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Abstract. The cellular apoptosis susceptibility protein (CAS)
is the human homologue of the product of the essential yeast
chromosome segregation gene, CSEI1, and has important roles
in tumor necrosis factor (TNF)-induced apoptosis and cell
proliferation. In this study, we used immunoblotting and
immunohistochemistry to look at CAS expression in human
hepatocellular carcinoma (HCC) cells. We also sudied the
correlation between CAS expression and cell proliferation.
To do this, we studied the expression of proliferating cell
nuclear antigen (PCNA) by immunostaining and at apoptosis
by in situ nick end-labeling (TUNEL), followed by calculation
of the PCNA labeling index (PCNA LI) and TUNEL labeling
index (TUNEL LI). CAS was constitutively expressed in
human HCC cell lines and was primarily confined to the
cytoplasm of the cells. PCNA LI and TUNEL LI were
significantly higher in HCC than in non-tumor tissue
(p<0.01); however, the ratio of TUNEL LI/PCNA LI in HCC
was significantly lower than that of non-tumor tissue.
Immunohistochemistry revealed that the staining intensity
score of CAS in HCC was significantly higher than that of
non-tumor tissue (p<0.05). These results indicate that there is
an augmentation of pro-liferative activity and apoptosis in
HCC tissue, as compared to non-tumor tissue. There was a
significant positive correlation between CAS and PCNA LI
(p<0.05). In addition, we observed an inverse relationship
between CAS expression and TUNEL LI, although the
correlation did not reach statistical significance. These results
suggest that CAS is expressed at higher levels in human
HCC tissue than in non-tumor tissue. CAS may be associated
with cell proliferation rather than apoptosis, and further, CAS
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might play an important role in the development of human
HCCs.

Introduction

The cellular apoptosis susceptibility protein (CAS) is the
human homologue of the product of the yeast chromosome
segregation gene, CSE1 (1). CAS is a cytoplasmic antigen
associated with microtubules and the mitotic spindle (2) and
maps to human chromosome 20 (20q13) (3). CAS appears to
play a role in apoptosis, since down-regulation of CAS via an
antisense construct has been shown to render cells which are
resistant to apoptosis normally induced by tumor necrosis
factor (TNF) (3). CAS function has also been linked to cell
proliferation, since CAS RNA is expressed at high levels in
proliferating cells but only at low levels in cells and tissue that
do not proliferate (1). Immunohistochemical studies on tissue
sections demonstrated that CAS is abundant in normal
proliferating cells, such as those in the testis. CAS expression
may also be elevated in tissue in which apoptosis normally
occurs, such as the testis and breast, which contain increased
amounts of CAS (2).

A number of different studies suggest that CAS is
associated with the development of cancer and it is known that
CAS is expressed at high levels in some cancer cell lines. In
addition, the CAS gene is positioned on a chromosomal
region that is often amplified in aggressive types of breast,
colon, and bladder cancer (5). Moreover, CAS itself has
been shown to be expressed at high levels in some cancer cell
lines (5-7).

Cell proliferation and inhibition of apoptosis are thought
to be important to the development of cancer (8-10). However,
how regulation of the CAS gene may relate to cell proliferation
or apoptosis in HCCs is not well understood. Therefore, in this
study we looked at CAS expression and examined the
relationship between CAS expression and cell proliferation and
apoptosis in human HCCs.

Materials and methods
Immunoblot analysis. The human HCC cell lines, HepG2,

Hep3B and Huh7, were homogenized in lysis buffer (50 mM
Tris-HCI pH 8.0, 150 mM NaCl, 5 mM EDTA, 1% NP-40,
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1 mM PMSF), and cell extracts were analyzed for total protein
content by a protein assay (BioRad). Equal amounts of protein
were separated by SDS-PAGE on 14% gels and then
transferred to nitrocellulose membranes. After blocking with
5% milk, membranes were probed at 4°C overnight with goat
anti-CAS polyclonal antibody (Santa Cruz Biotechnology,
CA). The immunoblots were then probed with HRP-conjugated
anti-goat IgG. Finally, after three washes, proteins were
detected using the ECL system (Amersham, UK).

Tissue samples. HCCs and non-tumor tissue were obtained
from 20 patients (16 males and 4 females; median age, 62.6
years) who underwent surgical procedures to remove HCCs at
our institution. The tumor-bearing liver specimens of these
patients were ten of type C liver cirrhosis, two of type B liver
cirrhosis, three of type NBNC liver cirrhosis, one of type C
chronic hepatitis, and four of type NBNC chronic hepatitis.
The histological grade of HCC was well differentiated in five
patients, moderately differentiated in 13, and poorly
differentiated in two. The tumor size of HCC was <30 mm in
seven patients, =30 mm but <50 mm in seven patients, and =50
mm in six patients. None of the HCCs were treated with
chemotherapeutic drugs before surgical resection.

Immunohistochemistry. Tissue was collected after surgical
removal, fixed immediately in 4% formalin, processed for one
day at room temperature (RT), and then embedded in
paraffin. Four-micron paraffin sections were prepared from
the paraffin blocks and adhered to silanized slides. They were
deparaffinized and hydrated by passage through xylene and a
graded series of ethanol. Then, they were immersed in citrate
buffer (pH 6.0) and autoclaved at 121°C for 10 min. The
sections were next incubated with methanol containing 0.3%
H,0, for 20 min and with normal rabbit and horse serum for
20 min at RT. The primary antibodies used in this study were
a goat polyclonal anti-human CAS antibody (Santa Cruz
Biotechnology) and a mouse monoclonal anti-human PCNA
antibody (Oncogene Science, NY). The sections were
incubated overnight at 4°C with primary antibodies at a 1:100
dilution in phosphate-buffered saline solution (PBS) containing
1% fetal bovine serum. The sections were next incubated for
30 min with biotinylated anti-goat and anti-mouse immuno-
globulin diluted 1:200 in PBS, followed by avidin-biotin-
peroxidase complex (Vectastain ABC kit; Vector Laboratories,
Burlingame, CA.) diluted 1:200 in PBS for 30 min at RT.
After each incubation step, sections were carefully washed
three times in PBS, for 5 min each time. The sections were
developed in a substrate solution of 0.01% 3,3'-diamino-
benzidine-hydrogen peroxide (DAB) and counterstained with
Mayer's hematoxylin. Finally, they were rehydrated in
ethanol, cleared in xylene and mounted. Negative controls were
prepared using isotype-matched goat IgG and mouse IgG.
The stained sections were examined under magnification
of x200. The immunostaining intensity of CAS was analyzed
semi-quantitatively using the following scoring system. A
score of 1 was defined as weak staining intensity, a score of 2
was defined by moderate staining intensity and a score of 3
was defined by strong staining intensity. PCNA LI was
calculated as the ratio of PCNA-positive hepatocyte nuclei to
the total number of hepatic nuclei counted, which was 1,000.

Hepatocytes showing brown nuclei with granular or homo-
geneous patterns were considered positive for PCNA.

In situ DNA nick end-labeling. Apoptotic cells were detected
using the Apop Tag kit (Oncor Inc., Gaithersburg, MD) based
on the method described by Gavrieli er al. After depara-
ffinization, sections were digested with proteinase K (20 zg/ml)
for 30 min at RT. They were treated with methanol containing
0.3% H,0, for 20 min and allowed to stand in a terminal
deoxynucleotidyl transferase (TdT) buffer for 15 min at RT.
They were then reacted with the TdT reaction mixture (TdT
solution plus digoxigenin-11-dUTP and dATP) for 60 min at
37°C. The sections were reacted with anti-digoxigen
antibody peroxidase for 30 min at RT, visualized with DAB,
and counterstained with Mayer's hematoxylin. Nuclei with
clearly visible brown staining were regarded as positive.
Necrotic areas and the edge of the tissue sections were not
included in the counting to avoid possible immunohisto-
chemical false positive stains. The stained sections were
examined under magnification of x400. TUNEL LI was
calculated as the percentage of TUNEL-positive nuclei
among 2000 nuclei in several randomly selected areas.

Immunofluorescence. HepG2 cells were plated at a density of
5x10% cells per 76x26 mm? silanized slides (Dako, Kyoto,
Japan) and grown for 24 h. The cells were washed with
phosphate buffered silanized slides (Daki, Kyoto) and grown
for 24 h. The cells were washed with phosphate buffered
saline (PBS) fixed in 4% paraformaldehyde, and permeabilized
for 10 min in PBS containing 0.2% Triton X-100 before
incubation with 10% fetal calf serum in PBS. Cells were
incubated with 3.0 pg/ml of anti-CAS antibody for 1 h at
4°C and then incubated with 2.0 pg/ml of fluorescein
isothiocyanate-labeled goat anti-rabbit IgG (Chemicon,
Temecula, CA) for 30 min at 4°C. Fluorescence was observed
with a laser scan microscope 410 (Zeiss, Gottingen, Germany).

Statistical analysis. The Lls are presented as the mean =+
standard deviation. The Chi-square test was used to compare
the staining intensity of HCC and non-tumor tissue. The
Mann-Whitney U-test was used for other group comparisons.
P-value <0.05 was regarded as statistically significant.

Results

Detection of proliferation and apoptosis in HCC tissue
samples. In order to elucidate the effect of CAS expression
on cell proliferation, we first looked at expression of PCNA
by immunostaining to get a measure of proliferation in HCC
tissue as compared to normal tissue. The PCNA LI in HCC
(26.24+9.56%) was significantly higher than that of non-
tumor tissue (11.08+3.88%; p<0.01). This result indicates
that there is an augmentation of proliferative activity of tumor
cells compared to non-tumor tissue.

In order to elucidate the effect of CAS expression on
apoptosis, apoptosis was studied by using the in situ nick end-
labeling (TUNEL) method. As expected, we found that DNA
frag-mentation was confined to the nuclei and that
pretreatment with DNase I resulted in intense TUNEL labeling
of all nuclei. As expected, control tissue sections incubated in
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Figure 1. PCNA LI/TUNEL LI ratio in HCC and non-tumor tissue.
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Figure 2. Specificity of anti-CAS in four human cell lines. The specificity
of the anti-CAS antibody used in immunohistochemical analysis was
confirmed in human cell lines HepG2, Hep3B, Huh7 and PLC/PRF/5. The
anti-CAS antibody reacted with a single 116-kDa band, consistent with the
presence of CAS protein, in all cell lines.

the absence of TdT did not show nuclear staining. The TUNEL
LI for HCC cells (1.68+0.73%) was significantly higher than
that of non-tumor tissue (0.96%; p<0.01). This result indicates
an augmentation of apoptosis in tumor cells as compared to
non-tumor tissue. However, the ratio of TUNEL LI/PCNA LI
in HCC cells was significantly lower than that found in non-
tumor tissue (Fig. 1).

CAS expression in human HCC cell lines. In order to better
understand what triggers robust proliferation of HCC cells, we
looked at CAS protein expression in several HCC cell lines
(Fig. 2). The anti-CAS antibody reacted with a single 116-kDa
band, consistent with the expected size of CAS. In addition,
the signal intensity suggested that CAS is relatively abundant
in these cells. Moreover, the immunoblotting data suggest
that the anti-CAS antibody will be useful for immunologic
detection of CAS. In order to look at expression of CAS in
cells, we next performed immunofluorescence staining of
CAS protein in HepG2 cells. We found that CAS protein was
predominantly detected in the cytoplasm but was also
detectable in perinuclear lesions of HCC cells (Fig. 3).

CAS expression in human HCC tissue. The expression and
intracellular localization of CAS protein was examined by
immunohistochemistry using antibodies that specifically
recognize human CAS. Our analysis showed that CAS was
expressed in all HCC and non-tumor liver tissue. Similar to
our results with HCC cell lines, CAS immunoreactivity in
HCC tissue was predominant in the cytoplasm, appearing as
a diffuse and homogeneous pattern. The level of CAS in tumor

Figure 3. Immunofluorescence detection of CAS protein in HepG2 cells.
CAS protein was detected predominantly in the cytoplasm but was also
detected in perinuclear lesions in HCC cells.

Figure 4. Immunohistochemical detection of human HCCs with anti-CAS
antibody. The fibrous boundary between the HCC (left) and surrounding
non-cancerous tissue (right) is apparent. Note that HCC cells are weakly
stained for CAS, in contrast to non-tumor cells (original magnification
x100).

tissue appeared to be higher than in non-tumor tissue, since
overall, we observed stronger staining in tumor tissue than in
non-tumor tissue (Fig. 4).

In comparing detection of CAS in tissue from different
tissue, we found that CAS staining was weak in sections from
ten patients, moderate in five patients, and strong in the
remaining five patients' tumor sections. In contrast, for non-
tumor tissue sections from the same patients, weak staining was
observed for tissue from 15 patients and moderate staining
was observed in tissue from five patients. The staining
intensity score for CAS in HCC (1.8+0.9) was significantly
higher than that in non-tumor tissue (1.3+0.4; p<0.05) (Fig. 5).
CAS expression did not have a statistically significant
correlation with either the grade of differentiation or tumor size
in the HCCs.

The average score of PCNA LI in the weak CAS staining
intensity set was 21.89+7.57, and that of moderate and strong
sets was 30.58+8.86 in HCCs. There was a significant
tendency to a positive correlation between CAS and PCNA LI
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Figure 5. Comparison of CAS staining intensity in HCCs vs. non-tumor
tissue. In 10 cases (50%), CAS was detectable at higher levels in HCCs than
in non-tumor tissue (p<0.05). NT, non-tumor tissue; 14, weak staining
intensity; 2+, moderate staining intensity; 3+, strong staining intensity.

Proliferation Index Apoptosis Index
*p <0.05
(%) r—p_ (%)
40.0 4.00
el et
= -
30.0
< - 300
6 z
£ 20.0 5 2.00
=
10.0 1.00
n=10) (n=10) (n=10) (n=10)
1 2,3 1 2,3
Staining Intensity Staining Intensity

Figure 6. Measures of proliferation and apoptosis in HCC cells. PCNA LI
data are expressed as the number of PCNA-positive nuclei per 1000 nuclei
analyzed according to the staining intensity of CAS. The mean PCNA LI
tended to increase with increasing CAS staining intensity (p<0.05). TUNEL
LI data are expressed as the number of TUNEL-positive nuclei per 2000
nuclei analyzed according to the staining intensity of CAS. The mean
TUNEL LI tended to decrease with increasing CAS staining intensity.

in HCCs (p<0.05). The average score of TUNEL LI in the
weak CAS staining intensity set was 1.89+0.63, and that of
moderate and strong sets was 1.47+0.72 in HCCs. Finally, there
was an inverse correlation between CAS and TUNEL LI,
although the correlation did not reach statistical significance
(Fig. 6).

Discussion

A better understanding of how HCCs develop could help our
ability to treat the disease. In this study, we looked at the
relationship between CAS expression, cell proliferation and
apoptosis in HCC cell lines and tissue. As expected from the
results of other studies (11-13), we found that PCNA LI, a
measure of cell proliferation, was significantly higher in HCC
than in non-tumor tissue. These data suggest that HCC is
associated with increased cell proliferation.

It then becomes very important to examine the status of
apoptotic cell death in HCC in order to understand the overall
levels of cell turnover in HCC. We found that TUNEL LI was
significantly higher in HCC than in non-tumor tissue, a result
that is in agreement with previous studies (recent last 2 years)
(8-10). However, the ratio of TUNEL LI/PCNA LI that we
observed in HCC was lower than that of non-tumor tissue.
Collectively, the results suggest that carcinogenesis of HCC is
related to a relative increase in proliferative activity and a
concurrent relative reduction of the rate of apoptotic cell
death.

A previous study showed that there is a positive correlation
between the PCNA index and the apoptosis index and, thus,
that apoptosis may play an important role in tumor growth in
less-differentiated HCCs. Furthermore, at all stages of hepato-
carcinogenesis, the rate of cell proliferation was higher than
the rate of apoptosis, allowing a preferential net gain of
neoplastic cells, and the rate of apoptosis was significantly
increased in small HCCs (8-10). This evidence suggests that a
rapid turnover of cancer cells may be critically important to
the development of HCCs. Thus, study of the molecular
mechanism that controls the decision to undergo proliferative
activity, rather than apoptosis, takes on new importance in the
effort to understand HCC.

Proliferation and apoptosis are opposing cellular mech-
anisms; one leads to multiplication and the other to elimination
of cells. Although proliferation and apoptosis can function
independently of one another, the two pathways are often
linked. Given the connections between cell-cycle regulation
and apoptosis, it is perhaps not surprising that some proteins
play roles in both mechanisms and are associated with, or
may even cause cancer. A well-known example is the p53
gene, which acts in the G1 checkpoint and is also necessary for
apoptosis. Many types of cancer involve loss of p53 function.
Like p53, CAS, the human homologue of yeast CSE1, is
thought to be associated with both apoptosis and cell
proliferation, and to play a role in cancer (6).

CAS is located on human chromosome 20q13 (3), a region
with a remarkable degree of instability in a variety of tumors.
Amplification of 20q13 occurs at the level of several inde-
pendent amplicons, with CAS present in one of them (14). It
has been observed that CAS and 20q13 amplification is
also frequent in colon cancer, in which these amplifications
correlate with a high degree of genetic instability (15).

CAS expression appears to be upregulated in a variety
of cancer and is not limited to tumors that contain amplification
of the CAS gene (7). Immunohistochemistry with anti-CAS
antibodies has confirmed that the expression of CAS correlates
with the development of cancer (7). In our study, CAS
expression was confined to the cytoplasm and appeared as a
diffuse but homogeneous staining pattern. In most pro-
liferating tissue and cells, CAS, which has a Ran binding
domain, is predominantly a cytoplasmic protein. The small
ras-like protein, Ran, and some Ran-binding proteins have
been shown to be involved in control of the spindle checkpoint,
suggesting that CAS may have a direct function in checkpoint
control (16,17). The mitotic checkpoint, which monitors
genomic stability during cell division, is frequently disrupted
in a variety of cancer types. Collectively, previous studies and
this study provide strong evidence that CAS in involved in



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 18: 77-81, 2006 81

h~mnenmoecinogenesis, an effect that may be mediated by an

: i) ggggg&%%%:heckpoint control.

we aiso questioned whether there is a correlation between
CAS staining intensity of proliferation activity in human HCC
tissue. To study this, we used detection of PCNA as a measure
of proliferation. We found that there was a positive significant
tendency toward a positive correlation between the staining
intensities of CAS and PCNA LI in HCCs. This result suggests
that CAS expression correlates with cell proliferation and
development of HCC.

Many cancer-associated proteins require highly regulated
nuclear transport, and changes in the nuclear-transport patterns
of proteins such as p53 are associated with the development of
cancer (8). CAS has been implicated in nuclear-to-cytoplasmic
reshuffling of importin a, which is itself necessary for nuclear
transport of several proliferation activating proteins, tran-
scription factors, oncogene and tumor suppressor gene
products, including p53 and BRCA1. Over expression of CAS
may interfere with the strictly regulated nuclear transport of
oncogenes and/or tumor suppressors. This strongly supports the
hypothesis that interference with the nuclear-transport function
of CAS plays a role in many types of cancer.

It has also been shown that CAS is necessary for TNF-
induced apoptosis and that depletion of CAS can render cells
resistant to TNF (18). We analyzed the correlation in human
HCC tissue between the expression intensity of CAS and
apoptotic events, which were detected using the TUNEL
method. Our results showed an inverse correlation between
CAS and TUNEL LI, although the correlation did not reach
statistical significance. These results strongly suggest that other
proteins correlate with apoptosis resistance in human HCC.

Expression of CAS has also been examined in other malig-
nancies. In benign and malignant cutaneous melanocytic
lesions, for example, expression of CAS correlates with
advanced stages of melanoma and the data suggest that anti-
CAS antibodies may be useful for diagnosis of melanoma and
possibly as a prognostic factor in cutaneous melanocytic lesions
(19). In lymphoid neoplasms, high levels of expression of CAS
correlate with proliferation of normal and malignant lymphoid
cells, and detection of CAS identifies a higher proportion of
proliferating and malignant cells than the marker, Ki-67.
Further evaluation of CAS may point to the utility of anti-
CAS antisera as a diagnostic marker (20). The authors of these
reports point out that there is a tendency towards a positive
correlation between CAS expression and proliferative activity,
and also note the important biological role for CAS in a variety
of malig-nancies.

In conclusion, we observed a positive correlation between
CAS expression and proliferative activity, but did not observe a
significant correlation between CAS expression and the grade
of differentiation or tumor size. We conclude that CAS is
significantly over expressed in human HCC lesions; that it may
be associated with cell proliferation rather than apoptosis and,
finally, that it might play an important role in the development
of human HCC.
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