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Abstract

Purpose—Magmas (mitochondria-associated protein involved in granulocyte-macrophage
colony-stimulating factor signal transduction) is a nuclear gene that encodes the mitochondrial
import inner membrane translocase subunit Tim16. Magmas is highly conserved, ubiquitously
expressed in mammalian cells, and is essential for cell viability. Magmas expression levels are
increased in prostate cancers and pituitary adenomas. Moreover, silencing Magmas by RNAI
sensitizes pituitary adenoma cells to pro-apoptotic stimuli and induces a GO/G1 accumulation. The
aim of this study was to examine whether inhibition of Magmas by small molecule inhibitors
could be beneficial for the treatment of malignant gliomas.

Methods—We evaluated the expression of Magmas in patient-derived glioblastoma tissue
samples and xenograft models. We studied the feasibility of a small molecule Magmas inhibitor
(BT#9) as a therapeutic agent in stable human glioma cell lines and high-grade patient derived
glioma stem-like cells.

Results—Magmas was overexpressed in tissue sections from glioma patients and xenografts. /n
vivo studies revealed that BT#9 could cross the blood-brain barrier in the animal model. Magmas
inhibition by BT#9 in glioma cell lines significantly decreased cell proliferation, induced
apoptosis along with vacuole formation, and blocked migration and invasion. In addition, BT#9
treatment decreased the respiratory function of glioma cells, supporting the role that Magmas
serves as a ROS (reactive oxygen species) regulator.

Conclusions—This is the first study on the role of Magmas in glioma. Our findings suggest that
Magmas plays a key role in glioma cell survival and targeting Magmas by small molecule
inhibitors may be a therapeutic strategy in gliomas.
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Introduction

Magmas (mitochondria-associated protein involved in granulocyte-macrophage colony-
stimulating factor signal transduction) is a nuclear gene identified as a GM-CSF
(Granulocyte-macrophage colony stimulating factor) inducible gene in myeloid cells [1].
Magmas encodes the mitochondrial import inner membrane translocase subunit Tim16, and
is highly conserved and ubiquitously expressed in all mammalian cells [2, 3]. Increasing
evidence suggests a role for Magmas in tumorigenesis. The expression levels of Magmas are
barely detectable in normal human prostate, but increase in high-grade carcinoma,
independently of mitochondrial content [4]. In addition, Magmas mRNA has been found to
be highly expressed in two ACTH-secreting mouse pituitary adenoma cell lines compared to
normal mouse pituitary cells, and in 47 out of 64 human pituitary adenomas compared to
normal human pituitary cells [5]. Furthermore, decreased expression levels of Magmas in
cancer cells are associated with apoptosis. Magmas silencing by RNAI sensitizes pituitary
adenoma cells to proapoptotic stimuli and induces a GO/G1 accumulation [5], while
overexpression of Magmas increases cell growth and inhibits staurosporine-induced
apoptosis as well as DNA fragmentation [6]. Magmas also performs a critical ROS (reactive
oxygen species) regulatory function by increasing cell tolerance to oxidative stress and
protecting cells from damage and apoptosis [7]. Based on these findings, we hypothesized
that inhibition of Magmas by small molecule inhibitors could be beneficial for glioma
treatment.

Glioblastoma (GBM) is one of the most aggressive and difficult to treat cancers. Drug
delivery across the blood-brain barrier (BBB) and GBM resistance to conventional
chemotherapy are two factors that contribute to the poor prognosis of GBM patients. The
function of BBB is to efficiently supply the brain with nutrients and oxygen, meanwhile
protecting the brain from potentially neurotoxic compounds. The active metabolism of
GBM, along with increased expression of Vascular Endothelial Growth Factor (VEGF) and
angiogenesis, leads to the abnormal vascularization and a dysfunctional BBB, a major
obstacle in brain tumor therapy by preventing the delivery of sufficient quantities of
therapeutic agents [8]. Therefore, no matter how potent the drug is, there is no benefit for
glioma treatment if it cannot cross the BBB and reach the tumor cells. Accumulating
evidence suggests that glioma stem-like cells (GSCs), a small subset of tumor cells situated
at the apex of the cellular differentiation hierarchy, are resistant to chemotherapy due to their
stem cell-like properties. Although anti-cancer therapies could effectively eliminate the
tumor mass, surviving GSCs can re-initiate tumor formation [9]. Thus drugs targeting GSCs
may increase therapeutic efficacy and decrease tumor recurrence.

The aim of our study was to investigate the role of Magmas on malignant gliomas, to test the
capability of a novel Magmas inhibitor, BT#9, to cross the BBB, and to evaluate the anti-
tumor function of BT#9 in human glioma cells and GSCs.
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Materials and Methods

Chemicals and reagents

All standard chemicals, buffers and reagents, unless otherwise indicated, were purchased
from Sigma Aldrich (St. Louis, MO). BT#9 was synthesized by Bhaskar C. Das.

Glioma tissues, xenografts and cells

Institutional Review Board approval was obtained at University of California, Irvine Medical
Center. Surgical specimens of brain tumors were obtained from patients who had undergone
tumor resection with the neuropathological review completed by a specialized
neuropathologist. For GL261 xenografts, five 6-week old BALB/C nu/nu male nude mice
were subcutaneously injected with 5 x 105 GL261 cells in 25% Matrigel (BD Biosciences)
into their right and left thighs on both sides. On Day 15 after injection, the mice were
sacrificed and tumors were removed and fixed. The established malignant human glioma cell
lines, D-54 MG, U-118 MG, U-251 MG and U-87 MG were maintained in DMEM/F-12
medium containing 292 pg/ml glutamine, 1% penicillin/streptomycin and 10% FBS (Omega
Scientific, Inc. Tarzana, CA). GSC HuTuPO1 cells were a gift from Dr. David Panchision
[10]. Mesenchymal (Mes) GSCs 1123 Mes and 83 Mes were a gift from Dr. Ichiro Nakano
[11]. All GSCs were cultivated in undifferentiated conditions on Fibronectin-coated flasks in
1:1 DMEM:F12 medium (Irvine Scientific, Santa Ana, CA), containing 1% penicillin/
streptomycin (Gibco/Invitrogen, Grand Island, NY), 10% BIT9500 (Stem Cell Technologies,
Vancouver, BC, Canada), 292 ug/ml L-glutamine (Irvine Scientific), 20 ng/ml basic
Fibroblast Growth Factor (FGF) (PeproTech, Inc., Rocky Hill, NJ), 20 ng/ml Epidermal
Growth Factor (EGF) (PeproTech, Inc.), 10 ug/ml Ciprofloxacin (Teva Parenteral Medicines,
Inc., Irvine, CA), 10 pug/ml Gentamicin (MP Biomedicals, LLC, Solon, Ohio) and 2.5 pg/ml
Amphotericin B (Fisher Scientific, Fair Lawn, NJ). All cells were cultured at 37°C in a
humidified incubator with 5% CO,.

Immunohistochemical staining

VECTASTAIN ABC kit and DAB substrate kit (Vector Laboratories, Inc., Burlingame, CA)
were used for immunohistochemical staining. Formalin-fixed, paraffin-embedded tissue
sections (5 um) were deparaffinized and rehydrated. After antigen retrieval, the endogenous
peroxidase activity was blocked with 1% H,0, in PBS for 20 min. The sections were
incubated with 5% normal goat serum and then exposed to rabbit anti-PAM16 antibody
(15321-1-AP, 1:50, ProteinTech Group, Inc., Rosemont, IL) at 4 °C overnight, followed by
incubation with biotinylated anti-rabbit 1gG for 1 hour at room temperature. The sections
were incubated with ABC reagent and followed by DAB substrate solution until desired
stain intensity developed. Hematoxylin was used as counterstain. Slides were then mounted
with Permount (Fisher Scientific).

Pharmacokinetic (PK) evaluation of BT#9 in female Balb-C mice

The 200 mg/ml Captisol solutions of BT#9 were used at dosing solutions for animal studies.
A dose escalation study was conducted in female Balb-C mice to determine the maximum
tolerated dose of this investigational compound. All doses were delivered by IV injection
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into the tail vein. The mice were not fasted and water was available ad libitum. After
examining several 1V doses ranging from 0.1 mg/kg to 50 mg/kg BT#9, a dose of 30 mg/kg
which was well tolerated by the animals with very little observed negative side-effects, was
selected for the pilot PK study. Ten time points (3 mice per time point) were selected for the
pilot PK study. Plasma was collected at each time point, as well as perfused brains to assess
blood brain barrier permeation of BT#9.

Blood samples were taken from anesthetized mice by cardiac puncture with a needle and
syringe at approximately time 0, 5, 10, 20, 30, 60, 120, 240, 480 and 720 minutes. After
each blood sample was taken, all mice were euthanized via isoflurane anesthesia and
exsanguination, with death ensured by thoracotomy. Each animal was then perfused with
saline and the brain was harvested and frozen for tissue levels of BT#9. The plasma and
brain BT#9 concentrations were determined using validated LC/MS/MS bioanalytical
methods.

After the plasma LC/MS/MS analysis was completed, data was analyzed using WinNonLin
Pharmacokinetic Software, version 3.1 (Pharsight, Mountain View, CA). For the brain tissue,
concentration data (normalized to tissue weight, expressed as ng/g BT#9) was plotted as a
mean concentration-time profile to show drug elimination from brain tissue.

3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay

The cells were seeded at approximately 1x10%well in a final volume of 200 pl in 96-well
microtiter plates. Before testing, MTT solution (5 mg/ml; 20 ul/well) was added and cells
were incubated at 37 °C for 5 hours. The culture medium was then aspirated and DMSO
(200 pl/well, Fisher Scientific) was added to dissolve the dark blue crystals. The absorbance
was measured at a wavelength of 570 nm.

Western blotting

Antibodies used were Cleaved Caspase-3 (Aspl75) (#9661, Cell Signaling Technology, Inc.,
Danvers, MA) pB-actin (NB600-501, Novus Biological LLC, Littleton, CO). The images
were exposed by G:BOX from Syngene.

Apoptosis assay

U-251 cells were treated with 10 pM of BT#9 for 24 hours, and apoptotic cells were
measured using the Annexin V: FITC Apoptosis Detection kit (BD Biosciences, Franklin
Lakes, NJ). Samples were then analyzed by flow cytometry using BD Bioflow.

Wound closure assay

Cells were seeded in a 24-well plate at 1x10° cells/well and were allowed to grow overnight.
The monolayer was then scratched with a pipette tip, washed with PBS twice, and treated
with Magmas inhibitor. At the end of each incubation, cell migration into the scratched area
was photographed.

J Neurooncol. Author manuscript; available in PMC 2020 January 01.
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Invasion assay

Invasion assay was performed using BD BioCoat™ Matrigel™ Invasion Chamber with 8 um
PET membrane (BD Biosciences). Cells were seeded in medium without serum, and
medium containing 1.5% FBS was used as chemoattractant. After an incubation of 24 hours
at 37°C, non-invasive cells were removed and invading cells were fixed with 100%
methanol. Cells were then stained in Hematoxylin.

Seahorse XF24 metabolic flux analysis

Mitochondrial respiratory function was assessed using the Seahorse XF24 Extracellular Flux
Analyzer. Oxygen consumption rates (OCR, pmol/min) and extracellular acidification rates
(ECAR, mpH/min) were measured using the Cell Mito Stress Kit (Seahorse Bioscience,
Billerica, MA). The cells, D-54 MG (8.0 x10%well) and U-251 MG (1.0 x 10%/well) were
plated on Seahorse XF24 cell culture microplates. Baseline rates were measured at 37°C
three times before the sequential injection of the mitochondrial inhibitiors: oligomycin (2
M), FCCP (0.5 puM) and lastly roteneone (1 uM) and antimycin A (1 uM) in D54-MG. The
inhibitor concentrations used for the U-251 MG cell line were: oligomycin (2 uM), FCCP (1
UM), and roteneone (1 uM) plus antimycin A (1 uM). Three OCR and ECAR measurements
were taken after addition of each inhibitor. All measurement was normalized to protein
content per well. OCR and ECAR data was collected using the XF4 Wave software
(Seahorse Bioscience). Basal OCR levels were analyzed using the Agilent Seahorse XF Cell
Mito Stress Test Report Generator. Basal OCR respiration parameter = (last rate
measurement before Oligomycin injection) — (Non-mitochondrial respiration rate). Non-
mitochondrial oxygen consumption = minimum rate measurement after Rotenone/
Antimycin A injection. Basal ECAR levels were calculated as the average of the first three
measurements before Oligomycin injection. Data was graphed and analyzed using GraphPad
Prism 5 (GraphPad Software, La Jolla, CA). Statistical significance was measured by
student’s paired t-test.

Statistical Analysis

Results

Statistical analyses were performed and graphs generated using Prism 5 (GraphPad). All
values were presented as mean + standard error of the mean (S.E.M.) when at least 3
observations were available. Statistical significance was measured by unpaired #tests or one-
way ANOVA unless otherwise indicated.

Magmas over-expression is observed in glioblastoma tumor tissues

Magmas expression in several types of human tumors has been shown to be significantly
higher than the levels present in normal tissues. However, very little is known regarding the
role of Magmas in gliomas. We first evaluated the expression of Magmas in gliomas using
immunohistochemical analysis (Fig. 1a). High Magmas expression was detected in patient-
derived GBM tissues as well as tumor sections from nude mice subcutaneously injected with
GL261 xenograft, but much lower and/or undetectable expression was noted in normal
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brains (representative results shown). These results suggest that targeting Magmas may be a
potential therapeutic strategy in gliomas.

Magmas inhibitor may cross the blood-brain barrier and enters brain as a potential target

organ

A highly conserved region important for Magmas activity was identified by sequence
homology and functional mutagenesis. Using structural data and molecular modeling,
several compounds designed to bind to Magmas were synthesized. Among them, the most
active compound (BT#9) was studied for functional interactions with Magmas [12] and used
in our study (Fig. 1b). First, we evaluated the pharmacokinetics (PK) and metabolism of
BT#9 in vivo using female Balb-C mice. An intravenous dose of BT#9 (30 mg/kg) was
chosen for the pilot PK study, and plasma was collected at ten time points (0, 5, 10, 20, 30,
60, 120, 240, 480 and 720 minutes) for the pilot PK study. Meanwhile, perfused brains were
also collected to assess blood brain barrier permeation of BT#9. After an intravenous dose of
BT#9 (30 mg/kg), the maximum plasma concentration could be seen at 5 minutes, with a
Cmax of 4497.06 ng/mL. The apparent half-life of BT#9 after IV dosing was 209.2 minutes
(Table 1). By comparing the plasma concentration-time profile of BT#9 (gray line) to the
levels of BT#9 in the brain (black line), we found that while the plasma level of BT#9
reached a Cmax within 5 minutes and obviously eliminated by 720 minutes, brain levels of
BT#9 increased over the first 240 minutes after IV exposure and then slowly decrease (Fig.
1c). It is possible that BT#9 is sequestered in the lipid rich environment of the brain and
leeches out over time. It is also possible that BT#9 binds to a specific receptor site in the
brain and is not eliminated quickly as it is in the plasma. Since measurable BT#9 levels are
seen in the brain, as well as the plasma (and other tissues, data not shown), it is indicative
that BT#9 is getting to the target tissue (brain) and remaining there, where it can exert its
pharmacological actions.

Magmas inhibitor has a dose- and time-dependent cytotoxic effect on glioma cells

Next, we focused on the effect of BT#9 on glioma cells. In order to determine if BT#9 is
toxic to glioma cells, several established malignant human glioma cell lines (D-54 MG,
U-118 MG, U-251 MG and U-87 MG) were chosen to perform an MTT assay to evaluate
the effect of BT#9 on cell proliferation. As shown in Fig. 2a and 2b, BT#9 significantly
inhibited the growth of those glioma cell lines in a dose- and time-dependent manner,
suggesting that BT#9 exerts cytotoxic effects on glioma cells.

GSCs are known to contribute to tumorigenesis and radiation resistance in malignant glioma
[13], therefore targeting GSCs is very important in glioma therapy. We tested the response to
BT#9 among several GSCs derived from high-grade glioma patients. As shown in Fig. 2c,
BT#9 significantly inhibited the proliferation in all cell types tested. The similar sensitivity
of high-grade GSCs and the stable glioma cell lines to BT#9 suggests a potential therapeutic
role of BT#9 in gliomas.

Magmas inhibitor induces apoptosis, inhibits cell migration, and invasion in glioma cells

The growth inhibition induced by BT#9 was accompanied with apoptosis induction. BT#9
treatment led to a significant up-regulation of cleaved caspase-3 (Fig. 3a), an early step in
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the apoptosis cascade leading to nuclear fragmentation. Induction of apoptosis by BT#9 was
confirmed by flow cytometry (Fig. 3b). Meanwhile, cells treated with BT#9 for 24 hours
revealed vacuole formation in a dose-dependent manner (Fig. 3c). Vacuole formation in
mammalian cells is a well-known morphological phenomenon when cells are exposed to
kinds of pathogens and compounds, and always accompanies cell death [14].

Since the invasive behavior of malignant gliomas limits the effectiveness of local therapies
and contributes to their poor prognosis [15], wound closure assay (Fig. 4a) was performed to
compare the migrative capability between cells with or without BT#9 treatment. The results
revealed that while control cells were able to migrate in and almost fill up the gap within 24
hours, the cells treated with 10 uM of BT#9 stopped migrating. The role of BT#9 on cell
invasion was further investigated and confirmed by Matrigel invasion assay (Fig. 4b).

Magmas inhibition in malignant glioma cell lines alters mitochondrial respiration function

In addition to its roles as an inner mitochondrial membrane-associated protein and a
component of mitochondrial protein translocation machinery, Magmas also plays a role in
regulating the activity of mitochondrial electron transport chain (ETC) complexes [7]. To
investigate the effect of Magmas inhibition on the cellular bioenergetics of glioma cell lines
D-54 MG and U-251 MG, we assessed basal cellular oxygen consumption rate (OCR) and
basal extracellular acidification rate (ECAR) using the Seahorse Biosciences Extracellular
Flux Analyzer. OCR is a measure of oxidative phosphorylation (OXPHQOS), whereas ECAR
is an indicator of glycolysis. Magmas inhibition using BT#9 decreased basal OCR levels in a
dose-dependent manner in the D-54 MG (Fig. 5a, b) and U-251 MG (Fig. 5c, d) lines after
48 hours treatment. In addition, 10 uM of BT#9 significantly reduced basal ECAR levels in
the D54-MG line (Fig. 5e, f) and a modest decrease in the U-251 MG line (Fig. 5g, h).

Discussion

Magmas was originally identified as protein involved in GM-CSF signaling in mammalian
cells [1] and was later found to have a role in mitochondrial protein transport in yeast [16,
17]. The expression pattern of Magmas in human disease has been reported in human
prostate [4] and pituitary adenomas [5], but little is known in glioma. In this study, we
showed that Magmas is overexpressed in tissue sections from glioma patients and xenografts
(Fig. 1a), leading us to explore the feasibility of targeting Magmas by small molecule
inhibitors as a potential therapeutic strategy in gliomas. Magmas inhibitor BT#9 (Fig. 1b)
directly binds to Magmas, and has been identified as the most active compound among
several small molecule Magmas inhibitors [12]. Our /n vivo study demonstrated that
administration of BT#9 in Balb-c mice resulted in elevated levels of BT#9 in the brain over
the first 240 minutes after 1V exposure and slowly decreased afterwards (Fig. 1¢), indicating
that BT#9 could cross the blood-brain barrier and enter the brain, where it can exert its
pharmacological actions.

The in vitro anti-tumor effect of Magmas was performed using glioma cells. Magmas
inhibition by BT#9 had significant cytotoxic effect and repressed growth in a dose- and
time-dependent manner in glioma cell lines as well as GSCs (Fig. 2). The growth inhibition
induced by BT#9 was accompanied with apoptosis induction as indicated by a significant
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up-regulation of cleaved caspase-3, as well as vacuole formation (Fig. 3). This result is
consistent with the previous studies on the effect of Magmas on cell apoptosis [5, 6]. The
invasive behavior of malignant gliomas contributes to their poor prognosis [15], and our
studies indicated that BT#9 could inhibit the migration and invasion capability of glioma
cells (Fig. 4).

Cancer cells must survive and adapt to challenging microenvironments, specifically in
conditions where tumor growth makes oxygen and glucose scarce [18]. Therefore,
mitochondrial changes represent a significant part of cancer cell biology. These restrictive
conditions require fundamental changes in cellular metabolism, including the respiratory
transition from oxidative phosphorylation to glycolysis, which is known as the Warburg
effect [19]. Although adaptation and survival in hypoxic conditions are hallmarks of
aggressive tumors [20], little is known about the mitochondrial mechanisms involved in the
hypoxic adaptation. Developing tumors inevitably deplete their oxygen and nutrient supplies
as they proliferate, only tumor cells which adapt to hypoxia survive and become more
aggressive/invasive [20]. Glioblastoma is a tumor characterized by extensive hypoxia-
induced phenotypic changes such as abnormal vascular proliferation and necrosis [21, 22].
Previous studies have shown that hypoxic adaptation is a prerequisite for glial tumor
progression and that the degree of hypoxia correlates with tumor grade, clinical
aggressiveness, and increased risk of recurrence after surgery in patients [23]. In this study,
our data showed that Magmas inhibition by BT#9 resulted in impaired respiratory function
as indicated by decreased OCR and ECAR in glioma cells (Fig. 5). These results suggest
that Magmas overexpression in glioma may enable the mitochondria to function more
efficiently in response to high metabolic demand and hypoxic conditions.

Taken together, our findings demonstrate that Magmas is overexpressed in tissue sections
from glioma patients and xenografts. /n vivo studies showed that a novel Magmas small
molecule inhibitor, BT#9, could cross the blood-brain barrier in mice. /n vitro studies
revealed that BT#9 significantly decreased cell proliferation, induced apoptosis, and blocked
migration and invasion. In addition, BT#9 treatment resulted in a decrease in respiratory
function of glioma cells. These findings suggest that Magmas may serve as a potential
therapeutic target in glioma, and its inhibition might prove to be a valuable strategy for
future cancer treatments in hypoxic conditions, which are resistant to traditional treatments.
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Fig. 1.
a Representative immunostaining of Magmas in human normal brain tissue, human GBM

patient tissue, and mouse GL261 xenografts which were subcutaneously injected into nude
mice. Magmas staining was performed using paraffin-embedded sections from tissue mass.
Microscopic magnification was x200 (upper) and x400 (lower). b Chemical structure of
small molecule Magmas inhibitor BT#9. ¢ Concentration-time profile of BT#9 in brain
homogenate (ng/g) vsplasma (ng/mL).
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Fig. 2.

Mggmas inhibition by BT#9 has a dose- and time-dependent cytotoxic effect on glioma
cells. Established malignant human glioma cell lines, D-54 MG and U-251 MG (a) and
human GSCs HuTuPO01, 1123 Mes and 83 Mes (c) were incubated for 3 days with increasing
concentrations of BT#9. b U-118 MG and U-251 MG cells were treated with 5 uM, 10 uM
or 20 uM of BT#9 for 24, 48 or 72 hours. Cell viability was measured by MTT assay. The
relative numbers of proliferating cells compared with control are presented as the mean +
SEM. *p<0.05, **p< 0.01, ***p < 0.001.
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Fig. 3.

Migmas inhibitor BT#9 induces apoptosis and vacuole formation in glioma cells. a D-54
and U-251 cells were treated with 10 uM of BT#9 for indicated time points. Western blot
was used to detect cleaved caspase-3. Actin was the internal control. b U-251 cells were
treated with 10 uM of BT#9 for 24 hours, and cell cycle was analyzed by flow cytometry. ¢
The cells treated with BT#9 (10 uM) for 24 hours were harvested and fixed with
formaldehyde and given to microscopy facility for electron microscopy processing and
imaging.
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Magmas inhibitor BT#9 inhibits cell migration and invasion in glioma cells. a Wound
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closure assay was performed using U-87, U-118 and U-251 cells with or without of BT#9 (5
UM and 10 pM) treatment for 24 hours. At the end of incubation, the cells migrated into the
scratched area was photographed, b Invasion capability of cells treated or untreated with
BT#9 (2.5 uM and 5 pM) for 24 hours was analyzed using matrigel invasion chambers. The
average of invaded cells was normalized to un-treated control. **p < 0.01, ***p < 0.001.
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Magmas inhibition impaired mitochondrial respiration in glioma cells. Mitochondrial OCR
profile of (a) D-54 MG and (c) U-251 MG treated with 2.5 uM and 10 uM BT#9 for 48
hours. Quantitative analysis of basal OCR levels in (b) D-54 MG and (d) U-251 MG
indicates a dose-dependent decrease in oxygen consumption. ECAR profile of (¢) D54-MG
and (g) U-251 MG treated with 2.5 uM and 10 uM BT#9 for 48 hours, (f) 10 uM BT#9
significantly reduced basal ECAR levels in the D54-MG lines and (h) a mild decrease in the
U-251 MG line. Data graphed as mean + SEM, n=3 per treatment group. *~<0.05,
**p<0.01, ***P<0.001.
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Table 1.

Pharmacokinetic Parameters of Intravenously Dosed BT#9

Parameter Unit Plasma BT#9

n 3

Dose mg/kg 30

Slope 1/min 0.003733 + 0.001364
Half life min 209.2 £96.7

Tmax min 5.0 +0.00

Cmax ng/mL 4497.06 + 770.10
AUC (0-o0) min*ng/mL | 464321.57 +14168.00
Volume of Distribution | mL/kg 19602.07 + 9022.15
Clearance mL/min/kg | 64.97 +2.35
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