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Abstract
Glioblastoma is the most malignant brain tumors in humans and an average survival of glioblastoma
patients hardly exceeds 12 months. Taxol is a plant-derived anti-cancer agent, which has been used
in the treatments of many solid tumors. Deletion or mutation of phosphatase and tension homolog
located on chromosome ten (PTEN) occurs in as high as 80% glioblastomas. We examined the
sensitivity of human glioblastoma LN18 (PTEN-positive) and A172 (PTEN-negative) cells to Taxol
for induction of apoptosis. Wright staining showed morphological features of apoptosis after
treatment with different doses of Taxol for 24 h. Significant amount of apoptosis occurred in LN18
cells after treatment with 25 nM Taxol, while in A172 cells only after treatment with 50 nM Taxol.
Western blotting with an antibody that could specifically detect activation or phosphorylation of Akt
(p-Akt) did not show any p-Akt in LN18 cells but an increase in p-Akt in A172 cells. Activation of
Akt in A172 cells could be reversed by pre-treatment of the cells with the phosphatidylinositol-3-
kinase (PI3K) inhibitor LY294002, indicating involvement of PI3K activity in this process.
Apoptosis occurred with an increase in Bax:Bcl-2 and mitochondrial release of cytochrome c into
the cytosol leading to activation of mitochondria-dependent caspase cascade. Taxol did not cause
upregulation of vascular endothelial growth factor (VEGF), a key mediator of angiogenesis, in LN18
cells but substantial upregulation of VEGF in A172 cells. After treatment with Taxol, increases in
p-Akt and VEGF could maintain survival and angiogenesis, respectively, in PTEN-negative
glioblastoma. As a single chemotherapy, Taxol might be more efficacious in PTEN-positive
glioblastoma than in PTEN-negative glioblastoma. Thus, our study showed differential sensitivity
of PTEN-positive and PTEN-negative glioblastoma cells to Taxol.
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1. Introduction
Taxol is one of the most powerful anti-cancer compounds among all chemotherapeutic drugs
(Gligorov and Lotz, 2004). It is a plant-derived anti-cancer agent that has been efficacious in
various solid tumors in preclinical studies (Rose, 1992; Geney et al. 2005; Das et al., 2008) as
well as in clinical studies (Utsunomiya et al., 2006; Veltkamp et al., 2007). Taxol has been
widely used for induction of apoptosis in many solid tumors (Gan et al., 1998; Gagandeep et
al., 1999) including glioblastoma (Cahan et al., 1994; Das et al., 2008). It activates intrinsic
pathway of apoptosis via mitochondrial release of cytochrome c into the cytosol leading to
formation of apoptosome for activation of caspases (Jordan et al., 2004). Taxol is not so
effective for treatment of recurrent glioblastoma even though it has shown great effectiveness
in treatment of high-grade glioblastoma (Glantz et al., 1999; Rosenthanl et al., 2000). However,
the anti-cancer efficacy of Taxol in glioblastoma can be significantly increased in combination
with other therapeutic agents (Son et al., 2006; Karmakar et al., 2008) and also by increasing
its transport across the blood-brain barrier (Fellner et al., 2002; Koziara et al., 2004). Recently,
there is an excitement about the use of temozolomide for treatment of some glioblastomas that
contain epigenetic silencing of the DNA repair gene O6-methylguanine methyltransferase
(Hegi et al., 2005). Even use of temozolomide alone may fail (Huang et al., 2008) or show only
moderate efficacy (Yang et al., 2006) in recurrent and progressive glioblastomas.
Temozolomide may also promote angiogenesis in glioblastomas (Fisher et al., 2007). So,
research continues to advocate Taxol as an important choice for treatment of glioblastoma and
identify the molecular makers that can modulate (increase or decrease) Taxol efficacy in
glioblastoma. Apoptosis machinery does exist in glioblastomas (Ray et al., 2002). But recurrent
glioblastomas may lack or harbor molecular markers of cell survival even when they are
challenged with a powerful chemotherapeutic drug such as Taxol. Identification of such
molecular markers that modulate cell survival in recurrent glioblastomas may help design
rational therapeutics for their treatment.

Phosphatase and tensin homolog located on chromosome ten (PTEN), which encodes a
cytoplasmic enzyme with both protein and lipid phosphatase activity, is frequently mutated or
deleted at chromosome 10q23 in malignant glioblastomas (Ohgaki et al., 2007). Recent studies
indicate that mutation and deletion of PTEN account for as high as 80% of human
glioblastomas. Glioblastoma is the most prevalent and malignant brain tumor in humans and
the average survival time of glioblastoma patients is less than 12 months even after treatment
with currently available best therapeutic regimens (Jiang et al., 2007; Cloughesy et al., 2008).
Angiogenesis is a crucial feature for the growth and progression of glioblastoma (Hanahan and
Folkman, 1996; Kleihuses P et al, 1999). In comparison with other malignancies elsewhere in
the body, glioblastoma is a notorious tumor due to its high capability of angiogenesis. Vascular
endothelial growth factor (VEGF) plays a critical role in tumor angiogenesis and level of
expression of VGEF correlates with the degree of malignancy of glioblastomas (Fischer et al.,
2005; Reardon et al., 2008). Currently, it is a popular theory that attacking the tumor vascular
bed instead of tumor cells themselves is an effective anti-tumor strategy due to low cytotoxicity
and lack of drug resistance problem in this approach (Steiner et al., 2004). Transfection of
PTEN to glioblatoma cells could decrease the secretion of VEGF (Gomez-Manzano et al.,
2003).

Because of the modest anti-tumor activity of Taxol in some glioblastomas, we wanted to
explore any potential role for the tumor suppressor PTEN in Taxol sensitivity in glioblastomas
using human glioblastoma LN18 (PTEN-positive) and A172 (PTEN-negative) cells. Our
findings suggest that dramatic difference in Taxol sensitivity for apoptosis in these two cell
lines is due to their PTEN status. Presence of PTEN makes glioblastoma cells sensitive to
Taxol, which also reduces the expression of VEGF in PTEN-positive cells but not in PTEN-
negative cells. Notably, VEGF is an important angiogenic factor and primary focus of anti-
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angiogenic interventions. Our study indicates that Taxol is a promising therapeutic agent for
both induction of apoptosis and inhibition of angiogenic factor in PTEN-positive glioblastoma
cells.

2. Results
2.1. Levels of PTEN expression in human glioblastoma LN18 and A172 cell lines

Overexpression of the tumor suppressor PTEN in malignant cells contributes to apoptosis and
suppression of survival signaling. We examined levels of PTEN expression in LN18 and A172
cells after treatments with 25 nM and 50 nM Taxol (Fig. 1). The results demonstrated that
treatments of LN18 cells with 25 nM and 50 nM Taxol induced PTEN expression (Fig. 1A)
significantly (p<0.01) when compared with control cell (Fig. 1B). There was no detectable
PTEN expression in A172 cells before and after the treatments. Treatment with Taxol did not
induce activation or phosphorylation of Akt (p-Akt) in LN18 cells but caused significant
increases in p-Akt expression in A172 cells (Fig. 1C and 1D). Treatment of A172 cells with
LY294002, the phosphatidylinositol-3-kinase (PI3K) inhibitor, could significantly (p<0.01)
prevent activation of Akt, indicating the involvement of PI3K activity in this process.

2.2. Taxol reduced cell viability and induced morphological and biochemical features of
apoptosis

We determined amounts of residual cell viability and also apoptosis in LN18 and A172 cells
after the treatments (Fig. 2).

Typan blue dye exclusion test was used to examine the residual cell viability in both LN18 and
A172 cells after the treatments with 25 nM and 50 nM Taxol (Fig. 2A). Treatments with 25
nM and 50 nM Taxol significantly decreased (p<0.01) cell viability in LN18 cells but treatment
with 50 nM Taxol significantly reduced (p<0.05) cell viability in A172 cells (Fig. 2A).

Wright staining was used to detect the morphologic characteristics of apoptosis such as cell
shrinkage, membrane blebbing, chromatin condensation, and formation of membrane-bound
apoptotic bodies in LN18 and A172 cells after the treatments (Fig. 2B). Both LN18 and A172
cell lines demonstrated significant apoptotic characteristics after Taxol treatments. The
percentages of apoptosis were calculated in both cell lines following the treatments. Compared
with control LN18 cells, 25 nM and 50 nM Taxol caused (p<0.01) 40% and 45% apoptosis,
respectively (Fig. 3C). Compared with control A172 cells, only 50 nM Taxol caused significant
(p<0.05) amount (24%) of apoptosis.

ApopTag assay was used to detect DNA fragmentation in apoptotic cells following Taxol
treatments (Fig. 2D). ApopTag assay showed little or no brown color in control cells, indicating
almost absence of apoptosis. Compared with control LN18 cells, 25 nM and 50 nM Taxol
significantly (p<0.01) increased percentages (37% and 41%, respectively) of apoptotic cells
(Fig. 2E). Compared with control A172 cells, only 50 nM caused significant (p<0.05) amount
(25%) of apoptotic death (Fig. 2E).

We also found that a low dose (50 µM) and a high dose (100 µM) of temozolomide were
effective in inducing cell death significantly in LN18 cells but non-significantly in A1272 cells
(data not shown).

2.3. An increase in Bax:Bcl-2 ratio triggered apoptosis
Western blotting was used to examine the levels of expression of Bax and Bcl-2 proteins and
determine the Bax:Bcl-2 ratio in LN18 and A172 cells after the treatments (Fig. 3). Both 25
nM and 50 nM Taxol increased expression of Bax and but decreased expression of Bcl-2 to
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some extents in LN18 and A172 cells (Fig. 3A). Compared with control LN18 cells, 25 nM
and 50 nM Taxol caused significant (p<0.01) increases in Bax:Bcl-2 ratio (Fig. 3B). Compared
with control A172 cells, 25 nM and 50 nM Taxol also caused significant (p<0.01) increases in
Bax:Bcl-2 ratio (Fig. 3B). A significant in increase in the Bax:Bcl-2 ratio after Taxol treatment
indicated that cells were commited to trigger apoptotic process via mitochondrial pathway.

2.4. Mitochondrial release of cytochrome c into the cytosol leading to activation of caspase-9
We analyzed the mitochondrial and cytosolic fractions for assessment of mitochondrial release
of cytochrome c into the cytosol by Western blotting (Fig. 4). Mitochondrial release of
cytochrome c into the cytosol occurred in both LN18 and A172 cells after treatments with 25
nM and 50 nM Taxol (Fig. 4A). Compared with control cells, treatments with Taxol caused
significant decreases in mitochondrial levels of cytochrome c (Fig. 4B) and concomitantly
significant increases in cytosolic levels of cytochrome c (Fig. 4C), indicating mitochondrial
release of cytochrome c into the cytosol in both LN18 and A172 cells. The mitochondrial
release of cytochrome c into the cytosol could cause activation of caspase-9 (Fig. 5). Western
blotting (Fig. 5A) showed significant (p<0.01) increases in active 37kD caspase-9 in LN18
and A172 cells after Taxol treatments (Fig. 5B). Further, colorimetric assay confirmed
significant (p<0.01) increases in caspase-9 activity in both cell lines after Taxol treatments
(Fig. 5C).

2.5. Activation of caspase-3 and increase in calpain and caspase-3 activities
The activation of caspase-9 could in turn activate the final executioner caspase-3 (Fig. 6).
Western blotting (Fig. 6A) showed significant increases in active 20 kD caspase-3 fragment
in LN18 and A172 cells after Taxol treatments (Fig. 6B). Subsequently, colorimetric assay
also showed significant (p<0.01) increases in caspase-3 activity in both cell lines after Taxol
treatments (Fig. 6C). Increased calpain and caspase-3 could work co-operatively to cause
proteolysis of cellular key cytoskeletal protein in course of apoptosis (Fig. 7). Western blotting
(Fig. 7A) detected the significant increases in calpain and caspase-3 activities in proteolysis
of 270 kD α-spectrin to calpain-specific 145 kD spectrin breakdown product (SBDP) (Fig. 7B)
and caspase-3-specific 120 kD SBDP (Fig. 7C), respectively, after Taxol treatments.

2.6. Changes in expression of VEGF and bFGF
VEGF is a key factor for changing tumor microenvironment and tumor angiogenesis. It has
been reported previously that the expression of VEGF in glioblastoma is regulated in a PI3K-
dependent manner (Maity et al., 2000). Because PTEN controls PI3K activity, level of PTEN
may alter expression of VEGF and any other angiogenic factor. Expression of bFGF also
contributes to tumor angiogenesis. We used Western blotting to examine any influence of
PTEN status in changing levels of the potential angiogenic factors (VEGF and bFGF) in LN18
and A172 cells after Taxol treatments (Fig. 8). Western blotting (Fig. 8A) showed that 50 nM
Taxol caused significant decrease in expression of VEGF (Fig. 8B) and no change in expression
of bFGF (Fig. 8C) in PTEN-positive LN18 cells. On the other hand, Taxol treatments increased
the levels of VEGF significantly (Fig. 8B) and bFGF non-significantly (Fig. 8C) in the PTEN-
negative A172 cells.

3. Discussion
Glioblastoma, which is categorized amongst the most angiogenic tumors, is a highly
vascularized and invasive malignant tumor with poor outcome even after treatment with the
best therapeutic regimen (Kaur B et al., 2004). The dominant pro-angiogenic factor is VEGF
that is widely used as a primary biomarker for determining efficacy of the anti-angiogenic
interventions (Bello et al., 2004; Kargiotis et al., 2006). Since upto 80% glioblastomas have a
deficiency of the tumor suppressor PTEN, the therapeutic outcome of an anti-glioblastoma
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agent can be predicted based on levels of expression of PTEN and VEGF (Fan et al., 2002;
Pore et al., 2003).

Taxol is a highly potent anti-tumor agent that is widely used to induce apoptosis in many solid
tumors. We employed two different glioblastoma cell lines, the PTEN-positive LN18 and the
PTEN-negative A172, to assess Taxol sensitivity for induction of apoptosis. Our data
demonstrated that Taxol can cause overexpression of PTEN in LN18 cells but can not induce
expression of PTEN in A172 cells (Fig. 1). In A172 cells, Taxol could incur the expression of
p-Akt or Akt activation that could be reversed by pre-treatment of cells with the PI3K inhibitor
LY294002 (Fig. 1), indicating the involvement of PI3K activity for Akt activation in absence
of PTEN expression. This observation was similar to the earlier reports showing that the
expression of PTEN controlled the PI3K/Akt pathway in glioblastoma (Parsons, 2004;Rong
et al., 2005;Zhang et al., 2007).

Taxol induced different amounts of apoptosis in LN18 and A172 cells due to their different
PTEN status. Apoptotic cells were detected on the basis of morphological (Wright staining)
and biochemical (ApopTag assay) features (Fig. 2). Both low and high (25 nM and 50 nM,
respectively) of Taxol caused significant apoptotic death in LN18 (PTEN-positive) cells while
only high concentration Taxol induced apoptosis in A172 (PTEN-negative) cells. These results
indicated that Taxol sensitivity was greater in the PTEN-positive cell line than in the PTEN-
negative cell line.

We examined the changes in molecular events leading to differential amounts of apoptosis in
LN18 and A172 cells after Taxol treatments. Taxol changed the levels of proapoptotic Bax
and anti-apoptotic Bcl-2 in both LN18 and A172 cell lines (Fig. 3). Both low and high doses
of Taxol could increase expression of Bax effectively in LN18 cells but not so effectively in
A172 cells. We noticed a decrease in expression of Bcl-2 in LN18 cells while almost no
discernible change in expression of Bcl-2 in A172 cells following Taxol treatments. Therefore,
the Bax:Bcl-2 ratio (an indicator of commitment to apoptosis) was much higher in LN18 cells
than in A172 cells after Taxol treatments. Less increase in Bax:Bcl-2 ratio indicated the weak
efficacy of Taxol in the PTEN-negative glioblastoma cells. Earlier studies linked the lasting
expression of anti-apoptotic Bcl-2 with the resistance to chemotherapy in cancer cells (Adams
and Cory, 1998;Merighi et al., 2007).

Our results showing mitochondrial release of cytochrome c into the cytosol provided the
evidence for occurrence of apoptosis through mitochondrial pathway (Fig. 4). Taxol induced
more mitochondrial release of cytochrome c into the cytosol in LN18 cells than it did in A172
cells. Cytosolic cytochrome c promoted the activation of caspase-9 after Taxol treatment (Fig.
5). We performed Western blotting and colorimetric assay to observe increases in active 37
kD caspase-9 fragment and caspase-9 activity, respectively, after Taxol treatments. The low
dose of Taxol was sufficient to cause the highest increases in caspase-9 activation and activity
in LN18 cells while Taxol dose-dependently increased the caspase-9 activation and activity in
A172 cells (Fig. 5). We also examined the increases in active 20 kD caspase-3 fragment and
caspase-3 activity following Taxol treatments (Fig. 6). The low and high doses of Taxol were
most efficacious in LN18 and A172 cells, respectively, for increasing the caspase-3 activation
and activity. Similarly, the low and high doses of Taxol were the most effective in LN18 and
A172 cells, respectively, for proteolysis of 270 kD α-spectrin to generate the calpain-specific
145 kD SBDP and caspase-3-specific 120 kD SBDP (Fig. 7). These results demonstrated that
both low and high doses of Taxol in LN18 and A172 cells caused the highest increases in
proteolytic activities of calpain and caspase-3. Therefore, presence of PTEN in LN18 cells
appeared to help increase the sensitivity to Taxol for activation of proteolytic activities for
apoptosis.
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Because VEGF and bFGF are the critical angiogenic factors for promoting growth in
glioblastoma, we examined the changes in levels of VEGF and bFGF in LN18 and A172 cells
after Taxol treatments (Fig. 8). Taxol treatments significantly decreased expression of VEGF
in LN18 cells but increased in A172 cells. It has previously been shown that transfection of
PTEN into the glioblastoma U87 cells using retroviral vector could suppress tumor
angiogenesis due to decrease in VEGF at mRNA level in vitro as well as in vivo (Wen et al.,
2002; Abe et al., 2003). When compared with the PTEN-positive cells, the PTEN-negative ells
showed high secretion of VEGF protein (Zundel et al., 2000;Edwards et al., 2008). Integrin-
linked kinase (ILK) is a therapeutic target in cancer treatment. Studies demonstrated that the
PTEN-positive cells were sensitive to ILK inhibitors than the PTEN-negative cells and also
suggested that ILK inhibitors decreased VEGF secretion due to induction of PTEN expression
(Edwards et al., 2008). Our data indicated that Taxol could decrease expression of VEGF
significantly and bFGF to some extent in PTEN-positive LN18 cells but increased their levels
in PTEN-negative A172 cells.

In conclusion, our current study demonstrated differential anti-cancer effects of Taxol in human
glioblastoma LN18 (PTEN-positive) and A172 (PTEN-negative) cells. Activation of the cell
survival PI3K/Akt signaling pathway and lasting expression of the anti-apoptotic Bcl-2 in
PTEN-negative glioblastoma cells could confer resistance to Taxol chemotherapy. This study
implies that absence of PTEN in reccurent glioblastomas may help avoid apoptosis and promote
angiogenesis leading to overall poor prognosis of these glioblastomas even after treatment with
a powerful chemotherapeutic drug such as Taxol.

4. Materials and methods
4.1. Materials

Human glioblastoma cell lines LN18 and A172 were purchased from the American Type
Culture Collection (ATCC, Rockville, MD, USA). We obtained polyclonal IgG antibodies
against PTEN from Cell Signaling Technologies (Danvers, MA, USA), cytochrome c from
BD Biosciences (San Jose, CA, USA), and Bax, Bcl-2, VEGF, and bFGF from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Monoclonal IgG antibody against a-spectrin was
received from Affiniti (Exeter, UK).

4.2. Cell culture
Human glioblastoma LN18 and A172 cell lines were separately grown in DMEM
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin. Cells
were seeded in 75-cm2 flasks and incubated at 37°C in a fully-humidified atmosphere with 5%
CO2. Once the cells were 80% confluent, they were starved in DMEM with 1% FBS for 24 h
and maintained in this low serum condition in course of all treatments. Cells were treated with
25 nM and 50 nM Taxol for 24 hours. After the treatments, cells were processed for assessments
of residual cell viability, morphological and biochemical features of apoptosis, apoptosis-
related proteins by Western blotting, and caspase activities by colorimetric assays.

4.3. Cell viability assay
After the treatments of cells with Taxol, trypan blue dye exclusion test was performed to
evaluate the residual cell viability (Ray et al., 1999; 2006). Viable cells maintained membrane
integrity and did not take up trypan blue. Cells with compromised cell membranes took up
trypan blue and therefore were counted as dead. At least 600 cells in each treatment were
counted in four different fields and the number of viable cells was calculated as percentage of
the total cell population.
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4.4. Wright staining for morphological features of apoptosis
Cells from all treatments were harvested and washed in PBS, pH 7.4, and sedimented onto the
microscopic slides using the Centra CL2 centrifuge (IEC, Needham Heights, MA, USA) at
1000 rpm for 5 min. Cells were fixed for Wright staining, as we reported previously (Das et
al., 2006). Cellular morphology was examined under the light microscopy to examine assess
amount of apoptosis. Cells were considered apoptotic with the characteristics such as reduction
in cell volume, condensation of the chromatin, and/or the presence of cell membrane blebbing.
About 600 cells were counted in each treatment and the percentage of apoptotic cells was
calculated.

4.5. ApopTag peroxidase assay for detection of apoptotic DNA fragmentation
For detection of DNA fragmentation as a biochemical marker of apoptosis, glioblastoma cells
on the microscopic slides were subjected to the TdT-mediated dUTP nick-end labeling
(TUNEL) using the ApopTag peroxidase assay kit (Intergen, Purchase, NY, USA), as we
reported (Ray et al., 2006). In TUNEL staining, we used 3,3′-diaminobenzidine (DAB) as a
peroxidase substrate. Cells with DNA fragmentation produced a brown product from oxidative
polymerization and cyclization of DAB in the course of the ApopTag peroxidase assay.
ApopTag-positive cells were brown in a pale green background and were considered as
apoptotic cells. Experiments were conducted in triplicate and percentage of ApopTag-positive
cells was determined by counting the brown cells from randomly selected fields under the light
microscope.

4.6. Protein extraction and Western blotting
After the treatments, cells were lyzed in a buffer composed of 50 mM Tris-HCl, pH 7.4, 0.1
mM phenylmethylsulfonyl fluoride (PMSF), and 5 mM EGTA for extraction of cellular
proteins. Concentration of total proteins was determined colorimetrically using Coomassie-
Plus protein assay reagent (Pierce, Rockford, IL, USA). The samples were mixed with an equal
volume of 2x loading buffer [125 mM Tris-HCl, pH 6.8, 4% sodium dodecyl sulfate (SDS),
20% glycerol, 200 mM 1,4-dithio-DL-threitol (DTT), and 0.02% bromophenol blue], boiled
for 5 min, and loaded (40 µg/lane) onto the 4–20% gradient gels for the SDS-ployacrylamide
gel electrophoresis (SDS-PAGE). After SDS-PAGE, the gels were blotted to Immunobilon-P
nylon membrane. The blots were blocked in 5% non-fat milk, 0.1% Tween, Tris-HCl, pH 7.8,
for 2 h at room temperature. Then the blots were incubated with a specific primary IgG antibody
for 2 h at room temperature or overnight at cold room followed by alkaline horseradish
peroxidase-conjugated secondary IgG antibody for 1 h. Blots were developed using the
enhanced chemiluminescence (ECL) or ECL-Plus reagents (Amersham Pharmacia,
Buckinghamshire, UK). The ECL autoradiograms were scanned on a PowerLook Scanner
(Umax Technologies, Fremont, CA, USA) using Photoshop software (Adobe Systems, Seattle,
WA, USA) and optical density (OD) of each band was determined using Quantity One software
(Bio-Rad, Hercules, CA, USA).

4.7. Analysis of mitochondrial release of cytochrome c into the cytosol
Cells from each treatment were harvested, washed once with ice-cold PBS, and gently lyzed
for 1 min in 50 µl ice-cold lysis buffer (250 mM sucrose, 1 mM EDTA, 0.05% digitonin, 25
mM Tris-HCl, pH 6.8, 1 mM DTT, 1 µg/ml leupeptin, 1 µg/ml pepstatin, 1 µg/ml aprotinin, 1
mM benzamidine, and 0.1 mM PMSF) following the standard procedure (Pique et al., 2004).
Lysates were centrifuged at 12,000×g in cold (4°C) for 3 min to obtain pellet (the fraction
containing mitochondria) and supernatant (the cytosolic extract without mitochondria). Pellet
and supernatant were analyzed by Western blotting using cytochrome c antibody.
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4.8. Colorimetric assays for measurement of caspase-9 and caspase-3 activities
Measurements of caspase-9 and caspase-3 activities in cells were performed with the
commercially available colorimetric assay kits (Sigma Chemical, St. Louis, MO, USA).
Proteolytic activities of caspase-9 and caspase-3 were assayed based on the release of p-
nitroanilide (p-NA) from LEHD-p-NA and DEVD-p-NA, respectively. The concentration of
the p-NA released from the substrate was calculated from the absorbance at 405 nm.

4.9. Statistical analysis
Results were analyzed using StatView software (Abacus Concepts, Berkeley, CA, USA) and
compared using one-way analysis of variance (ANOVA) with Fisher’s post hoc test. Data were
presented as mean ± standard deviation (SD) of separate experiments (n ≥ 3). Significant
difference from control value was indicated by * (p<0.05) or ** (p<0.01). Significant difference
between single and double treatments was indicated by # (p<0.05).
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Fig. 1. Western blotting to assess levels of PTEN expression and activation of Akt in LN18 and
A172 cells
(A) Representative Western blots showing levels of PTEN expression. (B) Densitometric
determination of the levels of PTEN expression. (C) Representative Western blots showing
activation or phosphorylation of Akt (p-Akt). (D) Densitometric determination of the levels of
p-Akt. Treatments (24 h): Control, 25 nM Taxol, 50 nM Taxol, and 20 µM LY294002 (1 h
pre-treatment) + 50 nM Taxol. Significant difference from control value was indicated by *
(p<0.05) or ** (p<0.01). Significant difference between single and double treatments was
indicated by # (p<0.05).
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Fig. 2. Determination of residual cell viability and apoptosis in LN18 and A172 cells
Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Bar diagrams showing residual
cell viability based on trypan blue dye exclusion test. (B) Wright staining to examine the
morphological features of apoptotic cells (arrows). (C) Bar diagrams indicating percent
apoptotic cells based on Wright staining. (D) ApopTag assay to examine the morphological
features and DNA fragmentation in apoptotic cells (arrows). (E) Bar diagrams indicating
percent apoptotic cells based on ApopTag assay. Significant difference from control value was
indicated by *p<0.05 or **p<0.01.
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Fig. 3. Determination of Bax:Bcl-2 ratio in LN18 and A172 cells
Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Western blotting to show
expression of pro-apoptotic Bax and anti-apoptotic Bcl-2 proteins. Expression of β-actin was
monitored to ensure almost uniform protein loading in all lanes. (B) Bar diagram showing
densitometric determination of the Bax:Bcl-2 ratio. Significant difference between control and
a treatment was indicated by *p<0.05 or **p<0.01.
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Fig. 4. Western blotting to examine mitochondrial release of cytochrome c into the cytosol in LN18
and A172 cells
Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Representative Western blots
to show decrease in cytochrome c in mitochondria and increase in cytochrome c in the cytosol.
Expression of β-actin was examined to ensure almost uniform protein loading in all lanes. (B)
Bar diagrams to show densitometric determination of decreased levels of mitochondrial
cytochrome c. (C) Bar diagram to show densitometric determination of increased levels of
cytosolic cytochrome c. Significant difference between control and a treatment was indicated
by *p<0.05 or **p<0.01.
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Fig. 5. Western blotting and colorimetric assay for determining caspase-9 activation and activity
in LN18 and A172 cells
Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Representative Western blots
to show increased levels of active caspase-9 expression. Expression of β-actin was examined
to ensure almost uniform protein loading in all lanes. (B) Bar diagrams showing densitometric
determination of levels of active caspase-9. (C) Colorimetric assay for determination of
caspase-9 activity. Significant difference between control and a treatment was indicated by
**p<0.01.

Zhang et al. Page 15

Brain Res. Author manuscript; available in PMC 2009 November 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6. Western blotting and colorimetric assay for determining caspase-3 activation and activity
in LN18 and A172 cells
Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Representative Western blots
to show increased levels of active caspase-3 expression. Expression of β-actin was examined
to ensure almost uniform protein loading in all lanes. (B) Bar diagrams showing densitometric
determination of levels of active caspase-3. (C) Colorimetric assay for determination of
caspase-3 activity. Significant difference between control and a treatment was indicated by
*p<0.05 or **p<0.01.
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Fig. 7.
Western blotting to determine calpain and caspase-3 activities in a-spectin degradation in LN18
and A172 cells. Treatments (24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Representative
Western blots to show the appearance of calpain-specific 145 kD SBDP and caspase3-specific
120 kD SBDP indicating increased activities of calpain and caspase-3, respectively. Expression
of β-actin was examined to ensure almost uniform protein loading in all lanes. (B) Bar diagrams
to show densitometric determination of levels of 145 kD SBDP. (C) Bar diagrams to show
densitometric determination of levels of 120 kD SBDP. Significant difference between control
and a treatment was indicated by *p<0.05 or **p<0.01.
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Fig. 8.
Western blotting to estimate levels of VEGF and bFGF in LN18 and A172 cells. (Treatments
(24 h): Control, 25 nM Taxol, and 50 nM Taxol. (A) Representative Western blots to show the
changes in levels of VEGF and bFGF. Expression of β-actin was examined to ensure almost
uniform protein loading in all lanes. (B) Bar diagrams to show densitometric determination of
levels of VEGF. (C) Bar diagrams to show densitometric determination of levels of bFGF.
Significant difference from control value was indicated by *p<0.05.
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