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Abstract

Glioblastoma multiforme (GBM) is an intractable brain tumor, associated with poor prognosis and 

low survival rate. Combination therapy such as surgery, radiotherapy and temozolomide is 

considered standard in overcoming this aggressive cancer, despite poor prognosis. There is a need 

to identify potential agents which may augment the chemotherapeutic effects of standard drugs 

such as temozolomide. In this project, we evaluated the effects of silibinin, a natural plant 

component of milk thistle seeds, to potentiate toxic effects of chemotherapy drugs such as 

temozolomide, etoposide and irinotecan on LN229, U87 and A172 (P53 and phosphatase and 

tensin homolog (PTEN) -tumor suppressormutated) glioma cell lines. The data from this work 

suggest that silibinin was effective in potentiating the cytotoxic efficacy of temozolomide in 

LN229, U87 and A172 cells. While silibinin reduced survivin protein expression only in LN229 

cells, its ability to potentiate cytotoxicity of chemotherapy drugs occurred irrespective of survivin 

protein level. The data also demonstrated that silibinin potentiated the effect of etoposide and but 

not irinotecan in LN229 cells. Future research will be required to evaluate the in vivo efficacy of 

silibinin and to delineate its mechanism of action and its ability to cross the blood-brain barrier.
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Primary brain tumors are a heterogeneous group of diseases arising from different cells of 

origin and with characteristic age distributions (1). Brain tumors almost always present a 

therapeutic challenge because of their location, ag¬gressive biological behavior, diffuse 

infiltrative growth and limited surgical option. Almost half of the 18,000 new cases of brain 

tumors diagnosed in the United States each year are categorized as glioblastoma multiforme 

(GBM) (2). GBM / World Health Organization (WHO) grade IV gliomas occur in 50- to 70-

year old patients, with a median survival time of approximately 10-15 months or up to 30-50 
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months for anaplastic / WHO grade III astrocytomas, respectively (3). The majority of these 

patients will die within a year of diagnosis.

While combination therapies include surgery, radiotherapy (RT), and chemotherapy agents 

such as temozolomide [an alkylating agent with the capacity to cross the blood-brain barrier 

(BBB)], the prognosis remains poor (2, 4). Although temozolomide is somewhat effective, 

response duration is short and overall survival is typically one year (5). Unfortunately, 

effective treatment for fatal and aggressive GBM is hard to achieve due to the aggressive 

metastatic and infiltrative nature of the disease, combined with limited drug transport across 

the blood brain barrier (BBB) compounded by further limitations on surgical resection. 

Thus, achieving therapeutic concentrations in distal, seemingly intact areas contain 

infiltrating tumor cells remains an enormous challenge. Lastly, is the inability to identify 

tumor cells that are resistant to chemotherapy agents or radiation to target (6). While strides 

are being made in nano-targeted drug delivery systems to treat gliomas (7), there is still a 

need to develop effective therapeutic combination strategies of existing chemotherapy 

agents (8).

In the current study, we evaluate the potentiating effects of a natural compound, silibinin [a 

constituent of milk thistle seeds], to augment tumoricidal effects of temozolomide, 

irinotecan and etoposide in diverse human glioma cell lines. Previous studies have shown 

that silibinin alone has the capacity to halt proliferation of tumor cells by attenuating the 

early phase of the cell cycle, G1, by inhibiting various kinases (9) and the mitogen-activated 

protein kinase (MAPK) pathway (10). In glioblastoma cells, silibinin can also induce 

apoptosis through activation of calpain and protein kinase C-δ (PKC δ) (11) and attenuate 

metastatic processes by suppression of nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-ĸB) and downstream effects on the stimulation of matrix 

metalloproteinase-9 (12). In contrast to standard chemotherapy agents, silibinin is not toxic, 

as demonstrated in animal studies (13) and in human patients (14, 15), it has a 

hepatoprotective, cardioprotective and nephroprotective effect against various toxicological 

injurries (13, 14, 16, 17), making this a potential component to augment traditional 

chemotherapy for aggressive gliomas.

In this investigation, we used a number of diverse glioma cell lines carrying genetic 

mutations of tumor suppressor genes [p53, phosphatase and tensin homolog (PTEN)], which 

would make them otherwise resistant to chemotherapy. The U87 and A172 cell lines are 

mutated at PTEN (18) which is associated with up-regulation of p27/KIP1 and 

dephosphorylation of focal adhesion kinases which are integral to uncontrolled cell growth 

and tumor formation (19). Likewise, the LN229 and A172 cell lines are mutated at p53 

(tumor-suppressor gene) (20) which leads to hampered regulatory controls over cell cycle, 

senescence, apoptosis (21) and chemo-resistance (22, 23).

Materials and Methods

Growth and experimental culture media were purchased from Mediatech Inc. (Manassas, 

VA and Life Technologies, Carlsbad, CA, USA), penicillin/streptomycin from Life 

Technologies; (Carlsbad, CA, USA) and fetal calf serum (FCS) from Omega Scientific 
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(Tarzana, CA, USA). Experimental compounds, including temozolomide and silibinin, were 

purchased from Sigma-Aldrich (St. Louis, MO, USA), etoposide from Calbiochem (San 

Diego, CA, USA) and irinotecan from Pfizer Pharmaceutical Group (NY, USA). Other 

scientific/blotting supplies such as phenylmethanesulfonyl fluoride (PMSF) and protease 

inhibitors, dimethyl sulfoxide (DMSO) and 3-(4,5-Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium Bromide (MTT) were purchased from Sigma-Aldrich and Thermo 

Scientific (Waltham, MA, USA). Antibodies were purchased from Santa Cruz 

Biotechnology (Dallas, TX, USA) and cell lines from American Type Culture Collection 

(Manassas, VA, USA).

Cell culture

Primary brain tumors, GBM (glioma tumor cell lines, LN229, U87, and A172) were 

obtained in accordance with the University of Southern California Institutional Review 

Board guidelines. The temozolomide-resistant LN229 cell line was developed in our 

laboratory by subjecting LN229 cell line to a gradual increase in temozolomide, rendering 

them gradually resistant (TR-LN229). The LN229 cell line and TR-LN229 cell lines were 

cultured in RPMI-1640 containing L-glutamine, supplemented with 1% penicillin/

streptomycin and 10% FCS. Other cell lines (U87, A172) were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM) with L-glutamine, supplemented with 1% penicillin/

streptomycin and 10% FCS. Astrocytes were maintained in specific astrocyte medium 

(ScienceCell Research Laboratory, Carlsbad, CA, USA) and all cell lines were maintained in 

culture at 37°C in a 5% CO2 atmosphere in humidified cell culture incubator. All 

experiments were carried out on sub-confluent (60-80%) cultures.

Cell viability

MTT assay: The different cell lines were plated in triplicate (5×103 per well; 100 μl/well) in 

96-well plates, using either RPMI/10%FCS or DMEM/10%FCS. Cells were treated with the 

designated drugs at different concentrations (etoposide, silibinin, or irinotecan) and 

incubated at 37°C at 5% CO2/air for two days. MTT reagent (5 mg/ml in phosphate buffered 

saline (PBS) was prepared and was added at 20 μl/well. Plates were then incubated again for 

4 hours at 37°C. The supernatants were removed and 150 μl/well of DMSO was added and 

plates left to shake in shaker for 30 minutes. Absorbance was measured at 490 nm, and the 

percentage cell viability was calculated relative to that of untreated controls. Experiments 

were repeated three times.

Trypan blue exclusion

The viability of cell lines was determined using Trypan blue exclusion analysis. Cells were 

seeded at density of 5×104 cells/well with 1 ml cell suspensions being added into 6-well 

plates. After treatment with the designated drugs, cells were incubated at 37°C in a 5% CO2 

atmosphere in humidified cell culture incubator for the desired time. Cell suspension (0.1 

ml) was treated with temozolomide at different concentrations and transferred to test tubes. 

Then 10 μl from each cell group were added to 10 μl Trypan blue dye in another Eppendorf 

tube. Cell survival was examined under an inverted microscope using the hemocytometer 

method. The analysis was evaluated in two independent studies, each conducted in 

quadruplicate [% cell viability=(live cell count×2×104) /total cell count)×100].
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Western blot

Cells were evaluated for survivin after the following treatments: 50 μM silibinin; 25 μM 

TMZ; 50 μM silibinin and 25 μM TMZ; and 100 μM silibinin. Cells were lysed in buffer 

containing [20 mmol/L Tris-base, 300 mmol/ l NaCl, 5 mmol/l EDTA, 0.1% sodium 

dodecyl sulfate (SDS), 1% deoxycholate, 1% Triton X-100], phenylmethanesulfonylfluoride 

(PMSF) solution at 1:100 dilution, and protease inhibitor cocktail at 1:100 dilution. About 

50 to 100 μg of protein lysate were subjected and electro-phoresed on 15% SDS-PAGE gel 

and then electrotransferred onto nitrocellulose membranes. The blotted membranes were 

blocked for 2 hours at room temperature using blocking buffer containing Sea Block 

Blocking Buffer (Thermo Scientific) 50%, PBS 50%, and 0.1% Tween-20. Membranes were 

then incubated in a cold room overnight with primary antibodies. The primary antibodies 

used for western blots were mouse monoclonal anti-survivin (1:500), and polyclonal rabbit 

anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (1:5,000). Membranes were then 

incubated with secondary antibodies for 45-60 minutes. The secondary antibodies used for 

western blots were goat anti-mouse IgG (H+L), Dylight 800 conjugated for survivin 

(1:5,000), and goat anti-rabbit IgG (H+L), Dylight 680 conjugated for GAPDH (1:15.000), 

all purchased from Pierce (Rockford, IL, USA). Protein bands were detected by Odyssey 

infrared imaging (LI-COR Biosciences, Lincoln, NE, USA) and densitometry conduced 

using Scion Image software. (Scion Corp., Frederick, MD., USA)

Data analysis and statistics

Statistical analysis was performed using Graph Pad Prism (version 3.0; Graph Pad Software 

Inc. San Diego, CA, USA) and significance of difference between multiple groups evaluated 

by a one-way ANOVA, followed by Bonferroni's multiple comparison test or a Students t-

test. IC50s were determined by regression analysis.

Results

The objective of this study was to determine if silibinin attenuated survivin levels thereby 

rendering greater sensitivity of glioma cells to chemotherapeutic agents. The basic toxicity 

of silibinin on diverse cell lines was first analyzed (Figure 1), where the A172 cell line was 

found to be most sensitive, and the LN229 most resistant. In the LN-229 and TR-LN229 cell 

line, the cytotoxic effects of temozolomide (0-50 μM) with and without 50 μM of silibinin 

were evaluated (Figure 2). In the LN229 cells, 50 μM of silibinin potentiated the toxicity of 

temozolomide where the IC50 was reduced from [16 μM to 8 μM], and in the TR-LN229 

cells from [77 μM to 18 μM]. The data show the additive effects of 50μM of silibinin on the 

toxicity of temozolomide (0-50μM) in U87 cells (Figure 3), and on etoposide (0-50μM) in 

LN229 cells (Figure 4A) which were unaffected by a combination of silbinin and irinotecan 

(Figure 4B).

In the next experiment, protein expression of survivin was quantified to determine if its 

presence plays a role in the potentiation of the cytotoxic effects of chemotherapy drugs. The 

results show that 50 μM silibinin down-regulated survivin expression in LN229 cells to 

63.5±1.6% of the control value but did not have significant effects in either A172 or U87 

cell lines (Figure 5-7, respectively). Increased concentrations of silibinin (100 μM) resulted 
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in the loss of survivin in A172 cells (Figure 6) but not U87 cells (Figure 7), and these effects 

were likely a result of cell death (Figure 1) rather than on effects of protein expression. The 

data in Figure 1 suggest that A172 and U87 cells were more sensitive to the tumoricidal 

effects of silibinin, despite lack of attenuating effects on survivin expression as observed in 

the LN229 cells. In contrast, these data show that the only cell line in which survivin was 

reduced, namely LN229, was also the most resistant to the effects of silibinin itself.

Discussion

GBM is the most common and the most deadly malignant primary brain tumor in adults (2). 

Combination therapy targeting the disease from different mechanisms remains the hope to 

treat this aggressive cancer. Temozolomide emerged as one of the most significant advances 

in the treatment of this disease as a new chemotherapeutic agent given in combination with 

radiation therapy (2). Many glioblastoma cases continue to be refractory to temozolomide, 

making it critical to continue the search for novel adjunctive chemotherapeutic regimens to 

augment its efficacy.

Several molecular epidemiological studies have concluded that there is a strong association 

between increased survivin and progression of human cancers (24-27). This is also the case 

for GBM to which development of drugs are now including small molecule survivin 

antagonists (28) for treatment of non-responsive tumors (24-27, 29). Survivin is the smallest 

(16.5 kDa) member of the mammalian inhibitor of apoptosis (IAP) family, which is located 

on chromosome 17q25 and encodes mRNA that is divided into three introns and four exons 

(30-32). Survivin regulates the anti-apoptotic activity of the protooncogene (v-REL) and 

NFKB transcription factor family (30, 33), also playing a role in cancer cell survival by 

inhibiting caspase-7 and caspase-3 activation (30, 33).

The objective of the current study was to evaluate influential loss of survivin, if any, by 

silibinin and quantify its efficacy of potentiating toxicity with drugs such as temozolomide. 

The three cell lines, selected for this study, LN229, A172, and U87, differ in their genetic 

mutations: LN229 carries a mutated heterozygous mutation at p53 (20), A172 at p53 and 

PTEN (22, 23), and U87 at PTEN only (18) making these cell lines suitable to study 

aggressive glioma, largely due to defect in cell cycle regulation and senescence (34-37). We 

also used a temozolomide-resistant strain of LN229 that was developed in our laboratory by 

subjecting LN229 cell line to a gradual increase in temozolomide concentrations, rendering 

them resistant to temozolomide. The data from this study show that temozolomide and 

etoposide demonstrated additive effects in the presence of silibinin at 50 μM in the LN229 

cell line, possibly linked to the hampered protein expression of survivin, and in two other 

cell lines A172, and U87, to which silibinin exerted no influence on survivin. The results are 

inconclusive as to the effects of silibinin on survivin protein expression, but demonstrate 

that its toxic effects, while not synergistic with chemotherapy agents-could provide an 

additive effect.

The independent toxic effects of silibinin directly on glioma cells have been reported in the 

literature, and are known to involve generation of reactive oxygen species and subsequent 

activation of extracellular signal-regulated kinase, p38 kinase, and c-Jun N-terminal kinase, 
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protein kinase C in addition to initiating apoptosis. (11, 38) In other types of cancers, reports 

consistently provide evidence to support diverse therapeutic values of silibinin against 

oncogenic processes including, ability to initiate cell cycle arrest at G2/M by down-

regulating cyclinB1 (39), inhibit migration through impairing chemokine signaling (40) 

protect against UV induced DNA damage (41) and attenuate migration of radiotherapy pro-

survival tumor signaling. (42) The use of silibinin in augmenting the effects of 

temozolomide for GBM could be beneficial because it is also a non-toxic compound widely 

consumed as a component in ‘milk thistle extract’ known for its health promoting and anti-

hepatotoxic effects (14, 15). At the same time, silibinin can impede metastatic processes and 

initiate apoptotic cell death in glioma. (12)

Future research will be required to evaluate similar natural products for efficacy and 

synergistic effects with standard chemotherapy agents such as etoposide, irinotecan and 

temozolomide.
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Figure 1. 
Toxicity of silibinin on A172, U87, LN229 and temozolomide-resistant LN229 (TR-LN229) 

cell lines. The data is presented as viability % control, and represents the Mean±S.E.M, n=3. 

Significant differences from the controls were evaluated by a one-way ANOVA, followed 

by Bonferroni's multiple comparison test, *=p<.05. The IC50s were established by regression 

analysis corresponding to: A172=40 μM, U87=45 μM, LN229=200 μM and TR-LN229=95 

μM.
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Figure 2. 
Effects of silibinin (SIL) on temozolomide (TMZ) cytotoxicity in LN229 cells (A) and TR-

LN229 cells (B). The data is presented as viability % control, and represents the Mean

±S.E.M, n=3. Significant differences from the controls were evaluated by a one-way 

ANOVA, followed by Bonferroni's multiple comparison test, *=p<.05.
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Figure 3. 
Effects of silibinin (SIL) on temozolomide (TMZ) on temozolomide cytotoxicity in U87 

cells. The data is presented as viability % control, and represents the Mean±S.E.M, n=3. 

Significant differences from the controls were evaluated by a one-way ANOVA, followed 

by Bonferroni's multiple comparison test, *=p<.05.
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Figure 4. 
Effects of silibinin on etoposide (A) and irinotecan (CPT-11) (B) cytotoxicity in LN229 

cells. The data is presented as viability % control, and represents the Mean±S.E.M, n=3. 

Significant differences from the controls were evaluated by a one-way ANOVA, followed 

by Bonferroni's multiple comparison test, *=p<.05.
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Figure 5. 
Western blot (A) and densitometry (n=3) (B) for survivin expression in LN229 cell line 

where 1: control; 2: 50 μM silibinin; 3: 25 μM temozolomide; 4: 50 μ M silibinin and 25 μM 

temozolomide; 5: 100 μM silibinin. Significance of difference between control and 

treatments were evaluated by a Students t-test. *=p<.05
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Figure 6. 
Western blot (A) and densitometry (n=3) (B) for survivin expression in A172 cell line where 

1: control; 2: 50 μM silibinin; 3: 25 μM temozolomide; 4: 50 μM silibinin and 25 μM 

temozolomide; 5: 100 μM silibinin. Significance of difference between control and 

treatments were evaluated by a Students t-test. *=p<.05
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Figure 7. 
Western blot (A) and densitometry (n=3) (B) for survivin expression in U87 cell line where 

1: control; 2: 50 μM silibinin; 3: 25 μM temozolomide; 4: 50 μM silibinin and 25 μM 

temozolomide; 5: 100 μM silibinin.. Significance of difference between control and 

treatments were evaluated by a Students t-test. *=p<.05
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