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Summary The genetic basis of hepatocellular carcinoma (HCC) has not yet been fully understood. Although various methods have been
developed to detect differentially expressed genes in malignant diseases, efficient analysis from clinical specimens is generally difficult to
perform due to the requirement of a large amount of samples. In the present study, we analysed differentially expressed genes with a small
amount of human HCC samples using suppression subtractive hybridization (SSH). Total RNA were obtained from the hepatitis C virus-
associated HCC and adjacent non-HCC liver tissues. cDNA was synthesized using modified RT-PCR, and then tester cDNA was ligated with
2 different kinds of adaptors and hybridized with an excess amount of driver cDNA. Tester specific cDNA was obtained by suppression PCR
and the final PCR product was subcloned and sequenced. We identified 7 known genes (focal adhesion kinase, deleted in colon cancer,
guanine binding inhibitory protein a, glutamine synthetase, ornithine aminotransferase, M130, and pepsinogen C) and 2 previously unknown
genes as being overexpressed in HCC, and 1 gene (decorin) as suppressed in HCC. Quantitative analysis of gene expression using
guantitative RT-PCR demonstrated the differential expression of these genes in the original and other HCC samples. These findings
demonstrated that it is possible to identify the previously unknown, differential gene expression from a small amount of clinical samples.
Information about such alterations in gene expression could be useful for elucidating the genetic events in HCC pathogenesis, developing the
new diagnosic markers, or determining novel therapeutic targets. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Hepatocellular carcinoma (HCC) is one of the most common In the present study, in order to screen differentially expressed
tumours in the world and its prognosis is poor (Sherlock andjenes efficiently from small clinical specimens of HCC, we
Dooley, 1997). However, the molecular mechanisms that lead totilized suppression subtractive hybridization (SSH) (Diatchenko
the development and progression of HCC remain uncleaet al, 1996; von Stein et al, 1997) combined with modified RT-
Identification and characterization of specifically up- or down-PCR technology (Matz et al, 1999). Although several studies using
regulated genes in human HCC in comparison with theSSH have successfully identified the differentially expressed
surrounding non-tumorous tissue is useful for understandingenes in a variety of disease states (Kuang et al, 1998; Stubbs et al,
molecular changes in HCC and for developing diagnostic marker$999), the present study is the first report to identify the altered
and new potential therapeutic targets. gene expression profiles in HCC by SSH.

Several methods have been reported for detecting differentially
expressed genes in tumorous tissues as compared with the cor,
sponding non-tumorous tissues, such as differential display (DD
(Liang et al, 1992), expressed sequenced tags (EST) analysi
(Vasmatzis et al, 1998), subtractive hybridization (el-Deiry et al,sll?Ssue samples
1993) and serial analysis of gene expression (SAGE) (Velculesd/e used an HCC sample (moderately differentiated hepatocellular
et al, 1995). More recently, microarray technology attracted greatarcinoma) and an adjacent non-HCC liver tissue sample, both
interest and continues to hold promise for studies on humaebtained during surgery from a 56-year-old man infected with
disease states (Khan et al, 1998; Alon et al, 1999). However, thebepatitis C virus, for the initial SSH analysis. The HCC was 3 cm
methods are often laborious and generally require a large amouint diameter and the histology of non-HCC tissue was consistent
of mMRNA, which is difficult to obtain from clinical materials, with chronic hepatitis, with moderate inflammatory activity and
especially from small HCC specimens. severe fibrosis. The other 9 pairs of HCC and adjacent non-HCC

tissues were obtained at surgery or needle biopsy. In all, 10 pairs of
HCC and non-HCC samples were enrolled in this study, of which
8 cases were infected with hepatitis C virus, while the other 2

ATERIALS AND METHODS

Received 10 January 2001 cases were due to hepatitis B virus and primary biliary cirrhosis.
Revised 23 April 2001 Among the 10 cases, 4 well-differentiated adenocarcinomas, 5
Accepted 30 April 2001 moderately differentiated adenocarcinomas, and one poorly differ-
Correspondence to: N Enomoto entiated adenocarcinoma were present. Written informed consent
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Subtraction cloning of HCC associated genes 229

was obtained from each patient before liver biopsy or surgery, andifferent adaptors on each end. They were selectively amplified by
the study protocol conformed to the ethical guidelines of the 197Suppression PCR followed by the nested PCR, which does not
Declaration of Helsinki. In addition, institutional approval was exponentially amplify the non-adaptor (derived from driver
obtained. cDNA), cDNA with the one adaptor on either end (derived from
tester cDNA hybridized with driver cDNA), or cDNA with the

same adaptor on both ends (derived from relatively abundant tester
RNA extraction and SMART™ cDNA synthesis cDNA).

Total RNA was extracted by the modified acid-guanidium-chloro-

form method (Chomczynski et al, 1987) using ISOGEN™ Cloning and sequencing
(Nippon Gene, Toyama, Japan) and according to the manufac-
turer’s instruction. We generated cDNA from the total RNA 10 ng of PCR products were cloned into plasmids pGEM-T Easy
samples from 10 pairs of HCC and adjacent non-HCC samplegector™ (Promega, Madison, WI) and transformed to competent
using the SMART™ (Switch Mechanism at 8nd of RNA  E. coliXL2-blue™ Ultracompetent cells (Stratagene, Ceder Creek,
Template) PCR cDNA synthesis kit (Clontech, Palo Alto, CA).TX). 100 colonies were randomly picked up and sequenced using
The SMART™ cDNA synthesis technology (Matz et al, 1999)the PRISM dye termination kit™ (ABI, Chiba, Japan). BLAST
utilizes a combination of 2 primers in a single reaction. Briefly,Search 2.0 (www.ncbi.nim.nih.gov/blast/blast.cgi) was used to
1 ug of total RNA was reverse-transcribed inlGnixture with analyse sequence homologies in the gene database. For sequenc
200 U of Superscript™ reverse transcriptase (Gibco, Madisonyith no significant homology to the database, we performad®

WI) using 10uM of modified oligo dT primer (CDS primer; 5'-rapid amplification of cDNA ends (RACE) in order to obtain
5'AAGCAGTGGTAACAACGCAGAGTACT30(AGC)(AGCT) the full-length cDNAs of these transcripts using a Marathon
and SMART™ primer (PAGCAGTGGTAACAACGCAGAG- cDNA Amplification kit™ (Clontech, Palo Alto, CA) according to
TACGCGGG). The CDS primer is used to prime the first-strandhe manufacturer’s protocol.

reaction, while the SMART™ oligonucleotide serves as a short,

extended template at thé énd of the RNA template. When the ) )

reverse transcriptase reaches tHeeBd of the mRNA, the !mmunohistochemistry

enzyme’s terminal transferase activity adds a few additionajmmunohistochemical staining was performed in the index HCC
deoxycytidines to the '3end of the cDNA. The SMART™  anqg surrounding non-HCC tissue withu thick sections from
oligonucleotide, which has an oligo (G) sequence at'itsn8,  formalin-fixed, paraffin embedded blocks, using the labelled
base-pairs with the deoxycytidine stretch, creating an extendegreptavidin biotin immunohistochemical staining method, in
template. The enzyme switches templates and continues replirder to confirm the differential expression of these genes in the
cating to the end of the SMART™ oligonucleotide. The resultingoriginal case. Sections were incubated with anti-pepsinogen C
full-length, single-stranded cDNA contains the completensl of  antihody (Biogenesis, Poole, UK), anti-GS antibody, anti-FAK
the mRNA and the sequence complementary to the SMART ™4ntihody, and anti-DCC antibody (Santa Cruz Biotechnology, Inc,
oligonucleotide, which then serves as a long distance PCR priminganta Cruz, CA) at a dilution of 1:100 overnight at 4°C. Then,
site to amplify the full-length cDNA. The first-strand of cDNA tissye sections were exposed to biotin-labelled anti-mouse 1gG
was diluted to a final volume of 0 with 1 x TE buffer (10mM  (pAKO, Glostrup, Denmark) for reaction with pepsinogen C, and
Tris-HCI, pH 8.0, 1 mM EDTA). Ongl of the diluted cDNAwas  gnti-goat 1gG (DAKO, Glostrup, Denmark) for glutamine
used to generate the cDNA by long distance PCR withsynthetase for 30 min at room temperature and then with strepta-
Advantage™ Klen Taq polymerase mix (Clontech, Palo Alto.yidin (DAKO, Glostrup, Denmark). Visualization was performed

CA), using PCR primer (AAGCAGTGGTAACAACGCAGA)  py using 3,3diaminobenzidine and J®, and counterstained with
following the manufacturer’s instructions. haematoxylin.

Suppression subtractive hybridization (SSH) Quantitative analysis of overexpressed genes

SSH was performed with the PCR-Select™ cDNA SubtractiorOverexpression of the obtained genes was confirmed by semi-
Kit (Clontech, Palo Alto, CA) according to the manufacturer’s quantitative RT-PCR, comparing the amount of PCR products

protocol, except for slight modifications as below. SMART™ by agarose gel electrophoresis at the PCR cycle number in the
cDNA derived from HCC and non-HCC tissues were digested bgxponential phase of amplification as indicated in Figure 5.

Rsal restriction enzymes to obtain blunt-ends which are necessaBubsequently, the mRNA expression levels of these genes were
for adaptor ligation. Rsal digested cDNA was purified using thequantitated by competitive RT-PCR using gene-specific deleted
QIA quick™ PCR Purification Kit (Qiagen, Chatsworth, CA). cDNA competitors (Zachar et al, 1993) (focal adhesion kinase,

Tester cDNA was divided into two and ligated separately with 2Zleleted in colon cancer, glutamine synthetase, ornithine amino-
different adaptors, and cDNA without adaptors was used as @wansferase, guanine binding inhibitory protein, and M130) or by

driver. 0.25 ng of tester cDNA with an excess amount (150 ng) ofhe real-time PCR (pepsinogen C and decorin) using the Light
driver cDNA were hybridized in ond of hybridization mixture at Cycler System™ (Roche Diagnostics, Manheim, Germany)

65°C for 16 hours. The 2 hybridization solutions and 150 ng of #Wittwer et al, 1997). Expression of each mRNA, standardized

fresh driver cDNA were then mixed and incubated at 65°C fowith  glyceroaldehyde-3-phospho-dehydrogenase  (G3PDH)

additional 8 hours, so that the remaining equalized single-strandezkpression, was compared in 10 pairs of HCC and adjacent non-
tester cDNA was hybridized with excess driver cDNA. Thus, onlyHCC tissues. The primers used in the quantitative PCR were
tester-specific cDNA formed the double-stranded cDNA withshown in Table 1.
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Table 1 Primer sequences

Primer name

Sequence

FAK forward

FAK reverse

FAK forward competitor
DCC forward

DCC reverse

DCC forward competitor
GS forward

GS reverse

GS forward competitor
OAT forward

OAT reverse

OAT forward competitor
Gia forward

Gia reverse

Gia forward competitor
M130 forward

M130 reverse

M130 forward competitor
PGC forward

PGC reverse

Decorin forward
Decorin reverse

5" TTCATTATTTTGAAAGCAATAGT3'
5" CAACCCAACTTCAAAGCAATTTCZ'
5" TGCCTATTAAATGGATGGCTCCAATGGTGTGAAGCCTTTTCAAZ

5" CGAGTTGTGGCTTACAATGAATGGZ'
5" CCACTTCCAGGGAGACGTTCTGAG3'
5" CGAGTTGTGGCTTACAATGAATGGTGCAAGCTGTATCTACCTCA3'

5" GTACTCTGGTTAGGTTAGGACTT3'
5" TTCTAATCCGACTATTTGTCTCA3'
5" GTACTCTGGTTAGGTTAGGACTTGTAGGGGTTGGGAATCAGAG3'

5" GGGAGCATGGGTCCACATACGGTZ
5" CACATCAAAACACTTCAACTGAA3Z'
5" GGGAGCATGGGTCCACATACGGTAAAATGCAGACAAATTGGGCS

5" GCCCTCTCACTATATGCTATCCAZ'
5" ACTCATTTGGTTTGAAAATGCAZ'
5" GCCCTCTCACTATATGCTATCCAGGACACAAAGGAAATATACA3'

5" ACGCTGGGGCCATAGTGAGTGTGS'
5" ACAGACCTGAGGAATTCATTAGGS3'
5" ACGCTGGGGCCATAGTGAGTGTGCTCATCCCGTCAGTCATCCT3'

5" CAGCTTGACCTTCATCATCAATGZ'
5" CCAGAGTGGAAAGACAGATACAAZ'

5" AAATAACTGAAATCAAAGATGGAGA3'
5' TAAGAGAAGGAGGAAGACCTTGAGG3'

RESULTS

SMART™ RT-PCR

Confirmation of differentially expressed genes by
semi-quantitative RT-PCR

Differential expression of genes detected in SSH analysis were

From 20 ng of total RNA, 1-@g of cDNA were generated by the Cconfirmed in original HCC and non-HCC fissues by semi-

SMART™ RT-PCR protocol, yielding a smear of cDNA from 0.5 guantitative RT-PCR as shown in Figure 3. PCR products in the
to 6 kb with many bright bands corresponding to relatively abun&Xponential phase of amplification were analysed by agarose gel
dant transcripts on agarose gel electrophoresis (data not shown)€lectrophoresis, which compared the amount of specific products

SSH

In order to evaluate the efficiency of our SSH method, we create

the artificial tester HCC cDNA in which bacteriophagex 174/

Haelll DNA was added, so that each fragmentqgofy 174
DNA corresponded to about 0.02% (1/5000) of the HCC cDNA.
Using the HCC cDNA by itself without X 174 DNA as the driver,
SSH was carried out. DNA fragments derived frprp174 DNA

HCC specific Unsubtracted cDNA
Subtracted Rsa | digest
cDNA
Non-HCC HCC

were successfully amplified by SSH, indicating that our SSk
method could detect the differentially expressed gene with as littl
as 1/5000 of tester cDNA (data not shown).

After SSH using HCC cDNA as a tester, there remained appro;
imately 10 bands as a second PCR product on agarose gel el
trophoresis (Figure 1). The nucleotide sequences of 100 clon
obtained from this PCR product were analyzed by a BLAST 2.
database homology search. Seven known genes, pepsinoger
(PGC, Gene Bank Accession Number, P20142), focal adhesic
kinase (FAK, Q05397), glutamine synthetase (GS, P43146), M13
(VI38005), guanine binding inhibitory protean (Gia, P08754),
deleted in colon cancer (DCC, P43146), and ornithine aminotran
ferase (OAT, P04181) were repetitively detected in 100 randoml
selected clones (Table 2). Two sequences (arbitrarily designated
HCC-1 and HCC-2), without significant homology to genes within
the database, were also repeatedly isolated. The sequence anal
of RACE products from these clones revealed weak homologies
retrotransposon MARINER (U49974) and LINE-1 (B28096), o o
respectively (Figure 2). Using non-HCC cDNA as a tester, decoriggﬁf ;ndi'\é'SAtg PCCF? mé’fggF;fg'S‘,i'goensifgcfrggfocrei?fonnog_'OHU/COC
(P07585) was identified as suppressed in HCC. agarose/EtBr gel

-2000 bp

~1000 bp

-500 bp

-100 bp
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HCC-1 H ) SRFLARTTAGKL TTWYEPDFSN - 5LP - - -QSWVPPVFLRLLSG - SQSFHKGT FVCRN (]
FL Re++G L] Fell + +58V P 5+ S5+ F K T++(4W

Insect Mariner 2z KGFLHRYVTGD-EXWLY - - FONPYRK - - -KSWM/TPGQSS TSSARSDRF GKKTMLOMN 72
+ FL R+VTGD E WeY +P+ K KW GS AwsD KN +

Human Mariner  :150 EAFLRRIVTGD-ETHLY - ~QY DPEDKAQSKQWLPRGGSGP TVF 204
HCC-1 : BB LPNYCCHGGTLEVFLLISPKF SLAVFGLKYNVIKFSHSCIQLPLLYTLSCT 116

+ Gi+ + LetP sl 4 s+TSHe T+ P
Insect Mariner  : 73 WD- ---QKGVV-YYELLKPGE TVNTERYRQQMINL SHAL IEKPPEWAHRHA 118

L 4Gt + Ll T+ Y + L+ ALEKP H
Human Marine  :2@5 WD -~ -AQGIL-LVDFLEGOR TITSAYYESVLRKLAKALAEKRP - -GKLHQ 248

HCC-2 1121 TESILONYFTY*KKD*LILSSFYETSTIL TPKSN*GPFGKITSQLHS L *M- ~-KELNKIL 178
++ L F  ++ ++ +5FYE 5 IL PK K + 54+ 4+ KLNKIL
LINE-1 Al ¥ LVPFLLKLFQSTEKEGILPNSF TILIPKPGROT SLMNIDAKTLNKIL 6@
HCC-2 1178 THCIY**KKKRINDDKVEFLPDMQDNF I IRISVNL THHINKFKREKL SNHL 229
C NI KK Le DV FeP MQ WF IR SeM+I HIN R K #NHs
LINE-1 : Bl ° ANQIQQHIKKLIHHDQVGFIPAMQGNFNIRKSINIIQHIN- - -RTKDTNHM 108

Figure 2 Alignment of HCC-1 with human and insect MARINER
transposase, and HCC-2 with human LINE-1. Identical amino acids are
shown between the sequences. A (+) sign indicates a conservative
replacement. Insect MARINER is the milkweed bug transposon mariner
(Genebank Accession No. S37012), and human sequence is the human
MARINER (U49974). LINE-1 sequence is derived from line-1 protein open
leading frame 2 (B28096). The numbers indicate the amino acid positions in
each protein. Multiple stop codons indicated by asterisks implicate HCC-2 as
an inactive LINE-1 homologue

Table 2 Sequence analysis of 100 clones isolated from subtracted HCC
cDNA

Gene Number of clones
HCC-1?2 11
Focal adhesion kinase (FAK) 8
Glutamine synthetase (GS) 6
M130 3
HCC-22 3
Guanine binding protein ia (Gia) 2
Deleted in colon cancer (DCC) 2
Ornithine aminotransferase (OAT) 2
Miscellaneous 43
Total 100

a Two previously unidentified genes showing no significant homology to
genes within the database were designated arbitrarily as HCC-1 and -2.

at the minimal number of PCR cycles for visualization on agaro
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FAK DCC GS Gia OA M130 PGC
(25cycle) (30cycle) (16cycle) (22cycle) (20cycle) (29cycle) (20cycle)
TN TN TN TN TN TN TN
3\_‘ - -

" - -

HCC-1 HCC-2 decorin B-actin G3PDH
(34cycle) (25cycle) (26cycle) (28cycle) (28cycle)
TN TN TN TN TN
- B - - -

Figure 3  Confirmation of expression in original HCC by semi-quantitative
RT-PCR. RT-PCR using specific primer sets for each subtracted gene were
performed with 10 ng of HCC and non-HCC cDNA as a template. Amounts of
PCR products reflect gene expressions in the original sample, since PCR
products were analysed at the PCR cycle number in the exponential phase of
amplification for each gene as indicated below each gene name. Expression
of housekeeping genes (B-actin and G3PDH) was at the same levels in HCC
and non-HCC tissue. T indicates the tumour tissues, and N indicates non-
tumorous tissues
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Figure 4  Gene expression ratio of HCC to non-HCC in paired samples.
Expression of each gene was standardized with the expression of G3PDH in
each sample. Closed circles represent the cases in which the gene
expression ratio of HCC to non-HCC was greater than 2 (except decorin),
and open circles less than 2. For decorin, closed circles indicate the cases
whose expression ratio of non-HCC/HCC was greater than 2, and open
circles correspond to cases whose ratio was less than 2. The numbers
sbeside the circles indicate the ratios in values

gels. Amplification of representative house-keeping genes,

G3PDH and3-actin, were similar between the HCC and non-HCCbe 0. When the expression in non-HCC tissue was under the detec
tissues. Target products of genes obtained from HCC were clearipn limits, the ratio was calculated by dividing the value for HCC
amplified from HCC cDNA, whereas only weak or no amplifica- by the detection limits of the target gene. The HCC/non-HCC ratio
tion occurred from non-HCC cDNA at the same PCR cyclescould not be available when the target cDNA could not be quanti-
Conversely, decorin was amplified more efficiently from non-tated in both HCC and non-HCC tissues of the same patient

HCC tissue than from HCC tissue.

Quantitative analysis of differentially expressed genes
in HCC

(2 cases for FAK, 1 case for DCC, 2 case for GS, 1 case dor Gi

2 cases for OAT, 4 cases for M130 and 5 cases for PGC). FAK was
overexpressed in HCC compared to non-HCC by more than 2-fold
in 4 of 8 cases (2-8.5 folds), DCC in 5 of 9 (2.2-14 folds), GS in 5
of 8 (2—63 folds), Gi in 5 of 9 (8.6—149 folds), OAT in 5 of 8
(2.3-8.3 folds), M130 in 1 of 6 (8.4 folds), PGC was in 5 of 5 cases

The expression levels of mMRNA of these 8 known genes wertb.7—70700 folds). Decorin was suppressed in 8 of 9 cases (2-266
quantitated in 10 pairs of HCC and non-HCC tissues, including th&lds). There was no correlation between mRNA levels of the
original samples used in SSH. SMART™ cDNAs were generatedflentified genes and the aetiology or the histological grade of
from each sample, and used as templates of quantitative PCR. Thgnours.

guantity of cDNA copies were standardized with those of G3PDH

in each sample. The ratio of each gene in HCC tissue compared to
non-HCC tissue is shown in Figure 4. The expression levels o

I]mmunohistochemistry

these genes were not always over the detection limits of the PCRe immunohistochemical analyses for PGC and GS revealed
assay in all 10 pairs. When the expression level of the target cDNpositive staining in hepatoma cells, whereas no apparent signals
was under the detection limits in HCC, the ratio was considered twere detectable in non-HCC tissue (Figure 5). FAK and DCC

© 2001 Cancer Research Campaign
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consisting of 0.02% of tester cDNA could be easily recovered by

SSH using non-spiked cDNA as a driver. SSH involves a process
called normalization, which equalizes the relative amount of each
cDNA species in the hybridization step (Diatchenko et al, 1996).

This process avoids preferential isolation of genes with high abun-
dance. Thus, differentially expressed genes with low abundance
can be detected sensitively, making this procedure more simple
and effective than traditional subtraction. In addition, it has been
extensively validated by other investigators (Endege et al, 1999)
that SMART™ cDNA products can maintain the original message

profile from a small amount of RNA.

Out of 7 known genes identified as upregulated in HCC, 2
genes (GS and @) were well-established as overexpressed
in HCC (Christa et al, 1994, et al, 1997). GS is a ubiquitous
i =g 3 enzyme that catalyzes the synthesis of glutamine from glutamate
Figure 5 Immunohistochemistry for PGC and GS in HCC and non-HCC and ammonia at the expense of ATP. Overexpression of GS mRNA
tissue used for SSH analysis. These gene products were specifically stained . X K
in hepatoma tissues compared to non-hepatoma tissues. GS in hepatoma in HCC has been reported previously (Christa et al, 1994), and
cells (A). GS in non-hepatoma cells (B). PGC in hepatoma cells (C). PGC in its role in promoting metastasis was suggested (Osada et al, 1999).
non-hepatoma cells (D) Gia is a subunit of guanine-binding inhibitory protein that inhibits

adenylate cyclase and is known to be involved in cell growth,
could not be detected in either HCC or non-HCC tissue (data nafifferentiation, apoptosis. 5 other known genes detected in
shown), probably because their absolute expression levels wetigis study were not previously reported as being up-regulated in
too low to be detected by immunostaining. HCC.

PGC is a proteolytic enzyme that digests proteins in the stomach
and is also involved in gastric epithelial cell growth during gastric
DISCUSSION mucosal healing (Kishi et al, 1997). It is produced not only in
Although many studies have analysed genes differentiallstomach, but also in breast cancer (Diez-ltza et al, 1993) and
expressed in tumour tissues compared to non-tumorous livgrostate cancer (Konishi et al, 1999), and is implicated in the lytic
tissue, the comprehensive picture of HCC-specific gene expregrocesses of invasive cancer lesions. Extragastric expression of
sion has not been revealed. In the present study, we applied tR&C is partially regulated with a minimal promoter region that is
novel subtractive suppression hybridization technique combinetbund in androgen-regulated genes (Balbin and Lopez-Otin,
with the SMART™ RT-PCR method in order to identify the differ- 1996). Actually, in breast cancer and prostate cancer, expression of
entially expressed genes between HCC and non-HCC tissue. AP4&C is closely associated with androgen receptor status (Diez-ltza
result, 7 genes were identified as up-regulated and one gene etsal, 1993; Konishi et al, 1999), indicating that PGC expression is
down-regulated in HCC. In addition, overexpression of 2 previtegulated by androgens in these tumours. HCC is a male predomi-
ously unknown genes showing weak homology with retrotransnant disease and expresses the androgen receptor (Nagasue et al,
poson sequences were also detected. Differential expression 8995), suggesting that the expression of PGC in HCC might be
these genes in the index case was demonstrated by the semliso up-regulated by androgens. Although the role of PGC in HCC
guantitative RT-PCR assay, and increased protein expression isf still unknown, the common pathway of tumour growth or
GS and PGC tissue was also confirmed by immunohistochemistriumorigenesis between HCC and other PGC-producing cancers
Quantitative analysis of gene expression using RT-PCR demomay be found.
strated the differential expression of these genes in other HCC FAK is a signal transducer of integrins and some soluble growth
samples as well as the index sample. Interestingly, most of thegactors. FAK becomes phosphorylated and activated during
genes are associated with HCC or other cancers as describietegrin-mediated cell adhesion, of which signal allows cells to
below. Identification of such genes showing altered expression isense adherence to the extracellular matrix, thus providing a cell
HCC would be useful step in understanding the molecular pathasurvival signal and preventing apoptosis (Frisch et al, 1996). Cells
genesis of HCC, in developing specific tumor markers, and inwhich express FAK show increased migration relative to wild-type
designing potentially novel therapeutic directions. cells (Kornberg, 1998). FAK has been reported to overexpress in

Generally, it is estimated that approximately 20 000 genes ari@vasive and metastatic colon (Weiner et al, 1993), thyroid (Owens
expressed in an individual cell (Zhang et al, 1997), and previoust al, 1996) and prostate cancers (Tremblay et al, 1996), but its
SAGE (Zhang et al, 1997) or high-density microarray (Alon et aloverexpression in mRNA or protein level has never been reported
1999) data have suggested that the proportion of genes whose HCC. Although mechanisms of up-regulation of FAK is
expression levels in tumours is higher or lower than 10-fold irunknown, overexpression of FAK leads to increased cell migration
comparison to normal tissues account for as much as 0.5-2% ahd increased cell survival under anchorage-independent condi-
MRNA species (Zhang et al, 1997). Such small differences in gertns (Weiner et al, 1993), which might be advantageous to HCC
expression between cancer and its origin tissue were alsggrowth and invasion. Further work is needed to determine whether
suggested by the present observation that electrophoretic bandsF#K represents a therapeutic target for invasive HCC. We found
HCC SMART™ cDNA closely resembled that of non-HCC no mutations via sequencing analysis of the full length of FAK as
SMART™ cDNA. SSH technique seems to be sensitive enough teell as PGC cDNA obtained from the original HCC sample,
detect differentially expressed genes of such low abundancsuggesting as for the index case that overexpression of these genes
because in the control experiment that used spi&d’4 DNA was not a compensatory mechanism for inactivating mutations.
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