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SUMMARY

I. Title
Develop diagnostic/prognostic marker system for HCC by using array-CGH

II. Background and Purpose

Purpose

® Most of the biomarkers of hepatoma have been studied using gene expression
profiling, epigenomics, or proteomics approach. To get more reliable and
comprehensive prognosis prediction method for hepatoma, we planed to perform
genome-wide DNA copy number alteration analysis using array-CGH technology
for merging diverse data.
Develop clinic-oriented prognosis/treatment responsiveness prediction kit
Develop the analysis software or algorithm for clinical application of the

prediction system

Background

Hepatocellular carcinoma (HCC) is the third most common cause of cancer mortality
worldwide, and liver cirrhosis is the most important predisposing factor for it.
Therefore, developing reliable and clinic-oriented diagnostic/prognostic method is still
very important to control HCC. Comprehensive understanding of HCC by merging
transcriptome, epigenome, proteome and genome analysis data is crucial for future

personalized medicine.

III. Approaches

® Analysis the whole-genome copy number alterations using array-CGH for Korean
HCC cases (normal-tumor pair)

Define the common alteration regions (CARs) in the HCCs

Validation of the CARs by using genomic qPCR and real-time gRT-PCR
Develop genomic gPCR kit and diagnostic array-chip for HCC

Develop softwares to support prediction of HCC prognosis in the clinical field

IV. Result

® Define common alteration regions (CAR) in HCC (Patent: Korean, USA)
-Mining 32 CARs and 43 high level copy number alterations

-Commonly appeared CARs () 45%): Gain of 1q21.1-932.1 (64.5%), 1q32.1-q44
(59.2%), 8q11.21-q24.3 (48.7%), Loss of 17p13.3-p12 (51.3%)

-Most common amplification: 8q11.1-8q24.3 amplification where MYC and EIF3S3

genes are located.



Develop Genomic gPCR based HCC prognosis prediction kit (Patent: Korea)
Develop DNA array system for HCC prognosis prediction
Functional analysis of the putative cancer related genes located in the significant
CARs
-Explored the biological role of TPM3 and KIF14 overexpression in HCC by using
siRNA knockdown. TPM3 was found to be related with HCC invasion and
metastasis through activating epithelial to mesenchimal transition pathway and KIF14
was found to be associated with tumor cell growth through inactivation of negative
regulator of cell cycle progression.
® Develop softwares to support prediction of HCC prognosis in the clinical field
-Gene Set Enrichment Analysis for Genomic Alterations (GEAR:
http://www.systemsbiology.co.kr/GEAR/)
-CGHscape: (http://www.ircgp.com/software/CGHscape)

V. Application

® C(linical application of the HCC prognosis prediction methods

‘We developed two types of HCC prognosis prediction methods: 1)Genomic gPCR
based HCC prognosis prediction kit 2)DNA array system for HCC prognosis
prediction. After further clinical validation, these systems can be applied for HCC
patient care. Especially, genomic qPCR kit will be more suitable for clinical

application in terms of the simplicity of procedure and interpretation.

® Functional analysis of the putative cancer related genes located in the significant
CARs
:As described above, overexpression of KIF14 and TPM3 genes can be potential

diagnostic and therapeutic targets for inhibiting tumor cell growth and invasiveness.
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9. A framework for the application of integrative functional genomics and its clinical
implication (Ref 1. Hepatology. 2006 43:5145-50)
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Tamy 2. Chromosomal Localization of Gonomic Imbalances in HCC and Proto-oncogene and Tumor Suppressor Gones

Regions Wiah Reglons With

DNA Copy DNA Copy
Number Calns Proto-oncogene MNumber Losses Tumew Suppressor Cones
1p34.3-35 LCK. MYCLI dpl2-14 FHIT, NRC-1. RCAL, PTPRG
1p33-34.1 MPL 3q25
1g21-23 SKY dpl2- 4
lq31-32 ELE4 4gl3-34 SMADI, FAT, AREG
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12q11-13 GLL INT1, RABSB 13q12.33 RE, BRCAZ FLTI
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17gqi1.2-21 ERBB2 15q25-26
1Tq23-24 ERBALZ iBqil.2.222 SMADZ, SMAD4 DCC
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(Hepatology 29 (4): 1208)
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lo rfE

AR A Tddte 71AEs FHEtAStTH (BMC Cancer 2010) (Ref 3,4). Mgt
Array—CGHa 0:1-’6 Aol HEAT= V& % A AS=E o€ 9 copy number 4
AIs 75HoR e toolZE, TR WFAIENA array-CGH £49] HH3t dd=
A AA, 3133 = array-CGH 7% 2 DNA copy number9} RNA expression®] 53 £417]
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& Cellular Toxicology 2008; Exp Mol Med 2009) (Ref 5-8). o]¢} #&Aste HE B A4zl 71
ol Hiole mrdtES el A= dAF =S 2R B o (Cancers 2010) (Ref
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Al £A8he 7les st HE3 A& BT lu (23).
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9. Integrated analysis of copy number and expression profiles. (A) Correlation analysis of
array-CGH and expression profiling. X axis represents the array-CGH signal intensity ratio
(tumor/normal) in log2 ratio and Y axis represents the expression signal intensity ratio
(tumor/normal) in log2 ratio. R-square value of the CGH and expression ratio was 0.92. (B)
Example of the correlations at amplified region (17p12-p11.2). Black arrow represents the
highest value of expression signal intensity ratio. (C) Example of the correlations at deleted
region (9p22.1-p21.2). Black arrow represents the lowest value of expression signal intensity
ratio. X axis represents the chromosomal position in Mb scale and Y axis represents the
intensity ratio in log2 ratio. (EMM 2009)
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TABLE 1 - SIGNIFICANT ASSCCIATIONS BET'WEEN RARs
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I(P) = - log e Prob(P)=I(p1)+I(p2)+...

o A9 wolEmol o)A Fite] sEle] BE FHo|SL ofgfst o] He| .
G(P) = I (P) x (Support(P) — 1)
o 71N Support(P) ¥ 574 sEo] Vel HEE B

O & vlo|gd Ay EF3 o Fo 7H4y 3 o Fof 7Hdo] AF/E 6 T GAA W
o] mpA ZFY S LHSAT #E 4M e FHF dF L EF oF upH S
RoF31 Qi)

. 2= A AEUE
g7 drs #dd 7AE (oM E/% 5 (o]E) 25

(1) L2 = {1}, L4 = {0}y ——> AL (0.91) 10/38 1/38

(2) Gl4 = {1}, L3 = {1} ——> A} (0.89) 8/38 0/38

(3) G4 = {1}, G6 = {1} ——> A (0.86) 6/38 0/38
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9. Flow cytometry analysis of the effect of siKIF14 on cell cycle progression. Cells
were subjected to treatment with siNEG or siKIF14 after 72 hours of incubation they

were fixed, stained with propidium iodide and subjected to flow cytometry analysis.
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9. Expression of Cyclin and CDK inhibitors associated with KIF14 silencing.
Western blot analysis (A) were performed in the indicated time after 72 hours
incubation with siNEG or siKIF14. Double immunochemical staining (B) and RT-PCR
assay(C).
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C : SINEG siKIF14
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MG132 (20uM) - - - - = 3h 6h 9h 24n

9. KIF14 siRNA transfection plays like a proteasome inhibitor in SNU-449. (A)
Intracellular p27 level was elevated by proteasome inhibitor MG132. 20 yM MG132
was treated onto SNU-449 and p27 expression level was analyzed at 3, 6, 9, 12 and
24 h after treatment. (B) Examined whether MG132 block the decrement of p27 by
treatment of translation inhibitor, CHX. (C) Effect of KIF14 siRNA on the expression
of p27 by treatment of CHX. 72 hours after transfection with KIF14 siRNA, SNU-449
cells were treated with 2ug/ml CHX for Oh, 0.5h, 1h and 3h. (D) Time-dependent
effect of KIF14 siRNA on p27 expression. p27 levels were measured with protein from
CHX-treated (Oh and 3h) cells.
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19, E-cadherin and Snail expression changes after TPM3 knockdown in HepG2 (A)
and SNU-475(B).
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siTPM3

Vimentin

Fibronectin

1%, Expression profiles of vimentin and fibronectin after TPM3 knockdown in
SNU-475. Vimentin (upper) and fibronectin (lower) expression patterns were compared
between siTPM3 and siNEG transfected SNU-475 by immunoflurescence staining

(green for vimentin and fibronectin stain; blue for nuclear DAPI stain).
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1%, Inhibited HepG2 (A) and SNU-475 (B) tumor cell growth in TPM3 knockdown
HCC cell lines.
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19, Schematic diagram of the hypothetic molecular pathway of TPM3 overexpression

Nucleus

contributing to migration/invasion by activating EMT pathway.
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O st A A o] 7153 314 dagE (GEAR:
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O 7t+e] o 9 AAFEH ABE copy number alteration®] ontology+ oFef ] i
3 2o

# 7. Survival-related signatures in HCC

Class Type Pathway Size Identifier FDR

Poor  Gain homophilic cell adhesion 100 7156 <0.0001
cell adhesion 416 7155 <0.0001
Calcium-dependent  cell-cell adhesion 16 16339 <0.0001
Calcium ion binding 692 5509 <0.0001
synaptogenesis 17 7416 <0.0001
synaptic  transmission 143 7268 <0.0001
Nervous system development 242 7399 <0.0001
interleukin-1  receptor activity 7 4908 <0.0001
membrane alanyl aminopeptidase 13 4179 0.0007
activity
Gamma-aminobutyric acid signaling 10 7214 0.0124
pathway
aminopeptidase  activity 28 4177 0.0156
GABA-A  receptor activity 16 4890 0.0463

Loss oxygen transporter activity 12 5344 0.0035

oxygen transport 13 15671 0.0035
oxygen  binding 27 19825 0.0035
Vitamin A metabolism 5 6776 0.0037

Good Gain N-formyl peptide receptor activity 6 4982 0.0166

Loss hematopoietin/interferon-class cytokine 23 5126 <0.0001

receptor binding
response to virus 62 9615 <0.0001
interferon-alpha/beta  receptor binding 11 5132 <0.0001
Defense  response 111 6952 <0.0001
sugar  binding 131 5529 <0.0001
cytokine  activity 174 5125 <0.0001
taste  receptor activity 13 8527 <0.0001
Sensory  perception of taste 14 50909 0.0001
antimicrobial  humoral response 75 19735 0.0009
cell surface receptor linked signal 157 7166 0.0009
transduction

Phenotype-related signatures related to two classes (good - more than 5 years after diagnosis
vspoor-deathwithinSyears).
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Table 8. Phenotype-related signature for six different clinicopathological parameters
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Fig. * . Screenshots of CGHscape, (A) The main frame of CGHscape for data uploading and visualization is shown, The data
uploading and the parameter setting of the subsequent analyses can be done with graphic user interface, The genome-wide
log: ratio plots are shown in order of 1Py 10 You for all chromosomes demonstrating the chromosomal gains and losses
in red and green, respectively, The selected chromosome can be further shown as individual chromosomal plot (Delow). (B)
Log: ratio can be processed for Gaussian smoothing to reduce the noise level, Above (before Gaussian smoothing) and be-
low (after) log: plots clearly shows the benefits of data smoothing. (C) The CMAs identified using SW-ARRAY algorithm can
be listed in table formats, The list can be exported into tab-delimited plain text or Microsoft Excel format, (D) The ge-
nome-wide distribution of identified CMAs is illustrated with respect to individual chromosomes, Left (red) and right (green)
bars indicate the relative genomic gains and losses, respectively and the length of bars indicate the length of CMAs,
9. CGHscape (Jeong et al 2008 6:126-129)
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Clinical implication of recurrent copy number alterations in hepatocellular
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To elucidate the pathogenesis of hepatocellular carcinoma (HCC)
and develop useful prognosis predictors, it s necessary to identify
Illnhﬂlﬂ“j relevant genomic alterations in HCC. In our study, we
defined recurrently altered regions (RARs) common to many cases
of HCCs, which may coniain tumor-related genes, using whole-ge-
nome array-CGH and explored their associations with the clinico-
pathologic features. Gene set enrichment analysis was performed
to investigate functional implication of RARs. On an average,
23.1% of the total probes were altered per case. Mean numbers of
altered probes are significantly higher in high-grade, r and
microvascular invasion (MVI) positive tumors. In total, 32 RARs
(14 gains and 18 losses) were defined and 4 most uent RARs
ins in 1q2L1-g32.1 (64.5%), 1 1-g44 (59.2%), 8q11.21-
(48.7% ) and a in 17p13.3-p12 (51.3%). Through focus-
ing on RARs, we identified genes and lunctional pathways likely to
be involved in hepatocarcinogenesis. Amm;? Etnts in the recur-
rently gained regions on 1g, ex| on of KIFI4 and TPM3I was
si;niﬁumtly increased, s ng their oncogenic potential in
CC. Some RARs slmwed the significant associations with the
" jcal features, E: ¥, the recurrent loss in 9p24.2-p21.1 and
gain in 8q11.21-q24.3 are ! associated with the high tumor grade
and MVI, r:spnﬂlveu Functional analysis showed that cyiokine
receptor binding and defense response to virus pathways are sig-
nificantly enriched in high grade-related RARs. Taken together,
our results and the strategy of analysis will help to clucidate
m‘onmrds of HCC and to develop biomarkers for predicting
wiors of HCC.
© 2008 Wiley-Liss. fnc.

Key words: hepatocellular carcinoma; recurrently altered regions;
array comparative genomic hybridization; KIF/4; TPM3

Hepatocellular carcinoma (HCC) is one of the most common
human mallgmu'u:lcs and responsible for ~5% of all cancer-related
deaths in the world." Given that the overall HCC incidence is still
rising and prognosis of the disease remains poor, it is important to
develop effective diagnostic and therapeutic modalities based on
sound biological insights into hcpnlwarcinng:n.eesi_-i.u

The copy number alterations observed in human solid wmors
are known to contribute to the tumorigenesis by affecting the
activities of cancer-related genes in the altered chromosomal
regions.” Thus, genome-wide mapping of copy number alterations
in cancer can facilitate the identification of cancer-related genes,
which will improve the understanding of tumorigenesis, Using
conventional cyiogenetic tools such as comparative genomic
hybridization (CGH), copy number gains on 1q, 8q and 20q, along
with losses on 1p, 4q$ 8p, 13q, 16q and 17p have been previously
identified in HCC. However, the resolution of conventional
cytogenetic analysis is insufficient to precisely identify submicro-
scopic changes. Recently introduced array-CGH, the combination
of conventional CGH and microarray technology, enabled high-re-
solution screening of genome-wide copy number alterations con-
tining potential cancer-related genes.™ Through array-CGH
analysis, novel oncogenes such as JABJ or differentiation-specific

. N Pubilcation of the imtesmational Linkon Against Cancer
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regions have been identified in HCC.*'"" Also etiology-dependent
copy number alterations and genes relevant to hepalocarcinogene-
518 were suggested in HOC. "Bt it is still difficult to identify the
biologically relevant changes and their functional slgmﬁcnnce ina
systematic manner due to the extensive and complex nature of
chromosomal alterations.

We hypothesized that recurrent copy number changes common
to many HCC cases may contain essential genes for hepatocarci-
nogenesis. Using this strategy, recurrently altered regions (RARs)
were defined in 76 primary HCCs using whole-genome array
CGH analysis, and the associations between RARs and clinico-
pathologic features were examined. Also, we functionally catego-
rized the genes located in the RARs.

Material and methods
Sty materials

Frozen tissues (tumor and adjacent normal tissue pairs) were
obtained from 76 primary HCC patients (65 males and 11 females)
who underwent surgical resection. This study was performed
under the approval of the Institutional Review Board of the
Catholic University Medical College of Korea. Tumor stage was
determined according to the standard tumor-node-metastasis clas-
sification of AJCC guidelines (6th edition), Clinicopathologic
information about the 76 cases is available in Supporting Table 1.
Ten-micrometer-thick frozen sections were prepared, and tumor
cell-rich areas (tumor cells comprise more than 80-90% of the
selected area) without tumor cell necrosis were microdissected,
from which genomic DNA was extracted as described previ-
l:ll.l'il}" 1% Normal human genomic DNA was purchased from
Promega (Madison, WI) and used as sex-matched reference DNA
for array-CGH.

Array comparative genomic hybridization

A large insert clone array covering the entire human genome nl
I Mb resolution was wsed for profiling genomic alterations.'*
Amay-CGH was performed as described elsewhere usmg MAUIL
hybndl;mhm station {BioMicro Systems, Salt Lake city, UT).'"
Data processing, normalization and realigning of raw array-CGH
data were performed using web-based array-CGH analysis soft-
ware ArrayCyGHt (hitp:/fgenomics.catholic.ac.krfarrayCGHY/). e

Additional Supporting [nformation may be found in the online version
of this article,
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ABSTRACT

Summary: We developed an algorithm named GEAR (genomic
enrichment analysis of regional DNA copy number changes) for
functional interpretation of ganome-wide DNA copy number changes
identified by array-based comparative genomic hybridization, GEAR
selects two types of chromosomal alterations with potential
biological relevance, Le. recurent and phenotype-specific altera-
tions. Then it performs functional enrichment analysis using a prion
selected functional gene sets to identify primary and clinical genomic
signatures. The genomic signatures identified by GEAR represent
functionally coordii d genomic changes, which can provide clues
on the underlying molecular mechanisms related to the phenotypes
of interest. GEAR can help the identification of key molecular
functions that are activated or repressed in the tumor genomes
leading to the improved understanding on the tumor biclogy.
Availability: GEAR software is available with online manual in the
website, hitp://'www.systemsbiclogy.co. kr/GEAR/.

Contact: yejun@catholic.ac kr

1 BACKGROUND

Recently developed array-based comparative genomic hybridi-
zation (array-CGH) is one of the most advanced genome-wide
screening technologies of chromosomal alterations (Albertson
and Pinkel, 2003). In spite of the promising potential, the
complex and prevalent nature of chromosomal alterations often
makes it difficult 1o identify biologically relevant changes and
to draw a functional interpretation. Although there have been
relative successes to search master genes from local chromo-
somal alterations, it 1s highly challenging 10 develop a more
integrative and function-oriented analytic method for high-
throughput data sets (Rhodes and Chinnaiyan, 2005). From
this perspective, one promising method is functional enrich-
ment or pathway analysis using a priori selected functional gene
sels, by which the large-scale gene expression profiles are
interpreted as function-related coordinated expression changes
(Curtis er al., 2005), Theoretically, this analytical method could

*To whom correspondence should be uddressed.

be applied to other types of high-throughput data such as
genome-wide DNA copy number alierations of array-CGH,
Therefore, we developed a novel algorithm, GEAR (genomic
enrichment analysis of regionul DNA copy number changes).
that selects biologically relevant copy number changes and
performs gene functional enrichment analysis using predefined
functional gene sets.

2 DESCRIPTION

The GEAR algorithm can be applied to both large insert clone
array and oligo-array based whole-genome copy number data.
GEAR defines two types of chromosomal alterations; one is a
recurrent alteration shared by a significant number of samples
and the other one is a phenotype-specific alteration that occurs
more often in a certain phenotypic subclass. Then, GEAR
measures the sigmificance for the ennchment of the functional
gene sets in those two types of alterations. The significantly
enriched gene sets, in recurrent and phenotype-specilic altera-
tions are termed primary- and clinical-genomic signatures,
respectively, The major functions of GEAR algorthm are
implemented in VBNET program running on  Microsoll
Windows machine with user-friendly graphic interface. The
major steps of the GEAR algorithm are as follows;

o Determination of significamtly recurrent chromosomal

alterations,
» Determination  of chromosomal

alterations.

phenotype-specific

Mapping genes on respective probes or genomic regions,
Enrichment analysis using functionally-annotated gene
sels.

Identification of primary and clinical genomic signatures.

(1) The recurrent chromosomal alierations are determined
by two distinct methods: one is based on the alteration
profile of individual probes and the other based on SW-
ARRAY algorithm. In individual probe-based method,
GEAR first determines chromosomal gains or losses
for cach probe using user-defined cuioff  values.

420 © The Author 2007, Published by Oxford University Press. All rights reserved. For Permissions, please email, journals. permissions@oxdondjoumals.org
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Abstract

Tumor tissue is usually contaminated by normal tis-
sue components, which reduces the sensitivity of
analysis for exploring genetic alterations. Although
microdissection has been adopted to minimize the
contamination of tumor DNA with normal cell com-
ponents, there is a concern over the amount of mi-
crodissected DNA not enough to be applied to array
-CGH reaction. To amplify the extracted DNA, se-
veral whole genome amplification (WGA) methods
have been developed, but objective comparison of
the array-CGH outputs using different types of WGA
methods is still scarce. In this study, we compared
the performance of non-amplified microdissected
DNA and DNA amplified in 2 WGA methods such as
degenerative oligonucleotide primed (DOP)-PCR, and
multiple strand displacement amplification (MDA)
using Phi 29 DNA polymerase. Genomic DNA was
also used to make a comparison. We applied those
4 DNAs to whole genome BAC array to compare the
false positive detection rate (FPDR) and sensitivity in
detecting copy number alterations under the same
hybridization condition. As a result microdissected
DNA method showed the lowest FPDR and the high-
est sensitivity. Among WGA methods, DOP-PCR
amplified DNA showed better sensitivity but similar

FPDR to MDA-amplified method. These results de-
monstrate the advantage and applicability of micro-
dissection for array-CGH analysis, and provide use-
ful information for choosing amplification methods to
study copy number alterations, especially based on
precancerous and microscopically invaded lesions.

Keywords: Array-CGH (Comparative Genomic Hybridiza-
tion), Micradissection, DOP-PCR (Degenerated Qligonu-
clectide-Primed PCR), Phi 20 DNA polymerase

Microarray-based comparative genomic hybridiza-
tion (array-CGH) enables higher-resolution copy num-
ber analysis across the whole chromosome by single
hybridization'?. The resolution of array-CGH has been
rapidly improved and tiling arrays are available now.
This enormous technical advance has contributed to
delineating clinically significant, minimally altered
regions (MAR) especially in various cancers, which
potentially include novel cancer-related genes'”*. Ar-
ray-CGH is a powerful tool also for toxicogenomics
studies, such as studying the lesions induced by carci-
nogens’.

Precise identification of the genetic alterations in
premalignant as well as microscopically invaded le-
sions has been one of the key issues of cancer resear-
ch. Tumor tissue is invariably contaminated by stro-
mal cell or normal connective tissue components,
which reduces the sensitivity of array-CGH analysis
for exploring genetic alterations when using genomic
DNA extracted from a tumor tissue®. It means copy
number changes, especially low-level changes, might
not be readily detectable if surrounding normal cells
are not removed. Johnson er al suggested that at least
70% of test material should contain tumor DNA for
reliable array-CGH analysis’.

Microdissection has been adopted as a powerful
tool to minimize the contamination of tumor DNA
with normal cell components, which increases sensi-
tivity and specificity™®. However, the amount of DNA
extracted from microdissected tissue is ofien not enou-
gh to be applied to array-CGH reaction. To amplify
the amount of extracted DNA, several whole genome
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Background
Advanced high-throughput microarray technologies have

Abstract

Background: Gene clustering has been widely used to group genes with similar expression
pattern in microarray data analysis. Subsequent enrichment analysis using predefined gene sets can
provide clues on which functional themes or regulatory sequence motifs are associated with
individual gene clusters. In spite of the potential utility, gene clustering and enrichment analysis have
been used in separate platforms, thus, the development of integrative algorithm linking both
methods is I'Hgl'll;«I challerlgirlg_

Results: In this study, we propose an algorithm for discovery of molecular functions and
elucidation of transcriptional logics using two kinds of gene information, functional and regulatory
motif gene sets. The algorithm, termed gene set expression coherence analysis first selects
functional gene sets with significantly high expression coherences. Those candidate gene sets are
further processed into a number of functionally related themes or functional clusters according to
the expression similarities. Each functional cluster is then, investigated for the enrichment of
transcriptional regulatory motifs using modified gene set enrichment analysis and regulatory motif
gene sets. The method was tested for two publicly available expression profiles representing
murine myogenesis and erythropoiesis. For respective profiles, our algorithm identified myocyte-
and erythrocyte-related molecular functions, along with the putative transcriptional regulators for
the corresponding molecular functions.

Conclusion: As an integrative and comprehensive method for the analysis of large-scaled gene
expression profiles, our methed is able to generate a set of testable hypotheses: the transcriptional
regulator X regulates function ¥ under cellular condition £ GSECA algorithm is implemented into
freely available software package.

facilitated the investigation of gene expression in a
genome-wide manner [1,2]. Because of the complex

Page 1 of 12
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to epithelial-mesenchymal transition in human
hepatocellular carcinoma

Hye-Sun Choi'?, Seon-Hee Yim?, Hai-Dong Xu'?, Seung-Hyun Jung'~, Seung-Hun Shin'?, Hae-Jin Hu'?,
Chan-Kwon Jung’, Jong Young Chei®, Yeun-Jun Chung'®

Abstract

Background: Since hepatacellular carcinoma (HCC) is one of the leading causes of cancer death worldwide, it is
still impertant to understand hepatocarcinogenesis mechanisms and identify effective markers for wumeor
progression to improve prognosis. Amplification and overexpression of Tropomyosind (TPM3) are frequently
abserved in HCC, but its biological meanings have not been properly defined. In this study, we aimed to elucidate
the rales of TPM3 and related molecular mechanisms.

Methods: TPM3-siRNA was transfected into 2 HCC cell lines, HepG2 and SNU-475, which had shown
overexpression of TPM3. Knockdown of TPM3 was verified by real-time gRT-PCR and western blotting targeting
TPM3. Migration and invasion potentials were examined using transwell membrane assays. Cell growth capacity
was examined by colony formation and soft agar assays.

Results: Silencing TPM3 resulted in significant suppression of migration and invasion capacities in both HCC cell
lines. To elucidate the mechanisms behind suppressed migration and invasiveness, we examined expression levels
of Snail and E-cadherin known to be related to epithelial-mesenchymal transition (EMT) after TPM3 knockdown. In
the TPM3 knockdown cells, E-cadherin expression was significantly upregulated and Snail downregulated
compared with negative control. TPM3 knockdown also inhibited colony formation and anchorage independent

growth of HCC cells.

Conclusions: Based on our findings, we formulate a hypothesis that overexpression of TPM3 activates Snail
mediated EMT, which will repress E-cadherin expression and that it confers migration or invasion potentials to HCC
cells during hepatocarcinogenesis. To our knowledge, this is the first evidence that TPM3 gets involved in
migration and invasion of HCCs by modifying EMT pathway.

Background

Hepatocellular carcinoma (HCC) is one of the most
common human malignancies and the third leading
cause of cancer-related death in the world [1]. A num-
ber of studies have been suggesting the molecular
mechanisms involved in hepatocarcinogenesis such as
MAPK, EGFR, p53, Wnt, TGF-B, Ras and Rb pathways
[2-5]. However, given that prognosis of the disease
remains poor, it is still important to understand hepato-
carcinogenesis mechanisms and to identify effective

* Comespondence: yejun@catholicacks
Department of Microbiology, School of Medicine, The Cathalic Univessity of
Kaorea, 505 Banpo-dong, Socho-gu, Seowl 137-701, Korea

() BioMed central

markers for early diagnosis and accurate prognostication
which reflect biological phenomena well.

In our recent study which reported the chromosomal
alterations in HCC by genome-wide array-CGH analysis,
we found that a 1921.3 locus was recurrently amplified
and that a Tropomyesin 3 (TPM3) gene located in this
region was coherently overexpressed in primary HCC
[6]. This evidence suggests that overexpression of TPM3
may play a role in HCC tumorigenesis. TPM3 is an
actin-binding protein present in skeletal and smooth
muscle and some non-muscular tissues. In skeletal mus-
cle, TPM3 mediates a myosin-actin response to calcium
ions and takes part in the stabilization of cytoskeletal

© 2010 Chol et al; licensee BioMed Central Lid. This is an Open Access article déstributed under the terms of the Creative Commons
Astribution License (http/creativecommons.org/licenses/ o201, which permits unrestricted use, distribution, and reproduction in
any medium, provided the criginal work s property ched.
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Abstraet: Hepatocellular carcinoma (HCC) is the third most common cause of cancer
mortality worldwide. Although most HCCs seem to originate from the accumulation of
genetic abnormalities induced by wvarious risk factors, underlying mechanisms of
hepatocarcinogenesis remain unclear. Long-term survival of HCC patients is also poor,
partly due to HCC recurrence. Although serum alpha-fetoprotein (AFP) level is a useful
marker for the detection and monitoring of HCC, AFP levels may remain normal in the
patients even with advanced HCC. To identify useful biomarkers for HCC, many studies
have been conducted on molecular events such as genetic and epigenetic alterations, and
gene expression. This review summarizes recent studies of potential molecular markers for
diagnosis and monitoring metastasis or recurrence of HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the third most common cause of cancer mortality worldwide,
and liver cirrhosis is the most important predisposing factor for it [1]. Hepatitis B and C viral infection
is the most common underlying cause of chronic liver disease leading to liver cirrhosis, and aflatoxin
B1 and alcohol are also well-known risk factors. Although most HCCs seem to be originated from the
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Abstract

The robust identification and comprehensive profiling of
copy number alterations (CNAs) is highly challenging,
The amount of data obtained from high-throughput
technologies such as aay-based comparative genomic
hybridization is often too large and it is required to de-
velop a comprehensive and versatile tool for the de-
tection and visualization of CNAs in a genome-wide
scale, With this respective, we infroduce a software
framework, CGHscape that was originally developed to
explore the CNAs for the study of copy number varia-
tion (CNV) or tumor biclogy, As a standalone program,
CGHscape can be easily installed and run in Microsoft
Windows platform, With a user-friendly interface, CGH-
scape provides a method for data smoothing to cope
with the intrinsic noise of array data and CNA detection
based on SW-ARRAY algorithm, The analysis results
can be demonstrated as log: plots for individual chro-
mosomes or genomic distribution of identified CMAs,
With extended applicability, CGHscape can be used for
the initial screening and visualization of CNAs facilitating
the cataloguing and characterizing chromosomal alter-
ations of a cohort of samples,

Availability: CGHscape installation package with online
manual is freely available in our website, hitp://www_
ircgp com/software/CGHscape,

Keywords: array-CGH, copy number alteration (CNA),
copy number variation (CNV)

Introduction

The advancement of high-throughput technologies such
as microarray-based platforms has opened unprece-
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dented challenges in a biological field, In case of ge-
nomic analysis, array-based comparative genomic hy-
bridization (array-CGH) has enabled the detection of
copy number alterations (CMNAs) in a high resolution and
has been used for the analysis of cancer or congenital
disorders (Pinkel ef 2/, 2005; Yim ef a/, 2004), It has
also facilitated the discovery of large-scaled structural
variations including copy number variation (CNV) that
comprises a substantial amount of genomes in normal
individuals (Freeman et af, 2006), In spite of the techno-
logical advancement, the identification of CNAs is often
not straightforward largely due to the intrinsic noise of
array-based dataset, A number of algorithms have been
proposed to detect the CNAs (Lai et a/, 2005), however,
a majority of them require considerable experiences on
handling of large-scale data or specific knowledge (ie,,
R-package), In addition, the use of vendor-provided
software is often limited to certain types of used amay
platforms limiting the general use, Thus, it is highly chal-
lenging to develop software that can be used with rela-
tive ease and those equipped with versatie methods
that can be applied for common array-CGH platforms to
ensure the extended compatibility,

Here, we propose a software framework designed for
the identification and visual representation of CNAs us-
ing genome-wide array-CGH profiles, CNAs can be di-
rectly identified from log2 ratio profiles that can be ob-
tained from array-CGH datasets with minimal modifi-
cafions, Data smoothing option is also provided to cope
with the noise level of data for reliable detection of
CMNAs, The identification of CNAs is based on SW-
ARRAY algorithm that ensures fast and robust detection
of chromosomal alterations, The identified CNAs are ex-
ported into Excel-compatible outputs or graphically illus-
trated with graphic-user interface, Relatively easy oper-
ability as well as the fast processing of overall proce-
dures is the major advantage of our software over the
conventional ones, CGHscape software package is free-
ly available and provides the comprehensive environ-
ments for investigation of tumor genome and genomic
variants,

Major Functionalities of CGHscape

(1) CGHscape was designed as a standalone program
compatible in Microsoft Windows environments, Com-
piled codes of CGHscape can be easily installed, The
interpreter- or web-based methods have the advantage
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JeM-15-2009 15:13 From:CLARK AND ELBING LLP 6174287845 To:B11B228883678 P.1-1

C E |2 FEDECRAL STREET
& BOSTON Ma O21I0

LAR K LB l NG LLF FHONE 617.428.0200
FAX G117 .428.7045
WWW. CLARKELBING.COM

INTELLECTuUAL PrRoPERTY Law

Date: January 15, 2009

To: Yubh Gang Yoon
Zenith Patent & Law Firm
4th Floor 1627-10
Bongcheon-7-dong
Gwanak-gu, Seoul 151-818
Republic of Korea

Facsimile No.: +82-2-888-3678
From: Susan M. Michaud, Ph.D.

Re: Newly filed U.S. Patent Application
“"Diagnostic Methods and Kits for Hepatocellular Carcinoma
Using Comparative Genomic Hybridization”
Your Reference: PUMW0004US
Our Reference: 50413/026001

Pages: 1

Message: We are writing to confirm that the above-referenced
application was filed with the U.S. Patent and Trademark
Office on January 14, 2009. Qur reporting letter and documents
as filed will follow shortly.

NCTICE: This facsimile transmission may contain confidential or privileged information intended for the
addressee only. If you are not the addressee, be aware thal any disclosure, copying, distribution, or use
of the information is prohibited. If you have received this facsimile ransmission in error, please call us at
617-428-0200 lo arrange for its return at no cost Lo you,
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