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Abstract

Background: Hepatitis C virus (HCV) infection is a major cause of hepatocellular carcinoma (HCC)
worldwide. The molecular mechanisms of HCV-induced hepatocarcinogenesis are not yet fully elucidated.
Besides indirect effects as tissue inflammation and regeneration, a more direct oncogenic activity of HCV
can be postulated leading to an altered expression of cellular genes by early HCV viral proteins. In the
present study, a comparison of gene expression patterns has been performed by microarray analysis on
liver biopsies from HCV-positive HCC patients and HCV-negative controls.

Methods: Gene expression profiling of liver tissues has been performed using a high-density microarray
containing 36'000 oligos, representing 90% of the human genes. Samples were obtained from |4 patients
affected by HCV-related HCC and 7 HCV-negative non-liver-cancer patients, enrolled at INT in Naples.
Transcriptional profiles identified in liver biopsies from HCC nodules and paired non-adjacent non-HCC
liver tissue of the same HCV-positive patients were compared to those from HCV-negative controls by
the Cluster program. The pathway analysis was performed using the BRB-Array- Tools based on the
"Ingenuity System Database". Significance threshold of t-test was set at 0.001.

Results: Significant differences were found between the expression patterns of several genes falling into
different metabolic and inflammation/immunity pathways in HCV-related HCC tissues as well as the non-
HCC counterpart compared to normal liver tissues. Only few genes were found differentially expressed
between HCV-related HCC tissues and paired non-HCC counterpart.
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Conclusion: In this study, informative data on the global gene expression pattern of HCV-related HCC
and non-HCC counterpart, as well as on their difference with the one observed in normal liver tissues
have been obtained. These results may lead to the identification of specific biomarkers relevant to develop
tools for detection, diagnosis, and classification of HCV-related HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common
liver malignancy as well as the third and the fifth cause of
cancer death in the world in men and women, respectively
[1-3]. As for other types of cancer, the etiology and patho-
genesis of HCC is multifactorial and multistep [4]. The
main risk factor for development of HCC are the hepatitis
B and C virus (HBV and HCV) infection [5-8]. Non viral
causes, such as toxins and drugs (i.e., alcohol, aflatoxins,
microcystin, anabolic steroids), metabolic liver diseases
(i.e., hereditary haemochromatosis, a1-antitrypsin defi-
ciency), steatosis and non-alcoholic fatty liver diseases as
well as diabetes, play a role in a minor number of cases [9-
11]. The prevalence of HCC in Italy, and in Southern Italy
in particular, is significantly higher compared to other
Western countries. Hepatitis virus infection, long-term
alcohol and tobacco consumption account for 87% of
HCC cases in Italian population and, among these, 61%
of HCC are attributable to HCV. In particular, a recent
seroprevalence surveillance study conducted in the gen-
eral population of Southern Italy Campania Region
reported a 7.5% positivity for HCV infection which
peaked at 23.2% positivity in the 65 years or older age
group [12]. The multistep progression to HCC, in particu-
lar the one associated to hepatitis virus, is characterized by
a process including chronic liver injury, tissue inflamma-
tion, cell death, cirrhosis, regeneration, DNA damage, dys-
plasia and finally, HCC. In this multistep process, the
cirrhosis represents the preneoplastic stage showing
regenerative, dysplastic as well as HCC nodules [13].

The precise molecular mechanism underlying the progres-
sion of chronic hepatitis viral infections to HCC is cur-
rently unknown. Activation of cellular oncogenes,
inactivation of tumor suppressor genes, overexpression of
growth factors, telomerase activation and defects in DNA
mismatch repair may contribute to the development of
HCC [14-16]. In this framework, differential gene expres-
sion patterns accompanying different stages of growth,
disease initiation, cell cycle progression, and responses to
environmental stimuli provide important clues to this
complex process.

DNA microarray enables investigators to study expression
profile and activation of thousands of genes simultane-
ously. In particular, the identification of cancer-related
stereotyped expression patterns might allow the elucida-

tion of molecular mechanisms underlying cancer progres-
sion and provides important molecular markers for
diagnostic purposes. This strategy has been recently used
to profile global changes in gene expression in liver sam-
ples obtained from patients with HCV-related HCC [17-
19]. Several of these studies identified gene sets that may
be useful as potential microarray-based diagnostic tools.
However, the direct or indirect HCV role in HCC patho-
genesis is still a controversial issue and additional efforts
need to be made aimed to specifically dissect the relation-
ship between stages of HCV chronic infection and pro-
gression to HCC.

The present study has been focused on investigating genes
and pathways involved in viral carcinogenesis and pro-
gression to HCC in HCV-chronically infected patients.

Materials and methods

Patient and Tissue Samples

Liver biopsies from fourteen HCV-positive HCC patients
and seven HCV-negative non-liver cancer control patients
(during laparoscopic cholecystectomy) were obtained
with informed consent at the liver unit of the INT "Pas-
cale" in Naples. In particular, from each of the HCV-posi-
tive HCC patients, a pair of liver biopsies from HCC
nodule and non-adjacent non-HCC counterpart were sur-
gically excised. All liver biopsies were stored in RNA Later
at -80°C (Ambion, Austin, TX). Confirmation of the his-
topathological nature of the biopsies was performed by
the Pathology lab at INT before the processing for RNA
extraction. The non-HCC tissue from HCV-positive
patient were an heterogeneous sample representing the
prevalent liver condition of each subject (ranging from
persistent HCV-infection to cirrhotic lesions). Further-
more, laboratory analysis confirmed that the 7 controls
were seronegative for hepatitis C virus antibodies (HCV
Ab).

Preparation of RNA, probe preparation, and microarray
hybridization

Samples were homogenized in disposable tissue grinders
(Kendall, Precision). Total RNA was extracted by TRIzol
solution (Life Technologies, Rockville, MD), and purity of
the RNA preparation was verified by the 260:280 nm ratio
(range, 1.8-2.0) at spectrophotometric reading with Nan-
oDrop (Thermo Fisher Scientific, Waltham, MA). Integrity
of extracted RNA was evaluated by Agilent 2100 Bioana-
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lyzer (Agilent Technologies, Palo Alto, CA), analyzing the
presence of 28S and 18S ribosomal RNA bands as well as
the 28S/18S rRNA intensity ratio equal or close to 1.5. In
addition, phenol contamination was checked and a
260:230 nm ratio (range, 2.0-2.2) was considered accept-
able.

Double-stranded cDNA was prepared from 3 pg of total
RNA (T-RNA) in 9 pl DEPC -treated H,O using the Super
script II Kit (Invitrogen) with a T7-(dT15) oligonucleotide
primer. cDNA synthesis was completed at 42°C for 1 h.
Full-length dsDNA was synthesized incubating the pro-
duced cDNA with 2 U of RNase-H (Promega) and 3 pl of
Advantage cDNA Polymerase Mix (Clontech), in Advan-
tage PCR buffer (Clontech), in presence of 10 mM dNTP
and DNase-free water. dsSDNA was extracted with phenol-
chloroform-isoamyl, precipitated with ethanol in the
presence of 1 pl linear acrylamide (0.1 pg/ul, Ambion,
Austin, TX) and aRNA (amplified-RNA) was synthesized
using Ambion's T7 MegaScript in Vitro Transcription Kit
(Ambion, Austin, TX). aRNA recovery and removal of
template dsDNA was achieved by TRIzol purification. For
the second round of amplification, aliquots of 1 pg of the
aRNA were reverse transcribed into cDNA using 1 pl of
random hexamer under the conditions used in the first
round. Second-strand cDNA synthesis was initiated by 1
pg oligo-dT-T7 primer and the resulting dsDNA was used
as template for in vitro transcription of aRNA in the same
experimental conditions as for the first round [20]. 6 pg of
this aRNA was used for probe preparation, in particular
test samples were labeled with USL-Cy5 (Kreatech) and
pooled with the same amount of reference sample (con-
trol donor peripheral blood mononuclear cells, PBMC,
seronegative for hepatitis C virus antibodies (HCV Ab))
labeled with USL-Cy3 (Kreatech). The two labeled aRNA
probes were separated from unincorporated nucleotides
by filtration, fragmented, mixed and co-hybridized to a
custom-made 36 K oligoarrays at 42°C for 24 h. The
oligo-chips were printed at the Immunogenetics Section
Department of Transfusion Medicine, Clinical Center,
National Institutes of Health (Bethesda, MD). After
hybridization the slides were washed with 2 x SSC/
0.1%SDS for 1 min, 1 x SSC for 1 min, 0.2 x SSC for 1
min, 0.05 x SSC for 10 sec., and dried by centrifugation at
800 g for 3 minutes at RT.

Data Analysis

Hybridized arrays were scanned at 10-um resolution with
a GenePix 4000 scanner (Axon Instruments) at variable
photomultiplier tube (PMT) voltage to obtain maximal
signal intensities with less than 1% probe saturation.
Image and data files were deposited at microarray data

base (mAdb) at http://nciarray.nci.nih.gov and retrieved

after median centered, filtering of intensity (>200) and
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spot elimination (bad and no signal). Data were further
analyzed using Cluster and TreeView software (Stanford
University, Stanford, CA).

Statistical Analysis

Unsupervised Analysis

For this analysis, a low-stringency filtering was applied,
selecting the genes differentially expressed in 80% of all
experiments with a >3 fold change ratio in at least one
experiment. 7'760 genes were selected for the analysis
including the three groups of analyzed samples (the HCV-
related HCC, their non-HCC counterpart, as well as sam-
ples from the controls); 5'473 genes were selected for the
analysis including the HCV-related HCC and normal con-
trol samples; 6'069 genes were selected for the analysis
including the HCV-related non-HCC paired tissue and
normal control samples. Hierarchical cluster analysis was
conducted on these genes according to Eisen et al. [21];
differential expressed genes were visualized by Treeview
and displayed according to the central method [22].

Supervised Analysis

Supervised class comparison was performed using the
BRB ArrayTool developed at NCI, Biometric Research
Branch, Division of Cancer Treatment and Diagnosis.
Three subsets of genes were explored. The first subset
included genes upregulated in HCV-related HCC com-
pared to normal control samples, the second subset
included genes upregulated in the HCV-related non-HCC
counterpart compared with normal control samples, the
third subset included genes upregulated in HCV-related
HCC compared to the non-HCC paired liver tissue sam-
ples. Paired samples were analyzed using a two-tailed
paired Student's t-test. Unpaired samples were tested with
a two-tailed unpaired Student's t-test assuming unequal
variance or with an F-test as appropriate. All analyses were
tested for an univariate significance threshold set at a p-
value < 0.01 for the first subset of genes and at a p-value <
0.001 for the second subset. Gene clusters identified by
the univariate t-test were challenged with two alternative
additional tests, an univariate permutation test (PT) and a
global multivariate PT. The multivariate PT was calibrated
to restrict the false discovery rate to 10%. Genes identified
by univariate t-test as differentially expressed (p-value <
0.001 and p-value < 0.01) and a PT significance <0.05
were considered truly differentially expressed. Gene func-
tion was assigned based on Database for Annotation, Vis-
ualization and Integrated Discovery (DAVID) and Gene
Ontology http://www.geneontology.org/.

Ingenuity pathway analysis

The pathway analysis was performed using the gene set
expression comparison kit implemented in BRB-Array-
Tools. The human pathway lists determined by "Ingenuity
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Figure |

Purity and integrity quality control of total extracted RNA. (A) Representative Electropherogram of total RNA
extracted from samples included in the analysis. (B) Representative Gel image evaluation of RNA integrity and 28S5/18S rRNA
ratio.
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System Database" was selected. Significance threshold of
t-test was set at 0.001. The Ingenuity Pathways Analysis
(IPA) is a system that transforms large data sets into a
group of relevant networks containing direct and indirect
relationships between genes based on known interactions
in the literature.

Results

Quality Control

The quality of extracted total RNA was verified by Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA),
showing discrete 28S and 18S rRNA bands (Figure 1A) as

HOC/HCY 2

Figure 2

HOC /HCY W18
HOC/HCY e
HOC/HCY W61
HOC/HCY Wee
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HOCOICY W59
HOC/HCY WT7
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HOC/HCY W71
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HOC/HCY 60
CTR W73
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well as a 285/18S rRNA intensity ratio equal or close to 1.5
which is considered appropriate for total RNA extracted
from liver tissue biopsies ("Assessing RNA Quality", http:/
/www.ambion.com/techlib/tn/111/8.html). Based on
this parameter, all extracted total RNA samples met the
quality control criteria (Figure 1B).

Unsupervised analysis is concordant with Pathological
Classification

The gene expression profiles of tissue samples from the
three groups of analyzed samples (the HCV-related HCC,
their non-HCC counterpart, as well as samples from con-

I H:i”ﬁl\

|11

Unsupervised hierarchical clustering. Overall patterns of expression of genes across the 14 HCV-related HCC and non-
HCC counterpart, as well as 7 HCV-negative control patients. Red indicates over-expression; green indicates under-expres-
sion; black indicates unchanged expression; gray indicates no detection of expression (intensity of both Cy3 and Cy5 below the
cutoff value). Each row represents a single gene; each column represents a single sample. The dendrogram at the left of matrix
indicates the degree of similarity among the genes examined by expression patterns. The dendrogram at the top of the matrix
indicates the degree of similarity between samples. Panel A, unsupervised analysis including all three set of samples; Panel B,
unsupervised analysis including HCV-related HCC and normal control liver samples; Panel C, unsupervised analysis including
HCV-related non-HCC counterpart and normal control liver samples.
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trol patients) were compared by an unsupervised analysis.
No clear separation of the 3 different groups was
observed, although control samples clustered mainly with
samples from HCV-related non-HCC paired tissue, which
includes dysplastic lesion in cirrhotic liver, representing a
pre-neoplastic step (Figure 2A).

In order to identify genes differentially modulated in
HCV-related lesions compared to normal liver tissue sam-
ples, an unsupervised analysis was then performed includ-
ing only paired samples from HCV-related HCC and
normal control samples or from the HCV-related non-
HCC counterpart and control samples (Figures 2B and
2C). According to filtering described in Material and
Methods, HCV-related HCC and normal control samples
showed 5'473 genes differentially expressed, with a per-

Table I: The first 40 up-regulated genes in HCV-related HCC

http://www.translational-medicine.com/content/7/1/85

fect clustering according to histological characteristics
(Figure 2B). Similarly, HCV-related non-HCC tissue and
normal control samples showed 6'069 genes differentially
expressed with a perfect clustering according to histologi-
cal characteristics also in this case (Figure 2C). The only
exception to this pattern is represented by the normal con-
trol sample (CTR#80) which did not fall in the control
cluster (CTR).

Supervised analysis

The supervised analysis was performed comparing pairs of
gene sets using an unpaired Student's t-test with a cut-off
setatp < 0.01.

The analysis comparing gene sets in liver tissues from
HCV-related HCC and normal controls identified 825

N° Gene Name Description

| RYBP RINGI and YY1 binding protein (RYBP)

2 ATPIB3 ATPase, Na+/K+ transporting, beta 3 polypeptide

3 T™C transmembrane channel-like 7 (TMC7)

4 ZNF567 zinc finger protein 567 (ZNF567

5 GPR108 G protein-coupled receptor 108 (GPR108), transcript variant |

6 CDI9 CD19 molecule

7 SPINKI serine peptidase inhibitor, Kazal type |

8 CDC2Lé cell division cycle 2-like 6 (CDK8-like)

9 RSRCI arginine/serine-rich coiled-coil | (RSRCI)

10 METAP methionyl aminopeptidase |

Il GPC3 glypican 3

12 SNHGI | Small nucleolar RNA host gene (non-protein coding) | |

13 RYI putative nucleic acid binding protein RY-1 (RY1)

14 CRELD2 cysteine-rich with EGF-like domains 2 (CRELD2)

15 GLUL glutamate-ammonia ligase (glutamine synthetase)

16 SERPINBI serpin peptidase inhibitor, clade B (ovalbumin), member | (SERPINBI)

17 TRMT6 tRNA methyltransferase 6 homolog (S. cerevisiae)

18 UNCI3D unc-13 homolog D (C. elegans) (UNCI3D)

19 E4F|--E4F E4F transcription factor | (E4FI)

20 SLC22A2 solute carrier family 22 (organic cation transporter), member 2 (SLC22A2)
21 CNIH4 cornichon homolog 4 (Drosophila) (CNIH4)

22 TKI thymidine kinase |, soluble (TK1)

23 MAFB v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian)

24 PPPICB protein phosphatase |, catalytic subunit, beta isoform (PPP1CB), transcript variant 3
25 DNTTIP2 deoxynucleotidyltransferase, terminal, interacting protein 2 (DNTTIP2)

26 ARID4B AT rich interactive domain 4B (RBP|-like) (ARID4B), transcript variant |
27 SMARCC2 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily c,
28 PRO1386 PRO1386 protein

29 TRIOBP TRIO and F-actin binding protein (TRIOBP), transcript variant |

30 VARS valyl-tRNA synthetase

31 ITGAS integrin, alpha 5 (fibronectin receptor, alpha polypeptide)

32 TERFI telomeric repeat binding factor (NIMA-interacting) | (TERFI), transcript variant 2
33 PURA purine-rich element binding protein A (PURA)

34 TUBAIB tubulin, alpha 1b

35 SNRPE small nuclear ribonucleoprotein polypeptide E

36 RRAGD Ras-related GTP binding D

37 VWEF von Willebrand factor

39 GLRX3 glutaredoxin 3 (GLRX3)

40 ILF2 interleukin enhancer binding factor 2, 45 kDa
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Figure 3
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Heat map of the gene signature, identified by Class Comparison Analysis. Panel A, analysis including HCV-related
HCC and normal control liver samples; Panel B, analysis including HCV-related non-HCC liver tissues and control liver sam-
ples; Panel C, analysis including HCV-related HCC and HCV-related non-HCC counterpart liver samples. The expression pat-
tern of the genes is shown each row represents a single gene.

genes differentially expressed. Among them, 465 were
shown to be up-regulated and 360 down-regulated in
HCV-related HCC liver tissues (Figure 3A). The first 40
genes showing the highest fold of up-regulation are listed
in Table 1.

The analysis comparing gene sets in liver tissues from
HCV-related non-HCC tissue and controls identified 151
genes differentially expressed. Among them, 127 were
shown to be up-regulated and 24 down-regulated in HCV-
related non-HCC liver tissues (Figure 3B). The first 40
genes showing the highest fold of up-regulation are listed
in Table 2.

The analysis comparing gene sets in liver tissues from
HCV-related HCC and HCV-related non-HCC counterpar-
tidentified 383 genes differentially expressed. Among
them, 83 were shown to be up-regulated and 300 down-
regulated in HCV-related HCC liver tissues (Figure 3C).
The first 40 genes showing the highest fold of up-regula-
tion are listed in Table 3.

Ingenuity pathway analysis

The pathway analysis was performed including the genes
found up-regulated in the supervised comparisons, using
the gene set expression comparison kit implemented in
BRB-Array- Tools. The human pathway lists determined
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Table 2: The first 40 up-regulated genes in HCV-related non-HCC counterpart

N° Gene Name Description

| NMNAT3 nicotinamide nucleotide adenylyltransferase 3 (NMNAT3).

2 OASL 2'-5'-oligoadenylate synthetase-like (OASL), transcript variant 2
3 TMPRSS3 transmembrane protease, serine 3 (TMPRSS3), transcript variant C
4 MFSD7 major facilitator superfamily domain containing 7 (MFSD7)

5 AEBPI AE binding protein | (AEBPI), mRNA.

6 UBD ubiquitin D (UBD)

7 S100A4 S100 calcium binding protein A4 (S100A4), transcript variant |
8 Clorfl 5l chromosome | open reading frame 151 (Clorfl51I)

9 CRIPI Cysteine-rich protein | (intestinal)

10 ASCC3 activating signal cointegrator | complex subunit 3

I ZNF271 zinc finger protein 271 (ZNF271), transcript variant 2

12 ANXA4 annexin A4 (ANXA4)

13 NMI N-myc (and STAT) interactor (NMI)

14 UBE2L6 ubiquitin-conjugating enzyme E2L 6 (UBE2L6), transcript variant |
15 B2 M beta-2-microglobulin (B2 M)

16 HLA-F Major histocompatibility complex, class |, F

17 PSMB9 Proteasome (prosome, macropain) subunit, beta type, 9

18 TAPI transporter |, ATP-binding cassette, sub-family B (MDR/TAP)
19 PSME2 proteasome (prosome, macropain) activator subunit 2 (PA28 beta)
20 IFI16 interferon, gamma-inducible protein 16

21 IFI27 interferon, alpha-inducible protein 27

22 ARHGAP9 Rho GTPase activating protein 9

23 RABGAPIL RAB GTPase activating protein |-like

24 TNKI tyrosine kinase, non-receptor

25 DEF6 differentially expressed in FDCP 6 homolog (mouse)

26 BTN3A3 butyrophilin, subfamily 3, member A3

27 RPS6KAI ribosomal protein Sé kinase, 90 kDa, polypeptide |

28 CD24 CD24 molecule

29 PARPI0 poly (ADP-ribose) polymerase family, member 10

30 APOL3 apolipoprotein L, 3 (APOL3), transcript variant alpha/d

31 STAT signal transducer and activator of transcription |, 91 kDa

32 ANKRD 0 Ankyrin repeat domain 10

33 CKB creatine kinase, brain (CKB)

34 H2AFZ H2A histone family, member Z

35 PSMB9 proteasome (prosome, macropain) subunit, beta type, 9

36 RARRES3 retinoic acid receptor responder (tazarotene induced) 3

37 RGSI0 regulator of G-protein signaling 10 (RGS10), transcript variant 2

38 TUBB tubulin, beta

39 NOL3 nucleolar protein 3 (apoptosis repressor with CARD domain)

40 CD7 CD74 molecule, major histocompatibility complex, class Il invariant chain

by "Ingenuity System Database" was selected. Significance
threshold of t-test was set at 0.001. Samples from HCV-
related non-HCC liver tissue showed strong up-regulation
of genes involved in Antigen Presentation, Protein Ubig-
uitination, Interferon signaling, IL-4 signaling, Bacteria
and Viruses cell cycle and chemokine signaling pathways.
Samples from HCV-related HCC showed strong up-regu-
lation of genes involved in Metabolism, Aryl Hydrocar-
bon receptor signaling, 14-3-3 mediated signaling and
protein Ubiquitination pathways. Significant pathways
were listed respectively in Figures 4, 5, 6 and 7.

Discussion

The pathogenetic mechanisms leading to HCC develop-
ment in HCV chronic infection are not yet fully eluci-
dated. In particular, besides inducing liver tissue
inflammation and regeneration, which ultimately may
result in cellular transformation and HCC development,
HCV may play a more direct oncogenic activity inducing
an altered expression of cellular genes. To this aim, global
gene expression profile can identify specific genes differ-
entially expressed and provide powerful insights into
mechanisms regulating the transition from pre-neoplastic
to fully blown neoplastic proliferation [23,24].
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Table 3: The first 40 up-regulated genes in HCV-related HCC
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N° Gene Name Description

| CAPG capping protein (actin filament), gelsolin-like

2 OCC-1 PREDICTED: misc_RNA (OCC-1I)

3 EED embryonic ectoderm development (EED), transcript variant |
4 RPLPO ribosomal protein, large, PO (RPLPO), transcript variant |
5 RPLPOP2 ribosomal protein, large, PO pseudogene 2

6 API1S2 adaptor-related protein complex |, sigma 2 subunit

7 RRAGD Ras-related GTP binding D (RRAGD)

8 PFDN4 prefoldin subunit 4 (PFDN4)

9 CCDCI104 coiled-coil domain containing 104 (CCDC104)

10 C70rf28B chromosome 7 open reading frame 28B

Il PSIPI PC4 and SFRSI interacting protein | (PSIPI), transcript variant 2.
12 LPCATI lysophosphatidylcholine acyltransferase |

13 FSCN3 fascin homolog 3, actin-bundling protein, testicular

14 RAB24 RAB24, member RAS oncogene family

15 ZNF446 zinc finger protein 446 (ZNF446)

16 SECIIB PREDICTED: SECI | homolog B (S. cerevisiae)

17 ZNF586 zinc finger protein 586 (ZNF586)

18 SCNMI sodium channel modifier |

19 SF3AI splicing factor 3a, subunit I, 120 kDa

20 RUFY | RUN and FYVE domain containing |

21 TRIM55 tripartite motif-containing 55

22 GOLGA4 golgi autoantigen, golgin subfamily a

23 GPATCH4 G patch domain containing 4 (GPATCH4), transcript variant |
24 THOPI thimet oligopeptidase |

25 TUBB2C tubulin, beta 2C (TUBB2C)

26 PHLDB3 Pleckstrin homology-like domain, family B

27 FAMI04A family with sequence similarity 104, member A

28 FASTK Fas-activated serine/threonine kinase

29 EIF2AK4 eukaryotic translation initiation factor 2 alpha kinase 4
30 ZFP41 ZFP41--zinc finger protein 4|1 homolog (mouse)

31 PRKRIPI PRKR interacting protein | (ILI | inducible)

32 DSTN destrin (actin depolymerizing factor)

33 PHIP pleckstrin homology domain interacting protein (PHIP)

34 NUCKSI

35 TNRC8 Trinucleotide repeat containing 8
36 CCDCl132 coiled-coil domain containing 132
37 EPRS glutamyl-prolyl-tRNA synthetase
39 HIST IH4C histone cluster |, H4c

40 CDCAS8 cell division cycle associated 8

nuclear casein kinase and cyclin-dependent kinase substrate |

In the present study, the differential gene expression was
evaluated by microarray analysis on liver tissues obtained
from fourteen HCV-positive HCC patients and seven
HCV-negative control patients. In particular, from each of
the HCV-positive HCC patients, a pair of liver biopsies
from HCC nodule and non-HCC non adjacent counter-
part were surgically excised.

The unsupervised analysis didn't show a clear separation
of samples from the 3 different groups (HCV-related
HCC, their non-HCC counterpart, as well as control
patients), suggesting the lack of a clear-cut distinct gene
signature pattern. Nevertheless, normal control samples,
with the exception of CTR#76 sample, grouped in a single

cluster close to samples from HCV-related paired non-
HCC samples. The latter, in fact, comprise several non-
HCC pathological stages including dysplastic, not fully
transformed lesions, representing pre-neoplastic step in
the progression to HCC and should still retain a gene sig-
nature pattern closer to normal than to transformed cell
physiology. On the contrary, the unsupervised analysis
including only one of the HCV-related liver tissues (HCC
or non-HCC counterpart) and normal controls showed a
clear-cut segregation of the pathological from the control
cluster, indicating the identification of specific gene signa-
ture patterns peculiar to the HCV-related pre-neoplastic
(non-HCC) and neoplastic (HCC) tissues compared to
normal controls.
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by "Ingenuity System Database" in HCV-related HCC samples.

A supervised analysis was performed by pairwise compar-
ison between samples of the three groups analyzed in the
present study. The results indicated that the HCV-related
HCC liver tissues showed 825 genes differentially
expressed compared to controls, of which 465 were up-
regulated and 360 down-regulated. The HCV-related non-
HCC liver tissues showed 151 genes differentially
expressed compared to controls, of which 127 were up-
regulated and 24 down-regulated. The HCV-related HCC
liver tissues showed 383 genes differentially expressed
compared to HCV-related non-HCC counterpart, of
which 83 were up-regulated and 300 down-regulated. In
each of these independent class comparison analysis, the
differentially expressed genes were selected based on a 3-
fold difference at a significance p-value < 0.01.

The up-regulated genes identified within the individual
class comparison analysis were further evaluated and clas-
sified by a pathway analysis, according to the "Ingenuity
System Database".

The genes up-regulated in samples from HCV-related
HCC are classified in metabolic pathways, and the most

represented are the Aryl Hydrocarbon receptor signaling
(AHR) and, protein Ubiquitination pathways, which have
been previously reported to be involved in cancer, and in
particular in HCC, progression.

The Aryl Hydrocarbon receptor signal transduction Path-
way (AHR) is involved in the activation of the cytosolic
aryl hydrocarbon receptor by structurally diverse xenobi-
otic ligands (including dioxin, and polycyclic or halogen-
ated aromatic hydrocarbons) and mediating their toxic
and carcinogenic effects [25,26]. More recently AHR path-
way has been shown to be involved in apoptosis, cell cycle
regulation, mitogen-activated protein kinase cascades
[27]. In particular, studies on liver tumor promotion have
shown that dioxin-induced AHR activation mediates
clonal expansion of initiated cells by inhibiting apoptosis
and bypassing AHR-dependent cell cycle arrest [28]. Fur-
thermore, it has been shown that changes in mRNA
expression of specific genes in the AHR pathway are
linked to progression of HCV-associated hepatocellular
carcinoma [29]. Moreover, the HCV-induced AHR signal
transduction pathway, could be directly involved in the

Page 10 of 14

(page number not for citation purposes)



Journal of Translational Medicine 2009, 7:85

Protein Ubiquitination Pattway

proteip

&,

http://www.translational-medicine.com/content/7/1/85

misfolded
protein

(P

%
u———Lo Refolding

protein

Ubiquitinat

®

(=)
g

e/

&
-f
&

j———————vonoubiquitination

Ubicattination on (24
chain elongation chain elongation | ¥ Ubiquitination bt IE_nducy\ur:\;u‘a“m
chain slongation chain elongation 3 DNA repair
i =
X mr?;lfu v\rmswcfgﬁ‘“ﬁ‘
\vprotein/ A\ rotein ./
(polgabigutinated) Toohibiquitrdted
Oy
@ = @)
. X l > Regulation of processes
@ : s By s e
= otein ate: ndocytosis of cell suface receptors
£ (potwbicuitinatod) Altemats inkage Nl i
Typical linkagef
Kas
Proteasoms
PATD020S
e e
1 ‘) '7_] PSHBE Ps’mfss PeiEI0
PSMBs RSMBS RSMBT
RSz
-
HSMER—
e,
processed
protej

Figure 5

Polypeptide
antigen

Antigen processing Immunoproteasome
< A28/20!

Antigen presentation

Immune and inflammatory response

Significant pathways at the nominal 0.01 level of the unpaired Student's t-test. The | top-scoring pathway of genes

upregulated IPA image.

Page 11 of 14

(page number not for citation purposes)



Journal of Translational Medicine 2009, 7:85

http://www.translational-medicine.com/content/7/1/85

M HCV vs CTR up in HCV Ratio
20,0 -
0.4
17.5 -
,§15.0“ 0.3
T 125 =
& 10.0 - los §
2 20
_07.5'
1
5.0 - 0.1
2'5- E . = :
oo N = s -m EH = = — T
m 5 3 € 2E £ FEEP L M. E
2 F aip TR @y W SUETECoschEs Aty i
= = 5 @ c o2 C £ % EFop = c
o [l © o o < v o > = un a - 2 =
a a g2 & 8 @ oW PESEr5I: 3
§ § Lft8 £t 2% ¢ SEEPSPERTT o
2 = 25 o o = C3J £ uypg.-U 3 @ £
= = e o =1 v a o 0= S
m o [o={ = o c ca o X3
2 c suw £ LE he z2svhes5d 2
a = > @ EE >_2,'Cru>‘fu“‘_ £
w = | m -— on "Uo_._,-—._u WL a a
" 3 U £ %o R T e~ us C
= — — M gV o sS=8 B3 3
a ) =L ams w2 w450 m a
T = C T a @
o £ n = £y T
= a > o
e - = = o«
& o U m
o a o
Figure 6

Significant pathways at the nominal 0.001 level of the unpaired Student's t-test. The human pathway lists deter-
mined by "Ingenuity System Database" in HCV-related non-HCC samples.

increased severity of hepatic lesions in patients with
chronic hepatitis C induced by smoking [30,31].

The ubiquitin and ubiquitin-related proteins of the ubig-
uitination pathway play instrumental roles in cell-cycle
regulation [32] as well as cell death/apoptosis [33]
through modification of target proteins. In particular,
ubiquitin-like proteins, i.e. FAT10, has been reported to
bind non-covalently to the human spindle assembly
checkpoint protein, MAD2 [34], which is responsible for
maintaining spindle integrity during mitosis [35] and
whose inhibited function has been associated with chro-
mosomal instability [36,37]. Moreover, FAT10 overex-
pression has been previously shown in hepatocellular
carcinoma [38].

The genes up-regulated in samples from HCV-related non-
HCC tissue are classified in several pathways prevalently
associated to inflammation and native/adaptive immu-
nity and most of the overexpressed genes belong to the
Antigen Presentation pathway. Considering the chronic

HCYV infection, these result could be unexpected and con-
tradictory, since a reduced native and/or adaptive specific
immune response would represent a very much favorable
environment for the virus. Nevertheless, these findings,
which confirm also a recent report by others [39], could
explain the generic massive inflammation and immun-
opathological tissue damage characteristic of HCV-related
cirrhosis [40].

In this study, informative data on the global gene expres-
sion pattern in HCV-related HCC as well as HCV-related
non-HCC counterpart liver tissues have been obtained
compared to normal controls. These data, which need fur-
ther confirmation studies on a larger set of samples and
also at protein level, may be extremely helpful for the
identification of exclusive activation markers to character-
ize gene expression programs associated with progression
of HCV-related lesions to HCC.
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