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Abstract
Cytotoxic Potentials of Clerodendrum Volubile against Prostate Cancer Cells and Its Possible Proteomic Targets
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Introduction

The International Agency for Research on Cancer reported prostate cancer (PCa) as the fourth leading malignancy globally with an incidence rate of 7.9% [1]. Recently, PCa has ranked high (26%) on the percentage of newly diagnosed cancer cases in the United States and 9% of cancer- related deaths amongst men [2]. Thus, it poses a huge public health challenge [3]. Sedentary lifestyle such as lack of physical activity and low consumption of fruit and vegetables and high intake of tobacco and alcoholic beverages have been suggested as predisposing factors to its occurrence [4]. The currently available treatment options to combat PCa are far from satisfactory given the associated side effects coupled with development of drug resistance. It is imperative to discover newer therapeutic approaches with higher efficacy to reduce the incidence of the disease associated mortality and improve survival [5]. An attractive approach therefore would be to identify plant-based agents that can exert cytotoxic effect against PCa cells, augment chemotherapy, show efficacy against drug-resistant cases and exert fewer side effects.

Herbal remediation as a main therapeutic approach or in combination with already established conventional medicines remains a viable tool in the provision of adequate and robust health care [6-8]. Several factors including affordability, accessibility and easy availability make this an attractive option in both developed and developing countries [9,10]. In addition, the use of phytomedicinal plants and nutraceuticals as chemopreventive/therapeutic agents is receiving acceptability due to scientific reports confirming their efficacy in preclinical and clinical models [11].

The field of traditional, complementary and alternative medicines is opening new leads for drug discovery and combating resistance to several chemotherapeutic agent [12]. In accordance, there is increasing interest in the isolation of the active constituents, toxicology, and mechanistic studies to delineate novel therapeutic targets [13]. Clerodendrum volubile is a food condiment popular amongst the Niger/Delta people of Nigeria with ethnomedicinal relevance [14]. Locally called “Obenetete”, it is used in the management of ulcer, rheumatism, diabetes mellitus, etc. (15). The goal of this study was to evaluate the cytotoxic activity of Clerodendrum volubile extract (CVE), delineate its potential mechanism(s) of cytotoxicity and identify its proteomic targets.

Materials and Methods

Plant material

Leaves of Clerodendrum volubile were collected from a farm settlement in Edo State, Nigeria between August 2015 and September 2016. The plant was identified and authenticated by Ajayi Bolu, a plant botanist from the Department of Botany, University of Ilorin, Ilorin, Nigeria and a voucher specimen number: UILH/01/019/1254 was deposited in the University Herbarium.

Reagents and antibodies

All primary antibodies were obtained from Cell Signaling Technology. Anti-mouse and anti-rabbit secondary antibody horseradish per-oxidase conjugates were obtained from Amersham Pharmacia Life Sciences. The Bio-Rad DC Protein Assay Kit was purchased from Bio-Rad, CA. Novex precast Tris-Glycine gels were obtained from Invitrogen. BD Annexin V FITC Assay kit was obtained from BD Biosciences, USA.

Cell lines

PC3, DU145 and C4-2 human prostrate carcinoma cells were purchased from ATCC (American type culture collection) and grown in RPMI 1640 (Life Technologies, NY) supplemented with 10% FBS and 1% penicillin/streptomycin, with 5% CO2, at 37°C. CVE dissolved in DMSO was used for the treatment of cells. Cells at a confluency of ~70% were treated with CVE at 10– 100μg/ml for 24h in complete cell medium where the final concentration of DMSO used for each treatment was less than 0.1% (v/v).

Plant extraction

Leaves of Clerodendrum volubile were air-dried to constant weight, powdered and macerated in methanol at room temperature for 7 days. Residue was re-macerated in methanol twice to get maximum plant yield. The filtrate from the repeated maceration was concentrated in vacuo to give a percentage yield of 5.04%.
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Cell proliferation assay

MTT assay (3-4, 5-dimethylthiazol-2-yl-2,5-diphenyl tetrazolium bromide) was employed to study the effect of CVE on the proliferative potential of PC3, DU145, C4-2 and PC-3M-luc-6 PCa cell lines. Cells were plated (1×10 cells per well) in 1ml of complete culture medium containing 10–200μg/ml concentrations of CVE in 24-well microtiter plates. After incubation for 24 and 48 hrs, time-points in a humidified incubator at 37°C, 200μl of MTT (5mg/ml: 1XPBS) was introduced into each well and incubated for two hours, with subsequent addition of 200μl of DMSO. The plates were then centrifuged (1800×g for 5min at 4°C) and absorbance taken at 540nm on a microplate reader. The effect of CVE on cell proliferation was calculated as % cell viability.

Colony formation assay

Colony formation assay was conducted to determine the longterm effect of CVE treatment on PCa cells. Both DU145 and PC3 cells were treated with CVE (40 & 80μg/ml) in RPMI-1640 complete medium. Following treatment, 5000 cells/well were re-plated in triplicate on a 6-well tissue culture plate in 5% CO at 37°C for 8 days, with growth media being replaced with/without CVE every 2 days. The cells were then stained with 0.5% crystal violet (in methanol: H O; 1:1) and pictures were taken using a digital camera. The colony intensity was measured using the imageJ software.

Apoptosis monitoring by flow cytometry

Employing the methods described by Shabbir et al. [16], DU145 cells treated with CVE (40 & 80μg/ml: 24h) in complete medium were trypsinized and fixed in 1% Paraformaldehyde: 1X PBS for an hour, washed twice with cold PBS and suspended in chilled 70% ethanol. Next day, cells were centrifuged for 5min at 1000 rpm, and the pellet obtained was washed twice with cold PBS to remove ethanol. The cells were labeled with FITC using the Apo-Direct Kit (BD Pharmagen, CA) as per manufacturer’s protocol. Analysis was performed with a FACScan (Becton Dickinson, NJ).

Protein extraction and western blot analysis

After treatment of DU145 and C4-2 cells with CVE (40, 80 and 100μg/ml), ice-cold lysis buffer (Cell Signaling Technology, Danvers, MA) was added to the cells along with protease inhibitors (Calbiochem, Germany). Cells were homogenized by passing through a 23gauge needle, centrifuged and the protein concentration of the supernatant was quantified using the BCA protein assay kit. 40-60μg of protein were resolved on 8–12% poly acrylamide gels, transferred on to a nitrocellulose membrane, probed with appropriate primary and secondary antibodies, and detected by chemiluminescence autoradiography.

Sample preparation and LC/MS/MS analysis

For quantitative proteomics analysis, the protocol designed by Singh et al. [17] was used with slight modification. PC3 cells were treated with vehicle (culture medium) or CVE (80μg/ml) for 24 h in triplicate. The experiment was repeated to yield 6 replicates. Treated cells were collected by trypsin digestion followed by centrifugation and washing with PBS to obtain cell pellets, which was subjected to nano-LC/MS/MS analysis, performed at the School of Pharmacy, UW-Madison. In brief, proteins were extracted from the frozen cell pellets after addition of 0.3 ml ice-cold PBS and passing cells through a 23gauge needle 10–15 times. Cell lysates were then cleared by centrifugation at 10,000 g for 10 min at 4°C. Micro BCA (Thermo CVE inhibited the cell viability of prostate cancer cell DU145 and PC3 concentration-dependently at 24 and 48 hrs. time-points using Fisher Scientific / Pierce) then determined protein concentration of the extracts. Sample protein (20 μg) was digested with 1 μg sequencing grade trypsin (Promega Corp.). Following an overnight digestion, samples were prepared for LC/ MS/MS by C18 Zip-Tip purification according to the manufacturer’s protocol (Millipore Inc.). Samples were then suspended in water with 0.1% formic acid (v/v) and subjected to nano-LC/MS/MS.

For LC/MS/MS, the samples were analyzed by injecting 1 μg of the digest onto a reverse phase BEH C18 column (100 μm x 100 mm), with 1.7 μm, 300 Å pore particles size (Waters Corp. Milford) using a Waters nano ACQUITY chromatography system. Peptides were eluted from the column using a 180 min increasing organic gradient. Solvent A was water/0.1% formic acid (v/v), while solvent B was acetonitrile/0.1% formic acid (v/v). The gradient started at 3% B and increased with a linear gradient to 35% B at 130 min. At 140 min., the gradient increased to 95% B and held for 10 min. At 160 min the gradient returned to 3% to re-equilibrate the column for the next injection. Data-dependent MS/MS on a Q-Exactive Orbitrap mass spectrometer (Thermo Fisher Scientific Inc.) analyzed peptides eluting from the column. A top 15 method was used to acquire data. The instrument settings were as follows: the resolution was set to 70,000, the AGC target was set to 106 counts, the scan range was from 300–2000 m/z, the MS scan was recorded in profile while the MS/ MS was recorded in centroid mode, dynamic exclusion was set to 25 seconds.

Data processing and protein identification by human database search

Following LC/MS/MS acquisition, the data were searched against the Swiss-Prot human proteome database with decoy using Sequest HT search engine under the Proteome Discoverer 1.4 software (Thermo Fisher Scientific Inc.). Proteins were identified at a false discovery cut off < 1%. Following protein identification, the LC/ MS/MS data were aligned using Chromalign software. Quantitation of peptides eluted between 30 and 130 min were performed on the processed data using SIEVE 2.1 (Thermo Fisher Scientific Inc.).

Pathway analysis

To understand pathways modulated by CVE, a list of differentially expressed (> 1.7 fold) was compiled. These proteins
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were categorized according to their Gene ontology (GO) descriptions using information from the GO database and PANTHER (Protein Analysis Through Evolutionary Relationships; http://www.pantherdb. org/) classification systems. The proteins were classified based on their molecular functions, biological processes and protein classes. The canonical pathways, disease/function pathways and proteinprotein interactions were analyzed using Ingenuity Pathway Analysis Software (IPA, Ingenuity Systems, http://www.ingenuity.com) (Qiagen). The predicted protein-protein interaction networks and canonical pathways were generated using inputs of gene identifiers, log2 fold-changes and p-values between control and treated group comparisons.

Statistical analysis

All statistical analysis was carried out with GraphPad prism 6 (San Diego, CA), using student T- test, p values <0.05 were considered statistically significant.

Results

CVE exerted a deleterious effect on short- and long- term PCa cell viability

To examine the effect of CVE on cell viability, MTT assay was performed on CVE-treated androgen-independent (PC3 and DU- 145). A concentration-dependent inhibition of growth and viability in CVE treated (10- 100μg/ml for 24h and 48h) PCa cells was observed. Time course analysis indicated a further decrease in cell viability at 48 h. As shown in Figure 1, the IC50 values of CVE-treated were 125.0 & 72.2μg/ml for PC3 and 88.2 & 58.1μg/ml for DU-145 cells. On a longterm scale as assessed by clonogenic survival, CVE (40 and 80μg/ml ) mediated a significant concentration-dependent inhibition of colony formation relative to untreated controls (Figure 2) in DU-145 and PC3 cells, treated for seven days.

CVE increased the fraction of apoptotic DNA in PCa cells and induced Caspase 3 mediated apoptosis with a concomitant activation of CDKI-p21

Apoptosis detection and quantification was assessed to understand the mechanism of observed cell death. Using Annexin 24hrs 48 hrs 120 PC3 * * * * * *

% CELL VIABILITY

0 10 20 30 40 50 60 70 80 100

CONCENTRATION (μg/ml)

CVE inhibited formation of colonies in prostate cancer cell DU145 and PC3; DU145 cells treated with CVE (40 & 80 μg/ml: 24h) labelled with FITC and analyzed by flow cytometry. Percentage of apoptotic cells V/ FITC assay, CVE (40 and 80 μg/ml) treated cells showed a concentration- dependent increase in the fraction of apoptotic DNA as depicted in Figure 3. This was corroborated by a concentrationdependent activation of Caspase 3 and PARP in both DU145 and C4-2 PCa cells at 48 hrs; and a concomitant activation of CDKI-p21 (Figure 4). Equal protein loading was confirmed by reprobing for GAPDH, a housekeeping protein.

CVE modulated the proteome of PCa Cells

LC/MS/MS analysis was performed to evaluate the effect of CVE on the proteome of PCa cells. This resulted in the identification of a total of 1012 proteins with a 0.05 confidence interval (CI). These proteins were then further screened based on fold change. A total of 16 proteins showing statistically significant (p < 0.05) change ≥ DU145
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1.7-fold (Table 1) were selected for further analysis. Details of these proteins including their protein ID, protein name, number of unique peptides and fold change upon CVE treatment are presented Table 1. The fold change increase or decrease in CVE- modulated proteins are represented in Figure 5a. The most significantly upregulated protein was the Transaldolase (TALDO) protein with a fold change of 2.4.

CVE modulates several metabolic networks including the Pentose Phosphate Pathway in PCa cells

Using the IPA software, canonical pathway analysis, putative networking and protein-protein relationships of the differentially expressed proteins were assessed. The 16 selected proteins (Table 1) was uploaded into the IPA module with their corresponding Swiss60 * *
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Mean ± SEM; n=3, p ≤ 0.05 40μg/ml 80μg/ml 4.57% 0.1% CVE induced a concentration-dependent cleavage of PARP and Caspase 3 in both DU145 and C4-2 cell; and a concomitant upregulation -value. (B) IPA was used to classify the proteins on the basis of functional pathways affected.

Prot IDs and respective fold changes to map proteins into biological networks and identify key functional pathways. The EIF2 signaling, TCA cycle II and the Pentose phosphate pathway were among the 14 canonical pathways linked to CVE-modulated proteins (Figure 5B).

The 16 identified proteins annotated with the GO terms were
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explored for their biological functions using PANTHER classification system. A scheme showing the distribution of proteins among molecular functions, biological processes and protein classes are shown in Figure 6 respectively. Most of the differentially regulated proteins, when classified based on biological functions were found Gene Ontology analysis of proteome changes. Identified proteins showing ≥ 1.7-fold change were systematized based on: (A) Biological process (B) Molecular function (C) Protein classes by PANTHER classification system.

to be involved in metabolic process (34%); cellular processes (33%) amongst others. Based on molecular functions, 38% were involved in structural molecule activity; 29% involved in binding and according to protein class, nucleic acid binding (25%) and cytoskeleton protein topped the chart.

Discussion

Despite a long history of use of medicinal plants, scientific research for their beneficial health effects has gained momentum only in the recent decades. Numerous studies have been undertaken, which range from isolation of active compounds, delineation of the mechanistic basis of their anticancer effect in vitro and in vivo and finally testing their efficacy in clinical trials. From these data, it is now evident that plants contain extractable biochemical and bioactive compounds, which can effectively target various human ailments including cancer. Thus there now is avid interest in therapeutic validation of plant-based compounds given the possibility of revealing new drug leads with better safety profiles [18]. Phytochemical screening of CVE showed the presence of saponins, flavonoids and phenols amongst others phytochemicals [19]. Saponins, the most abundant phytochemicals in CVE, flavonoids and phenols reportedly possess hypoglycemic, hypolipidemic, antioxidant and anticarcinogenic properties [20]. The present study was therefore designed to evaluate the cytotoxic activity of CVE and identify the molecular basis of its effect in PCa cells.
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In in vitro studies, CVE treatment resulted in marked growth inhibition in PC3 and DU145 cell lines at extended time-points. Uncontrolled cell growth and high proliferative index, a common feature of cancer cells is linked intricately to loss of normal cell cycle control [21]. Modulation of cell cycle could therefore serve as an effective method for regulation of growth and proliferation. Cell cycle regulators, including the CDKs, a family of protein kinases controlling ordered cell cycle progression, have been investigated as mechanistic targets [22]. Our studies show that CVE treated cells show increased expression of CDK inhibitor p21, suggesting an effect of the extract on the cell cycle machinery. Further evidence of its growth inhibitory potential came from a visible lack of clonogenic capacity in CVE treated cells. Consistently, treatment of PCa cells with CVE resulted in induction of apoptosis as assessed by concentrationdependent cleavage of Caspase 3 and PARP, establishing the mechanism of cell death. The antiproliferative activity of dietary fatty acids from Clerodendrum volubile against human breast cancer [23] and glioblastoma cells have been reported [24]. However, what component of the extract is driving this effect in PCa cells remains to be ascertained.

Proteomic studies yielded 16 proteins that were modulated upon CVE treatment. Of these, the TALDO and Fumarate hydratase (FH) enzymes were the most significantly upregulated targets. The enzyme TALDO, component of the non-oxidative part of PPP, catalyzes the Transfer/carrier Calcium (C) protein Transferase Transporter binding 2% 5% 4% protein 2%

Transcription

factor

2%

Chaperone

11%

Structural

protein Cytoskeletal

Signaling

m olecule 9% protein 2% 16%

Oxidoreductase

11%

Enzym e

m odulator

5%

Ligase

2%

Lyase

Nucleic acid 2%

binding

25% Membrane

traffic protein

2%

Table 1: Details of Proteins modulated upon Clerodendrum volubile (80μg/ml) treatment, showing ≥ 1.7 fold up- or down-regulation with statistical significance at p-value < 0.05.[image: Table 1: Details of Proteins modulated upon Clerodendrum volubile (80μg/ml) treatment, showing ≥ 1.7 fold up- or down-regulation with statistical significance at p-value &lt; 0.05.]
to apoptosis were regulated by changes in TALDO expression.

Overexpression of TALDO suppressed G6PD and 6-phosphogluconate dehydrogenase activities, decreased NADPH and GSH levels and rendered cell susceptible to apoptosis [26]. In a similar study, it was shown that TALDO regulated Fas-induced apoptosis by controlling the balance between mitochondrial reactive oxygen species production and metabolic supply of reducing equivalents generated through the pentose pathway [27]. This reciprocal relationship was also noted in xeroderma pigmentosum cells where high TALDO levels contributed to NADPH depletion and low catalase activity. Our results show that TALDO levels are significantly increased in CVE treated cells. It is plausible that CVE- mediated increase in TALDO results in reduced levels of NADPH and GSH levels, increased oxidative stress and activation of apoptotic pathways.

The enzyme FH catalyzes the conversion of fumarate to malate in the TCA cycle and is considered a potent tumor suppressor protein [28]. Germ line mutation of the gene encoding FH is linked to hereditary cancer syndrome known as hereditary leiomyomatosis and renal cell cancer. Biallelic FH inactivation in these tumors result in the accumulation of fumarate which then confers a proliferative signal to cells through disruption of ferritin signaling [29]. Studies in mouse and human cells have further demonstrated that loss of FH and accumulation of fumarate elicits an epithelial-to-mesenchymaltransition phenotype associated with cancer invasion, and metastasis [30]. Our data indicates that an increase in FH in CVE treated PCa cells is associated with growth inhibition. How altered levels of these enzyme affect PCa cell viability is presently unknown. Further 46-053.

Taken together, our studies have provided for the first time preliminary evidence of the growth inhibitory potential of CVE and identifies signaling pathways altered in CVE-treated PCa cells.
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