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Abstract

The transient receptor potential cation channel subfamily V. member 1 (TRPV1) has recently gained attention as a potential target
for the development of novel antineoplastic agents. It has been reported that the TRPV1 agonist arvanil has effective antiproliferative
effects in studies using human breast cancer cells lines. In an extension of this research we have evaluated the IC, values of arvanil
in the prostate cancer cell lines PPC-1 (primary) and TSU (metastatic). Both TSU and PPC-1 cell lines are sensitive to treatment with
arvanil. This result prompted our investigations into the changes in “cell metabolism” associated with prostate cancer progression and
the effect of arvanil treatment. To this end, we have employed High Resolution Magic-Angle Spinning (HR-MAS) NMR spectroscopy on
whole cells to determine the differences in the relative amount of cell metabolites and changes in small molecule metabolism following
treatment of the TSU and PPC-1 cells with arvanil. We evaluated and confirmed that the existing “biomarkers” such as elevated tCho
and decreased citrate in prostate cancer are well correlated with prostate cancer progression. In addition, metastatic TSU cells also
contain elevated level of lactate and glutamine, and contain much less creatine. Upon treatment with arvanil, a number of biomolecules
were found to undergo changes in intracellular levels during apoptosis. These data will potentially permit the further characterization
of signaling pathways associated with TRPV1 activation as well as identifying new targets for the development of novel antineoplastic

agents.
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Introduction

Prostate cancer is the second most common cancer in men,
exceeded only by lung and bronchial cancer. Based on the Cancer Facts
and Figures 2013 compiled by American Cancer Society, an estimated
238,590 new cases of prostate cancer will be diagnosed in the United
State and approximately 29,720 men will die of this disease. Accurate
and timely diagnosis of prostate cancer is the key to control disease
progression and effective early treatment, as up to 70% of patients are
already in the advanced-stage of disease when initially seen.

It has been well recognized that with the tissue malignancy, there
are detectable biochemistry changes. These changes can be observed in
the metabolite profiles by NMR or MS and metabolite biomarkers can
be identified [1-7]. High-Resolution Magic Angle Spinning (HRMAS)
NMR has been used to study prostate cancer tissues and cells with
much successfulness since its introduction in the late 1990s [8-12].
By spinning the sample at the “magic-angle”, the dipolar couplings,
chemical shift anisotropy and magnetic susceptibility changes are
effectively reduced, and liquid-like spectra can be obtained in tissues
and cultured cells. Tissues and cells can be well preserved during and
after the HRMAS NMR experiments [10,13-16].

The Transient Receptor Potential cation channel subfamily V
member 1 (TRPV1) has recently gained attention as a potential target
for the development of novel antineoplastic agents [17-20]. It has been
reported that the TRPV1 agonists have effective antiproliferative effects
in studies using human breast, prostate, pancreatic, osteosarcoma,
and gastric cancer cells lines [21-25]. In an extension of this research
we have evaluated the IC, | values of arvanil, a TRPV1 agonist, in the
prostate cancer cell lines PPC-1 (primary) and TSU (metastatic). We
also employed High Resolution Magic-Angle Spinning (HR-MAS)
NMR spectroscopy on whole cells to determine the differences in the
relative amount of cell metabolites and changes in small molecule
metabolism following treatment of the TSU and PPC-1 cells with
arvanil.

Materials and Methods

Cell culture and bioassay of arvanil on prostate cancer cell
lines

PPC-1 cells were purchased from American Type Cell Culture

and TSU cells were a gift from Dr. James Dalton, GTx Inc. Memphis,
TN. Cells were seeded in 96-well polystyrene flat-bottom plates (7,500
cells/well) at 70~80% confluency in a 100 pl total volume of complete
growth media (FK12K medium containing 10% fetal bovine serum)
and incubated overnight at 37°C in an atmosphere of 5% CO, and 95%
air to allow for adherence. The media were then replaced with serum-
free media and the cultures were treated with escalating amounts of
arvanil and cell death was analyzed at 18 h, using the BioTek Synergy
2 Multidetection Microplate Reader (BioTek Instruments, Inc.). The
percentage of viable cells present in the culture at each time point was
calculated by comparing the absorbance value at 450 nm from the CCK-
8 assay (Dojindo Molecular Technologies) for each condition with
untreated control cells. All assays were conducted per manufacturer’s
protocol. All described values represent theaverage of three data points
per determination and three independent determinations.

NMR sample preparation

Cells were harvested when cells are at 70~80% confluence using
Trypsin digestion. After washed with D,O/PBS for three times, the
suspended cells were placed in a NMR nanotube (a total volume of 40
ul) for HRMAS NMR measurements. In the study of arvanil treatment
for prostate cancer cells, a concentration of 20 uM of arvanil was used in
the cell culture for various time periods before the cells were prepared
for NMR measurement.

HRMAS NMR measurement
All HRMAS experiments were performed at 37°C on an Agilent
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Figure 1: Dose response curves for PPC-1 and TSU cell lines treated with
arvanil.
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Figure 2: Baseline metabolic profiles of PPC1 (a primary prostate cancer
cell line) and TSU (a metastatic prostate cancer cell line) as determined by
HRMAS NMR. Major differences include significantly decreased level of
creatine and increased levels of lactate, glutamate, choline, phosphocholine
(PC), and glycerophosphocholine (GPC) in the metastatic cell line TSU
compared with primary cell line PPC1.

(formerly Varian) Unity Inova-500 NMR spectrometer using a 4 mm
gHX Nanoprobe (Agilent Technologies, Santa Clara, CA). Temperature
was controlled with a general accuracy of + 0.1°C. Sample spinning
rate was set to 2500 Hz with a general accuracy of + 2Hz. A rotor-
synchronized Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence
[26] was used to function as a T, filter to suppress the broad signals
from macromolecules. The inter-pulse delay was synchronized with the
rotor ration and the total T, filter was set to 20 ms. Water suppression
sequence was incorporated into the pulse sequence to suppress the
remaining water signal. The 90 degree pulse varies between 5.8 ps and
6.5 ps and was measured and adjusted individually for each sample. The
number of transients was 400, with a repetition delay of 3.5 seconds.

Data were processed with Varian’s standard VNMR software
with 1 Hz line-broadening before Fourier transformation and phase
adjustment. All spectra were referenced to the TSP in the solution.

Quantitation was performed based on the integral value of TSP in
each sample.Metabolites assignments were based on literature data, 2D
NMR and spiking cells with authentic compounds.

For control experiments, growth media and arvanil were dissolved
in appropriate NMR solvents and NMR spectra were acquired on a 5
mm HCN inverse probe.

Results and Discussion

Arvanil treatment potently suppresses prostate cancer cell
proliferation

To select a working concentration of arvanil for our HRMAS
studies the IC_ was determined in the primary cancer cell line PPC-
land a metastatic cell line TSU (Figure 1). Both PPC-1 (IC, 11.8
uM) and TSU (IC_, 7.68 uM) cell viability was significantly reduced
by increasing concentrations of arvanil. An IC, of ~20 uM was
selected for the studies to maximize cellular responses in an effort to
enhance the detection of specific metabolites associated with arvanil
treatment. Thus, this study compared the metabolic profiles of primary
and metastatic prostate cancer cells to evaluate biomarkers in prostate
cancer prognosis (Figure 1).

Primary PPC1 and metastatic TSU prostate cancer cells have
different metabolic profiles revealed by HRMAS NMR

Before evaluating the effects of arvanil treatments on metabolite
changes in prostate cancer cells, we first compared the basal level
metabolic profiles for the two prostate cancer cell lines tested. The
metabolic profiles of the two prostate cancer cells were measured using
HRMAS NMR. PPC1 cells represent primary prostate cancer stage, and
TSU cells represent metastatic prostate cancer stage. Figure 2 shows the
HRMAS 'H NMR spectra of the two prostate cancer cell lines. These
metabolite profiles are well comparable to that obtained from HRMAS
measured on tissues directly with slightly higher resolution. This is
expected because cultured prostate cancer cells are more homogeneous
compared with whole tissues directly from patients (Figure 2).

Compared with primary prostate cancer PPCI1 cells, the metastatic
TSU cells contain significantly elevated levels of lactate (1.33 ppm),
choline (3.20 ppm), glutamate (2.36 ppm) and reduced level of creatine
(3.05 ppm and 3.85 ppm). The three choline metabolites (free choline,
phosphocholine and glycerol phosphocholine) are clearly resolved
in the both of the spectra, and the total amount of choline (tCho),
which includes these three metabolites, are significantly higher in
the metastatic TSU cells than that in primary PPC1 cells. There is no
detectable citrate in either of the prostate cell lines.

Elevated tCho and decreased amount of creatine have been
consistently observed in literature reports, and the ratio of tCho/
creatine has been suggested as a biomarker in prostate cancer diagnosis.
Increased amount of tCho in both PPC1 and TSU cells is likely due
to accelerated membrane synthesis of rapidly dividing cancer cells,
although altered phosphorous metabolism in cancer cells may also be
responsible. The larger amount of tCho in TSU compared with that
in primary cancer PPCI cells indicates that tCho is directly related
to prostate cancer cell malignancy as well as its metastatic progress.
Citrate, which is abundant in normal prostate tissues and cells, is below
the detection level in both of the prostate cancer cell lines, consistent
with literature reports [27,28].

Effect of arvanil treatment on the prostate cancer cell lines

When treated with arvanil for different time periods, changes
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Figure 3: Metabolic profile changes as a function of arvanil treatment time for
primary PPC1 prostate cancer cells.

in metabolic profiles in the choline regions were observed for both
PPCI and TSU cell lines. Figures 3 and 4 show the metabolite profiles
following treatment with arvanil in PPC1 and TSU cells, respectively.

There was a consistent trend of metabolite changes up to 150
minutes of arvanil treatment. At 270 minutes, a substantial amount of
cells has been found dead under a microscope, and after washing, the
amount of cells that contribute to the NMR signal drops significantly.
Compared with vehicle controls, the absolute amount of choline
increases for both PPCI and TSU cells, as shown in Figure 5. The
relative amount of choline expressed as a ratio to the total choline also
increased upon arvanil treatment (Figure 5).

The mechanism whereby metabolism of choline, PC, and GPC in
prostate cancer is affected by treatment with TRPV1 remains to be
determined. It has been reported that capsaicin, a TRPV1 agonist,
induces apoptosis in PC-3 cells and inhibits tumor growth in vivo.
The mechanism of the effects was reported to involve reactive oxygen
species, mitochondrial depolarization followed by caspase-3 mediated
apoptosis [25].  Although we have not examined mitochondrial
function in our studies, the time dependent changes in choline, PC,
and GPC are consistent with mitochondria dysfunction. Specifically,
increased Cho metabolism has been demonstrated in diseases
manifesting mitochondrial dysfunction [29,30] and has been used as
a biomarker for this impairment [31]. The differences in the PPC-1
and TSU Cho profiles may reflect induction of choline kinase which
has been reported in metastatic cancer cells [32]. Thus, HRMAS has

demonstrated not only the ability to detect potential biomarkers, as
noted above, but also provides a potential window into the metabolic
vents associated with anti-cancer drug activity.

Conclusion

Our HR-MAS analyses on whole cells confirmed that several
existing biomarkers (e.g. increased tCho and decreased citrate) correlate
well with stages of prostate cancer progression. Compared with early
stage prostate cancer cells (PPC1 cells), metastatic prostate cancer
cells (TSU cells) also contain much less creatine but contain higher
level of lactate and glutamine, consistent with the observations that
more aggressive cancer cells are generally more dependent on aerobic
glycolysis for their proliferation [33]. When prostate cancer cells were
treated with arvanil, several molecules were found to undergo changes
in intracellular levels during apoptosis. Collectively, these data provide
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Figure 4: Metabolic profile changes as a function of arvanil treatment time for
metastatic TSU prostate cancer cells.
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Figure 5: Choline changes upon treatment with arvanil in prostate cancer cells.
Panel A: levels of choline, PC, and GPC as a function of arvanil treatment time
for PPC1 cells. Panel B: levels of choline, PC, and GPC as a function of arvanil
treatment time for TSU cells. Panel C: the ratio of choline over total choline
(choline+PC+GPC) as a function of treatment time.
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rationale to characterize signaling pathways associated with TRPV1
activation and to identify new potential targets for the development of
novel antineoplastic agents.
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