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Abstract

AIM: Heat shock protein (HSP)70 is over-expressed in
human gastric cancer and plays an important role in the
progression of this cancer. We investigated the effects of
antisense HSP70 oligomer on human gastric cancer cell
line SGC-7901, and its potential role in gene therapy for
this cancer.

METHODS: Human gastric cancer cell line SGC-7901 was
treated /n vitro with various concentrations of antisense
HSP70 oligonucleotides at different intervals. Growth
inhibition was determined as percentage by trypan blue
dye exclusion test. Extracted DNA was electrophoresed on
agarose gel, and distribution of cell cycle and kinetics of
apoptosis induction were analyzed by propidium iodide DNA
incorporation using flow cytometry, which was also used
to detect the effects of antisense oligomer pretreatment
on the subsequent apoptosis induced by heat shock in SGC-
7901 cells. Proteins were extracted for simultaneous
measurement of HSP70 expression level by SDS-PAGE
Western blotting.

RESULTS: The number of viable cells decreased in a dose-
and time-dependent manner, and ladder-like patterns of DNA
fragments were observed in SGC-7901 cells treated with
antisense HSP70 oligomers at a concentration of 10 umol/L
for 48 h or 8 umol/L for 72 h, which were consistent with
inter-nucleosomal DNA fragmentation. Flow cytometric
analysis showed a dose- and time-dependent increase in
apoptotic rate by HSP70 antisense oligomers. This response
was accompanied with a decrease in the percentage of
cells in the G; and S phases of the cell cycle, suggesting
inhibition of cell proliferation. In addition, flow cytometry
also showed that pretreatment of SGC-7901 cells with
HSP70 antisense oligomers enhanced the subsequent
apoptosis induced by heat shock treatment. Western blotting
demonstrated that HSP70 antisense oligomers inhibited
HSP70 expression, which preceded apoptosis, and HSP70
was undetectable at the concentration of 10 umol/L for 48 h
or 8 umol/L for 72 h.

CONCLUSION: Antisense HSP70 oligomers can abrogate
HSP70 expression in SGC-7901 cells, which may in turn
induce apoptosis and inhibit cell proliferation, conversely

suggesting that HSP70 is required for the proliferation and
survival of human gastric cancer cells under normal conditions.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most common malignant tumors in
the world"¥). Although surgery and chemotherapy are effective
for patients with localized tumors, the prognosis of patients
with advanced or metastatic tumors is not ideal*®. Therefore,
it is absolutely necessary to explore a novel modality of
treatment. Heat shock proteins (HSPs) or stress proteins are
molecular chaperones that are induced by various
environmental and pathophysiological stimuli'”, of which the
M, 70 000 heat shock protein (HSP70) has been shown to be
not only required for the maturation of proteins in cell growth
under normal conditions, but also involved in the regulation of
cell growth and transformation®™®. It has been reported that
various malignant tumors over-express HSP70, which closely
relates to tumorigenesis, malignant phenotype, tumor immunity,
resistance to apoptosis and a poor prognosis in the clinical
course'*!, Up to now, many studies have demonstrated that
HSP70 is over-expressed in human gastric cancer and may
contribute to the development and prognosis of this cancert'*'®,
Guo et al'" reported that over-expression of HSP70 protein in
human gastric cancer might play an important role in promoting
cell growth and inhibiting apoptosis. Thus, it is conceivable
that the specific inhibition of HSP70 expression may affect the
proliferation and survival of human gastric cancer cells.

Antisense oligonucleotides (ON) are short stretches of
nucleic acids that bind to complementary target mRNA forming
mMRNA-ON hybrid molecules that inhibit mRNA translation, and
thereby reducing the activity of targeted gene products'). HSP70
antisense ON inhibit growth and induce apoptosis of human
prostate cancer cells PC-3 and LNCaP™, Molt-4 tumor cells?",
human oral squamous carcinoma cell HSC-2"), monoblastoid
U937 and murine fibrosarcoma WEHI-S cells", and Jurkat T
cells™!. Here, we performed this study to investigate the inhibitory
effects of antisense oligonucleotide targeted to human HSP70
mRNA on proliferation and survival of human gastric cancer cell
line SGC-7901 under normal conditions , and its potential role in
gene therapy for this cancer.

MATERIALS AND METHODS

Materials
Fifteen-mer nuclease-resistant phosphorothiolate oligodeo-
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xynucleotides (antisense and sense) were synthesized and
purified in Shanghai Shenggong Biological Engineering
Corporation (Shanghai, China). HSP70 antisense oligomer (5°-
CGCGGCTTTGGCCAT-3") was complementaryto the initiation
codon and 4 downstream codons of human HSP70 mRNAM!,
Thecorresponding sense oligomer (5’-ATGGCCAAAGCCGCG-
3”) was used as control. In this study, we did not utilize drug
delivery systems, such as liposomes or vector transfection, to
allow the antisense ON molecules to gain access to the cells.
Because our previous results of the kinetic studies of HSP70
oligodeoxynucleotide metabolism in human prostate cancer
PC-3m cells have shown that nuclease-resistant phosphorothiolate
oligodeoxynucleotides (antisense and sense) could be
directly taken up by PC-3m cells through endocytosis within
90-180 min and exist stably for over 24 h inside the cells, and
that these oligomers have a high specificity to bind to the
correspondent HSP70 mRNA of the cells (unpublished data).
Similarly, Saikawa et a/* also showed that the effectiveness
of drug delivery simply by means of spontaneous uptake of
cyclin D1 antisense ON could increase resistance to endogenous
nucleases.

Methods

Cell culture Human gastric cancer cell line SGC-7901 used in
this study was obtained from Shanghai Type Culture Collection
of Chinese Academy of Sciences (Shanghai, China) and
maintained in RPMI 1640 medium supplemented with 100 mL/L
fetal calfserum (FCS), 100 kU/L penicillin, 100 mg/L streptomycin
and 2 mmol/L L-glutamine in a humidified incubator containing
50mL/L CO,at37 C.

Antisense oligonucleotide treatment Exponentially growing
SGC-7901 cells at 1x10%/L in culture were treated with HSP70
antisense or sense oligonucleotides at the concentrations of 1,
2,4,6,10, 12,14 and 16 pmol/L for 48 h, or 8 umol/L for 24,48,72,
96 and 100 h. The culture medium was changed every 24 h by
fresh RPMI 1640 medium, containing the same concentration
of HSP70 antisense or sense oligonucleotides. The control
cultures were left untreated at 37 “C for the same period of time.
Analysis of cell proliferation inhibition The number of viable
cells was determined by trypan blue dye exclusion test, and the
percentage of cell proliferation inhibition was calculated by the
following formula: Inhibition % = (N-N1)/(N-No)*100%, where
N is the number of untreated cells cultured for # d, N is the cell
number on d 0, and Ny is the number of treated cells cultured
for n d!1.

Heat-shock treatment SGC-7901 cells were first treated with
10 umol/L HSP70 antisense and sense oligomers, respectively
for 24 h, then harvested and suspended at 5x10%L in closed
Eppendorftubes (1.5 mL). The closed tubes were left in a water
bath at 42 °C for 2 h, centrifuged at 1 000 r/min for 5 min and
then the cells were re-suspended in fresh medium containing
HSP70 antisense and sense oligomers of the same dose
before returning to a37 °C incubator for an additional 24 h.
Also, SGC-7901 cells were treated in parallel with antisense or
sense oligomers or heat shock alone. The percentage of
hypodiploid/apoptotic cells was calculated by flow
cytometry.

Flow cytometry Apoptotic cells were identified and quantitated
as the percentage of cells with hypodiploid DNA as assessed
by propidium iodide (PI) incorporation. After treating as
described above, the cells were harvested and treated with
RNase and centrifuged at 1 000 r/min for 10 min. The cell pellet
was gently resuspended in 1 mL of hypotonic fluorochrome
solution (PI 50 mg/L in 1 g/L sodium citrate plus 1 mmol/L Tris,
0.1 mmol/LEDTA and | mL/L Triton X-100). After 30 min at4 C
in the dark, the cells were washed with cold phosphate-buffered-

saline (PBS), then analyzed using a FACScan flow cytometer
(Becton Dickinson, Mountain View, Calif) with cell fit software.
The data were registered as a logarithmic scale. The forward
scatter (FSC) and side scatter (SSC) of particles were
simultaneously measured. Cell debris were excluded from
analysis by approximately raising the FSC threshold. At least
10 000 cells of each sample were analyzed. All measurements
were done using the same instrument settings. Apoptotic cells
were observed in the cell-cycle distribution. Cell-cycle analysis
was also simultaneously performed.

Agarose gel DNA electrophoresis The pattern of DNA
fragmentation was analyzed by agarose gel electrophoresis. A
total of 3x10° SGC-7901 cells were lysed with lysis buffer
containing 50 mmol/L Tris/HCI (pH 8.0), 2.5 mL/L NP40 and
10 mmol/L EDTA. RNase A was added at a final concentration
0f 200 mg/L and incubated for 1 h at 37 ‘C. Thereafter, the cells
were treated with proteinase K (300 pg/mL) and incubated for
an additional hour at 37 “C. After 4 uL of loading buffer was
added, 20 uL of extracted DNA samples in each lane was
electrophoresed on 15 g/L. agarose gel at 50 V for 2 h and stained
with ethidium bromide (EB).

Western blot The specific inhibition of HSP70 expression in
SGC-7901 cells by HSP70 antisense oligomers was analyzed by
Western blotting. A total of 2x10°SGC-7901 cells were lysed in
lysis buffer. The samples were denatured in sample buffer,
sodium dodecylsul (SDS) and resolved on 100 g/L polyacrylamide
(PAGE). After electrophoresis, the proteins were separated by
SDS/PAGE gels and then transferred to nitrocellulose
membranes by electroblotting. The membrane blots were rinsed
with 20 mmol/L Tris, 500 mmol/L NaCL, 0.5 mL/L Tween-20
(pH 7.5) and blocked by 30 g/L defatted milk. The blots were
probed first with anti-HSP70 monoclonal antibodies (mAb)
(Dako, Glostrup, Denmark) for 2 h. After washed in 30 g/L
defatted milk, biotinylated second antibodies (Dako, Glostrup,
Denmark) were incubated for an additional hour. Then the
blots were transferred to Vectastain ABC. 3,3’-diaminobenzidine
(DAB) substrate kits for horseradish peroxidase were used to
develop the color of bands.

RESULTS

Inhibition of cell proliferation

Treatment of SGC-7901 cells with HSP70 antisense oligomers
resulted in inhibition of cell proliferation. The inhibiting
proliferation rate of SGC-7901 cells increased with the treatment
dose and incubation time of HSP70 antisense oligomers, which
was observed at 1 pmol/L and reached maximum at the
concentrations of 14 umol/L for 48 h or 8 umol/L for 96 h
(Figure 1). Moreover, the number of died cells increased as the
dose reached 16 pmol/L for 48 h and 8 pmol/L for 100 h. These
effects were not observed in the cells treated with sense oligomers.
These results indicated that HSP70 antisense treatment of SGC-
7901 cells not only inhibited cell proliferation but also induced
cell death in a dose- and time-dependent manner.

Formation of apoptosis-characteristic DNA ladders by HSP70

antisense oligomer

Apoptosis-characteristic ladder-like patterns of DNA fragments
consisting of approximately 180-200 bp on 15 g/L agarose gel
electrophoresis were observed in SGC-7901 cells treated with
HSP70 antisense oligomers at a concentration of 10 pmol/L for
48 h or 8 umol/L for 72 h, which were consistent with inter-
nucleosomal DNA fragmentation (Figure 2). When the dose
reached over 16 umol/L for 48 h and 8 pmol/L for 100 h, the
smearing patterns of DNA electrophoresis were observed
(Figure 2), indicating DNA fragments from cell death, which
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Figure 1 Dose- and time-dependent inhibition of proliferation by HSP70 antisense oligomer. A: Inhibition of proliferation of
SGC-7901 cells treated with various doses of HSP70 antisense or sense oligomers for 48 h; B: Inhibition of proliferation of SGC-7901
cells treated with 8 pmol/L HSP70 antisense or sense oligomers for various lengths of time.

were consistent with the result from trypan blue dye exclusion
test. In contrast, ladder-like patterns of DNA fragments were not
found in SGC-7901 cells treated the same doses of sense
oligomers and the same incubation time as antisense oligomers.
It confirmed that HSP70 antisense oligomer treatment could
induce apoptosis of SGC-7901 cells.

Analysis of cell cycle specificity and kinetics of HSP70 antisense
oligomer-induced apoptosis

The distribution of SGC-7901 cells varied in different cell cycles
as analyzed by flow cytometry. The representative flow
cytograms displaying cell cycle specificity distribution of
untreated cells and those treated with antisense and sense
oligomers are shown in Figure 4. The DNA histograms contained
Gy/G, peak, S-phase region and G, + M peak in SGC-7901 cells
treated with HSP70 sense oligomers as well as untreated cells,
while the cells treated with HSP70 antisense oligomers showed
an extra peak of DNA content, i.e., a peak of hypodiploid cell
population. In other words, apoptotic cells were found in HSP70
antisense oligomer-treated SGC-7901 cells. There was a
significant decrease in the percentage of G, and S-phases among
the total SGC-7901 cells when the number of hypodiploid/
apoptotic cells increased with the elevation of HSP70 antisense
oligomer dose and the prolongation of incubation time intervals
(Figure 4). Also, kinetic analysis by flow cytometry showed
that the apoptotic rate of SGC-7901 cells induced by HSP70
antisense oligomers was dependent on their doses and
incubation time intervals, which was observed at 1 pmol/L for
48 h and reached maximum at 14 pumol/L for 48 h or 8 umol/L for
96 h. Under the same conditions, all the effects above were not
observed in SGC-7901 cells treated with HSP70 sense oligomers
(Figure 3). Thus, the results further confirmed that HSP70
antisense oligomers could induce apoptosis of SGC-7901 cells
in a dose- and time-dependent manner, and it seemed most
likely that the inhibition of SGC-7901 cell proliferation might in
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part be a result of apoptotic cell death, which mainly occurred
in G, and S-phases of cell cycle.

Figure 2 Agarose gel DNA electrophoretic patterns. Lane 1:
16 pmol/L antisense oligomer treatment for 48 h; lanes 2 and 3:
10 pmol/L antisense oligomer treatment for 48 h and 8 umol/L
for 72 h, respectively; lane 4: 8 umol/L antisense oligomer
treatment for over 100 h; lane 5: untreated; and lane 6: mo-
lecular marker.

Enhancement of heat shock-induced apoptosis by HSP70
antisense oligomer treatment

Since HSP70 plays an important role in protecting cells from
injury or repairing damage imposed by heat shock, and heat
shock itself induces apoptosis, we further investigated whether
the abrogation of HSP70 by antisense oligomer treatment could
enhance the induction of apoptosis by heat shock. Flow
cytometric analysis revealed that the percent of apoptotic cells
induced by heat shock was significantly higher in antisense-
oligomer-treated cells than in untreated cells, i.e., treatment
with HSP70 antisense oligomers resulted in an increase in the
number of hypodiploid/apoptotic cells in response to heat shock
(Figure 5). In contrast, HSP70 sense oligomers had no effect.
Taken together, the results indicated that HSP70 antisense
oligomer treatment could induce apoptosis not only in normally
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Figure 3 Kinetics of apoptosis induced by HSP70 antisense oligomers in SGC-7901 cells. A and B: dose- and time-dependent curves
of antisense oligomers-induced apoptosis determined by flow cytometry, respectively.
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Figure 4 Representative DNA fluorescence histograms of fluorescence 2-height (FL-2-H) showing cell cycle distribution and
apoptosis percentage. A: untreated with HSP70 oligomer; B and C: treated with 10 pmol/L sense HSP70 oligomer for 48 h and
8 umol/L for 72 h, respectively; D-I: treated with 6, 10 and 14 umol/L antisense HSP70 oligomers for 48 h and 8 pmol /L for 24,

72 and 96 h, respectively.
growing SGC-7901 cells, but also in heat-stressed cells.

Abrogation of HSP70 expression by HSP70 antisense oligomer
Western blot was performed to confirm the specific inhibition
of HSP70 expression by antisense HSP70 oligomers (Figure 6).
The results showed that treatment of SGC-7901 cells with
8 umol/L HSP70 antisense oligomer for 48 and 72 h or with
10 umol/L for 48 h resulted in the inhibition of HSP70 expression
(Figure 6), while treatment with 10 pmol/L sense HSP70 oligomer
for 48 h or 8 umol/L for 72 h had no effect on HSP70 protein
expression (Figure 6).
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Figure 5 Effects of HSP70 antisense oligomer on apoptosis of
SGC-7901 cells induced by heat-shock.
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Figure 6 Western blotting analysis of HSP70 expression. A:
untreated SGC-7901 cells; B: treated with 10 umol/L sense
HSP70 oligomer for 48 h; C: treated with 8 pmol/L sense
HSP70 oligomer for 72 h; D: treated with 8 pmol/L antisense
HSP70 oligomer for 48 h; E: treated with 8 umol/L antisense
HSP70 oligomer for 72 h; and F: treated with 10 pmol/L
antisense HSP70 oligomer for 48 h.

DISCUSSION

The role of antisense ON against human telomerase RNA?2

cyclin D12427 bel-218 her-2/neu (c- erbB 2) genel*” and
epidermal growth factor receptor (EGFR)P in gastric cancer
has been reported. However, to our knowledge, the effects of
antisense HSP70 oligomers on gastric cancer cells have not
been investigated as yet. The present study demonstrated that
HSP70 antisense oligomers could induce apoptosis and inhibit
the growth of human gastric cancer SGC-7901 cells. SGC-7901
cells treated with HSP70 antisense oligomers at the
concentration of 10 pmol/L for 48 h or 8 umol/L for 72 h displayed
the abrogation of HSP70, ladder-like patterns of DNA fragments
which were consistent with internucleosomal DNA
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fragmentation, and a hypodiploid DNA peak of propidium
iodide-stained nuclei analyzed by flow cytometry,
characteristics of an apoptotic mode of cell death. When the
dose reached over 16 umol/L for 48 h and 8 pmol/L for 100 h, the
cells died significantly, which was comfirmed by DNA
electrophoresis (Figure 2), suggesting that antisense HSP70
treatment not only inhibits proliferation, but also induces death
of SGC-7901 cells. By flow cytometric analysis of propidium
iodide-stained cells and quantitating of the subdiploid apoptotic
peak, we observed that HSP70 antisense oligomers could induce
apoptosis of SGC-7901 cells in a dose- and time-dependent
manner, which strongly correlated with the results from classical
DNA fragmentation assays in agarose gel electrophoresis.
Furthermore, HSP70 antisense oligomers were found to elevate
the number of hypodiploid cells, i.e., apoptotic cells reduced
the number of cells at the G, and S phases without affecting the
total cell number. Thus, antisense HSP70 oligomer treatment
may cause apoptosis mainly in cells at the G, and S phases of a
cell cycle, and inhibit cell proliferation. The apoptosis- inducing
and growth- inhibiting effects of HSP70 antisense oligomers
are dose- and time-dependent. The HSP70 gene is constitutively
expressed at G,/S boundary and in S phase of a cell cycle, and
HSP70 protein is necessary for cells to enter into the early S
phase during proliferation®". A G,-specific enhancer, HSP-
MY CB sequence, has been identified in human HSP70 gene,
which is responsible for the cell cycle-dependent expression of
HSP70%4. Moreover, DNA sequence-specific inhibition of
HSP70 expression by HSP70 antisense oligomers in SGC-7901
cells precedes apoptosis of these cells. The findings of our
study can confirm the previous reports on induction of
apoptosis and inhibition of proliferation by abrogation of
HSP70 expression in other kinds of tumor cells!®!32!22],
indicating the inhibitory effects of antisense HSP70 oligomers
in cancer cells. In addition, the decreased expression of HSP70
due to antisense oligomers can enhance the induction of
apoptosis by heat shock. This effect was also observed in
Molt-4 cells by Wei et al*'!. In the present study, it seemed
likely that HSP70 antisense oligomer treatment could inhibit
HSP70 expression of SGC-7901 cells, which in turn could induce
apoptosis in both normal and heat-stressed cells and inhibit
cell proliferation. The inhibition of cell proliferation shown here
may, in part, be a result of cell death induced by apoptosis. The
results also suggest that HSP70 might not be a mere marker of
biological stress in tumor cells, but is essential for the
proliferation and survival of human gastric cancer cells under
normal conditions. These findings may be of importance in
searching for new agents for human gastric cancer therapy by
inhibiting or blocking HSP70 synthesis.

Although the mechanism of anti-apoptotic effect of HSP70
remains obscure, some studies have shown that decreasing
HSP70 expression levels in tumor cells can induce cell apoptosis
and inhibit tumor growth®?!!. Tumor cells having low HSP70
levels have been shown to respond to apoptotic stimuli by
activation of stress-activated protein kinases, generation of
free radicals, early disruption of mitochondrial transmembrane
potential, release of cytochrome-C from the mitochondria and
activation of Caspase-3-like proteases, suggesting that HSP70
rescues cells from apoptosis in the death signaling pathway™!.
The mechanism of HSP70 antisense oligomer in inducing cell
apoptosis and inhibiting cell growth, is unclear. In view of
HSP70 as a molecular chaperone playing an important role in
protein metabolisms, such as folding, assembly, disassembly
and degradation, as well as in protection against various
environmental stresses, it is speculated that HSP70 antisense
oligomer sequence can specifically cross-link with HSP70 mRNA
and block HSP70 gene expression, thus specifically inhibiting
synthesis of HSP70 at the transcription level in the G,and S

phases of a cell cycle, which may render tumor cells unable to
maintain normal proliferation or activate the signal transduction
pathway of apoptosis, leading to cell apoptosis and inhibition
of cell growth.

In summary, HSP70 as a molecular chaperone plays an
important role in cell proliferation, survival and modulation of
apoptosis in human gastric cancer cells under normal conditions.
HSP70 antisense oligomers can specifically inhibit proliferation
of gastric cancer cell line SGC-7901 by inducing apoptosis
through cell cycle arrest following HSP70 abrogation. Thus,
antisense HSP70 nucleotide strategy may be a promising
approach to human gastric cancer therapy.
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