




















Anti-oxidant enhances (-)-gossypol-induced cytotoxicity

increased ROS.

Our hypothesis that oxidation inactivates
(-)-gossypol, and our demonstration that increased
apoptosis occurs when antioxidants were added
leads us to propose a new model of (-)-gossypol
cytotoxicity in HNSCC (Fig. 8). In cisplatin sensi-
tive HNSCC cells, (-)-gossypol cannot efficiently
induce apoptosis due to lack of functional p53,
or may be rapidly oxidized in the absence of high
levels of Bcl-x;. ROS generated by (-)-gossypol
oxidizes (-)-gossypol, leading to increased redox
cycling and additional ROS generation that inac-
tivates more (-)-gossypol. High levels of ROS

generated in this manner can also lead to oxidative

stress-induced cell death, which may play a role

in undesired (-)-gossypol toxicity. Conversely, in
cisplatin resistant cells, functional p53 allows for
efficient induction of apoptosis, and high levels
of Bcl-x; prevent the oxidation of (-)-gossypol.
(-)-Gossypol remains active and available to bind
more Bcl-2/Bcl-x; and further increases the induction of apoptosis.
The absence of significantly increased cell death in the human
oral keratinocyte cell line HOK16B following treatment with
(-)-gossypol and antioxidant suggests that this combination does
not adversely affect normal cells, which are not dependent on
anti-apoptotic proteins for survival. In contrast, tumor cells that
are reliant on anti-apoptotic proteins to balance accumulated pro-
death signals readily undergo apoptosis when Bcl-x; is blocked.
Similarly, addition of antioxidant more efficiently kills the residual
surviving cells from the tumors that express the highest levels
of Bcl—xL. Thus, we expect the combination of anti-oxidant and
(-)-gossypol to be more effective as an anti-cancer agent, particu-
larly in cisplatin resistant tumor cells.

Assessment of combined antioxidant and (-)-gossypol treatment
in HNSCC in vivo models will be an important area of further inves-
tigation. NAC is well tolerated by humans?3244>4¢ and mice, and
has been shown to block ROS generation in mouse tumors.2>23-47
Dietary supplements with high levels of NAC during (-)-gossypol
treatment may inhibit ROS generation in tumor cells, prevent oxida-
tion of (-)-gossypol, and increase its efficacy and specificity against
HNSCC cells. Targeting Bcl-x; /Bcl-2 while minimizing alternative
effects of (-)-gossypol could increase specificity for tumors versus
normal tissue, thereby increasing the therapeutic index. Additionally,
preserving (-)-gossypol in an active form with antioxidants may allow
(-)-gossypol treatment doses to be lowered, further decreasing unde-
sired toxicity, in vivo.

Materials and Methods

Reagents. (-)-Gossypol was isolated and purified from racemic
gossypol as previously described,'* and dissolved in DMSO at a
stock concentration of 30 mM. NAC (Sigma, St. Louis, MO) was
dissolved in media (below) immediately prior to use at a stock
concentration of 1 M. 5-(and-6)-chloromethyl-2',7'-dichlorodihy-
drofluorescein diacetate, acetyl ester (CM-H,DCFDA) was from
Molecular Probes (Eugene, OR), and dissolved in DMSO at 500
mM stock concentration. Bovine liver catalase (Calbiochem, San
Diego, CA) was reconstituted in water immediately prior to use at
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Figure 8. Proposed molecular model of (}-gossypol toxicity. Details are discussed in the text.
Activation of Bak and Bax may instead be caused by activated BH3-only proteins sequestered
by Bclx, and released by [}-gossypol, but is not shown in this model.

~16,000 units/uL.

Cell culture. Human HNSCC cell lines were established at the
University of Michigan.!”"18 Informed consent was obtained from all
patients for the use and development of these cell lines. UM-SCC-5,
with mutant p53 and low Bcl-x; expression, is from a primary tumor
of the larynx and UM-SCC-74B, with wild-type p53 and low Bcl-x;
expression, is from an intraoral recurrence of a primary tumor of the
base of tongue. Pt-R (platinum resistant) cells (formerly UM-SCC-
SPT) were selected for cisplatin resistance as previously described.!?!
UM-SCC-74B was stably transfected to overexpress Bcl-x; and the
resulting subline was designated UM-SCC-74BxL. Cell lines were
grown in DMEM containing 2 mM L-glutamine, 1% nonessential
amino acids, 1% penicillin-streptomycin (Invitrogen, Carlsbad, CA),
and 10% fetal bovine serum in a humidified atmosphere of 7% CO,
at 37°C. Pt-R cells were cultured in the continuous presence of 0.9
UM cisplatin to maintain the resistant phenotype.

The immortalized human oral keratinocyte cell line HOK16B2°
was grown in EpiLife media (Cascade Biologics, Portland, OR)
supplemented with provided calcium (60 pM), human keratinocyte
growth supplement (Cascade Biologics), and 1% penicillin-strepto-
mycin. Media was supplemented with 1% bovine serum albumin for
all experiments using these cells.

cDNA microarray analysis. UM-SCC-5 and Pt-R cells were
plated at 2 x 10° cells/75 cm?, and allowed to grow overnight prior
to treatment with 10 UM (-)-gossypol (~ICs). Treatment began
concurrently, and cells from individual flasks were harvested for
mRNA after 0, 4, 8, 12 and 24 hrs. Untreated control cells were
grown and harvested simultaneously with each treatment timepoint
to control for gene expression changes with growth time. mRNA was
isolated using the RNeasy Mini kit according to the manufacturer’s
protocol (Qiagen, Valencia, CA). In order to survey gene expres-
sion changes on a genome wide scale, we compared changes in gene
expression between treated and untreated cells using a microarray
containing 27,323 ¢DNA clones. Linear amplification of total
RNA and subsequent fluorescent labeling of corresponding cDNA
was carried out using the MessageAmp T7 linear amplification kit
(Ambion) and cDNA labeling protocols developed at the AECOM
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Microarray Facility (http://microarraylk.aecom.yu.edu).?! The ratio
of the fluorescence intensities of the two dyes therefore represented
a measure of differential gene expression between the two samples
of interest. We considered a gene to be differentially expressed if we
observed at least a 2-fold induction (or repression) of a given gene
between treated and untreated cells at a given timepoint.

RT-PCR. To validate results obtained by microarray analysis,
mRNA was harvested from UM-SCC-5 and Pe-R cells treated
as described above. Reverse transcriptase PCR (RT-PCR) was
performed according to the manufacturer’s protocol using random
hexamers (Reverse Transcriptase System, Promega, Madison, WI).
PCR primers were designed to span exon junctions to eliminate
amplification of any contaminating genomic DNA and to generate
amplicons of 300-500 base pairs. Specific primer sequences for
ATF3, BNIP3, BTG1, DDIT4, GADD45A, NOXA and VEGF are
available upon request. GAPDH was used as a loading control. PCR
products were run in 1% agarose gels with ethidium bromide in tris-
borate-EDTA buffer, and band intensity was analyzed using Image]
densitometry software (NIH).

Detection of intracellular ROS. Cells were stained with CM-
H,DCFDA todetectintracellulargeneration of ROS. CM-H,DCFDA
is a cell permeable fluorescein derivative that is non-fluorescent until
oxidized in the cytoplasm of live cells. After entering live cells, the
diacetate groups are cleaved by intracellular esterases. Oxidation of
the reduced dyes can then occur in the presence of ROS, causing the
dyes to fluoresce green. CM-H,DCFDA is retained in cells because
of the thiol-reactive chloromethyl group, which reacts with intracel-
lular glutathione and other thiols (Invitrogen).

For ROS detection by fluorescence microscopy, cells were plated
in 8-well chamber slides at 35,000 cells per well. After 2-3 days of
growth (60-70% confluency), cells were treated with 10 uM (-)-
gossypol. Following 0-24 hrs of treatment, cells were washed with
Hank’s buffered salt solution (HBSS), and stained with 2.5 uM CM-
H,DCFDA and 1:750 dilution of MitoTracker (from 1 mM stock
in DMSO, Molecular Probes) in HBSS to detect intracellular ROS
and mitochondrial morphology and localization, respectively. Cells
were incubated with staining solution for 15" at 37°C, then washed
and stored in HBSS.

For flow cytometry analysis, cells were plated 500,000 per flask,
and treated for 0-24 hours with 10 UM (-)-gossypol. Cells were
stained with 2.5 uM CM-H,DCFDA and propidium iodide (PI,
Sigma, 50 pg/mL) with RNase type I-A (Roche, 100 pg/mL) in
HBSS and incubated with staining solution for 15" at 37°C. Cells
were harvested and washed twice with HBSS. CM-H,DCFDA
fluorescence was detected by flow cytometry using FITC (488 nm)
channel. PI was detected at 620 nm; cells were gated for viability by
PI exclusion.

Cell viability assay. Cell lines were plated in 24-well plates at a
density of 40,000 cells per well. After 24 hours, cells were treated
and assessed for viability every 24 hours by comparison to untreated
cells grown during the same time period. Cells (including media
containing non-attached cells) were harvested, washed and stained
with trypan blue (0.4%, Invitrogen), and viable cells (trypan blue
negative) were counted using a hemacytometer following each time
point. Viability was plotted as a percentage of total cells + standard

deviation. Total cell number was obtained using a cell counter
(Beckman-Coulter, Fullerton, CA).

www.landesbioscience.com

Cancer Biology & Therapy

Peroxide inactivation of (-)-gossypol. Culture media (described
above) with or without 10 UM (-)-gossypol was incubated with
hydrogen peroxide (0.00003—0.03%) for 60 minutes in a humidi-
fied atmosphere of 7% CO, at 37°C. A fresh aliquot of peroxide
was used for each experiment. To inactivate peroxide ~30,000 units
of bovine catalase was added to the media and allowed to incubate
at room temperature for 15 minutes. Media containing the oxidized
(-)-gossypol and/or catalase inactivated peroxide was then added to
cells, which were assessed for viability after a 48 hour incubation as
described above.

Sub-G;, analysis. Cells were plated at 1 x 10° cells per flask and
allowed to grow for 24 hrs prior to treatment. Cells were then treated
for 48 hrs with 10 UM (-)-gossypol and/or 10 mM NAC. Following
treatment, cells were trypsinized and washed with PBS, then fixed in
70% ethanol at 4°C overnight. Cellular DNA was stained with PI
(50 pg/mL) and RNase type I-A (100 pg/mL) in PBS at 4°C over-
night. Total DNA content and percentage of cells with sub-G; DNA
content was analyzed by flow cytometry.

Statistical methods. All p-values reported are determined by
Student’s t-tests of representative experiments repeated in triplicate.
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