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We scratched wounds in the cell monolayer using a sterile
200-p! pipet tip, rinsed the cells with phosphate-buffered
saline and added DMEM containing 10% FCS with or without
mitomycin C (10 pg/ml, Nacalai Tesque, Kyoto, Japan). Cells
were allowed to migrate into thewound for 0, 12, or 24 h be-
fore fixation. Cells were stained with Giemsa stain (Nacalai
Tesque) or were triple-labeled with anti-p190-B RhoGAP,
rhodamine-phalloidin and DAPI as described above. Wound
widths were measured in three randomly chosen regions.
Experiments were repeated at least three times.

2.10. Statistical analysis

Analysis of variance (ANOVA) was performed using
SPSS 15.0 software (SPSS Inc., Chicago, 1L, USA). P values
of <0.05 were considered significant.

3. Results

3.1, Detection of 14912 amplicon in HCC and ESCC cell lines by array
analyses

We screened for DNA copy number aberrations in 10 HCC cell lines
and 10 ESCC cell lines using GeneChip Mapping 250 K array analysis. Of
the 20 cell lines, one HCC cell line, Huh-7, and two ESCC cell lines, T.T
and TE-4, commonly exhibited copy number gains at chromosomal re-
gion 14q12 (Fig. 1A). In particular, Huh-7 cells showed a high-level
gain indicative of amplification in a narrow region on 14q12 between
the positions recognized by the Affymetrix SNP_A-1933754 and
SNP_A-2088149 probes. To confirm amplification in Huh-7 cells, we
performed FISH analyses using BACs RP11-113E19, RP11-431H16 and
RP11-54H22 as probes (Fig. 1B-D), BAC RP11-431H16 generated strong
signals as a small homogeneously staining region (HSR), indicating
amplification (Figs. 1C, D). In contrast, BACs RP11-113E19 or RP11-
54H22 did not show a HSR pattern, indicating their positions outside
the amplicon (Fig. 1C and D). Furthermore, we determined gene dos-
ages in Huh-7 cells at the STS markers RH53739, SHGC32910,
SHGC24139, G36143, D145941, RH45106, and RH45526 loci by real
time quantitative PCR, (Fig.1B and E). The highest copy number was
observed at the D145941 and RH45106 loci. Taken together, we defined
the smallest region of amplification between markers G36143 and
RH45526. The extent of the amplicon was estimated to be 1.2 Mb. This
region includes four known or predicted protein-cading genes, HEA-
TRSA, c140rf126, NUBPL, and ARHGAPS.

3.2. Identification of candidate target genes in the 1412 amplicon

The 14q12 region may harbor one or more genes (henceforth called
‘target genes') that, when activated by amplification, play a role in carci-
nogenesis. A common criterion for designating a gene as a putative target
is that amplification leads to its overexpression [8]. Using real-time quan-
titative PCR, we determined mRNA levels of all four genes within the
amplicon in the 10 HCC cell lines and 10 ESCC cell lines, Among the four
genes, HEATRSA and ARHGAP5 were commonly overexpressed in Huh-7,
T.T and TE-4 cells, the cell lines that were found to have copy number
gains at 14q12 (Fig. 2A). These findings identified ARHGAPS, which en-
codes p190-B RhoGAP, as one of candidate target genes for the 14q12
amplicon.

We determined copy numbers of ARHGAPS in the 10 HCC and 10 ESCC
celf lines by real-time quantitative PCR (Fig. 2B). Copy number changes
were counted as gains if the results of the analysis for a given tumor cell
type exceeded the twofold levels of the gene in normal cells. A copy num-
ber gain of ARHGAP5 was observed in six (30%) of the 20 cell lines: Huh-7,
T.T, KYSE140, TE-4, TE-6 and TE-10.

We examined the expression of p190-B RhoGAP protein in 4 HCC and
4 ESCC cell lines by immunoblot analysis. As shown in Fig. 2C, expression
levels of p190-B RhoGAP were higher in cell lines exhibiting copy number
gains of ARHGAP5 (Huh-7, T.T, KYSE140, TE-4 and TE-10) than other cell
lines that did not show gains (SNU354, Huh-1 and PLC/PRF/5).
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Fig. 2. Amplification and overexpression of ARHGAP5 in Huh-7, T.T and
TE-4 cell lines. (A) Relative expression levels of four genes (HEATRSA,
¢1401f126, NUBPL and ARHGAPS) within the 14q12 amplicon in 10 HCC
and 10 ESCC cell lines as evaluated by real-time quantitative PCR. Results
are presented as expression levels of each gene relative to a reference
gene (GAPDH) to correct for variations in the amount of RNA. (B) Copy
numbers at the ARHGAPS locus (the STS marker RH45106) in 10 HCC cell
lines, 10 ESCC cell lines and four normal peripheral blood lymphocytes as
measured by real-time quantitative PCR with reference to LINE-1
controls. Values are normalized such that the average copy number in
genomic DNA derived from four normal lymphocytes has a value of 2. A
value of 4, which is a twofold increase in copy number of normal
lymphocytes, was used to determine the cut-off value for copy number
gain, shown as a dotted line. (C) Levels of p190-B RhoGAP and f-actin, an
internal control, determined by immunoblotting in 4 HCC and 4 ESCC cell
lines.
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3.3. Regulation of RhoA activity by p190-B RhoGAP in Huh-7 cells

To investigate the biological function of p190-B RhoGAP in HCC cells,
knockdown of ARHGAPS expression in Huh-7 cells was carried out using
RNAI. Fallowing treatment of Huh-7.cells with siRNA targeting ARHGAPS,
we observed a decrease in both ARHGAP5 mRNA and p190-B RhoGAP pro-
tein levels relative to what was observed for cells receiving control siRNA,
transfection agent alone or left untreated (Fig. 3A and B). Because p190-B
RhoGAP negatively regulates RhoA activity, we examined the effect of the
siRNA-mediated knockdown of ARHGAPS on RhoA activity. Huh-7 cells
were treated with ARHGAP5 siRNA or control siRNA or were left un-
treated. Cells were then cultured in DMEM containing 10% FCS for 48 h
under standard conditions. RhoA activity levels were higher in cells trea-
ted with ARHGAPS siRNA than in cells treated with control siRNA or in un-
treated cells, whereas total RhoA levels were similar among the three
groups (Fig. 3C). These findings suggest that overexpression of ARHGAPS
contributes to downregulation of RhoA activity in Huh-7 cells.

3.4. Regulation of cell spreading by p190-B RhoGAP in Huh-7 cells

It is known that integrin-mediated adhesion regulates the activity of
p190-B RhoGAP and RhoA {3,9]. We therefore examined the function of
p190-B RhoGAP when Huh-7 cells were plated on fibronectin, a specific
ligand for o581 integrin, Huh-7 cells treated with ARHGAP5 siRNA or con-
trol siRNA or left untreated were suspended and plated on fibronectin.
Prior to and during plating, cells were maintained in DMEM containing
1% FCS. Adhesion to fibronectin regulated RhoA activity in a triphasic or
biphasic manner (Fig. 4A). Prior to plating (0 min), RhoA activity was sig-
nificantly higher in ARHGAPS siRNA-treated cells than in control siRNA-
treated cells or untreated cells. In ARHGAPS siRNA-treated cells, RhoA
activity rapidly and transiently decreased (20 min). This initial decline
was followed by an increase that peaked at 60 min. In the final phase,
RhoA activity gradually decreased. In control siRNA-treated cells or un-
treated cells, an initial period of low RhoA activity was followed by a

slight increase that peaked between 40-60 min and then returned to ba-
sal level, RhoA activity was significantly higher in ARHGAPS siRNA-treated
cells than control siRNA-treated cells or untreated cells between 40 and
180 min. During the experimental period, expression of p180-B RhoGAP
was continuously knocked down by ARHGAPS siRNA and total RhoA levels
were similar among the three groups (Fig. 4A).

Because RhoA affects cell motility by stimulating reorganization of ac-
tin, we examined whether p190-B RhoGAP regulates the spreading of
Huh-7 cells on fibronectin. Using immunofluorescence, we abserved mor-
phological changes in Huh-7 cells during attachment and spreading on
fibronectin (Fig. 4B). Phalloidin staining revealed that ARHGAP5 siRNA-
treated cells exhibited more robust actin stress fibers but less membrane
ruffling and protrusion at the cell periphery than control siRNA-treated
cells or untreated cells. The actin stress fiber formation and reduced
membrane ruffling and protrusion observed in ARHGAPS siRNA-treated
cells corresponded with higher RhoA activity (Fig. 4)

p190-B RhoGAP was expressed diffusely in the cytoplasm of control
siRNA-treated cells and untreated cells, whereas it was hardly detected
in ARHGAPS siRNA-treated cells, We found that p190-B RhoGAP had par-
tially translocated to the membrane protrusions in control siRNA-treated
cells and untreated cells by 40 min after plating (Fig. 4B). Taken together,
these findings suggest that RhoA inactivation by p190-B RhoGAP results
in inhibition of actin stress fiber formation, enhanced membrane ruffling
and protrusion and promation of cell spreading on fibronectin.

3.5. Regulation of cell migration by p190-B RhoGAP in Huh-7 cells

To investigate the role of p190-B RhoGAP in cell motility, we per-
formed a monolayer wound healing assay, Wound closure was delayed
in ARHGAPS5 siRNA-treated cells relative to control siRNA-treated cells
or untreated cells, whether cultured in the presence of mitomycin C or
in its absence (Figs. 5A-E). Mitomycin C blocks mitosis and thus allows
analysis of cell migration in the absence of cell proliferation, These results
show that cell migration, rather than cell proliferation, is the major factor
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in the retarded wound repair process in ARHGAPS siRNA-treated cells. edge than control siRNA-treated or untreated cells (Figs. SF-H). p180-B
Wound edge cells in ARHGAP5 siRNA-treated cells had more abundant ac- RhoGAP translocated to the membrane protrusions of contro! siRNA-trea-
tin stress fibers but less membrane ruffling and protrusion at the leading ted or untreated cells at the edge of the wound, but not in ARHGAP5-siR-
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NA cells, Taken together, these observations suggest that the inhibition of
RhoA activity by p190-B RhoGAP promotes cell movement and formation
of membrane protrusions in migrating cells.

4. Discussion

Wereport here the amplification of ARHGAP5 in HCC and
ESCC cell lines. We undertook a molecular definition of the
amplicon at 14q12 thatis presentin HCC and ESCC cell lines.
The amplification at 14q12 has been reported in various
types of cancers, including HCC [10], ESCC [7], nasopharyn-
geal carcinoma [11] and non-squamous cell lung carcinoma
[12], although the frequency of 14q12 gain is low in primary
HCC(4-6%)[10,13]). The range of the amplicon varies among
these tumors, and their boundaries have not been deter-

mined in each case. Moreover, the target oncogene(s) in
the amplified regions have not been fully identified. Here
we defined the amplified regions in one HCC and two ESCC
cell lines and narrowed the site of the amplification to a rel-
atively short section. Among the four genes within the
smallest region of the amplification, only HEATR5A and ARH-
GAP5 were overexpressed in all the tested lines exhibiting
copy number gains in the region; hence they are thought
to be candidate targets in the amplicon. Of the two genes,
we chose to focus further analysis on ARHGAPS because its
protein product, p190-B RhoGAP, is purported to play an
important role in dynamic cellular processes by regulating
RhoA activity, while little is known about HEATR5A. During
the preparation of this manuscript, amplification of ARH-
GAP5 was reported in Huh-7 cells [14].
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Although several studies have suggested an association
of p190-B RhoGAP with tumors [15-17], its biological func-
tion in cancer cells is poorly understood. Therefore, using
siRNA, we studied its function in Huh-7 cells, the HCC cell
line that exhibited the most remarkable copy number gain
and overexpression of ARHGAP5. We found that p190-B
RhoGAP negatively regulates RhoA activity in Huh-7 cells
cultured in medium containing 10% FCS and plated on
fibronectin. Adhesion to fibronectin regulated RhoA activity
in a triphasic or biphasic manner, as previously reported in
fibroblasts [18,19]. Although some RhoA activity is required
for migration, possibly to maintain sufficient adhesion to
the substrate, high activity inhibits movement [19-22].
Our results showed that RhoA inactivation by p190-B Rho-
GAP results in inhibition of actin stress fiber formation, en-
hanced membrane ruffling and protrusion, and promotion
of spreading and migration of Huh-7 cells. These findings
are in agreement with results obtained from previous stud-
ies. A dominant negative (loss-of-function) p190-B RhoGAP
mutation elevates RhoA activity in fibroblasts cultured on
fibronectin and inhibits their migration, whereas overex-
pression of wild-type p190-B RhoGAP decreases RhoA
activity, promotes the formation of membrane protrusions
and enhances mobility [19]. Activation of p1 integrin sig-
naling stimulates tyrosine phosphorylation of p190-B Rho-
GAP and promotes membrane protrusion at invadopodia in
a melanoma cell line {17]. p190-B RhoGAP is also involved
in invasion by breast cancer cells [15].

In conclusion, we have identified ARHGAP5 as a proba-
ble target for the amplification at 14q12 detected in a sub-
group of HCCs and ESCCs. Our results indicate that p190-B
RhoGAP, the protein product of ARHGAPS5, promotes cell
spreading and migration in Huh-7 cells. Further studies
are needed to determine the importance of ARHGAP5 and
p190-B RhoGAP in the development and progression of
not only HCC and ESCC but also other types of tumors.
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Infrequent Amplification of JUN in Hepatocellular Carcinoma
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Abstract. Aim: To determine whether JUN (the oncogene
encoding c-Jun protein) is amplified and overexpressed in
hepatocellular carcinoma (HCC). Materials and Methods:
DNA copy number aberrations were investigated using a
high-density oligonucleotide microarray. DNA copy numbers
were determined by fluorescence in situ hybridization.
Genomic DNA and mRNA were quantified using real-time
quantitative PCR. Results: A novel amplification was found
at the chromosomal region 1p32-31 in a JHH-2 HCC cell
line within which JUN is amplified and overexpressed.
However, no copy number gain of JUN (>2-fold) was
observed in 34 primary HCC tumors. Rather, a loss of JUN
(<0.5-fold) was seen in 13 (38%) out of the 34 tumors and
expression of JUN was significantly lower in 26 (70%) out
of the 37 HCC tumors compared with their nontumorous
counterparts. Conclusion: Although JUN was amplified and
overexpressed in JHH-2 HCC cells, amplification and
overexpression of JUN may be rare in primary HCCs.

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy in men and the eighth most common in women
worldwide and is estimated to cause approximately half a
million deaths annually (1). Although the risk factors for
HCC are well characterized, the molecular pathogenesis of
this widespread type of cancer remains poorly understood (2).
Amplification of DNA in specific chromosomal regions
plays a crucial role in the development and progression of
human malignancies, specifically when proto-oncogenic
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target genes within those amplicons are overexpressed. To
identify genes potentially involved in HCC, we investigated
DNA copy number aberrations in human HCC cell lines
using high resolution single nucleotide polymorphism (SNP)
arrays (3-5). We found that a novel amplification at the
chromosomal region 1p32-31 occurs in HCC cell line and
that the human oncogene JUN, which lies within the 1p32-31
amplicon, is amplified and overexpressed.

The oncogene JUN encodes the protein c-Jun, a component
of the AP-1 transcriptional complex which regulates a wide
range of cellular processes, including cell proliferation, death,
survival and differentiation (6-8). JUN is the cellular homologue
of v-Jun, the transforming oncogene of the avian sarcoma virus
17 (9, 10). Many experimental approaches have indicated that
JUN plays an important role in carcinogenesis. Thus, JUN can
transform mammalian cells, when coexpressed with an activated
oncogene such as Ras or Src (11). Furthermore, transgenic mice
expressing JUN develop osteosarcoma in cooperation with c-
Fos (12). Recently, several lines of evidence have suggested that
JUN is implicated in human cancer, including highly aggressive
sarcomas (13), Hodgkin lymphomas (14) and acute myeloid
leukemia (15). Amplification of JUN has also recently been
described in highly aggressive sarcomas (13) and malignant
pleural mesotheliomas (16). Most important in terms of this
study, JUN also appears to be crucial for initiation of HCC
development in a mouse model (17).

Therefore, overexpression of JUN following amplification
may contribute to the initiation or progression of cancer,
including HCC. In this study, based on the findings of the
SNP-array analysis, we determined if JUN is indeed
amplified and overexpressed in primary HCC tumors.

Materials and Methods

Cell lines and tumor samples. A total of 21 liver cancer cell lines
(HCC-derived HLE, HLF, PLC/PRF/5, Li7, Huh7, Hep3B,
SNU354, SNU368, SNU387, SNU398, SNU423, SNU449,
SNU475, JHH-1, JHH-2, JHH-4, JHH-5, JHH-6, JHH-7, Huhl,
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and the hepatoblastoma line HepG2) were obtained from the
Health Science Research Resources Bank (Osaka, Japan) and the
American Type Culture Collection (Manassas, VA, USA) and
were examined as described previously (3). All cell lines were
maintained in Dulbecco’s modified Bagle’s medium supplemented
with 10% fetal calf serum. Paired tumor and nontumor tissues
were obtained from 37 HCC patients who underwent surgery at
the Hospital of Tokyo Medical and Dental University. All
specimens were frozen immediately in liquid nitrogen and stored
at —80°C until required. Genomic DNA was isolated using the
Puregene DNA isolation kit (Gentra, Minneapolis, MN, USA) and
total RNA was obtained using Trizol reagent (Invitrogen,
Carlsbad, CA, USA). Thirty-four tumor samples were available
for DNA analyses, and 37 paired tumor and nontumor samples
were available for mRNA analyses. Prior to the study, informed
consent was obtained and the study was approved by Ethics
Committees.

SNP array. DNA copy number changes were analyzed by the
GeneChip Mapping 100K array (Affymetrix, Santa Clara, CA,
USA), as described previously (3). Copy number changes were
calculated using the Copy Number Analyzer for Affymetrix
GeneChip Mapping Arrays (CNAG; http://www.genome.umin.jp;
(18).

Fluorescence in situ hybridization (FISH). FISH was performed
using three bacterial artificial chromosomes (BACs), RP11-
1040N24, RP11-63G10 and RP11-960H15 as probes (Invitrogen),
as described previously (3). The BACs were selected based on their
homology to locations in the human genome according to the
database provided by the UCSC (http://genome.ucsc.edu/).

Real-time quantitative PCR. Genomic DNA and mRNA were
quantified using a real-time fluorescence detection method, as
described previously (3). The primers used were as follows: JUN DNA
forward: 5 -CAGGTGGCACAGCTTAAACA-3’, reverse: 5°-
TTTTTCTCTCCGTCGCAACT-3’; JUN mRNA forward: 5’-
CCCCAAGATCCTGAAACAGA-3’, reverse: 5’-CCGTTGCTGGA
CTGGATTAT-3’, These primers were designed using Primer3Plus
(http://www bioinformatics nl/cgi-bin/primer3plus/ primer3plus.cgi) on
the basis of sequence data obtained from the NCBI database
(http://www.ncbinlm.nih.gov/). Endogenous controls for mRNA and
genomic DNA levels were GAPDH and long interspersed nuclear
element 1 (LINE-I), respectively.

Statistical analysis. All statistical analyses were performed using
SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). The Wilcoxon
signed-rank test was used to compare JUN mRNA levels between
tumorous and non-tumorous tissues. P-values of <0.05 were
considered significant.

Results

Detection of 1p32-31 amplification in a JHH-2 HCC cell line
by array analyses. Twenty HCC cell lines were screened for
DNA copy number aberrations using Affymetrix GeneChip
Mapping 100K array analysis. One of the 20 cell lines, JHH-
-2, exhibited a high-level copy-number gain that is indicative
of gene amplification within the chromosomal region 1p32-
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31 (Figure 1A). The estimated extent of the region of
amplification was 3.9 Mb. This chromosomal region lies
between the Affymetrix markers SNP_A-1693528 and
SNP_A-1722104 and contains 27 known or predicted
protein-coding genes including JUN (Figure 1B). To confirm
amplification of JUN, we performed FISH analyses on JHH-
2 cells using the BACs RP11-1040N24, RP11-63G10 and
RP11-960H15 as probes. The BAC RP11-63G10, which
contains JUN, generated an amplified FISH signal (Figure
1D). In contrast, neither of the BACs RP11-1040N24 or
RP11-960H15, which correspond to chromosomal regions
outside of the amplicon, showed an amplified signal (Figure
1C and E).

DNA copy number and expression of JUN in liver cancer
cell lines. Amplification of JUN was further determined by
assay of the DNA copy number of JUN in 21 liver cancer
cell lines (20 HCC cell lines and the hepatoblastoma line
HepG2) by real-time quantitative PCR. For this analysis,
the copy number values were normalized by assigning the
copy number of genomic DNA derived from normal
lymphocytes a value of 1. Copy number changes were
counted as gains or losses if the copy number value for a
given tumor cell was >2.0 or <0.5, respectively. A copy
number gain-of-JUN was observed in 3 out of the 21 cell
lines: JHH-2, THH-7 and PLC/PRF/5 (Figure 2A). Loss of
JUN was observed in 1 out of the 21 cell lines: Huh?7
(Figure 2A).

A common criterion for the designation of a gene as a
putative target of amplification is that its gene amplification
leads to its overexpression (19). To determine whether gene
amplification leads to overexpression of JUN, we assayed the
mRNA level of JUN in the same 21 liver cancer cell lines by
real-time quantitative PCR. JUN mRNA was overexpressed
in 2 out of the 3 cell lines (JHH-2 and JHH-7 but not
PLC/PRF/5) that had copy number gains of the JUN gene
(Figure 2B). These findings suggested that JUN could be the
target of the 1p32-31 amplicon.

DNA copy number and expression of JUN in primary HCC
tumors. To determine if the amplification and overexpression
of JUN that was observed in HCC cell lines was relevant to
primary human carcinomas, we first determined the copy
number of JUN in 34 primary HCCs using a similar method
to that used for the HCC cell lines. No copy number gain of
JUN (>2-fold) was observed in any of the tumors. Instead, a
loss of JUN (<0.5-fold) was seen in 13 (38%) out of the 34
tumors (Figure 3A).

‘We next further assayed the mRNA level of JUN in paired
tumor and nontumor tissues from 37 HCC patients (Figure
3B). The expression of JUN was significantly lower in 26
(70%) of the tumors compared -with their nontumorous
counterparts (Wilcoxon signed-rank test; p=0.002).
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Figure 1. Map of the amplicon at Ip32-31 in the JHH-2 cell line. A, Copy number profiles for chromosome 1 in JHH-2 cells. Copy number values were
determined by SNP array analyses. B, The position of the Affymetrix SNP probes, the JUN gene and the three BACs chosen as probes for the FISH
experiment based on the UCSC genome database (http.//genome ucsc.eduf) is shown. C-E, Representative images of FISH on metaphase chromosomes
from JHH-2 cells using the following BAC probes: RP11-1040N24 (C), RP11-63G10 (D) and RP11-960H15 (E). RP11-63G10 shows an amplified
signal (arrow; D), while RP11-1040N24 and RP11-960H15 show one copy and two copies per cell, respectively (arrowheads; C and E).

Discussion

In the present study, we show that JUN is amplified and
overexpressed in the JHH-2 HCC cell line. This cell line is
derived from a Japanese HCC patient who was seronegative
for hepatitis B virus (HBV) surface antigen (20).
Furthermore, a copy number gain of JUN (>2-fold) was
observed in 3 out of the 21 liver cancer cell lines (including
JHH-2) that were tested and 2 of these 3 cell lines (JHH-2
and JHH-7) also showed enhanced mRNA expression of
JUN. However, no copy number gain of JUN was observed
in 34 primary HCC tumors that were examined. In fact, loss
of JUN (<0.5-fold) was seen in 13 (38%) out of the 34
tumors. This loss of JUN in primary HCCs is consistent with
previous studies that identified a frequent loss of DNA in
HCCs at the chromosomal location where JUN resides
(1p32-31) in comparative genomic hybridization and DNA
microarray studies (21, 22). These findings suggest that
amplification of JUN is rare in primary HCCs. However, the
number of primary tumor samples examined in this study

was relatively small. Further analysis of a greater number of
primary samples is required to confirm the status of JUN
amplification in primary HCCs.

The overall levels of the JUN protein product c-Jun are
regulated by transcriptional and translational mechanisms and
fine-tuning is achieved by post-translational modification,
primarily by phosphorylation (23). Our analysis focused on
JUN mRNA levels and further study is required to determine
the mechanism and functional significance of the regulation
of c-Jun protein levels in HCC. Real-time quantitative PCR
analyses of primary HCC samples showed that expression of
JUN mRNA is lower in tumors than in their nontumorous
counterparts. These data are consistent with the fact that JUN
is usually not overexpressed in human tumors (7). However,
the low level of JUN in tumors does not necessarily imply
that JUN does not have oncogenic potential in HCC. Several
lines of evidence demonstrate a liver-specific function of JUN
for cell survival and cell-cycle progression. JUN is essential
for normal hepatogenesis during embryonic development (24,
25). Differentiated hepatocytes also require JUN for cell-cycle
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Figure 2. DNA copy number and expression of JUN in liver cancer cell lines. A, DNA copy number of JUN in 21 liver cancer cell lines (20 HCC
cells and one hepatoblastoma line HepG2) and four different peripheral blood lymphocyte samples (normal cell controls) was evaluated by real-time
quantitative PCR with reference to LINE-1 controls. Values are normalized such that the average copy number in genomic DNA derived from normal
Iymphocytes has a value of 1 (solid horizontal line). A value greater than the cut-off value of 2, which represents a twofold increase in copy number
over that of normal lymphocytes, was used to determine copy number gain and is shown as a broken line. A value less than the cut-off value of 0.5,
which represents one half of the copy number of normal lymphocytes, was used to determine copy number loss and is shown as a dotted line. B,
Relative expression levels of JUN in 21 liver cancer cell lines, as evaluated by real-time quantitative PCR, are shown. The results are presented as
a ratio between the expression level of JUN and a reference gene (GAPDH) to correct for variation in the amount of RNA.
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Figure 3. DNA copy number and expression level of JUN in primary HCC tumors. A, The copy number of JUN in 34 primary HCC tumors and four
normal peripheral blood lymphocyte samples was determined as described in the Materials and Methods Section. B, The relative expression of JUN
in paired tumor (T} and nontumor tissues (NT) from 37 patients with primary HCC was determined as described in the Materials and Methods Section.

progression since conditional knockout of JUN in adult livers
reduced the proliferation capacity of hepatocytes after partial
hepatectomy, a strong inducer of cell-cycle reentry (26).
However, the exact mechanism by which JUN contributes
to tumorigenicity remains to be elucidated. JUN is located at
the end of cellular signaling cascades that include oncogenes
that are important for human tumorigenesis (7). The terminal
position of JUN in cellular signaling pathways make JUN a
participant in numerous and diverse mechanisms of
oncogenesis. In order to fully understand the role of JUN in
HCC it is therefore important to clarify the network of

downstream target genes of JUN in HCC. Although our
examination did not demonstrate the amplification of JUN in
primary HCCs, the data presented in this work clearly show
JUN amplification and overexpression in JHH-2 HCC cells.
The JHH-2 cell line therefore provides an efficient tool for
analyses of the relationship between JUN and oncogenesis.
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Continuous oxidative stress (OS), which results from the
generation of reactive oxygen species (ROS) by environ-
mental factors or cellular mitochondrial dysfunction, has
recently been associated with the progression of chronic
liver diseases and hepatocarcinogenesis (1-3). Repeated
necrosis and regeneration of hepatocytes induced by OS
appear to accelerate the senescence of hepatocytes, giving
them the appearance of cancer cells. These processes may
be due to the shortening of the telomeres of hepatocytes,

Telomeres, hexameric DNA repeats (TTAGGG),, at the
ends of chromosomes (4), increase chromosomal stabi-
lity by preventing chromosomal rearrangements and
end-to-end fusions. In normal somatic cells, telomere
shortening occurs during each cell division (5) and
eventually leads to cell cycle arrest and apoptesis (6). In
cancer cells, the length of telomeres is maintained by the
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Abstract .

Background/Aims: Continuous oxidative stress (OS) plays an important role
in the progression of chronic liver diseases and hepatocarcinogenesis through
telomere shortening in hepatocytes. However, it has not been established how
the OS influences the progression of human hepatocellular carcinomas
(HCCs). We examined the correlations of OS with telomere length of cancer
cells, telomerase activity and other clinicopathological factors in 68 HCCs.
Methods: The level of 8-hydroxy-2’-deoxyguanosine (8-OHdG) as a marker of
OS was examined immunohistochemically and OS was scored in four grades
(0-3). The telomere length of cancer cells was measured by quantitative
fluorescence in situ hybridization. Telomerase activity was measured by (i)
immunodetection of human telomerase reverse transcriptase (hTERT) and
(ii) telomere repeat amplification protocol (TRAP) assay. Telomerase related
proteins, phosphatase and tensin homolog deleted on chromosome 10
(PTEN) and Akt, and other clinicopathological factors were also evaluated.
Results: As the OS grade increased, the average telomere length became
significantly shorter in HCCs, especially in the hTERT-negative group. In the
state of high-grade OS, hTERT-positive HCC cells showed more proliferative
and less apoptotic features compared with hTERT-negative HCC cells.
Telomerase activity, as measured by the TRAP assay, was strongly correlated
with OS grade in HCCs, Furthermore, a high OS grade was correlated with the
downexpression of PTEN and the activation of Akt. Conclusions: Oxidative
stress enhanced the malignant potential of HCCs through the activation of
telomerase, which raises the possibility of using OS as a marker for assessing
the clinical state of HCCs.

expression of telomerase, which endows cancer cells with
immortality and an ability to proliferate without any
limit.

OS accelerates the shortening of the telomeres of
human cells by inducing oxidative single-stranded da-
mage in telomeric DNA (7, 8). Fibrosis and cirrhosis in
liver have been attributed to OS-induced telomere short-
ening (9, 10). In hepatocytes, telomere shortening can be
carcinogenic because it can lead to genetic changes such
as telomerase activation (11). Whereas OS has such
effects on normal liver cells, it is unclear whether it also
has a role in the progression of hepatic cancer cells,
especially with respect to telomeres and telomerase.

In this study, we investigated the effects of OS in human
hepatocellular carcinomas (HCCs). Our findings indicate

* that OS promotes the development of HCCs and increases

Liver International (2009)
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their resistance to treatment and is associated with shor-
tened telomeres and increased telomerase activity.

Materials and methods
Tissue preparation and patients

All HCC specimens were obtained from 63 patients who
underwent partial hepatectomy and five patients who
underwent needle biopsy in 1992-2005 in Kyoto Pre-
fectural University of Medicine. None of the specimens
had undergone any treatments such as percutaneous
ethanol injection therapy or transcatheter arterial embo-
lization before the collections. The clinicopathological
parameters of these patients and the clinicopathological
status of their HCC samples are shown in Table 1.
Fourteen patients were positive for serum hepatitis B
surface antigen, 45 were positive for anti-hepatitis C
antibody, one was positive for both and eight were
negative for both. Of the 68 patients, two had normal
livers, 29 had chronic hepatitis and 37 had liver cirrhosis.
Specimens were fixed in 4% buffered paraformaldehyde
for 12-24h, embedded in paraffin and cut into 5-pum-
thick sections for use as described below. All 68 HCC
paraffin blocks included non-cancerous tissues, which
served as controls. Additionally, parts of 30 specimens
were stored at — 80 °C for later use in the telomere repeat
amplification protocol (TRAP) assay (described below).
Sixty-eight HCC specimens were stained with haematox-
ylin and eosin and classified according to their differ-

Table 1. Age and sex of 68 human hepatocellular carcinoma
patients and the clinicopathological status of their human hepato-
cellular carcinoma samples

Sex

Male 43

Female 25
Age {years) {(mean = SD)

Range 25-77

Mean £ SD 62.6+8.15
Aetiology

HBY 14

HCV 45

HBV+HCV 1

Non-HBV, non-HCV 8
Non-cancerous tissue

Normal liver 2

Chronic hepatitis 29

Liver cirrhosis 37
Tumour size (mm) 12-160
Tumour stage

| 10

i 46

it 9

i\ 3
Tumour differentiation

Well differentiated 29

Moderately differentiated 28

Poorly differentiated "

HBV, hepatitis B virus; HCVY, hepatitis C virus; SD, standard deviation.
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entiation status according to the criteria of the Liver
Cancer Study Group of Japan. Of these specimens, 29
were classified as well differentiated, 28 were classified as
moderately differentiated and 11 were classified as poorly
differentiated. The degree of necroinflammatory activity
and fibrosis of non-cancerous tissues were classified
according to the international classification (12) by
haematoxylin and eosin and Masson trichrome staining.
Informed consent to our using HCC specimens for this
study was obtained from all patients according to the
guidelines approved by our hospital ethical committee.

Immunohistochemical analysis

Sections were deparaffinized, immersed in 0.3%
H,0,-methanol for 20 min, autoclaved at 120°C for
20 min in a Target Retrieval Solution (DakoCytomation,
Kyoto, Japan), incubated in blocking buffer (Tris buf-
fered saline containing 2% fetal bovine serum) to block
non-specific reactions and incubated with one of the four
primary antibodies diluted 1:100 in the blocking buffer at
4°C overnight. The antibodies were mouse anti-Ki-67
monoclonal antibody (DakoCytomation), rabbit anti-
phosphatase and tensin homolog deleted on chromo-
some 10 (PTEN) monoclonal antibody (Cell Signaling
Technology Inc., Beverly, MA, USA) and rabbit anti-
phospho-AKT (Ser473) monoclonal antibody (Cell Sig-
naling Technology Inc.). The remaining procedure was
based on the standard streptavidin-biotin—peroxidase
complex method (13). Positive reactions were visualized
using diaminobenzidine (DAB; Wako, Osaka, Japan) as a
substrate. The sections were counterstained with haema-
toxylin. Each immunohistochemical analysis included a
slide without the primary antibody as a negative control.
The Ki-67 index, an indicator of tumoral proliferative
activity, was defined as the number of Ki-67 antibody-
positive cells per 1000 scored cancer cells.

8-Hydroxy-2'-deoxyguanosine immunohistochemistry

Following the method of Kato et al. (13), 1000-2000
cancer or normal hepatic cells from HCC or non-
cancerous tissues were stained with antibody against
8-hydroxy-2'-deoxyguanosine (8-OhdG), a marker of oxi-
dative DNA damage. Immunoreactive cells were detected
as described above and were counted by two hepatolo-
gists (T. N. and T. N.). The degree of OS was classified
according to the percentage of 8-OhdG-positive cells:
Grade 0, < 10%; Grade 1, 10-50%; Grade 2, 50-90%;
Grade 3, > 90%.

Human telomerase reverse transcriptase
immunohistochemistry

Human telomerase reverse transcriptase (hTERT), a
telomerase catalytic subunit, is an indicator of telomerase
activity in cancer cells (14). hTERT was immunohisto-
chemically detected with mouse anti-hTERT monoclonal
antibody (Novocastra, Newcastle Upon Tyne, UK) as
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described above. Lymphocytes, in which hTERT is nor-
mally strongly expressed (15), were used as a positive
control.

Transferase-mediated deoxy uridine triphosphate nick
end labelling

Apoptosis in HCC tissues was assessed using the trans-
ferase-mediated deoxy uridine triphosphate nick end-
labelling technique (16). The signals were visualized with
DAB and counterstained with haematoxylin. The apop-
tosis index was defined as the number of immunoreactive
cells per 1000 scored cancer cells.

Telomere repeat amplification protocol assay

Telomerase activity was also semiquantitatively measured
by a TRAP assay using a TRAPEZE Telomerase Detection
Kit (Oncor, Gaithersburg, CA, USA) according to the
manufacturer’s protocol. Thirty frozen HCC samples were
examined as described in supplementary method 1. Re-
lative telomerase activities (RTAs) were classified into four
groups: 0 (RTA was not detectable), 1+ (0 < RTA < 50),
2+ (50=RTA < 100) and 3+ (100=RTA).

Analysis of telomere length by quantitative fluorescence

in situ hybridization

Telomeres were identified in the paraffin sections using a
telomere-specific peptide nucleic acid fluorescence in situ
hybridization kit as described previously (17). The sec-
tions were counterstained with 4'-6-diamidino-2-pheny-
lindole (DAPI) (1000 ng/ml, VYS-32-804830, ABBOTT
JAPAN CO., Tokyo, Japan). Following the protocol of
Meeker et al. (18), image-processed telomeric signals were
quantified from digitized fluorescence microscopic images
using the image analysis software package I1p LaBS (version
3.54, Scanalytics, Fairfax, VA, USA). Lymphocytes were
used as internal controls of the telomeric signal because
the telomere lengths of the lymphocytes were less affected
by ageing than those of somatic cells (19). The telomeric
pixel intensities of 15-20 nuclei of cancer cells and
5-10 nuclei of lymphocytes were recorded. To correct
the different amounts of DNA in the sectioned nuclei, the
telomeric signal intensity was modified by dividing the
pixel intensity of the telomere signal for a given nucleus by
the pixel intensity of the DAPI signal within that nucleus,
as reported previously (18). Average telomere length
was defined as Tel-T/Tel-L, where Tel-T and Tel-L are the
average modified telomeric signal intensities of cancer cells
and lymphocytes, respectively, measured in four different
fields per sample.

Statistical analysis -

The data are represented as the mean and SD in each
category. The correlations of OS grade in HCC tissues to
different clinicopathological and biochemical factors were
assessed using the Kruskal-Wallis H test, the Spearman’s
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Rank Correlation Coefficient and the Mann-Whitney U
test. Differences of clinicopathological factors between
hTERT-negative and hTERT-positive HCCs were analysed
using the Mann—Whitney U test. P < 0.05 was considered
to be statistically significant, All the tests were analysed
using the sTATVIEW program (Abacus Concepts, Berkeley,
CA, USA).

Results

Immunochistochemical analysis of 8-hydroxy-2'-
deoxyguanosine in human hepatocellular carcinoma
samples

HCC tissues representative of each OS grade are shown
in Figure la. 8-OHdG was mainly found in the nuclei of
cancer cells, but it was also found in the nuclei of
lymphocytes and fibroblasts and hepatocytes in non-
cancerous tissues. The OS grades of the HCC tissues
were: 15 Grade 0, 17 Grade 1, 15 Grade 2 and 21 Grade 3.
None of several clinicopathological parameters of the 68
subjects (age, sex, etc.) was significantly related to the OS
grade (Table 2). Purthermore, no tumour factors (differ-
entiation of HCC tissues, size, stage or etiology) was
significantly related to the OS grade (Table 3). On the
other hand, the OS grade of non-cancerous tissues was
significantly related to the patient’s age, etiology and
grading of chronic hepatitis (P < 0.05, Kruskal-Wallis
H test and Spearman’s rank correlation coefficient,
Table 4).

Immunohistochemical analysis of human telomerase
reverse transcriptase in human hepatocellular carcinoma
samples

hTERT, an indicator of telomerase activity in cancer cells
(14), was immunodetected in lymphocytes, in which it is
normally expressed (15) (Fig. 1b, left panel), and in some
cancer cells, but not in other cells, including normal
hepatocytes. hTERT in HCC cells was mainly localized in
the nucleus, especially in the nucleolus (Fig. 1b, right
panel). It was also weakly detected in the cytoplasm of
HCCs (Fig. 1b, left panel). Of the 68 HCC specimens
examined, 47 were judged hTERT-positive (strong detec-
tion) and 21 were judged hTERT-negative (no or weak
detection) (Table 3).

Oxidative stress shortens telomere length in human
hepatocellular carcinoma samples

The telomere signals of cancer cells and lymphocytes
were detected as green fluorescein isothiocyanate signals
within the blue DAPI signals (the nuclear signals of
cancer cells and lymphocytes) (Fig. 1c). Extensive OS
was found to significantly accelerate the shortening of
telomeres in cancer cells (P < 0.001, Kruskal-Wallis H
test, Table 3). As the OS grade increased, the average
telomere length of cancer cells strongly decreased in
hTERT-negative HCCs (P < 0.001) whereas it did not
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Fig. 1. Representative photographs of immunostaining and
quantitative fluorescence /n situ hybridization of human
hepatocellular carcinoma (HCC) tissues. (a) Immunostaining of
8-hydroxy-2'-deoxyguanosine. The staining intensity was classified
into four grades according to the percentage of immunoreactive
cells. (b) immunostaining of human telomerase reverse transcriptase
(hTERT). In hTERT-negative HCCs, the cytoplasm of the cancer cell
was faintly stained and the lymphocytes were strongly stained. In
hTERT-positive HCCs, the nucleus, especially the nucleolus of the
cancer cells, was strongly stained. {c) Representative photographs of
quantitative fluorescence in situ hybridization for measurement of
telomere length. White and red arrows in each photograph indicate
the lymphocytes and the cancer cells in HCC tissues respectively. T/L
below each photograph represents the average value of the mean
Tel-T/mean Tel-L as the average telomere length of cancer cells in
each HCC tissue, where mean Tel-Tand mean Tel-L represent the
average modified telomeric signal intensity of cancer cells and
lymphacytes respectively. Scale bars, 50 pm.

significantly change in hTERT-positive HCCs (Fig. 2a).
The difference between the average telomere lengths in
hTERT-positive and hTERT-negative HCCs significantly

Liver International (2009)
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increased with increasing OS grade (P < 0.05, Man-
n—Whitney U test, Fig. 2b).

Oxidative stress increases telomerase activity in human
hepatocellular carcinoma samples

The immunodetection of hTERT in HCC tissues
was significantly correlated with OS grade (P < 0.001,
Kruskal-Wallis H test, Fig. 2b). Additionally, samples
with higher OS grades had higher RTA scores in the
TRAP assay (P < 0.05, Spearman’s rank correlation
coefficient, Fig. 2¢). The degree of tumour differentiation
was significantly related to hTERT expression in HCC
tissues but was not related to the length of telomeres
(Table 5).

Increased proliferative activity and apoptotic resistance in
human hepatocellular carcinoma samples by oxidative
stress through telomerase activation

We did not observe a correlation between the Ki-67
index, an indicator of tumoral proliferative activity, and
OS grade in HCC tissues (Table 3), although we could
not rule out the possibility that the Ki-67 index had a
weak positive correlation with the OS grade in the
hTERT-positive group and a weak negative correlation
with the OS grade in the hTERT-negative group (Fig.
2d). On the other hand, OS was significantly correlated
with the apoptosis index in HCC tissues (P < 0.05,
Kruskal-Wallis H test, Table 3), especially in the hTERT-
negative group (P < 0.001) (Fig. 2e). For OS Grades 2
and 3, the hTERT-positive HCC cells showed a signifi-
cantly higher proliferative activity and a significantly
higher apoptotic resistance than the hTERT-negative
HCC cells (P < 0.05, Mann—Whitney U test, Fig. 2f).
Additionally, malignancy parameters of HCC tissues (Ki-
67 index, apoptosis index, differentiation and stage) were
not significantly different between the OS Grades 0-1
and 2-3 groups in HCC tissues (Table 6). However, the
Ki-67 index and differentiation were significantly differ-
ent between the OS Grade 0-1 group and the OS Grade
2-3 and hTERT-positive group in HCC tissues
(P < 0.05, Mann~Whitney U test, Table 6).

Downexpression of phosphatase and tensin homolog
deleted on chromosome 10 and activated
phosphorylation of AKT in human hepatocellular
carcinoma samples by oxidative stress

Phospho-AKT (P-AKT), a regulator of telomerase activ-
ity (20, 21), was detected in the nucleus and the
cytoplasm of cancer cells (Fig. 3a, panel A). PTEN, an
inhibitor of Akt phosphorylation (22), was not detected
in the same lesions (panel B). On the other hand, PTEN
was detected strongly in the cytoplasm and weakly in the
nucleus in cancer cells that were P-AKT negative (panels
C and D), Staining of PTEN was stronger in the non-
cancerous part of an HCC sample (N in panel E) than in
the cancerous part (T), as reported previously (23). As
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Table 2. The correlation between the oxidative stress grades of 68 human hepatocellular carcinoma samples and the clinicopathological
parameters of their human hepatocellular carcinoma patients .

8-OHdG

Grade 0 (n=15) Grade 1 (n=17) Grade 2{n=15) Grade 3{n=21) P-value
Sex (M/F) 11/4 1177 10/6 1110 0.5808
Age (years) 619484 64.1£6.3 59.3413.0 63.6+6.3 0.6465
BMI (kg/mz) 229+36 237427 21.94+3.2 240423 0.3415
AST (IU/L) 63.4435.1 6294435 62.54429 4554227 0.5273
ALT (1UA) 70.3+39.8 53.6429.0 58.3+42.1 40.8:423.0 0.1700
PLT ( x 104/;;]) 13.6+£6.3 12.8+4.8 13.446.3 129471 0.9507
ALB (g/dl) 3.854+0.49 4.20+0.47 4.1540.28 415+£0.43 0.2689
ICG15 (%) 22.84+135 13.9+8.1 17.54£12.1 14.6%£12.1 0.2684
AFP (ug/ml) 5860419708 7458 2215 294 4897 11936146136 0.7615
PIVKA-I (mAU/mi) 12114£4372 19365316 3344510 39441113 0.9807

Data are expressed as mean 4 SD.

Statistical analysis was performed using the Kruskal-Wallis H-test.

ALB, albumin; ALT, alanine aminotransferase; AFP, 4-foetoprotein ; AST, aspartate aminotransferase; BMI, body mass index; 8-OHdG, 8-hydroxy-2'-
deoxyguanosine; F, female; ICG, indocyanine green; M, male; PLT, platelet; SD, standard deviation.

Table 3. Correlations between the oxidative stress grades of 68 hurmnan hepatocellular carcinoma samples and clinicopathological factors

8-OHdG

Grade 0 (n=15) Grade 1 (n=17) Grade 2 (n=15) Grade 3 (n=21) P-value
Tlength (TA) 1.0974+0.198 0.599+40.271 0.549+0.208 0,822 +0.663 0.00008110**
hTERT (N/P) 15/0 15/2 10/5 7714 0.00006758™*
Telomerase (0/1/2/3) 2/3/0/0 1/4/1/0 2/2/31 0/4/5/2 0.002539*
Ki-67 index 13.41+8.43 13.4147.14 14.74 +9.87 15.75+9.09 0.8654
Apo index 1.218£0.720 1.782+0.913 2.526 +1.372 2.30641.976 0.04040*
Different (W/M/P) 9/5/1 7/8/2 7/5/3 6/10/5 0.05515
Size (mm) 44.534+43.00 49,47 +37.81 45.86 1+ 36.17 41,95420.12 0.5474
Stage (IIAV) 5/7/3/0 4/5/711 1/11/3/0 3/14/2/2 0.6141
Aetiology (B/C/B+C/NBNC) 3/9/1/2 2/13/0/2 5/9/0/1 4/14/0/3 0.5311
Non-tumour (N/CH/LC) 1/5/9 0/9/8 1/5/9 0/12/9 0.2674

Data are expressed as mean = SD.

Statistical analysis was performed using the Spearman’s rank correfation coefficient in telornerase, differentiation, stage and non-tumour and using the
Kruskal-Wallis H-test in other factors.

*P < 0.05.

**p < 0.001.

Apo index, apoptosis index; B/C/B+C/NBNC, HBV/HCV/HBV+HCV/non-HBY, non-HCV; Different, tumour differentiation; 8-OHdG, 8-hydraxy-2/-
deoxyguanosine; HBV, hepatitis B virus; HCV, hepatitis C virus; hTERT, human telomerase reverse transcriptase; N/P, negative/positive; NUCHAC, normal
liver/chronic hepatitisfliver cirrhosis; SD, standard deviation; Tlength, telomere length; T/L, tumour celllymphocyte; W/M/P, well differentiated/
moaderately differentiated/poorly differentiated.

the OS grade increased, the level of Akt phosphorylation
in HCC samples increased significantly (P < 0.001, Fig.
3b) and the expression of PTEN in HCC samples
decreased significantly (P < 0.05, Fig. 3b). These results
suggest that the activation of telomerase by OS in HCC
tissues is due to the downexpression of PTEN and the
following activation of Akt.

Discussion

Although OS has been associated with chronic liver
disease (24, 25), whether it has a role in the clinico-
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pathology of HCC has not been investigated previously.
In the present study, most HCC tissues (53/68, 77.9%)
had high levels of OS (OS grades over 1). However, the 8-
OHJG levels in the cancerous parts were not significantly
related to those in the non-cancerous parts (Table 4).
This suggests that the cause of OS in HCC cells is
different from that in hepatocytes in chronic liver
diseases.

Furthermore, the OS grade in HCC tissues was not
significantly correlated with several clinicopathological
factors of HCC samples, such as degree of differentiation,
size, stage, etiology and type of non-cancerous tissue
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Table 4. The correlation between the oxidative stress grades of 68 non-cancerous tissues and the clinicopathological parameters of their

patients

8-OHdG

Grade 0 {(n=14) Grade 1{n=22) Grade 2 (n=19) Grade 3{(n=13) P-value
Sex (M/F) 9/5 13/9 10/9 10/3 0.6944
Age (years) 60.0+£64 60.249.4 66.14+£7.0 64.2+7.2 0.04901*
BMil (kg/mz) 23.5+2.1 21.9+£2.8 239427 281427 0.1493
AST (U/L) 61.04+46.0 58.2:4+36.3 57.1%36.3 66.0+£33.6 0.7817
ALT (IUAL) 60.5438.5 53.0+29.8 54,6 +:40.1 65.4+37.8 0.7232
PLT (x 104/ul) 13.9+8.5 12.4£5.8 14.844.9 12054 0.2568
ALB (g/dl) 4124+0.28 4,11£0.55 4.05+£0.45 4.18+0.32 0.7337
1CG15 (%) 2284135 13.9+8.1 175+ 121 14.6+£12.1 0.2684
Aetiology (B/C/B+C/NBNC) 5/9/0/0 8/12/2/0 1/14/3/1 0/11/2/0 0.01378*
Grading (AO/A1/A2/A3) o/1121 0/12/91 1/8/91 1/2/5/5 0.003754*
Staging (FO/F1/F2/F3/F4) 0/2/4/0/8 0/2/4/6/10 1/1/5/3/9 1/0/0/3/9 0.1893
QS tumour (GO/G1/G2/G3) 4/2/3/5 6/8/2/6 4/5/4/6 1/2/6/4 0.1679

Data are expressed as mean = SD.

Statistical analysis was performed using the Spearman’s rank correlation coefficient in grading, staging and OS tumour and using the Kruskal~Wallis H-

test in other factors.
*P < 0.05.

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; B/C/B-+C/NBNC, HBV/HCV/HBV+HCV/non-HBV, non-HCV; BMI, body
mass index; 8-OHdG, 8-hydroxy-2/-deoxyguanosine; HBV, hepatitis B virus; HCC, human hepatocellular carcinoma; HCV, hepatitis C virus; ICG,
indocyanine green; OS, oxidative stress; OS tumour, 8-OHdG grade of HCC tissue; PLT, platelet; SD, standard deviation.

(Table 3), although the OS grade in non-cancerous
tissues was significantly correlated with several clinico-
pathological factors (Table 4). Tumour cells produce ROS
at a far greater rate than do non-tumour cells in vitro and
in vivo (26, 27). The increased ROS in HCC tissues may
be due to hypoxia (28), which arises from the high
proliferative activity and high cellular density of cancer
cells. OS is also a mediator of angiogenesis signalling
(29), which suggests that one of the effects of OS is to
counteract the effects of hypoxia.

Qur findings that OS in HCC tissues significantly
accelerated telomere shortening and increased the apop-
tosis of cancer cells (Table 3) are consistent with our
previous reports that OS hastened the telomere short-
ening of hepatocytes in chronic hepatitis C and non-
alcoholic fatty liver disease (30, 31). Thus, OS appears to
promote the senescence of cancer cells in HCC tissues
through telomere shortening, as it does in hepatocytes in
chronic liver diseases. OS also inhibits the proliferation
of normal hepatocytes through telomere shortening (30).
However, OS was not associated with the proliferative
activity of HCC cells in this study, including hTERT-
negative HCCs (Fig. 2d). Cancer cells with a high
proliferative activity appear to be in a hypermetabolic
state and appear to generate much cellular ROS. Addi-
tionally, the cell cycle checkpoint usually breaks down
during carcinogenesis. Therefore, HCCs with high levels
of OS may proliferate despite the OS-induced telomere
shortening.

As the OS grade increased, the immunodetection of
hTERT and telomerase activity in HCC tissues increased
(Table 3). Although hTERT mRNAs were detected in the

Liver International (2009)
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hepatocytes and in the serum of patients with chronic
liver disease (32, 33), we were unable to detect hTERT
protein in non-cancerous parts including liver tissues
from patients with chronic hepatitis or liver cirrhosis.
These results suggest that hTERT is immunodetected
much more strongly in HCC tissues than in non-
cancerous tissues. In agreement with previous reports
(34, 35), HCC cells in the hTERT-positive group tended
to have a higher proliferative activity and higher apopto-
tic resistance than did those in the hTERT-negative
group, particularly in a highly oxidative-stressed envir-
onment (Fig. 2f). Additionally, HCC tissues with a high
OS grade (2-3) and a high immunodetection of hTERT
were significantly more proliferative and dedifferentiated
than those with a low OS grade (0-1) (Table 6). Thus, OS
in HCC tissues may Increase the malignant potential of
cancer cells by upregulating hTERT.

Although there is evidence that OS contributes to
telomerase activation in HCC (36), the mechanism is
unknown. In this study, we regarded the immunodetec-
tion of hTERT in the nucleus of cancer cells as an
indicator of activated telomerase because the nuclear
localization of hTERT is required to promote the
elongation of telomere sequences within the cellular
nucleus. hTERT must be phosphorylated before it can
be translocated from the cytoplasm to the nucleus (37).
Protein kinase B/Akt is known to be involved in the
phosphorylation and the expression of hTERT (20, 21).
Our finding that Akt is activated in HCC tissues with
high-grade OS (Fig. 3b) is consistent with a report that
OS increased the phosphorylation of Akt in human
hepatoma cells in vitro (38). Additionally, the expression
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of PTEN, a tumour suppressor and an inhibitor of the
phosphorylation of Akt (22), significantly decreased
in HCC tissues with increasing OS grade (Fig. 3b). OS

may induce the inactivation of PTEN and the following -

activation of AKT in cancer cells (39). The downregula-

Nishikawa et al,

tion and functional inactivation of PTEN may be a
major mechanism of Akt phosphorylation by OS.
Therefore, we assume that the PTEN-Akt pathway is
a key factor in the activation of telomerase by OS in
HCC tissues,
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Table 5. Human telomerase reverse transcriptase expression but not telomere length is related to the degree of tumour differentiation in 68
hurman hepatocellular carcinoma samples

Histological grade of carcinoma

Measurement Well differentiated (n=15) Moderately differentiated (n=17) Poorly differentiated (n=15) P-valuet
Telomere lengtht 0.713+0.329 0.835+0.490 0.734+0.653 0.4612
hTERT (N/P)§ 24/5 18/10 5/6 0.01847*

tStatistical analysis was performed using the Kruskal-Wallis H-test.

{Defined as T/L, where Tand L are the telomere signal intensities of tumour cells and lymphocytes respectively. Data are expressed as mean = 5D.
§N/P, expression of hTERT in HCC tissues is negative/positive.

*P < 0.05.

HCC, human hepatocellular carcinoma; hTERT, human telomerase reverse transcriptase; SD, standard deviation.

Table 6. Correlations among the oxidative stress grade of human hepatocellular carcinomas, expression of human telomerase reverse
transcriptase and clinicopathological factors

Grades 2-3
Grades 0-1 hTERT(-) hTERT (+)
Measurement (n=32) (n=13) P-value (n=19) P-value
Ki-67 index 13.41+£7.65 15.33+9.30 0.5349 20.57+9.30 0.009035*
Apo index 3.5914+6.712 2.38941.695 0.2031 1.42540.886 0.3258
Differentiation (W/M/P) 16/131 13/15/8 0.05286 3/9/2 0.03283*
Staga (IA/HIV) 9/12/10/1 4/25/3/2 0.8865 0/14/3/2 0.3194

Data are expressed as mean & SD.

Statistical analysis was performed using the Mann-Whitney U-test.

*P < 0.05.

Apo index, apoptosis index; differentiation, tumour differentiation; hTERT, human telomerase reverse transcriptase; W/M/P, well differentiated/
moderately differentiated/poorly differentiated.

Our findings suggest that OS is associated with the
malignant potential of HCCs through the activation of
telomerase. Several drugs that are antioxidants are re-
ported to prevent hepatocarcinogenesis and inhibit the
growth of HCC cells (40, 41). We also recently demon-
strated that epigallocatechin-3-gallate, a major polyphenol
of green tea and a potent antioxidant, suppressed the
growth of HCC cells in vitro and in vivo (42). These results
raise the possibility of using antioxidant therapy to reduce
0OS$ in HCCs with high telomerase activity in order .to
inhibit the growth of HCCs. This is supported by the
findings that the anticancer effects of antioxidants partially
result from the downregulation of telomerase activity (43)

d

and that inhibition of telomerase enhances the effects of
chemotherapeutic agents in various cancer cells (44).

In conclusion, our findings show that HCC tissues are
frequently characterized by OS, which contributes to the
acceleration of telomere shortening and the activation of
telomerase in cancer cells. The activation of telomerase
by OS possibly results from the downexpression of PTEN
and the phosphorylation of Akt. Because HCC cells that
have high levels of hTERT as a result of OS are more
malignant, continuous OS during the progression of
HCCs may indicate a poor prognosis. Our results suggest
that OS in HCC tissues can be used as a measure of the
malignant potential.

ﬁg. 2. Oxidative stress (OS) accelerated telomere shortening, increased telomerase activity in human hepatocellular carcinoma (HCC) cells and
was related to the increased proliferative activity and apoptotic resistance in HCC tissues through telomerase activation. (a) In human
telomerase reverse transcriptase (hTERT)-negative HCCs, the average telomere length significantly decreased with increasing 05 grade (dotted
fine) and in hTERT-positive HCCs, it elongated (solid fine) (*P < 0.05, **P < 0.001 by the Kruskal-Wallis  test). (b) The average telomere
length in hTERT-positive HCCs was elongated compared with those in hTERT-negative HCCs as the OS grade increased (upper) (by the

Mann-Whitney U test). There was a positive correlation statistically between the OS grade and the expression of hTERT in HCC tissues (lower)
(**P < 0.001 by the Kruskal-Wallis H test). () Distribution of telomerase activity among 30 HCC samples. Higher telomerase activity scores
were more frequently observed in samples with higher OS grades (*P < 0.05 by Spearman’s rank correlation coefficient). {d) The Ki-67 index in
hTERT-negative HCCs (dotted line) and hTERT-positive HCCs (solid fine) were not significantly affected by the OS grade (Kruskal-Wallis H test).
{e) As the OS grade increased, the apoptosis index increased significantly in hTERT-negative HCCs (dotted line) but did not significantly change
in hTERT-positive HCCs (solid line) (*P< 0.05, **P < 0.001 by the Kruskal-Wiallis H test). (f) The Ki-67 index increased and the apoptosis index
decreased in hTERT-positive HCCs compared with those in hTERT-negative HCCs, as the OS grade increased (*P < 0.05 by the Mann-Whitney
U test). The data in (a), (d) and (e) show the mean and SD.
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QS grade = +) {-) (*)
0 (n=15) 14 1 3 12
1 (n=17) 13 4 4 13
2 (n=15) 10 5 8 7
3 (n=21) ] 15 15 8
P-value 0.00013* 0.00435*

Fig. 3. Oxidative stress (OS) increased the level of Akt phosphorylation and decreased the expression of phosphatase and tensin homolog
deleted on chromosome 10 (PTEN) in human hepatocellular carcinoma (HCC) samples. (a) Representative photographs of immunostainings of
phospho-Akt (P-AKT) in Serd73 and PTEN. P-AKT was detected in the nucleus and in the cytoplasm of cancer cells in the P-AKT-positive sample
{A) and PTEN was not detected in the same lesion (B). Panel C shows a P-AKT-negative sample and PTEN was detected mainly in the cytoplasm
of the cancer cells in the same lesion (D). Staining of PTEN was stronger in the non-cancerous part (N) than in the cancerous part (T) of the HCC
sample (E). Scale bars, 50 um. (b) The phosphorylation of Akt in HCC tissues significantly increased and the expression of PTEN in HCC tissues
significantly decreased as the OS grade increased (*P < 0.05, **P < 0.001 by the Kruskal-Wallis H test).
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