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BEL-7402 Cells®

RUI-JUAN GAO*, YUE-XIN LIANG?, DIAN-DONG LI*?, HONG-YIN ZHANG",
AND YONG-SU ZHEN?

*Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100050, China; " Peking University Hospital, Beijing 100871, China

Objective To investigate the effect of lidamycin (LDM) on telomerase activity in human hepatoma BEL-7402 cells
under the condition of LDM inducing mitotic cell death and senescence. Methods Chromatin condensation was detected by
co-staining with Hoechst 33342 and PI. Cell multinucleation was observed by Giemsa staining and genomic DNA was
separated by agarose gel electrophoresis. Fluorescent intensity of Rhol23 was determined for mitochondrial membrane
potential. MTT assay and SA-B-gal staining were employed to analyze the senescence-like phenotype. The expression of
proteins was analyzed by Western blot. Telomerase activity was assayed by telomerase PCR-ELISA. Results Mitotic cell
death occurred in LDM-treated cells characterized by unique and atypical chromatin condensation, multinucleation and
increased mitochondrial membrane potential. However, no apoptotic bodies or DNA ladders were found. In addition,
apoptosis-related proteins remained nearly unaltered. Senescence-like phenotype was identified by increased and elongated size
of cells, growth retardation, enhanced SA-B-gal activity and the changes of senescence-related protein expression. Telomerase
activity markedly decreased (P<0.01) in LDM-treated hepatoma BEL-7402 cells. Conclusion Mitotic cell death and
senescence could be triggered simultaneously or sequentially after exposure of hepatoma BEL-7402 cells to LDM. The
decrease in telomerase activity may play a key role in the defective mitosis and aging morphology. Further investigation of

detailed mechanism is needed.
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INTRODUCTION

Lidamycin (LDM), also called C-1027, is a
member of the enediyne antibiotic family which has
been focused on its potent antitumor activity due to
its unique ability to damage the DNA of tumor cells
by directly inducing single-strand or
sequence-specific double-strand breaks!'™. LDM is
produced by a Streptomyces globisporus C-1027
strain isolated from a soil sample collected in
Qian-jiang county, Hubei province, China”*. LDM
consists of an enediyne chromophore of 843 Daltons
and an acidic apoprotein of 10 500 Daltons from 110
amino acid residues”. The former is the active
moiety attacking DNA and is protected by the latter
from loss of its DNA cleavage activity and can be
dissociated and reestablished®. Recent reports have
shown that LDM is highly cytotoxic toward tumor
cells, can trigger apoptosis and mitotic cell death in
human hepatoma BEL-7402 cells other than

inhibition of DNA and RNA synthesis and displays a
remarkable therapeutic efficacy against murine and
human hepatomas in vivol”".

Mitotic cell death, also called mitotic catastrophe
or delayed reproductive death which differs from
apoptosis, is characterized by an aberrant form of
mitosis associated with formation of multinucleated
giant cells that are temporarily viable but
reproductively dead!'”. Besides, mitotic cell death
also possesses other features including enlargement
of cell volume and retardation at G,/M phase of cell
cycle™. Though the mechanism of mitotic cell death
has not been clearly elucidated, it appears to involve
the defects in mitotic machinery like multiple rounds
of DNA synthesis without intervening cytokinesis,
chromosome missegregation, dysfunction of cell
checkpoints, centrosome overduplication, ezc.!''"".
Telomere erosion can explain the occurrence of
mitotic cell death in continuously grown Chinese
hamster don cells!".
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Senescence is defined as a state in which a cell
no longer has the ability to proliferate but continues
cell metabolism'™. So, cellular senescence is
characterized by a ubiquitous and progressive decline
in the functional capacity of various physiological
systems and loss of capability of an individual to
maintain homeostasis. There exist two kinds of
senescent form: premature senescence and replicative
senescence. Previous studies indicate that premature
senescence can be provoked by overstimulation of
the Ras/Raf/MEK/mitogen-activated protein kinase
(MAPK) pathway involved in p53-p21 and pl6
whereas replicative senescence represents a DNA
damage-like response, but both of them share some
common signaling pathways and morphological
features such as increased size, delayed growth,
enlarged nuclei, flattened and elongated appearance
and enforced SA-B-gal activity!'"'). Cellular stresses
are also likely to participate in the activation of
senescence®”. Additionally, some researchers have
linked senescence with the abnormality of telomere
and telomerase'*' 2.

Telomerase is a specialized RNA-dependent
DNA polymerase located within nuclei, whose
function is to synthesize and add the repetitive
nucleotide sequence to the ends of chromosome!®.
There are two essential components in human
telomerase ribonucleoprotein complex. One is human
telomerase reverse transcriptase (W\TERT), a catalytic
protein subunit mainly localized in the nuclei of
cancer cells and proliferating normal cells, while the
other is human template RNA (hTR) which is
constitutively expressed® 2. It was reported that
telomerase is active in 70%-90% of malignant tissues
and many immortal cell lines, but most normal
human somatic cells have no detectable active
manifestation of telomerase!”®. Deregulation of
telomerase is thought to facilitate cellular immortality
and tumorigenesis by providing cancer cells with
infinite  proliferation capacity. For example,
reconstitution of telomerase activity by retroviral
transduction of hTERT has been used to extend the
lifespan of umbilical cord blood-derived cells™".
Some researchers also revealed that increased
telomerase activity correlates with increased
malignant potential and stage™!, therefore, inhibition
of telomerase could limit the growth of human cancer
cells and further lead to progressive telomere
shortening and cell death™"!, Recent reports have
shown that cellular senescence is also critically
influenced by telomerase and telomere®'**. Thus,
telomerase is considered a new tumor marker and
expected to function in tumor diagnostics and
therapeutics.

This study investigated the impact of telomerase
activity on mitotic cell death and cellular senescence

induced by low concentration of LDM in human
hepatoma BEL-7402 cells. Results suggest that
decreased telomerase activity with increased LDM
may play a key role in the defective mitosis and
senescence-like phenotype.

MATERIALS AND METHODS
Materials

Lidamycin was generously provided by
Professor Lian-Fang JIN from our institute and stored
at -20°C as an 100 umol/L stock solution in 9 g/L
NaCl solution. MTT, Hoechst33342, propidium
iodide (PI) and Giemsa stain were obtained from
Sigma Chemical Co. (St. Louis, MO, USA).
Telomerase PCR ELISA kit was purchased from
Roche and ECL Western blot kit was commercially
available from Amersham Pharmacia. All other
chemicals were of analytical grade.

Cell Culture

Human hepatoma BEL-7402 cells (the Key
Laboratory of Cell Proliferation and Regulation
Biology of the Ministry of Education, Beijing Normal
University) were planted in DMEM (Gibcol BRL)
supplemented with 100 mL/L fetal bovine serum
(HyClone), 100 U/mL penicillin and 100 pg/mL
streptomycin and incubated at 37°C in a humidified
incubator of 5% CO,.

Chromatin Condensation Shown by Co-staining With
Hoechst 33342 and PI

Cells were continuously incubated for 72 h after
exposure to LDM for 2 h and then harvested by
trypsinization, washed once in PBS (pH 7.4) and
co-stained by DNA-specific fluorescent dye Hoechst
33342 (2 pg/mL) and PI (40 pg/mL) for 15 min at
37°C. After that, cells were washed once,
resuspended in PBS (pH 7.4) and observed under a
fluorescence microscope (BH2 system, Olympus)
equipped with a Ayss . filter.

Successive Changes of Cell Nuclei Monitored by
Giemsa Staining

Cells were seeded in 6-well plates with a
coverslip each well. After 2 h of treatment with
LDM, cells were continuously cultured in
LDM-free DMEM medium. Cells on the coverslips
were taken out respectively at 0, 24, 48, and 72 h,
immediately fixed in methanol: glacial acetic acid
(3:1) at 4 °C and then stained with Giemsa solution
for 15 min. After washed completely in distilled
water, cells on the coverslips were observed and
photographed.
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Genomic DNA Separation and Agarose Gel

Electrophoresis

Genomic DNA separation and agarose gel
electrophoresis were performed as described
previously®". Briefly, 2x10° cells after LDM
treatment were scraped with a cell scraper. Washed
once in PBS, the cells were lysed in 100 pL lysis
buffer (10 mmol/L EDTA, 0.5% sodium lauryl
sarcosine, 50 mmol/L Tris-HCI, pH 8.0) containing
100 pg/mL RNase at 37°C for 0.5 h. Then 100 uL of
lysis buffer containing 100 pg/mL proteinase K was
added and kept at 50°C for 3 h. The genomic DNA
samples were extracted three times in the same
volume of Tris-phenol: chloroform: iso-amyl alcohol
(25:24:1). The DNA samples (15 upg/lane) were
resolved on 1.5% agarose gel and detected using
Chemilmager 5500 gel imaging system.

Determination of Mitochondrial Membrane Potential
(4¥m)

Rhodamine 123 is an indicator dye which can
often be utilized as a fluorescent probe to estimate the
membrane potential of mitochondria (4%¥m) by
changes of fluorescent intensity from rhodamine 123
because of its accumulation by mitochondria in
proportion to A¥m*. The cells were incubated for
72 h after exposure to 0.1 nmol/L or 0.5 nmol/L LDM
for 2 h and then harvested and washed twice in PBS.
Then rhodamine 123 was added to the final
concentration of 0.5 pmol/L. The mixture was placed
in dark at 37°C for 30 min. Then, the cells were
washed twice and resuspended in PBS, adjusted to
1x10%sample and filtered with nylon membrane.
A¥Pm was assessed by the fluorescent uptake detected
by flow cytometry with excitation at 505 nm and
emission at 534 nm.

Observation of Cell Morphology

The cells were incubated in LDM-free DMEM
for 48 h after exposure to different concentrations of
LDM for 2 h, observed and photographed under an
inverted microscope.

Growth Curve Assay

MTT assay was used to indirectly describe the
survival curve of human hepatoma BEL-7402 cells
after treatment with LDM. The establishments of
growth curves were performed at a 5-d interval,
2.0x10° cells were seeded in each well of 96-well
plates and treated with LDM for 2 h. A 50 uL MTT
(2 mg/mL) was added to each well before assay and
incubated for an additional 4 h at 37°C, followed by
addition of 150 puL/well DMSO. After the complete

solution of the pellet, the value at each time point was
read on a microplate reader (Model 550, Bio-Rad) at
}\'570nm~

Senescence-assocaiated p-galactosidase (SA-p-gal)
Staining

Cells were assayed for senescence-associated
B-galactosidase activity at pH 6.0 as previously
described®!. In brief, 4x10* cells/well were seeded in
24-well plate and incubated for 48 h. After 2 h
treatment of LDM and 72 h of continuous incubation,
the attached cells were first rinsed twice in PBS, then
fixed in 5 ml/L glutaraldehyde and finally stained
with 1 mg/mL  5-bromo-4-chloro-3-indolyl
B-D-galactopyranoside (X-gal) solution for 16 h at
37C. Cells expressing [-galactosidase activity
(stained blue) were counted under an inverted
microscope. At least three fields of 300 cells were
scored for each assayed sample.

Western Blot Analysis

Cells treated with LDM for 2 h and incubated for
72 h were harvested and washed in PBS, lysed on ice
in lysis buffer (100 mmol/L Tris-HCI, pH 6.8, 25 g/L
SDS, 10%  B-mercaptoethanol, 1  mmol/L
phenylmethylsulfonyl fluoride and 10% glycerol) for
10 min, followed by ultrasonication. The supernatant
was obtained by centrifugation at 4°C, 12000xg for
10 min. Bradford method was used to determine the
protein concentration with bovine serum albumin as a
standard. Western blot analysis was performed as
previously described with some modifications™®*. In
short, an equal loading of protein (routinely 30
pg/lane) was electrophoresed on a 10% or 12%
SDS-polyacrylamide  gel  (Fluka), semi-dried
electrotransfered onto nitrocellulose membrane
(Hybond-P, Amersham Pharmacia) and blocked
overnight at 4°C with 5% nonfat milk in TBST buffer
(20 mmol/L Tris-HCI, 137 mmol/L NaCl, 0.1%
Tween-20, pH 7.6). Then the membranes were
washed five times in TBST and blotted with TBST
dilution (from 1:300 to 1:1000) of primary antibodies
directed respectively against Bax (Santa Cruz), Bel-2
(Santa Cruz), Caspase-3 (Santa Cruz), Caspase-9 (a
kind gift from Dr. Xiao-Dong WANG, University of
Texas Southwestern Medical Center, Dallas, USA),
pl6 (NeoMarkers), pRb (Santa Cruz), p53 (Santa
Cruz), pp53 (Ser 15) (Santa Cruz), p21 (Santa Cruz),
cyclin D1 (NeoMarkers), and actin (Santa Cruz) for a
further 1.5-3 h at room temperature, washed five
times in TBST, and then incubated with a 1:2000
dilution of the horseradish peroxidase-conjugated
second antibody (Amersham Pharmacia) in TBST for
2 h. Blots were developed using ECL Western blot kit
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(Amersham Pharmacia).

Telomerase  Activity —Assayed by Telomerase

PCR-ELISA

Telomerase PCR-ELISA was conducted using
telomerase PCR ELISA kit (Roche) following the
manufacturer’s protocols. Telomerase activity was
measured after 2 h of exposure to different
concentrations of LDM (0.1-1 nmol/L) and followed
by 72 h successive culture. After rinsed twice in
ice-cold PBS, cells were scraped and harvested. Next,
10° cells were homogenized in 200 pL of pre-cooled
lysis buffer and then kept on ice for 30 min. The
supernatant was collected via centrifugation at 16000xg
for 20 min at 4°C and stored at -80°C. Protein
concentrations of the extracts were measured using
ultra-spectrophometer before use. Subsequently, 10
ug of protein extract was assayed in 50 pL reaction
mixture containing 25 pL of reaction mixtures and
some sterile DEPC-H,0. After incubated at 25°C for
30 min to elongate the primer and then heated at 94°C
for 5 min to inactivate the telomerase, the reaction
mixture was subjected to PCR amplification in a
thermal cycler: denaturation at 94°C for 30 s,
annealing at 50°C for 30 s, and extension at 72°C for
90 s. Finally, the reaction mixture was incubated at
72°C for another 10 min to fully extend the amplified
fragments. Next, ELISA assay was carried out
following the manufacturer’s instructions.
Telomerase activity was represented by the difference
of the absorbance (AA) according to the following
formula:

AA= Aus0-Agoo

RESULTS

Unique and Atypical Chromatin Condensation Shown
by Co-staining With Hoechst 33342 and PI

To ascertain the occurrence of mitotic cell death,
co-staining assay with Hoechst 33342 and PI was
performed. The results indicated that human
hepatoma BEL-7402 cells treated with 0.1 and 0.5
nmol/L LDM for 2 h and followed by a 72-h
incubation in drug-free medium displayed a unique
and atypical chromatin condensation characterized by
a series of features different from typical apoptosis
such as integrated karyotheca, adherence on the
bottom, patchy chromatin condensation and no
formation of apoptotic bodies in the late phase of cell
death process (Fig. 1).

Cell Multinucleation Displayed by Giemsa Staining
Human hepatoma BEL-7402 cells treated with 0.1

10 micron 10 micron

20 micron

20 micron

FiG. 1. Atypical chromatin condensation induced by
LDM in human hepatoma BEL-7402 cells
determined by co-staining of Hoechst 33342 and
PI. ( The cells were continuously incubated for 72
h after 2 h LDM treatment. A, Untreated cells; B,
0.1 nmol/L LDM treated cells; C and D, 0.5
nmol/L LDM treated cells.)

and 0.5 nmol/L LDM for 2 h were continuously
incubated in drug-free medium until the specific time
dots and then stained with Giemsa solution. The
results showed that cell multinucleation occurred at
24 h in human hepatoma BEL-7402 cells after LDM
treatment. Giant mononuclear cells began to appear at
48 h. Vacuolization of cell plasma became more
significant at 72 h (Fig. 2). The percentages of
multinucleation were 12.3% and 35.7% after 72 h
incubation with 0.1 nmol/L and 0.5 nmol/L LDM,
respectively, of which the number of micronuclei
reached about 12-15 per cell.

Exclusion of Apoptosis From Mitotic Cell Death

In order to further distinguish mitotic catastrophe
induced by LDM from typical apoptosis, features of
cell apoptosis were assayed. Figure 3 shows that the
mitochondrial membrane potential of LDM-treated
cells was relatively elevated compared to the control.
Analysis of genomic DNA (Fig. 4) made it clear that
there were no DNA ladders of apoptotic cells
emerged in the late phase of cell death in human
hepatoma BEL-7402 cells after 2 h treatment with
LDM. Additionally, the protein levels of pre-apototic
Bax and anti-apoptotic Bcl-2 decreased. No
proteolytical activation of caspase-3 and caspase-9
was detected in LDM-treated BEL-7402 cells and no
significant changes were found in their corresponding
precursors (Fig. 5).

Senescence-like  Phenotype
Concentration of LDM

Triggered by Low

As shown in Fig. 6, human hepatoma BEL-7402
cells became flattened and enlarged, and the granules
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FIG. 2. Giemsa staining of human hepatoma BEL-7402 cells treated with different concentrations of LDM. A, Untreated
cells; B, 0.1 nmol/L LDM treated cells; C, 0.5 nmol/L LDM treated cells. The magnification was 400x.

SINGLE PARAMETER

76

574

38+

Cell number

0 T T TTTTTT T ) L
-1 1 10 100 1000
Fluorescent intensity
FIG. 3. Time-lapsed changes of mitochondrial membrane potential (A¥m) in human hepatoma BEL-7402
cells. Blue line reprents the control; red line represents the sample treated with 0.1 nmol/L LDM,;
green line represents the sample treated with 0.5 nmol/L LDM.

in cell plasma manifolded although BEL-7402 cells treated with 1 pmol/L LDM became round and
still grew adhering on the bottom of the well similar smaller, a lot of which detached from the bottom and
to those of senescent cells. However, BEL-7402 cells floated into the medium.
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FIG. 4. Electrophoretic analysis of genomic DNA in human
hepatoma BEL-7402 cells. M represents the standard
DNA marker (from up to down: 2000 bp, 1600 bp,
1200 bp, 800 bp, 600 bp, 400 bp, and 200 bp); lane A,
untreated cells; lane B, 0.1 nmol/L LDM treated cells;
lane C, 0.5 nmol/L LDM treated cells. This is a
representative result from three separate experiments.

Caspase-9

Actin

FiG. 5. Western blot analysis of apoptosis-related proteins
in human hepatoma BEL-7402 cells. A, Untreated
cells; B, 0.1 nmol/L LDM treated cells; C, 0.5
nmol/L LDM treated cells.

FIG. 6. Cellular morphology induced by LDM in human
hepatoma BEL-7402 cells. A, Untreated cells; B, 0.1
nmol/L LDM treated cells; C, 0.5 nmol/L LDM
treated cells; D, 1 pmol/L LDM treated cells. The
photographs were taken at the magnification of 200x.

Senescence-like Growth Retardation Induced by Low
Concentration of LDM

To further investigate the effect of LDM on

cellular senescence, senescence-like growth arrest
was detected by MTT assay. As shown in Fig. 7,
LDM-treated human hepatoma BEL-7402 cells
exhibited a significant decrease in growth rate and
delay in double time of proliferation in a
dose-dependent manner compared with the control.
At the time of 120 h after incubation, the difference
in cell number between the control and the
LDM-treated group was further enlarged and cell
number of the groups treated with 0.1 nmol/L and 0.5
nmol/L. LDM was decreased by 51.8% and 70.5%
respectively, compared with the control.
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—s— (.1 nmol/L LDM treated
+— 0.5 nmol/L. LDM treated
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0 24 48 72 9% 120
Incubation time (h)

FiG. 7. Growth inhibition by LDM in human hepatoma
BEL-7402 cells.

Increased SA-p-gal Expression Induced by Low
Concentration of LDM

SA-B-gal expression is a recognized,
senescence-associated and biological index and has
been shown to closely correlate with senescence in
aging cell cultures in vitro and in vivol®**%). We
observed SA-B-gal expression at 72 h after LDM
treatment in human hepatoma BEL-7402 cells. The
treated cells displayed enhanced activity of
SA-B-gal. Moreover, BEL-7402 cells treated with
0.1 and 0.5 nmol/L LDM increased the SA-B-gal
expression by 17.2-fold and 29.3-fold, respectively

(Fig. 8).

60
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FIG. 8. Increased percentages of SA-B-gal stained human
hepatoma BEL-7402 cells.
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Alterations of Cell Cycle Related Proteins at the
Expression Level After LDM Treatment

To understand the changes of protein expression
leading to mitotic catastrophe and cellular senescence,
cell cycle related proteins were analyzed by Western
Blot in human hepatoma BEL-7402 cells treated with
LDM. As shown in Fig. 9, LDM increased the protein
levels of pl6 and pRb. Conversely, p53, pp53 (Ser
15), p21, and cyclin D1 declined at the protein levels.

p53
pp53(Ser 15)
p21

Cycelin DI
T— A\ CliN

FiG. 9. Western blot analysis of cell cycle related proteins
in human hepatoma BEL-7402 cells. Lane A,
Untreated cells; Lane B, 0.1 nmol/L LDM treated
cells; Lane C, 0.5 nmol/L LDM treated cells.

Decreased Telomerase Activity Induced by Low
Concentration of LDM

Telomerase activity was considered to be closely
correlated with proliferation and malignancy of tumor
cells and cellular senescence. To investigate the
impacts of telomerase activity on mitotic catastrophe
and cellular senescence, PCR-ELISA was used to
quantify the telomerase activity in human hepatoma
BEL-7402 cells. The data showed a remarkable
dose-dependent decrease in telomerase activity
(P<0.01) within the concentration range of 0.1-1
nmol/L LDM, which could be thought enough to induce
mitotic cell death and cellular senescence (Fig. 10).

DISCUSSIONS

A unique and atypical chromatin condensation
was found in LDM-treated human hepatoma
BEL-7402 cells. The cells with this kind of
condensation are characterized by integrated
karyotheca, small light “dot” representing segregated
condensed chromatin and absence of formation of
apoptotic bodies which are identical to those of
previous report™. Furthermore, no PI-positive cells
were found in this process, suggesting that all cells
were alive instead of being necrosed because of their
integrated cell membrane and karyotheca.

Cell multinucleation is one of the remarkable

features in  mitotic cell death. Significant
multinucleation by Giemsa staining in human
hepatoma BEL-7402 cells appeared after treatment
with low concentration of LDM. In fact, primal
multinucleation started at 12 h after LDM treatment,
indicating that multinucleation occurred very quickly
in LDM-treated BEL-7402 cells.

The mitochondria are highly sensitive to their
microenvironment and decreased mitochondrial
membrane potential is an event occurred at the early
phase of typical apoptosis”®®. In the present study, a
relative increase of mitochondrial membrane
potential has suggested that human hepatoma
BEL-7402 cells, rather than cell apoptosis, are in a
state of mitotic catastrophe. In addition, Bcl-2 and
Bax are the two most important apoptosis regulating
proteins of bcl-2 gene family. The former is a
member of the anti-apoptotic family, while the latter
is a member of the pro-apoptotic family and the ratio
of Bcl-2/Bax determines the occurrence of
apoptosis®”. As shown in Fig. 5, although both Bcl-2
and Bax decrease with LDM treatment, their ratio has
no significant alteration. So does the activity of
caspase-3 and caspase-9, which may be explained by
the inactivation of caspase-dependent mitochondrial
apoptosis pathway.

Taking together, these data indicate that
low-concentration LDM is committed to mitotic cell
death rather than apoptosis in human hepatoma
BEL-7402 cells.

During the investigation of mitotic cell death, we
have found that LDM-treated BEL-7402 cells display
some morphological characteristics (Fig. 6) identical
to senescent cells such as increased cell volume,
enhanced granules in cell plasma, and flattened and
prolonged cell morphology!''®. This may possibly
be the primary signs of cellular senescence,
indicating the occurrence of aging. The increased
SA-B-gal activity further confirms the fact that
LDM-treated BEL-7402 cells are in a state of aging.
As reported, induction of SA-B-gal activity and
mitotic catastrophe are mutually independent
events?”. Then, are mitotic catastrophe and
senescence independent in human hepatoma
BEL-7402 cells induced by low concentration of
LDM? This may be explained at the level of protein
expression.

As shown in Fig. 9, the levels of p53, pp53 (Ser
15), p21 and cyclin D1 are declined and the levels of
pl6 and pRb are increased in LDM-treated
BEL-7402 cells. p53 is a tumor suppressor. The
inhibition of p53 can accelerate mitotic cell death.
However, excess activity of p53 could induce
premature aging of mice in multiple tissue
types!'®¥ % p21 is a p53-regulated protein and is
stimulated by p53. p21 is a cyclin-dependent kinase
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inhibitor (CDKI) which blocks cell cycle progress by
inhibiting the binding of cyclin Dl and
cyclin-dependent kinases Cdk4/6 that phosphorylates
and inactivates Rb and related proteins pl07 and
pl30. pl6 is another CDKI, which is possibly
necessary for the maintenance of senescent
phenotype, which increases markedly in senescent
cells and correlates with increasing Rb
hypophosphorylation™™. Some researchers also have
found that increased levels in either p53-p21 or pl6
alone are able to induce Rb hypophosphorylation and
initiate senescence program*”, suggesting that
inhibition of p53 may primarily lead to the
occurrence of mitotic cell death whereas
overexpression of pl6 is probably responsible for
senescence-like phenotype in human hepatoma
BEL-7402 cells after treatment with LDM. It is
reported that enhanced intensity of staining for
SA-B-gal is due to the up-regulation of p16**7*,

In conclusion, these data suggest that mitotic
cell death and senescence coexist in LDM-treated
human hepatoma BEL-7402 cells and they seem not
to be independent events. To some extent, both of
them may share common cross talk in the signal
transduction pathway. Studying senescence and cell
death may help us to understand the similarities and

GAO ET AL.

differences.

Telomerase activity has been shown to be a new
reliable pathological marker of tumor malignancy.
Previous reports indicate that telomere and
telomerase are intimately related to tumorigenesis
and cellular senescencel”'?®. The tumor-promoting
effects of telomerase activity are very complex.
Tumor cells must resolve the telomere length
problem in order to realize immortalization, while
reactivation of telomerase is a prerequisite of
malignant growth in telomerase-positive cells. So, it
is not surprising that telomerase is highly expressed
in most human tumors®®!, On the contrary, inhibition
of telomerase activity does not benefit tumorigenesis,
but contributes to the formation of tumor suppressor
mechanism, including apoptosis, mitotic cell death
and senescence efc. Our studies have revealed that
telomerase activity is decreased with increased LDM
concentration in human hepatoma BEL-7402 cells
(Fig. 10), suggesting that mitotic catastrophe and
senescence are associated with the reduced
telomerase activity in LDM-treated human hepatoma
BEL-7402 cells. Whether telomere loss or attrition
affects mitotic catastrophe and senescence induced by
LDM remains to be investigated.
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FIG. 10. Decreased telomerase activity by LDM in human hepatoma BEL-7402 cells.
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