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Abstract

Docetaxel (DTX) is the treatment of choice for metastatic castration-resistant prostate cancer.
However, developing drug resistance is a significant challenge for achieving effective therapy. This
study evaluated the anticancer and synergistic effects on DTX of four natural compounds (calebin
A, 3/-hydroxypterostilbene, hispolon, and tetrahydrocurcumin) using PC-3 androgen-resistant
human prostate cancer cells. We utilized the CellTiter-Glo® luminescent cell viability assay

and human PC-3 androgen-independent prostate cancer cells to determine the antiproliferative
effects of the four compounds alone and combined with DTX. Cytotoxicity to normal human
prostate epithelial cells was tested in parallel using normal immortalized human prostate epithelial
cells (RWPE-1). We used cell imaging and quantitative caspase-3 activity to determine whether
these compounds induce apoptosis. We also measured the capacity of each drug to inhibit TNF-a-
induced NF-kB using a colorimetric assay. Our results showed that all four natural compounds
significantly augmented the toxicity of DTX to androgen-resistant PC-3 prostate cancer cells at
ICsq. Interestingly, when used alone, each of the four compounds had a higher cytotoxic activity
to PC-3 than DTX. Mechanistically, these compounds induced apoptosis, which we confirmed by
cell imaging and caspase-3 colorimetric assays. Further, when used either alone or combined with
DTX, the four test compounds inhibited TNF-a-induced NF-kB production. More significantly,
the cytotoxic effects on normal immortalized human prostate epithelial cells were minimal and
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non-significant, suggesting prostate cancer-specific effects. In conclusion, the combination of
DTX with the four test compounds could effectively enhance the anti-prostate cancer activity

of DTX. This combination has the added value of reducing the DTX effective concentration.

We surmise that calebin A, 3/—hydroxypterostilbene, hispolon, and tetrahydrocurcumin were all
excellent drug candidates that produced significant antiproliferative activity when used alone and
synergistically enhanced the anticancer effect of DTX. Further in vivo studies using animal models
of prostate cancer are needed to confirm our in vitro findings.

Keywords

docetaxel; calebin A; 3'—hydroxypterostilbene; tetrahydrocurcumin; hispolon; polyphenolic
compounds

Introduction

Docetaxel (DTX) is a semisynthetic anticancer drug, the precursor of which was originally
obtained from 7axus baccata leaf extract (a European tree).1 A combination of DTX

plus prednisone is the primary regimen for treating metastatic castration-resistant prostate
cancer (MCRPC).23 In addition to the treatment of MCRPC, DTX is also used in treating
breast, head and neck, non-small cell lung, ovarian, and uterine cancers.! Unfortunately,
prostate tumor cells ultimately develop resistance to DTX. Overcoming chemoresistance

is a significant challenge that requires the development of new treatment options.*

This study evaluated the anti-prostate cancer effects of DTX and four novel natural
compounds (3/—hydroxypterostiIbene, tetrahydrocurcumin, hispolon, and calebin A) using a
well-characterized PC-3 androgen-resistant human prostate cancer cell line. All compounds
were evaluated alone and in combination with DTX.

3'-Hydroxypterostilbene (HPSB)

3’-Hydroxypterostiloene (HPSB) is a natural compound isolated from the perennial herb
Sphaerophysa salsula (alkali swainsonpea). The Chinese people use this herb to treat
hyper-tension.>8 Dietary HPSB has an anti-inflammatory effect on colitis-associated cancer
mediated through suppression of the IL-6/STAT3 pathway in mice’ and antiproliferative
and apoptosis-inducing ability in human colon cancer cells.8 It has also been reported to
ameliorate obesity or high-fat diet-induced colitis.® HPSB has antiproliferative effects on
multidrug-resistant human leukemic HL60 and K562 cells.1% Other studies have also shown
that topical treatment with HPSB prevents mouse skin tumorigenesis.11

Tetrahydrocurcumin (THC)

Tetrahydrocurcumin (THC) is a curcuminoid fraction of turmeric found in Curcuma
zedoaria (white turmeric) roots.12 THC’s antioxidant and anti-neurodegenerative activities
have been reported in Parkinson’s disease.13 As an antiproliferative agent, THC arrests
the cell cycle at the glioma’s GO/G1 phase.14 It also inhibits the Wnt/B-catenin signaling
pathway in colorectal cancer.3 Yang et al reported that THC induces apoptosis in mouse
hepatocellular carcinoma H-22 cells and human breast cancer MCF-7 cells by activating
caspases 3 and 9.15:16 Moreover, in human fibrosarcoma HT-1080 cells and osteosarcoma

Nat Prod Commun. Author manuscript; available in PMC 2023 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahmed et al.

Page 3

U-20S cells, THC has an anti-metastatic effect in which matrix metalloproteinases (MMP) 2
and 9 are suppressed.16.17

Hispolon (HISP)

Hispolon (HISP) is a polyphenolic compound that can be isolated from different
mushrooms, such as Phellinus linteus® HISP blocks the cell cycle at the GO/G1 phase

and induces apoptosis in NB-4 human leukemia cells.1® In addition, it exerts anticancer
effects on A-549 lung cancer cells.2% In human hepatocellular carcinoma Hep-3B cells,
HISP induces apoptosis and cell arrest by modulating ERK phosphorylation.2! Similar
effects have been reported in glioblastoma U87MG cells.22 The anti-metastatic results of
HISP have been confirmed in breast cancer MCF-7 cells, which were said to be due to the
inhibition of the ROS/ERK/Slug/E-cadherin signaling pathway,23 and in human hepatoma
SK-Hep1 cells, where HISP downregulates MMP-2 and MMP-9.24 In human prostate cancer
DU145 cells, HISP modulates apoptotic proteins of the Bcl-2 family, releasing cytochrome
¢ and activating caspase production.2® In contrast, in leukemic NB-4 cells, HISP treatment
enhances both the extrinsic (FasL/FasR) and intrinsic (cytochrome c) apoptotic pathways.1®

Calebin A (CBA)

Results

Calebin A (CBA) is a non-curcuminoid fraction of turmeric roots.26 CBA has an inhibitory
effect on the NF-kB pathway, and it also modulates cell metastasis in human colorectal
cancer HCT-116 cells.2” Moreover, CBA has been reported to induce apoptosis by
enhancing caspase activity and blocking transmembrane drug transporter (P-gp) function
in chemotherapeutic-resistant human gastric cancer cells.28

This study explored the anti-prostatic cancer and synergistic effects of CBA, HPSB, THC,
and HISP when combined with DTX in androgen-resistant human PC-3 prostate cancer
cells. The cytotoxicity of these natural compounds used either alone or combined with

DTX was evaluated simultaneously in PC-3 prostate cancer cells and RWPE-1 noncancerous
immortalized prostate epithelial cells. We also investigated the mechanism by which these
four compounds augmented the chemotherapeutic effects of DTX in PC-3 cells.

CBA Cytotoxicity on PC-3 and RWPE-1 Cells Alone and in Combination With DTX

The percent cell viability of PC-3 prostate cancer cells and RWPE-1 normal immortalized
prostate epithelial cells grown in the presence of CBA, DTX, or CBA plus DTX was
determined by the CellTiter-Glo assay using 48 h protocol. Comparing the three treatment
protocols with the control (cells treated with vehicle only), DTX alone reduced the
percentage of viable PC-3 cells to 57%. In contrast, the viability of PC-3 treated with
CBA was only 25.3%. Combining DTX and CBA at 50% of the concentration used for
single treatments resulted in 22% cell viability (Figure 1A). Interestingly, CBA alone

and CBA plus DTX combination cytotoxicity on normal RWPE-1 immortalized prostate
epithelial cells was low and statistically non-significant (Figure 1B). These results showed
that CBA single treatments had a superior antiproliferative activity on prostate cancer cells
that exceeded that of DTX when used alone. Most importantly, the CBA effect was additive
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when DTX and CBA were combined using half of the concentrations used in the single-drug
treatments.

HPSB Cytotoxicity on PC-3 and RWPE-1 Cells Alone and in Combination With DTX

Like the CBA effect, HPSB significantly reduced the percentage of viable PC-3 cells to
17.6% compared to control cell cultures treated with vehicle alone. In contrast, the cell
viability in the DTX-treated cultures was relatively high at 64.4% (Figure 2A). Interestingly,
only 10% of PC-3 cells survived the robust toxic effect of the HPSB-DTX combination
when each compound was used at half the concentration used for single treatments.
Comparison of the viability of PC-3 cells treated with DTX alone with that of single HPBS
or HPSB plus DTX combination treatments showed enhanced (~ < 0.0001) antiproliferative
effects of HPBS and HPBS/DTX combination that were superior to DTX alone (Figure
2A). Neither HPSB alone nor the HPSB plus DTX combination had significant toxic effects
on normal immortalized RWPE-1 prostate epithelial cells, especially compared to DTX
single-drug treatments (Figure 2B).

THC Cytotoxicity on PC-3 and RWPE-1 Cells Alone and in Combination With DTX

Compared with vehicle treatments (set at 100% cell viability), THC single treatments
reduced cell viability to 44.4% compared with 76.4% in cells treated with DTX. The
combination of THC and DTX reduced cell viability to only 16.6%. The effects of THC
alone and THC and DTX combination were significantly superior to the relatively higher
76.4% cell viability in cultures treated with DTX alone (Figure 3A). THC alone and in
combination with DTX did not cause significant toxicity in normal immortalized RWPE-1
prostate epithelial cells, especially when compared with DTX (Figure 3B).

HISP Cytotoxicity on PC-3 and RWPE-1 Cells Alone and in Combination With DTX

CBA, HPSB,

Compared with vehicle treatments, HISP single-drug treatments showed significant
inhibitory effects on PC-3 cell proliferation, with cell viability averaging 25.5%. In contrast,
the combination of HISP and DTX, at 50% concentrations of their single-drug treatments,
reduced PC-3 cell viability to only 6.3%. This drastic reduction in cell viability was a
notable apoptotic effect, especially when compared with cell viability of 76.3% in PC-3 cells
treated with DTX alone (Figure 4A). Like CBA, HPSB, and THC, HISP used either alone

or in combination with DTX did not induce significant cell death in normal immortalized
RWPE-1 cells, especially when we compare the HISP and DTX combination with DTX
single-drug treatment (Figure 4B).

THC, and HISP Induce Apoptosis via Enhancing Caspase-3 Activity

To explore the induction of cell apoptosis as a possible mechanism of action for our

test natural compounds, we investigated whether CBA, HPSB, THC, and HISP alone and
combined with DTX induce cell death in PC-3 cells by measuring caspase-3 activity in cell
culture. We treated PC-3 cells with the 1Cgg concentration of the above four test compounds
alone and in combination with DTX. The caspase activity was determined 24 hours later
using the caspase-3 colorimetric assay Kit described in the section “Stimulation of the
Executioner Caspase-3.” Staurosporine (ST), a commercially available caspase-3 inducer,
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was used as the positive control. Our results showed that PC-3 cells treated with CBA, THC,
HISP and HPSB induced caspase-3 activity more significantly than the ST-positive control
by 49%, 49%, 46%, and 16%, respectively. DTX, which is known to induce apoptosis

via caspase-dependent and -independent pathways,23 enhanced caspase-3 activity by 37%
compared to the positive ST control. The lowest effect over the ST control was recorded for
HPSB, which increased the activity of caspase-3 by 16% over that of the ST control (Figure
5). Drug combinations caused 92%, 146%, 162%, and 148% caspase activity when DTX
was combined with CBA, HPSB, THC, and HISP, respectively (Figure 5).

Confirmation of the Apoptosis-Inducing Effect of CBA, HPSB, THC, and HISP by Cell

Imaging

Compared to the ST-positive control, we observed the typical morphological features

of apoptosis in CBA-, HPSB-, THC-, HISP-, and DTX-treated PC-3 cells. The treated
PC-3 cells appeared shrunken, with a condensed cytoplasm. Nuclei showed pyknosis and
karyorrhexis. Dark apoptotic bodies attached to the plasma membrane were observed
(Figure 6).

Ability of CBA, HPSB, THC and HISP to Suppress TNF-a Induced NF-kB

Next, we examined the ability of 1C5y concentrations of the four test compounds and DTX,
both alone and in combination, to inhibit TNFa-induced NF-kB activity in cell cultures at
24 hours. Compared to the TNF-a positive control and lysate-positive control, we found
that each of the four compounds and DTX-treated nuclear extracts significantly inhibited
TNF-a induced NF-kB activity via suppression of p65 subunit DNA binding (P < 0.0001).
Interestingly, the suppressive properties of the 4 test compounds on TNFa-induced NF-kB
activity were far more robust than those of DTX when used either alone or when combined
with DTX (Figure 7A and B).

Discussion

This study showed that four compounds, curcumin analog calebin-A (CBA), curcumin
metabolite THC, and polyphenols HPSB and HISP, have potent in vitro anti-prostatic
cancer properties when used alone. Further, all four compounds strikingly augmented the
cytotoxic effect of DTX, the mainstay chemotherapeutic treatment for mCRPC, when
combined at the 1Csq values of their effective concentrations in cell cultures. We found
that the anticancer effects of the four test compounds and DTX are ostensibly mediated
through the induction of apoptosis and inhibition of NF-kB. Our findings suggest that the
pharmacological properties of these compounds make them attractive candidates for DTX
combination therapy that could minimize the side effects of DTX and boost its anticancer
effects.

Treatment of mMCRPC with DTX chemotherapy and an androgen receptor pathways inhibitor
such as abiraterone, enzalutamide, or apalutamide improves overall survival. However, a
significant concern is developing undesirable chemoresistance leading to treatment failure.3
One of DTX’s most essential mechanisms of chemoresistance is the production of NF-KB,
which suppresses apoptosis.* NF-kB mediates the suppression of TP53 and the production
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of vascular endothelial growth factor (VEGF), interleukin 8 (IL-8), and MMP 2 and 9. These
factors mediate the inhibition of apoptosis, augmentation of cancer cell proliferation, and
tumor metastasis, resulting in chemoresistance.>8

In the present study, we investigated the anti-prostatic cancer effects of CBA, HPSB,

THC, and HISP, separately and in combination with DTX, using human androgen-resistant
prostate cancer PC-3 cells. In parallel, we evaluated the cytotoxicity of these compounds,
either independently or in combination with DTX, at the ICsq concentrations using

normal immortalized prostate RWPE-1 epithelial cells. Employing 48 hours of cell culture
protocols, CBA, HPSB, THC, and HISP had strong selective anticancer effects in PC-3
cells. The combination with DTX allowed for using only the ICsq concentration of each
compound, resulting in a cytotoxic effect more significant than the sum of the individual
drugs when used alone.

CBA, a curcumin analog, at 40 uM (ICsg), enhanced the cytotoxic effect of DTX on

PC-3 cells via its apoptotic and anti-inflammatory properties. Notably, the viability of
normal prostate cells was not affected by this concentration either alone or in combination
with DTX. Previous reports have indicated CBA’s apoptotic, anti-cell proliferation, and
anti-inflammatory properties in colorectal cancer cells.® Other reports have shown that
CBA has a robust antiproliferative effect on NF-kB-mediated cell proliferation in three
colorectal cancer cells (HCT-116, RKO, and SW480).10 Mechanistically, CBA was reported
to suppress NF-kB induced by various stimuli in different cell lines by suppressing the
direct binding of the NF-xB/p65 subunit essential for NF-kB transactivation and binding

to DNA.11 Other studies reported induction of apoptosis, arrest of the S and G2/M phases
of cell division, and modulation of the MAPK family activity in a vincristine resistant
(SGC7901/VCR) human gastric adenocarcinoma cell line.12 Our CBA data suggest a similar
mechanism of action in PC-3 androgen-resistant prostate cancer cells.

The antiproliferative effects of HPSB, a polyphenolic compound, on PC-3 androgen-
resistant prostate cancer cells add further knowledge to the HPSB-reported anticancer effects
in human colon cancer COLO-205, HCT-116, and HT-29 cells.13 In our study, HPSB
consistently enhanced the antiproliferative effect of DTX when used at 40 UM concentration
for 48 hours (4 x 10° cells per well). These findings are in line with the reported anti-
tumorigenic properties of HPSB in colon cancer COLO-205 tumor xenografts,14 Fas-ligand
resistant lymphoma cells, and drug-sensitive and immune leukemia cells (HL60-R and
K562-ADR),1® hepatocellular carcinoma cells,16:17 and in MDA-MB-231 breast cancer
cells.18

Several factors have been reported to contribute to the anti-cancer efficacy of HPSB.18
These include an extra 3-hydroxyl group in pterostilbene, which strengthens its antioxidant
properties. Additionally, HPSB diminishes inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 levels, suppressing inflammatory responses.1920 These findings suggest
an inhibitory effect of HPSB on COX-2 and NF-kB transcription. HPSB has also been
reported to induce apoptosis via intrinsic and extrinsic pathways. The extrinsic pathway
includes the activation of FAS/CD95 and TRAIL receptors, leading to upregulating
caspase-8 levels.21.22 Conspicuously, there was no significant HPSB toxicity to normal
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hematopoietic stem cells, normal peripheral blood mononuclear cells, or mice fed a high
oral dose of HPSB in the studies above. These findings concur with our lack of significant
cell death in normal prostate RWPE-1 cells. The little or no cytotoxic effects on normal
RWPE-1 prostate epithelial cells indicate that this compound selectively targets prostate
cancer cells. 1415

Two studies from other labs have confirmed the anti-prostatic effects of HPSB. The first
study characterized for the first time the pharmacodynamics bioactivity of HPSB in several
in vitro assays using several cell lines, including PC-3. The survey of PC-3 cells used
dosages ranging between 3.6724 and 918.105 uM for three days, with reported 1Cgq values
of 85.5 + 31.14 mM (23.29 + 8.48 ug/mL), much higher than those that we found.? In

the second study, Tsai et al22 reported that treatment with 20 uM HPSB for 48 hours was
effective when the PC-3 cell concentration was low (5000 cells per well). Neither of these
studies has investigated combination treatments with DTX.

Our third drug, THC, a curcumin metabolite, has antiproliferative, apoptotic, and
chemosensitizing effects on PC-3 cells. We found that THC blocked NF-kB pathway
activation and augmented the anticancer effect of DTX.

Studies from other labs have suggested that the antiproliferative effect of THC is due to
multiple mechanisms. For example, THC was found to induce GO/G1 cell cycle arrest in
glioma cells by downregulating cyclin D1 and proliferating cell nuclear antigen (PCNA).23
Additionally, in colon cancer, THC prevents the expression of iNOS and COX-2, as well as
suppressing the Wnt-1/R-catenin proliferative signaling pathway.24 As an apoptosis inducer,
THC was reported to disrupt mitochondrial membrane potential, activate apoptotic proteins,
suppress anti-apoptotic factors, upregulate executioner caspase-3 activity in breast cancer
MCF-7 cells and inhibit tumor growth in mice implanted with H-22 tumor xeno-grafts.24-27
Other studies have reported suppression of MMP 2 and 9, VEGF, VEGF receptor-2, NF-kB
signaling, inhibition of metastasis, angiogenesis, and tumor progression in different types
of cancers.2%:28-32 |mportantly, no significant THC cytotoxicity was detected in in vivo
research studies. On the contrary, Kitani et al33 stated that prolonged intake of 300 mg/kg of
THC increases the lifespan of mice. These findings align with our findings that showed no
toxic effects of THC on normal RWPE-1 prostate epithelial cells.

Our fourth drug, HISP, a polyphenolic compound, induced significant cytotoxicity in

PC-3 androgen-resistant prostate cells and, like the other three compounds, augmented

the anticancer effect of DTX. Our findings concur with previous studies on HISP-induced
apoptosis in hepatocellular carcinoma,3* skin cancer cells,3> nasopharyngeal carcinoma,36
acute myeloid leukemia,3” and human gastric cancer cells.38 HISP was reported to enhance
the apoptotic executioner caspase-3, and to suppress NF-KB (a pivotal mediator of
inflammation and cancer cell proliferation) by inhibiting NF-kB/p65 dimer phosphorylation,
nuclear translocation, and nuclear DNA binding.3°

HISP-induced apoptosis in prostate DU145 cancer cells via modulation of the mitochondrial
and STAT3 pathways was reported in a study by another lab.40 Like our stated synergism
between HISP and DTX, HISP was reported to act synergistically with doxorubicin on
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melanoma B16BL6 cells yielding higher cell death than doxorubicin alone.*! Further, the
selectivity of HISP to gastric cancer SGC 7901 cells compared to minimal toxicity to normal
gastric epithelial GES-1 cells was also reported.38 Collectively, these studies support our
HISP-induced apoptosis in PC-3 and its synergism to DTX.

In conclusion, we surmise that activating caspase-dependent apoptosis and suppressing
NF-kB inflammatory pathways are excellent strategies for overcoming DTX resistance.” In
the present study, we showed a robust anticancer effect of CBA, HPSB, THC, and HISP and
their ability to augment the cytotoxic efficacy of DTX to androgen-resistant PC-3 prostate
cancer cells. Our four test compounds could be promising drug candidates for preventing
DTX resistance when used in optimal combination. Further in vivo studies using a mouse
allograft model of prostate cancer are needed to confirm our in vitro findings.

Materials and Methods

Materials

Cell Lines

Penicillin-streptomycin, dimethyl sulfoxide (DMSQ), and hardware supplies for cell culture
were bought from VWR International (Atlanta, GA, USA). Fetal bovine serum (FBS)

and trypsin-EDTA solution (1X) were obtained from Atlanta Biologicals (Lawrenceville,
GA, USA), DTX (BML-T129-0005) and HISP (ALX-350-384-M005) from Enzo
(Farmingdale, NY, USA), calebin-A, 3/-hydroxyptersostilbene (HPSB), and THC from
Sabinsa Corporation (East Windsor, NJ, USA), soybean trypsin inhibitor, trypan blue
solution (0.4%), and ST (cat# S5921) from Sigma Aldrich (St. Louis, MO, USA), Bradford
protein assay kit from Ameresco (Ohio, USA), and Caspase-3 Colorimetric Assay Kit
(ab39401), nuclear extraction kit (ab113474), and NF-kB transcription factor assay kit
(ab133112) from Abcam (Cambridge, MA, USA).

The human prostate cancer cell line (PC-3) and human immortalized normal prostate
epithelial cells (RWPE-1) were purchased from the American Type Culture Collection
(Manassas, VA, USA). PC-3 cells were cultured in RPMI-1640 with HEPES and L-
glutamine, supplemented with 10% FBS and 1% penicillin-streptomycin. RWPE-1 cells
were maintained in keratinocyte-SFM supplemented with bovine pituitary extract, epidermal
growth factor, insulin, hydrocortisone, epinephrine, transferrin, and CaCl,. Both types of
cells were grown in T-75 vented-cap tissue culture flasks in a humidified incubator at 37°C
and 5% CO,.

Experimental Design

The selected I1Csq concentrations of the four compounds and the treatment duration in this
study were based on several initial optimization experiments. For the calculation of 1Csq for
CBA, HPSB, and THC, we tested the effect of a wide range of final concentrations using a
2-fold difference between the 1 and 80 uM final concentrations.

For HISP, we used a concentration range of 16-500 uM. All treatment concentrations were
ICsq tested for 48 hours. The final 1Csq drug concentrations were prepared using either
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RPMI-1640 or keratinocyte-SFM medium according to the type of cells tested. The negative
controls were treated with vehicles. DTX was used at 117 nM ICg final concentration based
on a previous study in our lab,X while ST, a positive control that induces cell apoptosis,

was used at 1 uM final concentration. The selected 1Csgq effective concentrations were 40
UM for CBA, HPSB, and THC and 250 uM for HISP. The anticancer effects of the four
compounds were tested individually and in combination with DTX in triplicate, as described
below. Each experiment was repeated thrice.

Cell Viability Assay

The CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, WI, USA) was
used to evaluate the antiproliferative and cytotoxic effects of CBA, HPSB, HISP, and THC
individually and in combination with DTX on PC-3 and RWPE-1 cells. For viability testing,
cells were collected from stock cultures by trypsinization and counted using a TC20™
Automated Cell Counter (Bio-Rad, California, USA). Next, PC-3 and RWPE-1 cells (4

x 104 cells per well) were seeded in 96-well plates and incubated at 37°C and 5% CO,
overnight to allow the cells to adhere to the wells. The next day, the medium was aspirated
and replaced with 100 pL containing 40 uM CBA, HPSB, THC, or vehicle. For HISP-treated
cells, the wells received 100 pL containing a final concentration of 250 uM. DT X-treated
cells received 117 nM final concentration in 100 L. In the combination study, we added
100 pL/well combinations of each compound plus DTX at 50% of the concentrations used
for individual treatments. All treatments were performed in triplicate, and all plates were
incubated for 48 hours. Next, the CellTiter-Glo reagent was added to all wells, and the
plates were incubated at room temperature for 15 minutes. The luminescent signals, which
show the amount of ATP and reflect the proportion of viable cells, were detected using a
FLUOstar OPTIMA microplate reader (BMG LABTECH, Offenburg, Germany).

Stimulation of the Executioner Caspase-3

We used the Caspase-3 Colorimetric Assay Kit (ab39401) to determine the apoptotic effects
of the four test compounds used in the study. The assay allows for the spectrophotometric
detection of the chromophore p-nitroaniline (p-NA) after cleavage from the labeled substrate
DEVD-p-NA. Using a spectro-photometer, we measured the absorbance readings of p-NA
light emission from treated and untreated control cells. Next, we calculated the fold increase
in caspase activity and, hence, the ability of the test compounds alone and in combination to
stimulate executioner caspases.

Briefly, 12-well plates were seeded with PC-3 (25 x 10* cells per well) and incubated
overnight at 37°C and 5% CO». In treated wells (duplicates for each treatment), the

media were replaced with DTX (117 nM), CBA (40 uM), HPSB (40 uM), THC (40 uM),
HISP (250 uM), ST (1 pM), or new media (untreated control samples). DTX and test
compounds were combined at the 1C5q concentration for each. ST is a bacterial-derived
compound known to induce apoptosis via both the mitochondrial and caspase-dependent
pathways11:38:39 Treated cell cultures were incubated for 24 hours under standard culture
conditions. Next, cells were lysed using the kit’s cell lysis buffer (50 uL chilled lysis buffer
per well), transferred into separate microcentrifuge tubes, incubated for 10 minutes on ice,
and centrifuged at 10,000 x g for 1 minute. The super-natants (cytosolic extracts) were
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evaluated for their protein concentrations using the Bradford protein assay before being
transferred into a new 96-well plate at 50 pL per well containing 100 ug total protein.

Next, duplicate freshly prepared treated samples were thoroughly mixed with a 50-puL

2X reaction mix and DEVD-P-NA substrate (5 uL of 4 mM DEVD-p-NA substrate at a
final concentration of 200 uM). Background wells received 50 pL of 2X reaction buffer

and 50 pL of untreated samples. The plate was incubated at 37°C for 90 minutes before
measuring the optical density at 400-405 nm using a FLUOstar OPTIMA microplate reader.
Background readings from cell lysates and buffers were subtracted from the readings of both
the treated and untreated cultures. The percent increase in caspase-3 activity was decided

by comparing the activity in treated samples with the level of the vehicle treated negative
control, ST-positive control, and with DTX.

PC-3 cells (4 x 10% cells per well) were seeded in a 12-well plate and allowed overnight
incubation at 37°C and 5% CO, to adhere. The media were replaced by CBA (40 uM),
HPSB (40 uM), THC (40 pM), HISP (250 pM), DTX (117 nM), or ST (1 uM). Untreated
wells were treated with fresh media. The plates were incubated for 48 hours. We used Motic
Images Plus software (version 2.0) for imaging the cultures.

NF-kB Activity Assays

To investigate the anti-inflammatory properties of each of the four compounds and DTX,
we followed the procedure described in the colorimetric NF-kB assay Kit (ab133112) to
estimate the amount of activated p65 subunit in the nuclear extracts of treated and untreated
cells. Briefly, a 96-well plate coated with a specific double-stranded DNA (dsDNA)
sequence of the NF-kB response elements was provided with the kit. Nuclear extracts
prepared from treated, untreated, and control samples containing NF-kB were added. The
binding of free NF-kB in the assay samples was detected by a two-step process that
included the addition of a specific primary antibody to NF-kB (subunit P65), followed by
washing and adding a secondary antibody conjugated to horseradish peroxidase (HRP). The
quantitative signal readout was measured at 450 nm. Assay buffers and antibody dilutions
(1:100) were used according to the manufacturer’s recommendations.

For sample preparation, PC-3 cells were grown in six-well 100 mm sterile culture plates to
80% confluency. Positive controls included cell lysate in the kit and TNF-a-treated nuclear
cell extract (10 ng per mL for 1 hour). TNF-a was used in combination with the four test
compounds. Briefly, the media over cultured PC-3 cells were replaced with TNF-a (10
ng/mL), CBA (40 uM) + TNF-a, HPSB (40 uM) + TNFa, THC (40 uM) + TNF-a, HISP
(250 uM) + TNF-a,, or DTX (117 nM) + TNF-a.. Next, all the plates were incubated at 37°C
and 5% CO,, for 48 hours. A nuclear extraction kit (ab113474) was used according to the
manufacturer’s protocol to extract nuclear material.

Treated, untreated, and control samples of nuclear extracts (10 pL per well) plus 90 pL

of transcription assay binding buffer were added in duplicate to the 96-well assay plate.
Background wells received 100 pL 1X transcription assay binding buffer. The sealed plate
was incubated at room temperature for 1 hour on an orbital shaker. Next, wells were washed
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five times using 200 pL per well 1X washing buffer, followed by adding 100 pL per well
primary NF-kB p65 antibody and incubation for 1 hour at room temperature on an orbital
shaker. Next, all the wells were aspirated, washed five times with 1X wash buffer, and
treated with secondary anti-rabbit HRP-conjugated antibody for 1 hour at room temperature
on an orbital shaker. Next, the assay wells were washed by adding 100 pL per well from
room temperature equilibrated developing solution for 30 minutes on an orbital shaker. After
developing a dark blue color in the medium, 100 pL per well of stop solution was added for
5 minutes.

Absorbance was measured at an optical density of 450 nm by a FLUOstar OPTIMA
microplate reader.

Statistical Analysis

We used GraphPad prism 5 software for data analysis. Data were expressed as means +

SE. Luminescence, caspase-3, and NF-kB assay data were analyzed using one-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test. A £< 0.05 was considered
statistically significant.
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(A) CBA at 40 uM IC50 concentration induced significant PC-3 cell death when used
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Figure 1.

alone and augmented docetaxel (DTX) cytotoxicity compared to control untreated cells and
PC-3 cells treated with DTX alone (112 nM). (B) No significant cell death was detected in
RWPE-1 immortalized normal human prostate epithelial cells. Data is an average of three

experimental repeats.
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(A) 3/—Hydroxypterostilbene (HPSB) at 40 uM 1C50 induced a significant reduction of cell
viability in human androgen resistance prostate PC-3 cancer cells and augmented docetaxel
(DTX) anti-prostatic activity compared to untreated control and to PC-3 treated with DTX
alone (112 nM). (B) No significant reduction in cell viability of RWPE-1 immortalized
normal human prostate epithelial cells. Control cells were treated with vehicles. Data is an
average of three experimental repeats.
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(A) Tetrahydrocurcumin (THC) at 40 puM 1C50 concentration induced a significant reduction
of cell viability in human androgen resistance prostate PC-3 cancer cells and augmented
docetaxel (DTX) anti-prostatic activity when compared to untreated control and to PC-3 cell
treated with DTX alone (112 nM). (B) No significant reduction in cell viability of RWPE-1
immortalized normal human prostate cells. Control cells were treated with vehicles. Data is
an average of three experimental repeats.
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(A) Hispolon (HISP) at 250 uM IC50 concentration induced a significant reduction of cell
viability in human androgen resistance PC-3 prostate cancer cells and augmented docetaxel
(DTX) anti-prostatic activity when compared with untreated control cells and to PC-3 cells
treated with DTX alone (112 nM). (B) No significant reduction in cell viability of RWPE-1
immortalized normal human prostate cells. Control cells were treated with vehicles. Data is
an average of three experimental repeats.
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Figureb.
Percent caspase-3 activity in androgen-resistant PC-3 human prostate cancer cells

treated singly with IC50 concentrations for docetaxel (DTX), calebin A (CBA), 3-
hydroxypterostilbene (HPSB), tetrahydrocurcumin (THC) and Hispolon (HISP) or in
combination with DTX for 24 hours. Staurosporine was used as a positive control set at
100%. Data is an average of three experimental repeats. All treatment induced significant
caspase activity when compared with vehicle treatment (untreated —ve control). DTX
combination with test compounds caused significant increase of caspase percent activity
when compared with DTX alone. Vehicle treated PC-3 cells showed no significant caspase-3
activity.
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Figure®6.
Representatives bright filed microscopic images showing apoptosis in PC-3 prostate cancer

cells. Micrographs of PC-3 cells treated with: (A) media, (B) staurosporine (positive
control), (C) docetaxel (DTX), (D) tetrahydrocurcumin (THC), (E) hispolon (HISP), (F)
3/-hydr0xypterostilbene (HPSB), and (G) calebin A (CBA). Drugs were used at IC50
concentrations. Scale bars =200 pm.
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Figure7.

Docetaxel (DTX) and four natural compounds caused significant inhibition of TNFa—NF-
kB activation (colorimetric assay) when used singly (A) or when used in combination

(B) each at ICsq concentrations for 24 hours. Calebin A (CBA), 3/-hydr0xypterostilbene
(HPSB), tetrahydrocurcumin (THC) a hispolon (HISP), and DTX significantly inhibited
TNFa-induced NF-kB production in PC-3 human prostate cancer cells when compared with
positive controls (P < 0.0001). Cells treated with TNF-a alone were considered positive
controls (first and second bars from the left). CBA, HPSB, THC, and HISP were superior to
DTX in inhibiting NF-kB. Data are an average of three experimental repeats.
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