacturer. About 25 pg of aRNA was amplified
from 5 pg total RNA, assuming that 500-fold amplification of mMRNA was
obtained. The quality and degradation of the isolited RNA were esti-
mated after electrophoresis using an Agilent 2001 bioanalyzer. In addition.
10 pg of aRNA was used for further lubeling procedures.

Hybridization on ¢DNA microarray slides and image analysis. As a
reference for each microarray analysis, aRNA samples prepared from the
normal liver tissue from one of the patients were used. Test RNA samples
Auorescently labeled with cyanine (Cy) 5 and reference RNA labeled with
Cy3 were used for microarray hybridization as described previously (6,16
18]. Quanlitative assessment of the signals on the slides was done by
scanning on a ScanArray 5000 (General Scanning) followed by image
analysis using GenePix Pro 4.1 (Axon Instruments) as described previ-
ously [6.16 18},

Protein expression analysis using 2D-DIGE. Protein samples were
homogenized with lysis buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS,
0.8 M aprotinin, I5pM pepstatin, 0.1 mM PMSF, 0.5mM EDTA,
30 mM Tris-HCI, pH 8.5) and centrifuged at 13.000 rpm for 20 min al
4 °C, The supernatants were used as protein samples. The protein con-
centrations were determined with a protein assay reagent {Bio-Rad). The
non-HCC and HCC samples {50 pg each) labeled with either Cy3 or Cy5
according to the manufacture’s manual were combined and separated on
2-DE gels together with the Cy2-labeled internal standard (IS), which was
prepared by mixing equal amounts of all samples. Analytical 2-DE was
performed as described previously {20] using Immobiline DryStrip (pH 3~
10, 24 cm, GE Healthcare) in the first dimension and 12.5% SDS-poly-
acrylamide gels (24 x 20 ¢m) in the second dimension, Samples were run in
triplicate to obtain statistically reasonable results. After scanning with a
Typhoon 9410 scanner (GE Healthcare). gels were silver slained for pro-
tein identification. For protein identification, 400 pg of the IS sample was
also separately run on a 2-DE gel and stained with SYPRO Ruby
(Invitrogen).. All analytical and preparative gel images were processed
using ImageQuant (GE Healthcare) and the protein level analysis was
done with the DeCyder software (GE Healthcare). To detect phospho-
proteins, 400 pg of HCC and non-HCC samples were separately run on 2-
DE gels and stained with ProQ Diamond (Invitrogen). After acquiring
images, pels were counterstained with SYPRO Ruby to visualize total
proteins as described above.

Protein identification. The excised protein spots were in-gel digested
with porcine trypsin (Promega). For LC-ESI-IT MS/MS analysis using
LCQ Deca XP (Thermo Electron), the digested and dried peptides were
dissolved in 10l of 0.1% formic acid in 2% acetonitrile (ACN). The
dissolved samples were loaded onto CI8 silica gel capillary columns
{Magic C18, 50 0.2 mm). and the efution from the column was directly
connected through a sprayer to an ESI-IT MS. Mobile phase A was 2%
ACN containing 0,1% formic acid, and mobile phase B was 90% ACN
containing 0.1% formic acid. A linear gradient from 5% to 65% of con-
centration B was applied to elute peptides. The ESI-IT MS was operated
in positive ion mode over the range of 350-2000 (m/z) and the database
search was carried out against the IPI Human using MASCOT (Matrix-
science). The following search parameters were used: the culling enzyme,
trypsin; one missed cleavage allowed, mass tolerance window, =1 Da, the
MS/MS tolerance window, =0.8 Du; carbamidomethyl cystein and oxi-
dized methionine «s fixed and variable modifications, respectively.

- 637 -



188

Detection of phosphorylated peptide. Possible phosphorylation sites
were investigated by MALDI-TOF-MS using monoammonium phos-
phate (MAP) added matrix mainly according to Nabetani et al. [21]. An
additive of MAP was mixed with »-CHCA matrix solution (S mg/mL.
0.17% TFA, 50% ACN aqueous) to 40 mM in final concentration. Tryptsin
digests of the spots positively stained with ProQ were dissolved into 4 puL
of 0.1% TFA, 50% ACN aqueous solution and | pL of the peptides
solution was spotted on the MALDI target plate. After drying up, 1 puL of
the MAP matrix was dropped on the dried peptide mixture. Voyager DE-
STR (ABI) was used to obtain mass spectra both in negative and positive
ion mode. MS peaks that had relatively stronger intensities in negative ion
mode than in positive ion mode were selected as candidates for acidically
modified peptides.

Results and discussion

We identified 195 spots representing 125 proteins (Sup-
pl. Table 1) and obtained the corresponding mRNA
expression data for a total of 93 proteins (149 spots) (Sup-
pl. Table 2). These 93 proteins were classified according to
their biological processes and subcellular localizations into
categories described by the Gene Ontology Consortium
(http://www.geneontology.org/index.shtml) and about a
half of them were related to metabolic processes
(Fig. 1A). Itis a general agreement that proteins with extre-
mely high or low plas well as hydrophobic proteins are dif-
ficult to be detected by 2-DE. Being consistent with this
notion, our analysis detected many cytoplasmic proteins
(Fig. 1B). Therefore, the protein expression data presented
here were biased in favor of cytoplasmic and soluble pro-
teins. The protein expression abundance between non-
HCC and HCC was calculated using the normalized spot
volume, which was the ratio of spot volume relative to IS
(Cy3:Cy2 or Cy5:Cy2) and we used the Student’s paired
t-test (p <0.05) to select the protein spots which were
expressed differentially between non-HCC and HCC, using
2-DE gel images run in triplicate. The spot volume of a
multi-spotted protein was indicated as a total volume by
integrating the intensities of multiple spots as was done
by Gygi et al. [10]. Comparison of protein expression pro-
files revealed that several proteins were expressed differen-
tially between HCC and non-HCC. Proteins whose
abundances increased >2-fold or decreased <1/2 in HCC
are listed in Table 2. While glutamine synthetase, vimentin,

Table 2
Proteins expressed differentially between HCC and non-HCC
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Unknown
4%

A

Metabolic
47%

Signal
Transduction
6%

Cell Motility

6%
Protein
folding Transport
8% 9%

Nucleus Others Unknown
3% 3% 8%
Endoplasmic Z
Reticulum
6%
Cytoskeleton }
11%

Mitochondrion
28%

Fig. 1. Classification of identified proteins according to their cellular
function (A) and subcellular localization (B).

annexin A2 and aldo-keto reductase were up-regulated,
carbonic anhydrase 2, argininosuccinate synthetase 1, car-
bonic anhydrase 1, fructose-I,6-bisphosphatase 1, and
betaine-homocysteine methyltransferase were down-regu-
lated in HCC. Up- or down-regulation of most of these
proteins in HCC has been reported previously [22-27].
Up-regulation of vimentin and annexin A2, and reduced
expression of carbonic anhydrase 1 and 2 was suspected
to be associated with cellular motility and meltastasis
[23.24,26].

The mRNA expression abundance was calculated
from cDNA microarray data. Hierarchical clustering of

Spot ID Protein name Relseq 1D Theoretical Fold change (HCC/non-HCC) References
p!/ MW (kDa)  Protein” mRNA

1353, 1354 Glutamine synthase NP_002056.2 6.43 427 2.06 3.08 [22]
1039. 1046 Vimentin NP_003371 509  53.6 2.30 1.51 [23]
1716 Annexin A2 NP_001002857.1  7.57 388 2.57 1.82 [24)
1685, 1699 Aldo-keto reductase 1B10 NP_064695 712 36.2 4.29 4.73 [25]
1977 Carbonic anhydrase 2 NP_000058 6.87 293 0.39 0.62 [26]
1307, 1312, 1331 Argininosuccinate synthetase 1 NP_000041.2 8.08  46.8 0.41 0.30 [27]
1941 Carbonic anhydrase | NP_001729 6.59 289 0.47 1.25 [26]
1582 Fructose-1.6-bisphosphatase 1 NP_000498 6.54 37.2 (.48 0.36

1256 Betaine-homocysteine methyltransferase  NP_001704 641 454 0.48 0.40

* Integrated spot volume was used to calculate the fold change of multi-spotted proteins.
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