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Analysis of Gene Expression in Primary Hepatocellular Carcinoma Using
Differentially Displayed Reverse Transcriptase Polymerase Chain Reaction

Young Chun Lee, Wonhee Hur, Ph.D.*, Jung Eun Choi*, Lian Shu Piao*,
Sung Woo Hong*, Si Hyun Bae, M.D.", Jong Young Choi, M.D.", and
Seung Kew Yoon, M.D.x "

Integrative Research Support Center, WHO Collaboratmg Center of Viral Hepatitis*, Department of Internal Medicine,
College of Medlcme The Catholic University of Korea, Seoul, Korea

Background/Aims: The investigation of a specific tumor marker for hepatocellular carcinoma (HCC) is needed to
examine the carcinogenesis and to select the patients for treatment options. The aim of this study was to find the
genes related to HCC. We also examined the expression level of these genes in cancer cell lines and tissue
specimens. Methods: Three pairs of HCC tissue and non-neoplastic hepatic tissue around the HCC were collected
from three patients who underwent resection for HCC. Differential display reverse transcriptase-PCR (DD
RT-PCR) using GeneFishing ™

tissue and non-neoplatic tissue. Up- or down-regulated genes in HCC tissue were identified through BLAST

PCR was used to detect the differences in the gene expression between in HCC

searches after cloning and sequencing assays. Real-time RT-PCR assay was employed to detect the expression
rate in 11 HCC tissues and human cancer cell lines. Results: Differentially expressed 21 genes were identified,
and they were classified as genes involved in protein metabolism, ubiquitin-dependent protein catabolism, carbohy-
drate metabolism, lipid metabolism, DNA repair, and inflammatory response. Conclusions: We identified differ-
entially expressed genes in HCC, and these genes may play an important role in the study of hepatocarcino-
genesis, development of biomarker, and target therapy for HCC. (Korean J Gastroenterol 2009;53:361-368)

Key Words: Hepatocellular carcinoma; DDRT-PCR; Biomarker
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2.2 sl dT-ACPE: o]-&3lo] 42°CollA] &AL ub-S-&
&3l first strand cDNAE A sFACE A AL 3 g9
ZA|E] RNA, 4 L] 5% reaction buffer (Promega, Madison,
WI), 5 ¢Le] dNTPs (22} 2.5 mM), 2 «L2] 10 uM dT-ACP1
(5-CGTGAATGCTGCGACTACGATIIIIT(18)-3"), 0.5 /L RNasin®™
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Table 1. The Specific Primer of Genes Identified by Real Time RT-PCR

Gene Forward primer Reverse primer
DHCR7 5’-ACCCAACATTCCCAAAGCCAAGAG-3’ 5’-AGCTGTACTGGTCACAAGCCATGA-3’
S23 5’-TCAACAATGGCTTGCAGCTGTACC-3’ 5’-AAGGCACTAAGATCAGGCTCAGCA-3’
FLI10986 5’-ATTGATGCCCATGCAGGAGGACTA-3’ 5’-ACCCAGGTACCATGGCTGAGAAAT-3’
FBL 5’-TCCCATGTCTCTGACATCGTTGGT-3 5’-GCGATGAGCATGCGGTATTTGTGT-3’
SCD1 5’-AACTTGATACGTCCGTGTGTCCCA-3’ 5’-CTGTATGTTTCCGTGGCAATGCGT-3’
UBAS52 5’-TCTCGCTATGTTGCCCAGAATGGT-3’ 5’-ATTAGGATGCATCACTGGCCTCGT-3’
VIN 5’-ACAAAGGTTTAGGCATCGCAACCG-3’ 5’-ACAAGCCAGTCCATCCTGTAGTCA-3’
PCK1 5’-ATGTCAACTGGTTCCGGAAGGACA-3’ 5’-TTTCAGGTTCAGGGCATCCTCCTT-3’
ORM1 5’-ATGTCAACTGGTTCCGGAAGGACA-3’ 5’-TTTCAGGTTCAGGGATCCTCCTT-3’
ZZ 5] vbe AZL 2% agarose gelollA] A7|3% stk A

4) skE0| 22Y U UMY BN

ZZ5 PCR AHES 2% agarose geloll A7) edgsto] elgh
F e =222 AR g Fdel FEI’E bandE gel
extraction kit (Qiagen, Valencia, CA)E- ©]-83}o] E&|s}al TOPO
TA cloning vector (Invitrogen)&- o|-8slo] 42} F24E A
Paioler. S22 F WA A= plasmid preparation kit
£ o] gslo] Heldt * BigDye 3.1 version kit (Applied Bio-
systems, FosterCity, CA)E- o]-83lo] 97149d-8 =331 Blast
program=e- ©]-83}e] 37144 TAE Alslsick

ZZ[HT1080], HY AZEF[AS49]o4] RNAS =Z3} o]
Z 2 1goll oligo-dT primerE ¥ JHA v 303813
t}. WH50]% cDNASQ] 1/10-5 gene-specific primer setE o]-$-
sto] GAZ FFALAMNESS F8sld 2™ PCR cycle
2 linear amplification rangeoll E017155 Z17ke] -4 7)ol
el BAE @l Fck Aol A2t primer set< Tha
7} ZcKTable 1). Primer set 5-ACCATGGATGATGATA-
TCGC-3'$} 5°-ACATGGCTGGGGTGTTGAAG-3'% ©|-&3}o]

Aoimla s skglek

1. g ZNESE ZFD HIZNELS ZHOM 1
W REK &l

Tumor Non-tumor

g Synthesize first-strand cDNA O

o by RT (dT-ACP1) o
1" -strand cDNAs 1" -strand cDNAs
I Amplify differentially O
expressed cDNAs
PCR product PCR product
O O

{ Display DEGS on agarose gel ]

TNT TNTTNTTNTTNTTNTTNT TNT

i

Fig. 1. Annealing control primer (ACP)-based polymerase chain
reaction (PCR) for the identification of differentially expressed
genes (DEG) from tumor tissue (T) and non tumor tissues (NT).
Total RNA extracted from T and NT were used for the syn-
thesis of 1st strand cDNA using dT-ACP1 primer. 2nd strand
cDNAs were amplified during second-stage PCR using a combi-
nation of dT-ACP2 and one of 120 arbitrary ACP primers (A).
Products were separated on an agarose gel to identify the differ-
entially expressed genes that were highly expressed in T and NT
tumor liver (B).
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FRAAE W w9t Z7bE A A= brain protein
44 (BRP44), ribosomal protein S14 (RPS14), ribosomal protein
S23 (RPS23), aldehyde dehydrogenase 1 family member L1
(ALDHILI1), ubiquitin A-52 residue ribosomal protein fusion
product 1 (UBAS52), ribosomal protein L36 (RPL36), protea-
some (prosome, macropain) subunit, beta type, 1 (PSMBI1),
hypothetical protein FLJ10986 (FLJ10986), stearoyl-CoA desa-
turase (SCD1), acyl-Coenzyme A dehydrogenase, very long
chain (ACADVL), 7-dehydrocholesterol reductase (DHCR?7),
poly (ADP-ribose) polymerase family, member 1 (PARP1),

¢
!

DHCRY7 S23 S14 FLJ10986
T NT T NT T NT
FBI ACADVI UBA52
T NT T NT
VTN APOH PCK1
T NT T NT T NT T NT

Fig. 2. Differentially expressed genes (DEGs) between tumor tis-
sue (T) and non-tumor tissue (NT). More than hundreds of
DEGs were generated. Among them, 25 DEGs were markedly
up-regulated and 10 DEGs were down-regulated in T. These
DEG bands were excised from the gel for further cloning and
sequencing.

Table 2. Up-regulated Genes in Tumor Tissues Compared with Non-tumor Tissues by DDRT-PCR

No Gene name Accession No  Chromosomal location Functions

1  Homo sapiens brain protein 44 (BRP44) NM_015415.1 1q24 Unknown

2 Homo sapiens ribosomal protein S14 (RPS14), NM_001025070.1 5q31-q33 Protein biosynthesis
transcript variant2

3 Homo sapiens ribosomal protein S23 (RPS23) NM_001025.4 5q14.2 Protein biosynthesis

4  Homo sapiens aldehyde dehydrogenase 1 family, NM_012190.2 3q21.2 Protein metabolism
member L1 (ALDHIL1)

5 Homo sapiens ubiquitin A-52 residue ribosomal protein NM_001033930.1 19p13.1-p12 Protein metabolism
fusion product 1 (UBAS52), transcript variant 1

6  Ribosomal protein L36 (RPL36)) NM_033643 19p13.3 Protein metabolism

7  Homosapiensproteasome (prosome, macropain) subunit, NM_002793.2 6q27 Ubiquitin-dependent
betatype, 1 (PSMBI) protein catabolism

8  Homo sapiens hypothetical protein FLJ10986 (FLJ10986) NM_018291.2 1p32.1 Carbohydrate metabolism

9  Homo sapiens stearoyl-CoA desaturase NM_005063.4 10923-q24 Lipid metabolism
(delta-9-desaturase) (SCD1)

10  Homosapiensacyl-CoenzymeAdehydrogenase, NM_000018.2 17p13-pll Lipid metabolism
verylongchain (ACADVL)

11 Homo sapiens 7-dehydrocholesterol reductase (DHCR?7) NM_001360.1 11q13.2-q13.5 Lipid metabolism

12 Homo sapiens poly (ADP-ribose) polymerase family, NM_001618.2 1g41-q42 DNA repair
member 1 (PARP1)

13 Homosapiensdelta-likelhomolog (Drosophila) (DLK1), NM_003836.4 14932 Development
transcriptvariant 1

14 Homo sapiens fibrillarin (FBL) NM_001436.2 19q13.1 rRNA processing




delta-like 1 homolog (Drosophila) (DLK1), fibrillarin (FBL)®]
W (Table 2), 7445 -AA= vitronectin (VIN), albumin (ALB),
fibrinogen gamma chain (FGG) orosomucoid 1 (ORM1), apoli-
poproteinH (APOH), haptoglobin (HP), phosphoenolpyruvate
carboxykinase 1 (PCK1)e] 2Fel=|3)tl(Table 3).
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TAIZESE 2264 =l §52F 65(RPS23,
UBAS52, FLJ10986, SCD1, DHCR7, FBL]#} A& %= 44
A} 3Z[VIN, ORMI, PCK1]-S Adslglon, 11442 7HA|=E
&E 223 vAES =7 9 ZHAIEG A EF{HepG2,
Hep3B, Huh7], A-gqt A|EF[Hela], At AEF
[HT1299], A-8-8F AEZF[HT1080], Ht AEF[A549]01]
Al S7HE ARk W e vlasidch 114] 1A
ZQME 2A 3 v ZAIESEE 2F A W g2 vlast
737}, DHCR7, UBA 52¢} FBLo| 50% ©|/&2] 7HAIZ9HE =
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Table 3. Down-regulated Genes in Tumor Tissues Compared to Non-tumor Tissues by DDRT-PCR

No Gene name Accession No Chromosomal location Functions
1 Vitronectin (VIN) NM_000638.3 17q11 Cell adhesion
2 Albumin (ALB) NM_000477.3 4qll-ql13 Transport
3 Orosomucoid 1 (ORM1) NM_000607 9q31-q32 Inflammatory response
4  ApolipoproteinH (beta-2-glycoprotein I)(APOH) NM_000042.1 17q23-qter Defense response
5  Haptoglobin (HP) NM_005143.2 16q22.1 Defense response
6  Phosphoenolpyruvate carboxykinase 1 (soluble) (PCK1) NM_002591.2 20q13.31 Gluconeogenesis
7  Fibrinogen gamma chain (FGG) NM_000509.4 4928 Protein metabolism
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Fig. 3. Relative expression levels measured by semi-quantitative
RT-PCR. In order to validate the observed expression on the
up-regulated genes (DHCR7, S23, FLJ10986, FBL, SCD, UBA52),
we performed quantitative real-time RT-PCR in 11 HCCs and
non-tumor tissue (NT). The obtained mRNA level for FBL was
elevated in 8 of 11 in HCCs, and DHCR7, and UBA52 were
elevated in 6 of 11 HCCs, respectively. All PCRs were con-
ducted in triplicate and normalized for [S-actin mMRNA
expression. Also, data are presented as the level of expression in
each HCCs with respect to the coresponding NT.

Fig. 4. Relative expression levels measured by semi-quantitative
RT-PCR. In order to validate the observed expression on the
down-regulated genes (VIN, PCKI1, ORMI), we performed quan-
titative real-time RT-PCR in 11 HCCs and non-tumor tissue
(NT). The obtained mRNA levels for VTN, and ORMI were on-
ly elevated in 3 of 11, and PCKI was elevated in 4 of 11 in
HCCs. All PCRs were conducted in triplicate and normalized for
B-actin mRNA expression. Also, data are presented as the level
of expression in each HCCs with respect to the corresponding
NT.
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Fig. 5. Relative expression levels measured by semi-quantitative
RT-PCR. In order to validate the observed expression on the
up-regulated genes (DHCR7, S23, FLJ10986, FBL, SCD, UBAS52),
we performed quantitative real-time RT-PCR in different human
cancer cell lines. The obtained mRNA levels for DHCR7, S23,
FLJ10986, FBL, SCD, and UBA52 were elevated in 7 of 7 hu-
man cancer cell lines. All PCRs were conducted in triplicate and
normalized for (-actin mRNA expression. Also, data are pre-
sented as the level of expression in each human cancer cell lines
with respect to the corresponding mouse hepatocyte.
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Fig. 6. Relative expression levels measured by semi-quantitative
RT-PCR. In order to validate the observed expression on the
down-regulated genes (VIN, PCKI, ORMI), we performed quan-
titative real-time RT-PCR in different human cancer cell lines.
The obtained mRNA levels for VIN, and ORMI were elevated
in 5 of 7 and PCKI was elevated in 4 of 7 human cancer cell
lines. All PCRs were conducted in triplicate and normalized for
B-actin mRNA expression. Also, data are presented as the level
of expression in each human cancer cell lines with respect to the
corresponding mouse hepatocyte.
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