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Abstract

NA interference using SiRNA is a powerful tool to knockdown the mRNA and thus

protein level of a target gene. Taxol is an anti-cancer drug that binds to f-tubulin to

prevent tumor cell division; however, higher doses of taxol may be toxic to normal
cells. The anti-apoptotic molecule Bcl-2 is upregulated in cancer cells for protection from
apoptosis. The aim of our expression
SiRNA n a highly invasive glioblastoma cell line (U251MG) during a low-dose taxol treatment
and to examine apoptosis, inhibition of cell invasion, angiogenesis, and tumor growth,
Human glioblastoma U251MG cells were treated with 100 nM taxol or 100 nM Bl-2 IRNA or
both for 72 h. chain reaction (RT-PCR)
and Westem blotting demonstrated around 80% knockdown of Bcl-2 mRNA and protein
levels. Fluorescent activated cell sorting (FACS) analysis and the terminal deoxynucleotidy!
transferase mediated dUTP nick end labeling (TUNE) assay demonstrated apoptosis in
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Figure 1

Figure 1. Expression of Bcl-2mRNA and protein levels in U-251MG cells
after treatment wit
expression vector carrying Bel-2 si
GenScript, Piscataway. NJ) or both ¢ A}
/o RT-PCR. Total RNA was isolated using BioRad Aurum
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inhibition of neo-vasculature after treatment with both agents. The combination treatment
with taxol and Bcl 2 SiRNA further demonstrated a remarkable decrease in growth of both
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Figure: %
down regulation of Bcl-2 mRNA as well as protein levels. The treatment

Taken together, our
indicated that (he combination treatment with taxol and Bcl-2 SIRNA effectively induced
apoptosis and inhibited cell invasion, Zngiogenesis and tumor growth. Therefore, this
h of human
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Introduction

Malignant gliomas or glioblastomas are the most common primary brain tumors in adults
and children and are associated with a dismal prognosis. Glioblastomas comprise 23% of
primary brain tumors in the United States and are the most commonly diagnosed brain
tumor in adults. Since tumor cells often infitrate deep into the normal tissue, complete
surgical removal of the brain tumor is almost impossible and responsible for the high
incidence of recurrence.

Cell invasion, angiogenesis and tumor growth are complex mechanisms that involve a
variety of biochemical and cellular processes. The degree of primary brain tumor growth is
directly correlated with cell invasion and angiogenesis. Inhibition of these processes may
not only suppress tumor growth but alsoimprove the prognosis for advanced brain tumors,
Thus, exploring methods to intervene in the process of cell invasion and angiogenesis
would arrestthe growth of glioblastomas:

Dysregulation of apoptotic mechanisms plays an important role in the pathogenesis and
progression of various cancers as well as in the responses of tumors to therapeutic
interventions. Highly invasive cancer cells are protected from apoptosis by upregulation of
various anti-apoptotic molecules, such as B-cell lymphoma-2 (Bcl-2). Furthermore, Bl-2
protects cells against taxol-mediated apoptosis by inducing multi-nucleation. Significant
knockdown of the upregulated of Bcl-2 could pave an effective way to induce apoptosis in

llinvasion, tumor growth.

Taxol (paclitaxel) is a potent anticancer drug that strongly binds to the N-terminal region of
p-subunit of tubulin and promotes the formation of highly stable microtubules that resist
depolymerization, thus preventing active tumor cell division and arresting the cell cycle at
the G2/M phase. The dynamic instability of microtubules affects the positioning of
chromosomes during replication and inhibits cell division. Taxol also induces apoptosis in a
wide spectrum of cancer cells by caspase-dependent and -independent apoptosis
mechanisms. Although the progress of anticancer agents including taxol has improved
therapeutic_responses in advanced gliomas, the long-term prognosis_remains
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Figuro 2 (A). Flow cytometry dot plot of U-251MG colls after treatment

ith 100 nM taxol or transfection with a mammalian expression vector
carrying Bcl-2 SIRNA CDNA or both together for 72 h. The cels were
treated with 50 yg/mi propidium iodide for 30 min at 4°C in dark. Column M1
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and 1:100 dited rabbit monoclonal cleaved caspase-3 (Cell Signaling Technology) primary antibodies
simultaneously and incubated ovemight at 4C. The cels were (hen washed and ncubated wil FITC
comusated donkey i goa (i Eiimodcas Sdlon CH) and ForaTed contgaled goat s ebod
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Figure 4. (A) Fluorescent TUNEL assay for detection of apoptotic cels after the treatments. The

‘combined treatment with taxol and Bcl-2 SIRNA resulted in more apoptotic cell death than either

treatments alone. (B) Quantitation of TUNEL-positive cells using Image Pro-Discovery software.

Data are representative of 4 independent experiments in duplicate (‘p<0.001 when compared to
0,001
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Figure 5. Tumor cell invasion assay. (A) Malrigel invasion assay was performed on U-251MG
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Conclusions

«Transfection of U-251MG cells with a mammalian expression vector carrying Bcl-2
SiRNA cDNA resulted in about 70% downregulation of both Bcl-2 mRNA and protein
levels.
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side effects for patients. The use of alow dose taxoltr Bcl-

2 would be highly desirable to induce apoptosis and thus to prevent cell invasion,

angiogenesis and tumor growth more effectively. The aim of our present investigation was

to knockdown the upregulated Bcl-2 using gene specific SIRNA during a low dose taxol

treatment in U-251MG glioblastoma cells, to induce apoptosis, and to inhibit cell invasion,
tumor ini mice.

Bel2.
{8) FACS histogram of U-25TMG cals afer reatment with 101 o
transfection with Bcl-2 SIRNA. The prominent increase of sub-G1 phase
population of cells (W) indicates increased apoptosis after treatment with

experiments (‘p<0.001 when compared to the control mean values and
“p<0.001 when comparedotaxolor Bol-2 sRNAmean values).
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and photographed. A significant reduction in the number of ivaded cels indicates the decreased
invasive potency of U-251MG celis after treatment with taxol and Bcl-2 SIRNA (B) Quantiative
evaluation of matrigel invasion assay. The data represented are mean +

selected microscopic ields from three independent wells (*p<0.001 when compared o the control

inducti i fBcl-2.
«Combination treatment with taxol and Bcl-2 siRNA resulted in complete inhibition of
both tumor cell invasion and formation of microvasculature.
* Simulaneous administration of ow doss taxol and Bck-2 SIRNA significantly reduced
nd i tumor growth in nud
«Combination of taxol and Bel-2 SiRNA offers a novel therapeutic tool for controlling
growth of glioblastomas.
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