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Abstract

Glioblastoma remains difficult to treat with chemotherapy and patients with tumors expressing
high levels of (CP-methylguanine DNA methyltransferase (MGMT) usually respond poorly to
standard temozolomide therapy. We have previously shown that the selective AURKA inhibitor
alisertib potently inhibits growth of glioblastoma cells. Here we demonstrate that alisertib
potentiates the antiproliferative effects of carboplatin and irinotecan in glioblastoma cells using
colony formation assays. Alisertib’s potentiation of these drugs was often synergistic, including
against glioblastoma tumor stem-like cells, as demonstrated by Chou-Talalay and Bliss analyses.
Upon examining MGMT levels of cell lines by western blotting, we found that high MGMT
expression correlated with more pronounced potentiation of carboplatin’s growth inhibitory effects
by alisertib, while low MGMT expression correlated with stronger potentiation of irinotecan by
alisertib. This pattern was also observed when these drug combinations were tested for their ability
to induce apoptosis via annexin V binding assays. MGMT knockdown increased apoptosis caused
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by combined alisertib and irinotecan, while exogenous MGMT overexpression increased apoptosis
from alisertib and carboplatin combination treatment. These results suggest that tumor MGMT
expression levels may be predictive of patient response to these drug combinations, and
importantly that the combination of alisertib and carboplatin may be selectively effective in
glioblastoma patients with high tumor MGMT who are resistant to standard therapy. Since clinical
experience with alisertib, carboplatin and irinotecan as single agents already exists, these findings
may provide rationale for the design of clinical trials for their use in combination treatment

regimens.
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INTRODUCTION

Aurora A kinase (AURKA) is a serine-threonine kinase critical to cell cycle progression. It
regulates several pro-proliferative pathways and multiple phases of mitosis (1). The small-
molecule, selective AURKA inhibitor a/isertib (MLN8237) inhibits tumor cell proliferation
and causes formation of abnormal mitotic spindles, followed by apoptosis, differentiation or
senescence (1). AURKA is overexpressed in gliomas (1), including glioblastoma, which is
associated with short patient survival and represents a significant therapeutic challenge.
Alisertib has been demonstrated to inhibit the growth of glioblastoma tumor stem-like cells
in vitroand /n vivo (2), suggesting that it may be a potentially effective agent against
glioblastoma.

Because discovery of novel therapies for glioblastoma is critical, and effective
chemotherapeutic approaches for refractory diseases may require a combination of agents,
we have tested for possible synergistic antiglioma effects between alisertib and other
treatments. We previously reported that alisertib potentiated the cytotoxicity of the first line
glioblastoma adjuvant therapies temozolomide (TMZ) and ionizing radiation (1, 2), as well
as the novel taxane TPI 287 (3). Both carboplatin and irinotecan are currently used against a
wide variety of neoplasms and are occasionally used to treat intracranial tumors in children
and adults, including glioblastoma (4, 5). We therefore used colony formation and annexin V
binding assays to test for possible synergistic antiglioma effects between alisertib and
carboplatin or irinotecan in glioblastoma cells.

MATERIALS AND METHODS

Cell lines.

U87, U251, T98 and LN18 cells were purchased from the American Type Culture
Collection. GB30 neurosphere cells were established as previously described (6). STR
profiling of GB30 and U1242 cells was performed at the University of Arizona Genetics
Core for authentication.
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Standard colony formation assays.

All monolayer glioma cell lines were cultured in DMEM with 10% fetal calf serum and 1%
penicillin/streptomycin in 5% CO5 at 37°C. Synergy was determined by colony formation
assays (CFAs) in which 600 cells were seeded per 60 mm dish and the following day treated
with increasing concentrations of alisertib, carboplatin, irinotecan, or alisertib combined
with either carboplatin or irinotecan. Drug vehicle (sterile water) was added to untreated
controls. 1Csq values for each drug were determined for each cell line (Table S1). Doses
were calculated as percentages of the ICsg, and performed in triplicate. Treated dishes were
incubated for 72 hr, after which they were washed with Dulbecco’s phosphate buffered
saline (DPBS), and fresh media added. Approximately 3-4 days later, dishes were washed
with DPBS, fixed with methanol, stained with Giemsa, rinsed in deionized water and air
dried. Colonies of > 20 cells were counted using a dissecting microscope. Percent survival
was calculated as the average number of colonies in 3 dishes for a given drug concentration
divided by the average number of colonies in 3 untreated control dishes.

Glioblastoma neurosphere cell colony formation in soft agar.

Glioblastoma GB30 neurosphere cells (6) of less than 20 passages were cultured in
neurosphere medium: DMEM/F12 (Cellgro), with 1% N2 supplement (Invitrogen), 1%
penicillin/streptomycin (Sigma), and 20 ng/mL bFGF and EGF (R&D Systems) under
standard conditions. Cells were seeded at a density of 3x103 cells/well in 0.4% low melting
point agarose (Invitrogen, MA) in six-well plates (Corning, Corning, NY), and topped with
3 mL neurosphere media. Wells were treated with alisertib and/or carboplatin, or alisertib
and/or irinotecan. Sterile water was added to control wells. Media and drugs were changed
every 3 days. After 10 days the plates were stained with 0.05% crystal violet. Colonies of =
20 cells were counted as above.

Drug treatment sequence dependence.

Sequence dependence CFAs contained 5 groups: one for each individual drug, one with the
drugs used concomitantly, and two sequence groups. For sequence groups, dishes were
incubated with one drug for 72 hr, after which they were washed with DPBS, and the second
drug added. After 72 hr, dishes were again washed and fresh media added. Approximately
24 hr later, they were washed, fixed and stained, and counted as described above. Each
group had associated triplicate control dishes.

siRNA knockdown.

Cells at approximately 60% confluence in 6-well plates were transfected with 25 nM ON-
TARGETplus SMARTpool siRNA targeting human MGMT (Dharmacon,
L-008856-01-0005) or ON-TARGETplus control nontargeting pool siRNA (Dharmacon,
D-001810-10-05) in OptiMEM with DharmaFECT 1 for 24 hr. Following transfection, cells
were treated with drugs and annexin-binding assays were performed. MGMT knockdown
was confirmed by western blot.
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Stable transfection.

Low MGMT expressing cells U251, U87 and GB30 were transfected with human MGMT
(NM 002412) Myc-DDK-tagged ORF clone plasmid (Origene RC229131) or empty
pCMV6-Entry Myc-DDK-tagged vector (Origene PS100001) using OptiMEM and
Lipofectamine 3000 (Invitrogen, Waltham, MA). Cells were seeded in 6-well plates at 1x10°
cells/well and transfected with 2.5ug human MGMT- pCMV6 or empty vector. Plasmid-
containing cells were grown in the presence of G418 and colonies highly expressing MGMT
(as determined by western blotting) were selected and propagated to generate stable MGMT-
expressing lines.

Glioblastoma neurosphere cell proliferation assays.

GB3O0 cells stably transfected with MGMT or empty vector as described above were seeded
at 1 x 10% cells/mL in 6 well plates and triplicate wells were treated with alisertib,
carboplatin, irinotecan, alisertib + carboplatin or alisertib + irinotecan for 3 days. Cells were
counted using a Countess Il FL cell counter.

Annexin V binding.

Drug-treated cells were stained with Alexa Fluor 594 annexin V conjugate (Thermo Fisher)
and analyzed with a Countess Il FL cell counter equipped with a Texas Red light cube
(Thermo Fisher) per the manufacturer’s instructions.

Western Blotting.

Cell lysates were prepared as previously described (1), with the addition of 1 mM sodium
orthovanadate and 5 mM sodium fluoride to the lysis buffer. Protein (10 pg) was run on 12%
Bis-Tris gels (Thermo Fisher) and blotted onto P\VDF membranes. Anti-human MGMT
(Invitrogen, 35-7000, 1:500), anti-human cleaved PARP (Cell Signaling Technologies 9541,
1:1000), anti-human cleaved caspase-3 (Cell Signaling Technologies 9661, 1:1000), and
anti-human B-actin (Sigma, A2228, 1:10,000) primary antibodies were incubated for 90 min
at 25°C. HRP-conjugated anti-mouse and anti-rabbit secondary antibodies (Cell Signaling
Technologies 7076, 1:2000 and 7074, 1:2000, respectively) were incubated for 30 min at
25°C.

Calculating Synergy.

Each dosing experiment was completed three times, and the effect (E) of a drug or
combination at a given concentration was the mean of these replicates divided by the mean
of the untreated control replicates. For each drug concentration, two models were considered
to identify potential synergy: An effect based model (Bliss) and a dose-effect based model
(Loewe). The Bliss independence model combination index (7, 8) was calculated as the
expected combination effect (assuming that statistically the drugs act independently) divided
by the observed combination effect (Cl = (Ea + Eb - Ea*Eb)/Eab). The Loewe independence
model (9) was assessed using the Chou-Talalay combination index (7, 10) (Cl=a/A+b/B;
where a and b are the doses in combination for a given effect, and A and B are the single
doses required for this effect). For both models, CI>1 indicates antagonism, and Cl<1
indicates synergy.
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Statistical analysis for annexin V binding and cell proliferation assays.

Data are presented as mean + S.D. Means of groups of 3 replicates were compared by a two-
tailed Student’s t test. Difference between groups were considered significant when p < 0.05.

RESULTS

Alisertib and carboplatin demonstrate variable synergy in glioblastoma cells.

Synergy between alisertib and carboplatin was cell line dependent. The combination of
alisertib and carboplatin exhibited synergy over a wide concentration range in U1242, LN18
and T98 cells (Fig. 1A-B; Fig. S1A; Table S2A). The strongest synergy between alisertib
and carboplatin was observed in LN18 cells. Concentrations ranging from 0.2x to 2.0x ICgq
(20-200 nM alisertib and 0.6-6 UM carboplatin) consistently demonstrated strong synergy by
both Bliss and Chou-Talalay analyses (Fig. 1B, Table S2A). In U1242 cells, synergy was
observed between 1.0x and 2.0x 1Csq drug concentrations or between 100-200 nM alisertib
and 6-12 uM carboplatin (Fig. 1A; Table S2A). In T98 cells, synergy was observed between
0.3x and 2.0x ICgq drug concentrations (30-200 nM alisertib and 1.8-12 uM carboplatin)
(Fig. S1A; Table S2A). In contrast, no synergy on average was seen between alisertib and
carboplatin in U87 cells, while minimal synergy was observed in U251 cells and GB30
tumor stem-like neurosphere cells (Fig. 1C-D and S1B; Table S2A).

Alisertib and irinotecan are synergistic in glioma cell lines in which alisertib and
carboplatin are not.

Unlike with alisertib and carboplatin, alisertib and irinotecan were potently synergistic over
a wide range of concentrations in U251 cells, with synergy observed between 0.5x and 2.0x
ICsq drug concentrations, or 50-200 nM alisertib and 1-4 uM irinotecan (Fig. 1H). This
synergy was confirmed by Chou-Talalay analysis (Table S2B). Alisertib and irinotecan also
demonstrated synergy in U87 cells, albeit over a narrower range of concentrations than in
U251 cells (Fig. 1G). Yet, evidence for synergy between alisertib and irinotecan in U87 cells
was much more compelling than between alisertib and carboplatin in the same cell line (Fig.
1C) and was supported by Chou-Talalay analysis (Table S2). Likewise, in GB30 cells
stronger synergy between alisertib and irinotecan was observed between 0.75x and 2.0x ICsg
concentrations (24-64 nM alisertib and 0.375-1.0uM irinotecan) (Fig. S1D) than was seen
with alisertib and carboplatin in these cells (Fig. S1B). This was confirmed by Chou-Talalay
analysis (Table S2). In further contrast to what was observed with alisertib and carboplatin,
little synergy was observed between alisertib and irinotecan in U1242 cells and only mild to
moderate synergy was seen in T98 cells (Fig. 1E and S1C; Table S2B). Although synergy
between alisertib and irinotecan was observed in LN18 cells (Fig. 1F), it was not nearly of
the same magnitude nor was it over as broad a drug concentration range as that seen between
alisertib and carboplatin (Fig 1B; Table S2).

Combination treatment is sequence dependent.

Next, we tested if synergy between each drug combination was sequence dependent. In each
case we chose a cell line in which synergy was observed for the particular drug combination.
For all drug combinations, concurrent treatment with both agents resulted in the greatest
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antiproliferative effect (data not shown). In the case of alisertib + carboplatin, treatment with
carboplatin followed by alisertib resulted in the greatest inhibition of colony formation in
U1242 cells (Fig. 2A). Similarly, irinotecan followed by alisertib resulted in more growth
inhibition of U87 cells compared to the reverse order of administration (Fig. 2B).

MGMT protein expression predicts potentiation of alisertib by carboplatin and irinotecan.

To try to understand the basis of the variable synergy in different cell lines for these drug
combinations we compared glioblastoma biomarkers that may potentially affect response to
cytotoxic chemotherapy between cell lines. IDH1 and p53 mutational status did not appear
to correlate with our observations however there was some suggestion that MGMT
expression could (Table S3). To examine whether synergy between alisertib and carboplatin
and/or alisertib and irinotecan correlated with MGMT expression, western blotting was used
to compare MGMT protein expression levels between cell lines. Cell lines showing more
convincing synergy between alisertib and carboplatin compared to alisertib and irinotecan
(U1242, T98 and LN18) expressed high levels of MGMT. In contrast, cell lines showing
stronger synergy between alisertib and irinotecan (U251, U87 and GB30) expressed much
lower MGMT levels (Fig. 3A; Table S2B).

To directly test the effects of MGMT expression on synergy between alisertib and irinotecan,
we knocked down MGMT in high MGMT expressing cells by siRNA (Fig. 3B) and treated
with single agents and drug combinations. Annexin V-binding assays were then performed
to quantify apoptosis. MGMT knockdown appeared to mildly potentiate alisertib-induced
apoptosis in all 3 high MGMT expressing cell lines tested, but particularly in T98 cells (Fig.
3C-E), however this was not statistically significant (Table S4). Irinotecan-induced
apoptosis also appeared to be increased by MGMT knockdown, but this was statistically
significant only in U1242 cells. In contrast, MGMT knockdown had little effect on apoptosis
in cells treated with carboplatin.

Apoptosis resulting from combined treatment with alisertib and carboplatin was also
relatively unchanged by MGMT knockdown. The combination of alisertib and irinotecan
however lead to greatly increased apoptosis when MGMT was knocked down (Fig. 3C-E).
In all cell lines tested, this drug combination showed the greatest difference in relative
apoptosis when compared with control siRNA-transfected cells, p = 0.0202 for U1242, p =
0.0121 for T98 and p = 0.0024 for LN18 (Fig. 3; Table S4).

The effects of exogenous overexpression of MGMT in the low MGMT expressing
glioblastoma cell lines U87, U251 and GB30 inversely correlated with results seen when
MGMT was knocked down in high MGMT expressing lines. Namely, exogenous MGMT
enhanced apoptosis caused by alisertib combined with carboplatin in all three of these cell
lines (Fig. 4). This was statistically significant for U251 and GB30 glioblastoma tumor
stem-like cells (Fig. 4B-D; Table S4). Exogenous MGMT overexpression also appeared to
increase apoptosis from carboplatin alone, and in some cell lines, from alisertib and/or
irinotecan as single agents, albeit not in a consistent, statistically significant manner (Fig.
4B-D).
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Western blotting for apoptosis markers in drug treated U251 cells transfected with MGMT
or empty vector confirmed annexin V bonding results. Irinotecan and alisertib + irinotecan
induced more cleaved caspase-3 and cleaved poly (ADP-ribose) polymerase (PARP) when
MGMT was absent, while carboplatin and carboplatin + alisertib induced more apoptosis
when MGMT was expressed (Fig S2A).

Consistent with apoptosis assays, CFAs using U251 cells stably transfected with MGMT or
empty vector revealed that MGMT enhances the anti-proliferative interaction between
alisertib and carboplatin (Fig. S2B). Bliss and Chou-Talalay analysis confirmed synergy at
all concentrations tested (Table S4). Although some synergy was observed in cells
transfected with empty vector, it was neither as strong nor over as broad of a concentration
range (Fig. S2B, Table S5).

Proliferation assays of MGMT-overexpressing GB30 cells showed an inhibitory effect of
MGMT on the efficacy of irinotecan, while the efficacy of carboplatin was enhanced by
MGMT (Fig. S2D). Alisertib’s anti-proliferative effect was also inhibited by MGMT. The
combination of alisertib and carboplatin inhibited proliferation to a greater extent when
MGMT was present. This was also the case for alisertib and irinotecan, although to a much
lesser extent (Fig S2D).

DISCUSSION

Here we found that alisertib potentiated the cytotoxic effects of both carboplatin and
irinotecan, often in a synergistic manner. Surprisingly, the cytotoxic synergy between
alisertib and carboplatin versus alisertib and irinotecan were inversely dependent on
glioblastoma cell G-methylguanine DNA methyltransferase (MGMT) levels.

TMZ methylates the O position of guanine, which can lead to point mutations, intrastrand
DNA cross-linking and cell death (11). MGMT is a DNA repair enzyme capable of
removing this abnormal methyl group. In glioblastoma, high MGMT expression is
correlated with shorter patient survival and resistance to TMZ (12), and MGMT knockdown
has been shown to potentiate TMZ in resistant glioblastoma cells (13). The platinum-based
drug carboplatin adds platinum adducts to DNA similarly resulting in crosslinking, but does
not alkylate DNA and the relationship between MGMT expression and response to
carboplatin is less clear. Although their DNA damaging mechanisms differ, both
temozolomide and carboplatin interfere with DNA replication and genomic stability.

In colony formation assays and MGMT knock in experiments, MGMT expression
consistently correlated with increased synergy between alisertib and carboplatin. There are
conflicting reports on the relationship between MGMT and platinum drugs (14). Although
MGMT may be able to repair platinum adducts (12, 14), MGMT has been shown to be
downregulated and its degradation accelerated following exposure to platinum drugs (15).
Nevertheless, several clinical studies have noted efficacy of platinum drugs in MGMT-
expressing gliomas (12, 16).

We observed little change in the alisertib-carboplatin combination’s ability to induce
apoptosis when MGMT was knocked down, which suggests another factor in high MGMT
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expressing cells is determining the combinations’ apparent selectivity for such cells. As
noted, platinum drugs can decrease MGMT (15), therefore downregulation of MGMT by
carboplatin may be an important component of synergy between these drugs. The greatest
degree of synergy between alisertib and carboplatin however was observed in LN18 cells,
which had the highest MGMT expression. Regardless of the mechanism of synergy, our data
suggest that this combination may be effective against glioblastoma expressing high MGMT
levels, which characteristically does not respond well to chemotherapy and has a poorer
prognosis.

Irinotecan is a camptothecin analogue whose SN-38 metabolite irreversibly binds
topoisomerase | leading to double strand DNA breaks and inhibition of both DNA
replication and transcription (17). In contrast to alisertib and carboplatin, combination
therapy with alisertib and irinotecan was more synergistic in glioblastoma cell lines
expressing low levels of MGMT. When MGMT was exogenously overexpressed in these
cells, the combination of alisertib and irinotecan tended to induce less apoptosis when
compared with cells transfected with empty vector (Fig. 4). Conversely, when MGMT was
knocked down in cells with high MGMT expression, which exhibited less synergy between
alisertib and irinotecan in CFAs, the result was a statistically significant increase in
induction of apoptosis by this drug combination when compared with cells transfected with
control siRNA (Fig. 3). This was true even in LN18 cells, the only cell line to both express
high MGMT levels and exhibit synergy between alisertib and irinotecan (Fig. 1F), albeit
much less synergy than seen with alisertib and carboplatin (Fig. 1B).

Increased MGMT expression has previously been shown to impede topoisomerase |
inhibitor induced cell death (18, 19). Several methods of MGMT-mediated resistance to
irinotecan have been proposed. Among these are the enhancement of DNA double strand
breaks through an interaction between OPmethylguanine and the irinotecan-stabilized DNA-
topoisomerase | cleavable complex, or a more direct interaction between MGMT and
topoisomerase | (19). Other possibilities include intracellular drug depletion due to off target
binding of irinotecan or alisertib to MGMT. Although we did not observe dramatically
higher 1C5q concentrations for alisertib and irinotecan in MGMT-expressing cell lines, this
does not preclude MGMT from being a possible factor in mediating the effectiveness of
these drugs. It may not be surprising then that absence of MGMT greatly enhanced the
potency of this combination.

Sequence-dependence experiments may hint at a mechanism for synergy in our drug
combinations. In cell lines in which carboplatin or irinotecan was synergistic with alisertib,
the sequences of carboplatin or irinotecan followed by alisertib treatment were more
effective than their reverse. This result suggests that DNA damage by carboplatin and
irinotecan sensitized cells to the subsequent effect of AURKA inhibition, perhaps resulting
in the latter more readily triggering the mitotic spindle check point and apoptosis. Further
studies are needed to explain why glioblastoma cells expressing MGMT showed greater
sensitivity to carboplatin and less to irinotecan in synergy assays with alisertib, but this
observation may be related to differences in other DNA repair capabilities among cell lines
that may in turn be possibly related to high MGMT expression.
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Clinically, tumor MGMT expression is frequently determined indirectly by measuring the
amount of MGMT promoter methylation. High MGMT expression is equated with MGMT
promoter hypomethylation and low MGMT expression with MGMT promoter
hypermethylation. This however, is not always the case (20, 21). Even so, some studies have
purported that MGMT promoter methylation may be a better predictor of response to
adjuvant therapy versus actual MGMT protein levels (22). Evidence of the value of
determining MGMT expression by immunohistochemistry however has been recently
presented (23). Since our findings are based on MGMT protein levels rather than promoter
methylation, this should be taken into consideration in potentially selecting patients for
carboplatin, or alisertib + carboplatin or alisertib + irinotecan combination therapies. For
such clinical studies, MGMT expression should be determined by both promoter
methylation analysis and protein measurement, and the results independently correlated with
overall patient responses.

Because MGMT expression is routinely tested in glioblastoma patients in the clinical
setting, and alisertib, carboplatin and irinotecan have all been safely used in glioma patients,
this study provides rationale for clinical trials of these drug combinations in glioblastoma
patients who are refractory to standard therapy. If such drug combinations were shown to be
clinically effective, patients could be selected for treatment with alisertib and carboplatin or
irinotecan based on tumor MGMT levels.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Cytotoxicity of alisertib and carboplatin in glioblastoma cells.
Cells were seeded, treated with alisertib, carboplatin or alisertib + carboplatin for 72 hr, and

cultured an additional 3—4 days. GB30 cells were seeded in soft agar and exposed to drugs
for 10 days. Drug concentrations are expressed as multiples of approximate 1Cgq values for
colony formation. A-D. CFAs of U1242, LN18, U87 and U251 cells treated with alisertib,
carboplatin or alisertib and carboplatin. E-H. CFAs of U1242, LN18, U87 and U251 cells
treated with alisertib, irinotecan or alisertib and irinotecan. All experiments were performed
twice. Average percent survivals of both experiments are shown.
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Figure 2: Effect of drug administration sequence on proliferation inhibition in non-concurrent

drug treatment.
Cells were seeded and treated with individual

treated with the second drug for an additional

125 150

drugs for 72 hr, washed with DPBS, and
72 hr. Drug concentrations were chosen as

multiples of approximate ICsgs for colony formation. A. U1242 cells were treated with

alisertib, carboplatin, alisertib followed by ca

rboplatin or carboplatin followed by alisertib.

B. U87 cells were treated with alisertib, irinotecan, alisertib followed by irinotecan or
irinotecan followed by alisertib. All experiments were performed twice. Average percent

survivals of both experiments are shown.
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Figure 3: Effects of alisertib and irinotecan versus alisertib and carboplatin are inversely
dependent on MGMT levels.
A. Alisertib and MGMT expression in glioma cell lines. Western blotting was performed to
determine expression of MGMT in standard cell lines and glioblastoma stem-like cells
(GB30). Alisertib synergy with irinotecan (irino) and carboplatin (carbo) is indicated B.
MGMT knockdown western blots. C-E. MGMT knockdown results in increased apoptosis of
alisertib + irinotecan treated cells. Cells were seeded and transfected with MGMT or control
siRNA the following day. After 24 hr, transfection medium was removed, and cells were
treated with alisertib (150 nM), carboplatin (6 pM), irinotecan (2 uM), alisertib + carboplatin
or alisertib + irinotecan. The following day, cells were stained with an Alexa Fluor 594
annexin V conjugate, and apoptotic cells were quantified with a Countess 1l FL cell counter.
Results are presented as the fold-increase in annexin V-binding relative to untreated control
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cells. Average fold changes in annexin V binding relative to untreated control cells are
presented. *p < 0.05, **p < 0.01, n=3.
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Figure 4: Overexpression of exogenous MGMT enhances apoptosis induced by alisertib +
carboplatin.

Cell lines were stably transfected with pCMV6 containing human MGMT or empty vector.
A. Western blotting was performed to confirm exogenous MGMT expression. Note: a less
sensitive ECL substrate was used to obtain these MGMT bands (Pierce ECL Western
Blotting Substrate, Thermo 32106) than was used to determine endogenous MGMT
expression in Fig 3A (SuperSignal West Femto Maximum Sensitivity Substrate, Thermo
34095). The same ECL substrate was used for p-actin in both cases. B-D. Cells were treated
with alisertib (250 nM), carboplatin (10 uM), irinotecan (5 uM), aliserib + carboplatin or
alisertib + irinotecan for 24h hr. Cells were stained with Alexa Fluor 594 annexin V
conjugate and analyzed with the Countess Il FL cell counter. Average fold changes in
annexin V binding are presented. *p < 0.05, **p < 0.01; n=3 for U251 and U87, n=2 for
GB30.
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