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Abstract

AIM: To understand the role and significance of side
population (SP) cells from hepatocellular carcinoma
(HCC) in hepatocarcinogenesis, development, relapse
and metastasis, we simulated the denutrition conditions
that cancer cells experience in clinical therapy, observed
the different anti-apoptosis ability of SP cells and non-SP
cells under such conditions, and established the possible
effects of P53, Bcl-2 and Bax on survival of SP cells.

METHODS: We used flow cytometry to analyze and sort
the SP and non-SP cells in established HCC lines MHCC97
and hHCC. We evaluated cell proliferation by methyl
thiazolyl tetrazolium (MTT) assay and investigated the
expression of p53, bcl-2 and bax genes during denutrition,
by RT-PCR and immunofluorescence staining.

RESULTS: The percentage of SP cells in the two
established HCC lines was 0.25% and 0.5%, respectively.
SP cells had greater anti-apoptosis and proliferation
ability than non-SP cells. Expression of Bcl-2 and Bax
in SP and non-SP cells differed during denutrition. The
former was up-regulated in SP cells, and the latter was
up-regulated in non-SP cells.

CONCLUSION: It may be that different upstream
molecules acted and led to different expression levels
of Bcl-2 and Bax in these two cell lines. There was a
direct relationship between up-regulation of Bcl-2 and
down-regulation of Bax and higher anti-apoptosis ability
in SP cells. It may be that the existence and activity of
SP cells are partly responsible for some of the clinical
phenomena which are seen in HCC, such as relapse
or metastasis. Further research on SP cells may have
potential applications in the field of anticancer therapy.
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INTRODUCTION

It is believed that cancer is unicellular in originm, although
cancer cells from a lot of tumors generally exhibit
functional heterogeneity in experimental and clinical
settings[z]. There are two theories™. One is the stochastic
model, which figures that cancer is composed of a
comparatively homogeneous population; only a few cells
undergo stochastic events, so that they have the potential
to proliferate extensively and form new tumors. The other
is the hierarchy model, which suggests that there is some
kind of pyramid scale in cancer cells. In this model, the
subpopulation cells, which are on acme in the pyramid
scale, comprise cancer stem cells (CSCs) that self-renew,
generate downstream descendants, and initiate new tumors.

Recently, the latter hypothesis has gained significant
recognition. The possible existence of CSCs has been
shown in leukemia and some solid tumors, including breast
cancer and brain tumors””. These cells are detected by
their own ability to efflux Hoechst 33342 dye through an
ATP-binding cassette (ABC) membrane transporter. They
are also named side population (SP) cells for their location
on flow cytometry charts.

Hepatocellular carcinoma (HCC) is a common
malignancy and still has a high mortality rate!"”. Clinical
operations and chemotherapy can lead most such
cancer cells to death or proliferation inhibition through
denutrition. However, there are always some cells that
can survive and result in relapse or metastasis, which
often leads to therapeutic failure and poor prognosis. The
CSC hypothesis offers an explanation for these clinical
phenomena. In some studies, it has been found that SP
cells are easier to initiate tumors than non-SP cells are in
non-obese diabetic/severe combined immunodeficiency
(NOD/SCID) mice''". Under conditions of denutrition
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that are similar to those after clinical treatment, do SP cells
survive more easily and have higher anti-apoptosis ability
than non-SP cells?

p53, the most frequently mutated gene in human
malignancies, is found inactivated in about 50% of
tumors in any location and of any histological type. It
has been named the “guardian of the genome”?. bel-2
was the first example of an oncogene that inhibits cell
death rather than promotes proliferation. According to
differences in structure, the Bcl-2 family can be divided
into two subgroups. Bax belongs to one subfamily that
can oligomerize and integrate into the outer mitochondrial
membrane to initiate events during apoptosis. Normally,
Bcl-2 inhibits Bax activation. But, when cells are under
stress (either oncogenic or genotoxic stress), Bcl-2 is
inactivated by P53 as its downstream molecule. As a
consequence, apoptotic cell death continues™". Under
denutrition conditions, how are these three genes
expressed in SP cells? What is their relationship with the
anti-apoptosis ability of SP cells?

Taking clinical and experimental data together, we
consider that the understanding of biologic characteristics
of SP cells from HCC cells may serve to elucidate the
mechanism of hepatocarcinogenesis and lead to novel
therapeutic approaches.

In this study we therefore analyzed and sorted SP
cells from established HCC cell lines. We observed the
anti-apoptosis ability of two cell lines under denutrition
conditions by methyl thiazolyl tetrazolium (MTT) assay.
We further estimated the expression level of P53, Bcl-2
and Bax in SP cells and non-SP cells by RT-PCR and
immunofluorescence during denuttition.

MATERIALS AND METHODS

Cell culture

The human liver cancer cell line MHCC97 was obtained
from the Institute of Biochemistry and Cell Biology
(Shanghai, China), the hHCC cell line was from the
Department of Biochemistry and Molecular Biology of
Fourth Military Medical University (Xi’an, China). These
cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Invitrogen Life Technologies, Carlsbad, CA,
USA) containing 10% fetal calf serum (FCS) and 1%
penicillin/streptomycin (Invitrogen), and incubated at
37°C in an atmosphere containing 5% COo.

SP cell analysis and purification using flow cytometry

Cells were detached from the dishes with trypsin-EDTA
(Invitrogen) and suspended at 1 X 10° cells/mL in Hank’
s balanced salt solution (HBSS) supplemented with
3% fetal calf serum and 10 mmol/L HEPES. These
cells were then incubated at 37°C for 90 min with 20
ug/mL Hoechst 33342 (Sigma, St Louis, MO, USA),
cither alone or in the presence of 50 pumol/L verapamil
(Sigma), which is an inhibitor of verapamil-sensitive
ABC transporter. After 90 min incubation, the cells
were centrifuged immediately for 5 min at 300 X g, 4°C
and resuspended in ice-cold HBSS. The cells were kept
on ice to inhibit efflux of Hoechst dye. Then, 1 pg/mL
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propidium iodide (PI; BD Pharmingen, San Diego, CA,
USA) was added to discriminate dead cells. Finally, these
cells were filtered through a 40-um cell strainer (BD
Falcon; BD Pharmingen, San Diego, CA, USA) to obtain
single suspension cells. Cell dual-wavelength analysis and
purification were performed using dual-laser cytometry
(FACSVantage; BD Biosciences, Franklin Lakes, NJ.
Hoechst 33342 solution was excited at 355 nm UV light;
blue fluorescence was collected with a 450/20 band-pass
(BP) filter and red fluorescence with a 675-nm edge filter
long-pass (EFLP). A 610-nm dichroic mirror short-pass
was used to separate the emission wavelengths. PI-positive
dead cells were excluded from the analysis.

MTT assay

All cells were maintained in PBS for 3, 6 and 9 h to induce
denutrition. Then, cell proliferation was evaluated by
MTT assay. MTT solution in PBS was added to a final
concentration of 0.5 mg/mlL, and cells incubated for
4 h at 37°C. Supernatant was removed and cells were
resuspended in 150 yL. DMSO for 10 min, and absorbance
was measured at 490 nm using a microplate reader (Bio-rad,

Japan).

Semi-quantitative RT-PCR

After all cells were induced in PBS for their respective
number of hours, total RNA was extracted from SP and
non-SP cells using TRIzol reagent (Invitrogen) according
to the manufacturer’s instructions, and was reverse-
transcribed by using a First-Strand ¢cDNA Synthesis Kit
(Fermentas, Lithuania), as described in the instructions.
RT-PCR was carried out in a 50 pl. reaction mixture that
contained 1 uL. cDNA as template, 1 pmol/L specific
oligonucleotide primer pair, and 25 pL. Taq mixture
that contained 0.5 U Taq DNA polymerase (Tangen,
Beijing, China). Cycle parameters for p53, bcl-2, bax and
glyceraldehyde-3-phosphate dehydrogenase (G3PDH)
cDNAs were 15 s at 95°C, 30 s at 55°C, and 60 s at
72°C for 33, 32, 30 and 20 cycles, respectively. Primer
sequences were as follows: p53, 5'-GTTTCCGTCT
GGGCTTCTTG-3" and 5'-CCTGGGCATCCTTGA
GTTCC-3" bel-2, 5'-ACACTGTTAAGCATGTGCC
G-3"and 5'-CCAGCTCATCTCACCTCACA-3'; bax,
5'-GGATGCGTCCACCAAGAA-3" and 5'-ACTCCCG
CCACAAAGATG-3'"; and G3PDH, 5'-ACCACAGTCC
ATGCCATCAC-3" and 5'-TCCACCACCCTGTTGCT
GTA-3".

Immunofluorescence staining

Cells were cultured on coverslips and received the same
treatment of induced denutrition in PBS as described
above. Cells were fixed in methanol at -20°C for 20 min
and washed in PBS containing 0.1% Tween 20 (Sanland
Chemicals, Xiamen, China). After blocking with 10%
goat normal serum for 1 h, fixed cells were incubated
with primary antibodies, rabbit anti-Bcl-2 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and mouse anti-
Bax (Santa Cruz Biotechnology), in a moist chamber
at 4°C overnight. Cells were washed in PBS containing
0.1% Tween 20, blocked again for 30 min, and treated
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Figure 1 SP cells were detected in 0.25 and 0.5% of MHCC97 and hHCC cells,
respectively. The SP cells disappeared with Hoechst 33 342 and verapamil co-
treatment.

with TRITC (Tetramethyl Rhodamine Isothiocyanate)-
conjugated goat anti-rabbit IgG (Santa Cruz) and FITC
(Fluorescein Isothiocyanate)-conjugated goat anti-mouse
IeG (Santa Cruz) at 37°C for 1 h. After washing in PBS,
the coverslips were covered on slips with 30% glycerol
phosphate buffer and examined under an Olympus 1X70
microscope (Olympus, Japan).

Statistical analysis

Bands from RT-PCR were quantified by Smart View Bio-
electrophoresis Image Analysis System software (Furi
Science & Technology, Shanghai, China). Relative mRNA
levels were calculated by referring them to the amount
of G3PDH. Numerical data from the MTT assay were
presented as the mean = SEM. The difference between
means was measured with Student's # test. All statistical
analyses were performed using SPSS11.0 software
(Chicago, IL, USA). P < 0.05 was considered as statistically
significant.

RESULTS

Detection of SPs in HCC cells

Flow cytometry analysis with Hoechst 33342 staining
demonstrated that MHCC97 and hHCC cells included
0.25% and 0.5% SP cells, respectively. The number of
these SP cells was diminished in the presence of Hoechst
33342 and verapamil, a calcium channel blocker. The SP
and non-SP cells in MHCC97 and hHCC cells were sorted
separately and used for further experiments (Figure 1).

MTT assay
MTT assay was used to determine the proliferation of SP
and non-SP cells under denutrition conditions. The results
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Figure 2 Proliferation of MHCC97 and hHCC cells at 3, 6 and 9 h during
denutrition, as observed by MTT assay. SP cells purified from MHCC97 (A) and
hHCC (B) cell lines demonstrated greater viability than the corresponding non-SP
cells. °P < 0.05.

illustrated that denutrition inhibited proliferation of SP
and non-SP cells in both cell lines in a time-dependent
manner. The data showed that there was a difference
between SP and non-SP cells at 6 and 9 h, and it seemed
that SP cells had a greater proliferation ability than non-SP
cells under denutrition (Figure 2).

RT-PCR

RT-PCR was used to detect mRINA expression levels in SP
and non-SP cells in two cancer cell lines. The p53 gene was
expressed weakly but steadily during the whole experiment.
The bcl-2 gene was up-regulated, while the bax gene was
down-regulated in SP cells under denutrition. Interestingly,
the regulation of the two genes was reversed in non-SP
cells. It may be that the upstream molecule which adjusted
these two genes’ expression was not P53 (Figure 3).

Immunofluorescence staining

Expression levels of Bcl-2 and Bax proteins were
examined by immunofluorescence staining in hHCC
and MHCC97 cell lines (Figure 4). It was clear that the
expression of Bcl-2 increased in a time-dependent manner
in SP cells, in contrast with non-SP cells. Conversely, the
expression of Bax increased in non-SP cells in the same
manner and decreased in SP cells.
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DISCUSSION

HCC ranks among the most common cancers in many
countries. A recent estimate indicates that HCC represents
the fifth most common cancer in males, and the eighth
most common in females, with a total of 560 000 new cases
each year, 83% of which occur in developing countries,
and more than one-half in China alone. Moreover, because
of its very poor prognosis, HCC represents the third
leading cause of cancer death worldwide!".

From the clinical standpoint, there are some
conspicuous biological characteristics in HCC, such as anti-
apoptosis, chemotherapy resistance, extensive proliferation,
and even early metastasis. These characteristics are
particulatly prevalent in cases of relapse and metastasis.

Recently, it has been reported that CSCs atre seen in
many kinds of tumors and established cancer cell lines' ",
Using the previously described methods, we analyzed and
sorted some of these CSCs, namely SP cells, in established
HCC cell lines. The proportion of SP cells in the two cell
lines was 0.25% and 0.5%, respectively. The MHCC97
(Metastatic Human Hepatocellular cancer 97) cell line was
established from a highly metastatic case of HCC in 1997,
and the hHCC (human Hepatocellular cancer) cell line was
cultured from a case with a high level of chemotherapy
resistance, with the proportion of SP cells being a little
higher than those reported previously.

In clinic, whatever surgery or chemotherapy, it will
bring denutrition directly or indirectly so as to inhibit the
proliferation of cancer cells, beside destroy the structure
of tumors or kill them. In clinics, surgery, radiotherapy

www.wjgnet.com

Figure 3 p53, bcl-2 and bax mRNA levels
were evaluated by RT-PCR. bcl-2 levels
were up-regulated in SP cells from MHCC97
(A) and hHCC (B) cell lines, and bax levels
were down-regulated in non-SP cells during
denutrition.

and chemotherapy are used to destroy the structure of
tumors, induce denutrition, kill cancer cells directly, and
inhibit cancer cell proliferation. However, there are still
some cells that can survive in denutrition conditions, and
these may lead to relapse and metastasis. What difference
is there between these and other cells? What mechanism is
behind these phenomena? In our experiment, we simulated
the denutrition conditions and observed the anti-apoptosis
or proliferation ability of SP cells.

By MTT assay, we found that SP cells had better
resistance to denutrition than non-SP cells. Using RT-PCR
and immunofluorescence staining, we found that P53 may
not be the key molecule that is responsible for the anti-
apoptosis ability of SP cells. p53 was one of the most
important genes in stabilizing the cell genome. It regulated
the expression of numerous pro-apoptotic genes, such as
bcl-2 and bax. Our results showed that the normal activity
of P53 in the two cell lines may have been inhibited. The
expression levels of two members of the Bcl-2 family were
clearly altered between SP and non-SP cells; specifically,
the expression of Bax was inhibited in SP and activated
in non-SP cells, but the expression of Bcl-2 was reversed.
Bax was a cytosolic monomer in viable cells but during
apoptosis, it changed its conformation, integrated into the
outer mitochondrial membrane, and was oligomerized. It
provoked the permeabilization of the outer mitochondrial
membrane (PT) and contributed to the release of pro-
apoptotic factors into the cytosol, such as cytochrome C,
which led to formation of the apoptosome and activation
of the caspase cascade. However, the anti-apoptotic
guardian Bcl-2 could bind Bax strongly, and this interaction
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Figure 4 Bcl-2 (red) and Bax (green) expression was examined in SP (A) and non-SP (B) cells of MHCC97, and SP (C) and non-SP (D) cells of hHCC cells. The

expression of Bcl-2 in SP cells was up-regulated, while Bax was down-regulated.

inhibited Bcl-2 activation, which sustained cell survival. In
our study, the up-regulation of Bcl-2 and down-regulation
of Bax were effective during the anti-apoptosis in SP cells.
In other words, in MHCC97 and hHCC cell lines, SP cells
had greater anti-apoptosis or proliferation ability than non-
SP cells had. Expression of Bcl-2 and Bax had a pivotal
role in the anti-apoptosis procedure during denutrition.
We have previously found that the expression level
of alpha-fetoprotein (AFP) in SP cells is significantly
higher than in non-SP cells in established HCC cell lines,
e.g. MHCC97"™. AFP is one of the most useful markers,
and has been used in clinical diagnosis of HCC. AFP is
synthesized in large quantities by the fetal yolk sac and
the liver during embryonic development™?!. According

to clinical experience, if a high level of AFP is found in
the serum, the first thought is that the patient has HCC.
If this appears after surgery or chemotherapy, it indicates
a poor prognosis, such as recurrence or metastasis™ 7.
The ABC transporter for discharging Hoechst 33342,
which is called the breast cancer resistance protein,
has a high efflux capacity with a wide substrate range,
including mitoxantrone and methotrexate™. Further, the
higher expression level of ABC transporter on SP cells
indicates a possible relationship between them and clinical
chemotherapy resistance.

Taking the experimental results and clinical experiences
together, we found that the characteristics displayed in SP
cells, such as high expression level of AFP and Bcl-2 and
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drug efflux capacity, are consistent with the characteristics
displayed in tumors, such as high expression level of AFP,
high anti-apoptosis ability and chemotherapy resistance.
We conclude that perhaps the existence and activity of SP
cells are responsible for these clinical phenomena shown
in HCC; moreover, it is reasonable to recognize SP cells as

CSCs.
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COMMENTS

Background

The theory of CSCs is one of the most significant theory in tumor research.
According to the theory, there is some kind of pyramid cell structure in tumor cells,
and CSCs are at its apex. They have self-renewal and differentiation abilities, and
other cells are their descendents. CSCs have many biological activities, such as
anti-drug and greater ability to proliferate. CSC theory also explains some clinic
phenomena such as chemotherapy resistance and relapse. Therefore, research
on the characteristics of CSCs may be the foundation of future clinical therapy.

Research frontiers

In 1996, Goodell sorted a certain kind of cells from mouse whole bone cells
by cytometry, and he found that those cells expressed different biological
characteristics, such as higher proliferation and multi-differentiation. Many workers
have reported the existence of such cells in different tissues, and they have been
collectively named SP cells. SP cells from tumors or tumor cell lines have greater
proliferation and tumor formation ability, they resist drugs, and they maintain
themselves in whole cells at a rate of a few percent.

Innovations and breakthroughs

The observation of SP cells backs up the theory of CSCs, which was introduced
many years ago. Using Hoechst 33342 dye, it is possible to sort the cells by
cytometry. SP cells have been found in HCC, brain tumor, prostate cancer and
leukemia. By analyzing their biological abilities, it seemed that side population cells
existed between the tip and bottom of the pyramid cell structure, and that they had
intersection with real CSCs. Thus, though we can not be certain that SP cells are
CSCs, it seems that that SP cells have a typical CSC phenotype.

Applications

In clinical cases, there have heretofore been many failures caused by tumor
chemotherapy resistance or metastisis. CSC theory and the discovery of SP
cells bring new hope for tumor therapy in the future. How to locate these cells in
tumors, how to remove them completely by surgery, and how to inhibit or kill them
by chemotherapy, are just a few of the clinical questions that need to be answered.
Even a small advancement in this research field may result in a new breakthrough
in tumor therapy.

Terminology

SP cells were first discovered by Goodell when he analyzed mouse bone cells
by cytometry using Hoechst 33 342. They were named after their location in 2-D
cytometry charts. They display low fluorescence, and are located at the edge of
the chart, away from other cells.

Peer review

SP cells from tumors or tumor cell lines are one of the hottest topics in tumor
research. This study confirmed their existence and numbers in two human HCC
cell lines.
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