










Type Culture Collection. The U87 and U373 cell line were maintained in Eagle’s
minimum essential medium supplemented with 10% heat-inactivated FBS,
penicillin, and streptomycin. SH-SY5Y cell was cultured in F12 medium plus
L-glutamine (Gibco) containing 10% heat-inactivated FBS. Cells were seeded
in triplicate in 24-well plates at a density of 2.5 � 104 cells/well. Cells were
allowed to attach for at least 4 h, and the media was replaced with new media
containing equal volumes of the appropriate concentrations of LB1.2 or PBS
vehicle. LB1.2 was provided by Lixte Biotechnology Holdings (LBHI) under a
Cooperative Research and Development Agreement between the National
Institute of Neurologic Disorders and Stroke (NINDS), National Institutes of
Health (NIH), and LBHI.

PP2A and PP1 Activity Assay. Cultured tumor cells were plated in 175-cm3 flasks.
When the cells were 80% confluent, the media was replaced with media con-

taining different concentrations of LB1.2 or an equivalent volume of vehicle.
After 1 h, the cells were washed 3 times in a 0.9% normal saline solution. Tissue
protein extraction reagent (T-PER) (Pierce Biotechnology) solution was added to
the cells, and cells were prepared for protein extraction. Lysates from each
treatment group containing 300-�g protein were assayed by using a Malachite
Green Phosphatase assay specific for serine/threonine phosphatase activity (Ser/
Thr phosphatase assay kit 1; Millipore). PP2A activity in U87 s.c. xenografts and in
normal brain tissue of SCID mice were assayed in the same conditions as above.

Proliferation Assay. At3and7daysafter thestartof thedrugexposure, cellswere
countedbyusingaCoulterparticlecounter.CellswerewashedwithPBS,and1mL
0.25% trypsin was added to each well. Following cell detachment from the
surface of the wells, the cells were added to 14 mL Isoton eluant. The samples
were then placed in a particle counter, and cells from each well were counted 3
times.

Fig. 4. Cellular and molecular changes in U87 cells exposed to LB-1.2 or okadaic acid alone and in combination with TMZ or DOX. (A) Western blots of U87 cells 24 h
after exposure to LB-1.2 at 2.5 �M, TMZ at 25 �M, or DOX at 2 �M, and LB-1.2 plus TMZ or DOX. (B) Western blots of U373 cells 24 h after exposure to LB-1.2 at 2.5
�M, DOX at 2 �M, and both drugs. (C) Western blots of U373 cells 24 h after exposure to TMZ at 25 �M, okadaic acid at 2 nM, and both drugs. (D) IFS of p-p53 (red)
and nuclear morphology (DAPI, blue) in U373 cells after 24 h exposure to vehicle (Upper Left), LB-1.2 at 2.5 �M (Upper Right), TMZ at 25 �M (Lower Left), and both
drugs (Lower Right).

Fig. 5. Flow cytometric analysis of cell cycle distribution of U87 and U373 cells subject to LB-1.2, TMZ, or DOX, and LB-1.2 plus TMZ or DOX. (A) Flow cytometry profiles
of U87 cells. Cell treatments were: DMSO only, LB1.2 only, 5 �M; TMZ only, 25 �M; LB1.2 with TMZ combination, DOX only, 2.0 �M; and LB1.2 with DOX combination.
(B) Flow cytometry profiles of U373 cells. Cell treatments were: DMSO only, LB1.2 only, 5 �M; TMZ only, 25 �M; LB1.2 with TMZ combination, DOX only, 2.0 �M; and
LB1.2 with DOX combination. The percentage of G1, S, and G2/M phases are indicated.
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Antibodies. These primary antibodies were used in the study: anti-Akt, p-Akt
(Thr-308), p53 (ser-15), and MDM2 (ser-166) purchased from Cell Signaling Tech-
nology; anti-TCTP, Plk1, and Plk1 (T210) purchased from Abcam . To determine
the effects of LB1.2 on Akt, Plk1, TCTP, p53, and MDM2, cultured U87 cells were
treated with vehicle control, 2.5 �M LB1.2. After 24 h of treatment, cultured cells
were harvested and resuspended in T-PER solution, sonicated, and centrifuged.
The protein concentration in each sample was measured by a colorimetric assay
(Protein Assay kit; Bio-Rad Laboratories). Expression of proteins was determined
via Western blotting by using primary antibodies. Detection of protein-bound
primary antibodies was performed with a horseradish peroxidase-conjugated
secondary antibody specific to rabbit Ig and an enhanced chemiluminescence
system.

In Vivo Studies. SCID mice at 6–8 weeks of age were purchased from Taconic.
Each mouse weighed �20 g. Animals were housed under barrier conditions and

maintained on a 12-h light/12-h dark cycle with adequate food and water
supplies. After being observed for 7 days, mice were injected s.c. in both flanks
with 5 � 106 U87 or SH-5YSY tumor cells suspended in PBS.

After the xenografts reached 0.5 � 0.1 cm (day zero), animals were random-
ized to 4 groups of 5 animals each. Animals were treated i.p. with vehicle alone
day 1–12 (50% DMSO/H2O); LB-1.2 alone at 1.5 mg/M2 on days 1–3, 5–7, and 9–11;
TMZ alone at 80 mg/M2 on days 4, 8, 12; or both drugs at the same doses and
schedules as when used alone. If xenografts reached a volume of 1,800 mm3,
animals were killed. Tumors were measured weekly by using calipers. Tumor
volumes were calculated from 2-dimensional measurements by using the follow-
ingformula: tumorvolume� length�width2 ��/6.Allanimalexperimentswere
approved for use and care of animals under the guidelines of NIH animal proto-
col.

Immunofluorescence Studies. Cultured tumors cells or xenograft tumors tissues
were harvested. Touch prep slides and frozen tumor sections were prepared for
immunofluorescence (IF) analysis. Following cell fixation, cells were incubated
with the appropriate primary antibodies in a solution of PBS with 1% BSA and
0.1% Triton X-100 at 4 °C overnight. The primary antibodies used included:
anti-phospho-Akt antibody (Thr-308), anti-p53 (ser-15), and anti-MDM2 (ser-166)
(Cell Signaling Technology), anti-Plk1 (T210) (Abcam). To visualize phospho-
protein staining, cells were treated with Alexa Fluor 555-conjugated goat anti-
rabbit Ig (1:200 dilution; Invitrogen), or cells were treated with Alexa Fluor
488-conjugated rabbit anti-goat Ig (1:200 dilution; Invitrogen). Nuclei of cells
werecounterstainedwith4�, 6-diamidino-2-phenylindoledihydrochloride (DAPI;
Sigma-Aldrich).

Flow Cytometric Analysis of Cell Cycle. U87 or U373 cultured cells were treated
with vehicle or test regimen for 48 h. Following culture, cells were fixed with 70%
ethanol overnight at �20 °C. The fixed cells were stained with 10 �g/mL PI and 1
�g/mL RNase for 30 min and analyzed by FACS (30).
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Fig. 6. Schematic illustration of the proposed mechanisms by which PP2A
inhibition by LB1.2 enhances the effect of cancer chemotherapy.
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