
Fatty Acid Synthesis Intermediates Represent Novel Noninvasive 
Biomarkers of Prostate Cancer Chemoprevention by Phenethyl 
Isothiocyanate

Krishna B. Singh and Shivendra V. Singh
Department of Pharmacology & Chemical Biology, and University of Pittsburgh Cancer Institute, 
University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania

Abstract

Increased de novo synthesis of fatty acids is a distinctive feature of prostate cancer, which 

continues to be a leading cause of cancer-related deaths among American men. Therefore, 

inhibition of de novo fatty acid synthesis represents an attractive strategy for chemoprevention of 

prostate cancer. We have shown previously that dietary feeding of phenethyl isothiocyanate 

(PEITC), a phytochemical derived from edible cruciferous vegetables such as watercress, inhibits 

incidence and burden of poorly-differentiated prostate cancer in Transgenic Adenocarcinoma of 

Mouse Prostate (TRAMP) model. The present study was designed to test the hypothesis of 

whether fatty acid intermediate(s) can serve as noninvasive biomarker(s) of prostate cancer 

chemoprevention by PEITC using archived plasma and tumor specimens from the TRAMP study 

as well as cellular models of prostate cancer. Exposure of prostate cancer cells (LNCaP and 

22Rv1) to pharmacological concentrations of PEITC resulted in downregulation of key fatty acid 

metabolism proteins, including acetyl-CoA carboxylase 1 (ACC1), fatty acid synthase (FASN), 

and carnitine palmitoyltransferase 1A (CPT1A). The mRNA expression of FASN and CPT1A as 

well as acetyl-CoA levels were decreased by PEITC treatment in both cell lines. PEITC 

administration to TRAMP mice also resulted in a significant decrease in tumor expression of 

FASN protein. Consistent with these findings, the levels of total free fatty acids, total 

phospholipids, triglyceride, and ATP were significantly lower in the plasma and/or prostate tumors 

of PEITC-treated TRAMP mice compared with controls. The present study is the first to implicate 

inhibition of fatty acid synthesis in prostate cancer chemoprevention by PEITC.
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Introduction

More than 26,000 American men are expected to die from prostate cancer in 2016 alone 

despite our increasingly broader understanding of the risk factors, genomic landscape, and 
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biology of this neoplasm (1–5). Chemoprevention represents a powerful yet clinically under 

explored strategy for reducing the death and suffering from prostate cancer (6, 7). Feasibility 

of prostate cancer chemoprevention has been explored clinically with pioneering 

investigations of inhibitors of 5α-reductase (finasteride and dutasterise), which is 

responsible for the conversion of testosterone to dihydrotestosterone (8, 9). Even though this 

strategy resulted in about 23–25% decrease in the relative risk, there were high-grade tumors 

in the treatment arm (8, 9). After 18 years of follow-up, high-grade prostate cancer was still 

more common in the finasteride (PCPT trial) arm when compared to controls, but the overall 

survival rate or survival after diagnosis of prostate cancer was not significantly different 

between the groups (10). Similarly, the SELECT trial was disappointing and did not show 

any preventative benefit of vitamin E and selenium supplementation (11, 12). Therefore, a 

safe and inexpensive intervention with broad acceptance for chemoprevention of prostate 

cancer is still lacking.

Multiple observations implicate increased de novo synthesis of fatty acids in prostate cancer 

development (13–15). Moreover, fatty acid oxidation is a prevailing bioenergetic pathway in 

prostate cancer (16). Fatty acid synthesis is elevated upon exposure to androgens in LNCaP 

prostate cancer cell line (17). Pharmacological or genetic suppression of key fatty acid 

synthesis proteins, including ATP citrate lyase (ACLY), acetyl-CoA carboxylase (ACC), and 

fatty acid synthase (FASN), elicit anticancer effects in cultured and xenografted prostate 

cancer cell models (18–21). Blood levels of saturated and monounsaturated fatty acids are 

markers of de novo lipogenesis and the risk of prostate cancer (22). Therefore, inhibition of 

fatty acid metabolism represents an attractive alternative for chemoprevention of prostate 

cancer.

Phytochemicals are appealing for cancer chemoprevention based on epidemiological 

observations and preclinical experimental evidence (23, 24). The isothiocyanate family of 

small-molecule phytochemicals (e.g., phenethyl isothiocyanate; hereafter abbreviated as 

PEITC) abundant in cruciferous vegetables is particularly promising for cancer 

chemoprevention because of multifaceted effects, including inhibition of cancer initiation in 

carcinogen-exposed rodent models (25, 26), prevention of post-initiation cancer 

development in transgenic mouse models (27, 28), and suppression of angiogenesis and 

oncogenic signaling in cancer cells (29–31). Some of the isothiocyanates, including PEITC, 

have also been studied clinically for their biological activity (32, 33). In cruciferous 

vegetables, PEITC is stored as a thioglucoside conjugate (gluconasturtiin) and generated 

through catalytic mediation of myrosinase (Fig. 1A).

We showed previously that feeding of PEITC-supplemented diet (3 μmol PEITC/g diet) to 

Transgenic Adenocarcinoma of Mouse Prostate (TRAMP) mice resulted in a significant 

decrease in the incidence and burden (area) of poorly-differentiated prostate cancer (27). 

Identification of noninvasive biomarkers is particularly desirable for clinical development of 

chemopreventive interventions. The present study was undertaken to test the hypothesis of 

whether fatty acid synthesis intermediate(s) represent such noninvasive biomarker(s) of 

prostate cancer chemoprevention by PEITC. Both cellular models of prostate cancer and 

archived plasma and tumor tissues/sections from the TRAMP study were utilized to test this 

hypothesis.
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Materials and Methods

Ethics statement

Fresh frozen plasma and tumor tissues as well as paraffin-embedded prostate 

adenocarcinoma sections from the previously published TRAMP study (27) were used to 

determine the in vivo effect of PEITC administration on levels of fatty acids and lipids and 

expression of fatty acid metabolism proteins. Use of mice was approved by the University of 

Pittsburgh Institutional Animal Care and Use Committee.

Reagents

PEITC (purity ≥98%) was purchased from LKT Laboratories (St. Paul, MN). RPMI1640 

medium was from Cellgro-Mediatech (Manassas, VA), whereas other cell culture reagents, 

fetal bovine serum, and BODIPY® 493/503 (D3922) were purchased from Life 

Technologies-Thermo Fisher Scientific (Waltham MA). Anti-FASN (3180) and anti-ACC1 

(4190) antibodies were from Cell Signaling Technology (Danvers, MA), whereas anti-ACLY 

(ab40793) and anti-carnitine palmitoyltransferase 1A (CPT1A) (ab128568) antibodies were 

from Abcam (Cambridge, MA). A kit for colorimetric measurement of triglyceride 

(10010303) was from Cayman Chemical (Ann Arbor, MI). Total phospholipid (MAK122) 

and total free fatty acid (MAK044) quantification kits were from Sigma-Aldrich (St. Louis, 

MO). A fluorometric kit for acetyl-CoA (K317-100) and a colorimetric kit for ATP 

(K354-100) were purchased from BioVision (Milpitas, CA).

Cell lines and culture condition

LNCaP and 22Rv1 cells were obtained from the American Type Culture Collection 

(Manassas, VA) and last authenticated by us in 2012 (22Rv1) or 2015 (LNCaP). 

Authenticated stocks of these cell lines were used for the in vitro experiments. Cell line 

authentication was done using short tandem repeat profiling at the IDEXX BioResearch. The 

cell lines were cultured as suggested by the supplier.

Confocal microscopy

Cells were plated on coverslips in 24-well plates. After overnight incubation to allow 

attachment of the cells, they were treated with dimethyl sulfoxide (DMSO) or desired doses 

of PEITC for 24 hours and then fixed and permeabilized with 2% paraformaldehyde and 

0.5% Triton X-100, respectively. After blocking, cells were incubated with anti-ACLY 

(1:2000 dilution), anti-ACC1 (1:1000 dilution) or anti-FASN (1:5000 dilution) antibody 

overnight at 4°C. Cells were then washed with phosphate-buffered saline (PBS) and 

incubated with Alexa Fluor 488-conjugated goat anti-rabbit secondary antibody (1:2000 

dilution) for 1 hour at room temperature in the dark. Cells were counterstained with DRAQ5 

(nuclear stain) and then mounted and examined under a Confocal TCSSL microscope.

For microscopic analysis of CPT1A, cells were treated with DMSO or PEITC as described 

above and stained with 100 nmol/L MitoTracker red in complete medium at 37°C for 1 hour 

followed by washing and fixation of cells with 4% formaldehyde in complete medium at 

37°C for 15 minutes. The cells were permeabilized with 0.5% Triton X-100 for 5 minutes 

and incubated for 1 hour with blocking solution consisting of PBS, 0.5% bovine serum 
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albumin, and 0.15% glycine. After blocking, cells were incubated with anti-CPT1A antibody 

(1:3000 dilution) at 4°C overnight and then with Alexa Fluor 488-conjugated goat anti-

mouse secondary antibody for 1 hour at room temperature. The cells were examined under a 

Confocal TCSSL microscope.

Western blotting

LNCaP (3.5×105) and 22Rv1 (5×105) cells were plated in media supplemented with 10% 

fetal bovine serum and allowed to attach overnight. Cells were then treated with DMSO or 

desired concentrations of PEITC for different time points. Cell lysates were prepared as 

described by us previously (34). Western blotting was performed as described by us 

previously (34).

Quantitative polymerase chain reaction (PCR)

Expression of FASN and CPT1A were determined in LNCaP and 22Rv1 cells by real time 

PCR. Total RNA from DMSO or PEITC treated cells was isolated using RNeasy kit. 2 μg 

RNA was used for cDNA synthesis with the use of SuperScript III reverse transcriptase and 

oligo (dT)20 primer. Quantitative PCR was performed using 2x SYBR Green Master Mix 

under same conditions, with the number of cycles changed to 40. Primers for FASN, 
CPT1A, and GAPDH were as follows. Forward (FASN): 5′-
CTGGCTCAGCACCTCTATCC-3′; Reverse: (FASN) 5′-
CAGGTTGTCCCTGTGATCCT-3′; Forward (CPT1A): 5′-
CAAGGACATGGGCAAGTTTT-3′; Reverse: (CPT1A) 5′-
AAAGGCAGAAGAGGTGACGA-3′; Forward (GAPDH): 5′-
GGACCTGACCTGCCGTCTAGAA-3′; Reverse (GAPDH): 5′-
GGTGTCGCTGTTGAAGTCAGAG-3′. The PCR conditions were as follows: 95°C for 10 

minutes followed by 40 cycles of 95°C for 15 seconds, 60°C for 1 minute, and 72°C for 30 

seconds. Relative gene expression was calculated using the 2−ΔΔCT method (35).

Immunohistochemistry

Immunohistochemistry was performed as described by us previously (27, 28) with some 

modifications. Briefly, prostate tumor sections (4–5 μm thick) were de-paraffinized, 

hydrated in graded alcohol, and then washed with PBS. Sections were immersed in 0.3% 

H2O2 in 100% methanol for 20 minutes at room temperature. Sections were then incubated 

with blocking buffer for 1 hour followed by incubation with primary antibody (FASN- 

1:500; CPT1A- 1:1000) for overnight in humid chambers at room temperature. After 

washing, sections were incubated with Alexa Fluor 488-conjugated secondary antibody 

(1:1000) for 1 hour at room temperature. After washing with PBS, sections were mounted 

with an anti-fade mounting media containing 4′,6-diamidino-2-phenylindole. Stained 

sections were examined under Nikon A1 (s216.6) confocal microscope. At least five non-

overlapping and non-necrotic images were captured from each section and analyzed with 

NIS element 4.0 software.

Neutral lipid droplets in prostate tumor sections were visualized by BODIPY493/503 staining. 

Sections were incubated with 25 μg/mL BODIPY 493/503 for 1 hour at room temperature. 

After washing with PBS, sections were mounted with an anti-fade mounting media 
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containing 4′,6-diamidino-2-phenylindole and examined under Nikon A1 (s216.6) confocal 

microscope. At least five non-overlapping and non-necrotic images were captured from each 

section and number of lipid droplets/cell was quantified using FIJI ImageJ (NIH) software. 

Number of lipid droplets/cell was determined in at least 50 cells per high-power field.

Determination of metabolites

A fluorometric assay kit was used to measure acetyl-CoA levels in human prostate cancer 

(LNCaP and 22Rv1) cells, and tumor lysates and plasma from TRAMP mice. LNCaP 

(3.5×105) and 22Rv1 (5×105) cells were seeded in 60 mm plates and treated with DMSO or 

the indicated doses of PEITC for 24 hours. Human prostate cancer cells and tumor tissues 

were sonicated in acetyl-CoA assay buffer and centrifuged at 10,000g for 10 minutes. The 

fluorescence was measured at excitation and emission wavelengths of 535 and 587 nm, 

respectively, using a fluorimeter (Biotek, VT).

For measurement of total free fatty acids (C8 and longer), 10–20 mg tumor tissues were 

sonicated in 200 μl of 1% (w/v) Triton X-100 in chloroform. The homogenates were 

centrifuged at 14,000 rpm for 10 minutes, and organic phase was collected from the 

supernatant and air dried to remove chloroform. The dried lipids were dissolved in fatty acid 

assay buffer and used for the assay. Plasma was diluted in fatty acid assay buffer and used 

for the assay. Assay was performed according to manufacturer’s instructions. Absorbance 

was measured at 570 nm.

A kit was used to measure total phospholipids in the tumor and plasma according to the 

supplier’s instructions. The tumor tissue was sonicated in phospholipid assay buffer and 

centrifuged at 10,000g for 10 minutes. The supernatant was used for phospholipid assay and 

protein estimation. Plasma was directly used for the assay. Assay was performed according 

to manufacturer’s instructions. Absorbance was measured at 570 nm.

For the measurement of triglyceride, 10–20 mg tumor tissue was homogenized in 

manufacture supplied solution followed by centrifugation at 10,000g for 10 minutes. The 

supernatant was used for triglyceride assay and protein estimation. Plasma was directly used 

for the assay. Assay was performed as per manufacturer’s protocol. Absorbance was 

measured at 550 nm.

A colorimetric assay kit was used to measure ATP levels in the tumor. Tumor tissue was 

sonicated in ATP assay buffer, centrifuged at 10,000g for 10 minutes, and the supernatant 

was filtered using 10 kDa membrane. Absorbance was measured at 570 nm.

Statistical analysis

GraphPad Prism (version 7.02) was used for statistical analysis. Statistical significance of 

difference was determined by one-way analysis of variance (ANOVA) followed by 

Dunnett’s test or unpaired Student’s t test.
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Results

Fatty acid synthesis in the cytosol begins with ACLY-mediated conversion of citrate, which 

is derived from the tricarboxylic acid cycle in the mitochondia, to acetyl-CoA. Expression of 

ACLY was not affected by PEITC treatment in either LNCaP or 22Rv1 cell line (Fig. 1B). 

The next step in the de novo synthesis of fatty acids is conversion of acetyl-CoA to malonyl-

CoA through catalytic mediation of ACC, which is a rate liming step. FASN complex 

subsequently utilizes one molecule of acetyl-CoA and seven molecules of malonyl-CoA to 

produce fatty acids through a series of catalytic domains (14,15). Protein levels of both 

ACC1 (Fig. 1C) and FASN (Fig. 1D) were markedly suppressed by PEITC treatment in both 

LNCaP and 22Rv1 cells. It is important to mention that LNCaP is an androgen-responsive 

cell line with expression of mutant androgen receptor (T877A) and mutant phosphatase and 

tensin homolog. On the other hand, 22Rv1 cell line expresses wild-type phosphatase and 

tensin homolog but mutant androgen receptor and its splice variants including AR-V7. 

These results indicated that PEITC-mediated downregulation of ACC1 and FASN was 

maintained in prostate cancer cell lines with different genetic alterations.

Inhibitory effect of PEITC on ACC1 and FASN was confirmed by western blotting. Levels 

of both ACC1 and FASN proteins were decreased markedly after PEITC treatment and this 

downregulation was evident as early as 8 hours post-treatment (Fig. 2A). Real-time 

quantitative PCR revealed downregulation of FASN mRNA expression in PEITC-treated 

LNCaP and 22Rv1 cells relative to corresponding DMSO-treated control cells (Fig. 2B). 

Fig. 2C depicts immunohistochemical images for FASN protein expression in a 

representative prostate adenocarcinoma from the control and the PEITC-treated TRAMP 

mouse. The semi-quantitative H-score for FASN protein expression was lower by about 50% 

(P= 0.005 by unpaired Student’s t test) in the poorly-differentiated adenocarcinoma sections 

of the PEITC-treated TRAMP mice when compared with controls (Fig. 2D). These results 

indicated in vitro and in vivo downregulation of key fatty acid synthesis proteins after 

PEITC treatment in prostate cancer cells.

CPT1A is another protein with critical role in the overall metabolism of fatty acids (14, 15). 

CPT1A, also known as carnitine acyltransferase I, is a mitochondria-localized enzyme 

responsible for generation of acyl carnitines by catalyzing the transfer of the acyl group of a 

long-chain fatty acyl-CoA from coenzyme A to carnitine. Western blotting revealed 

downregulation of CPT1A protein in both LNCaP and 22Rv1 cell lines at least at 16- and 

24-hour time points (Fig. 3A). Due to faint expression of CPT1A in western blot especially 

in the LNCaP cell line, immunocytochemistry was also performed. As expected, CPT1A 

was localized in the mitochondria as indicated by yellow-orange fluorescence in DMSO-

treated control cells due to the merging of CPT1A-associated green fluorescence and red 

color signal from MitoTracker red (Fig. 3B). The yellow-orange fluorescence was markedly 

suppressed by PEITC treatment in both cell lines (Fig. 3B). PEITC treatment caused 

transcriptional repression of CPT1A in both LNCaP and 22Rv1 cells as revealed by real-

time quantitative PCR (Fig. 3C). Similar to FASN (Fig. 2C), PEITC administration to 

TRAMP mice resulted in suppression of CPT1A protein level in the poorly-differentiated 

prostate cancer relative to control but the difference was not statistically significant with a P 

value of 0.07 (Fig. 3D, E).
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Because PEITC treatment downregulated CPT1A protein, it was of interest to determine 

whether this effect was accompanied by a decrease in the levels of acetyl-CoA. Intracellular 

level of acetyl-CoA was indeed lower in PEITC-treated cells compared with control and the 

difference was significant at the 5 μmol/L dose (Fig. 4A). Plasma level of acetyl-CoA (Fig. 

4B), but not the tumor acetyl-CoA level (Fig. 4C), was significantly lower in the TRAMP 

mice of PEITC treatment group compared with control. Lack of statistical significance for 

tumor acetyl-CoA could be due to small sample size especially in the PEITC arm.

Some fatty acids are esterified to phospholipids, which play an important role in signal 

transduction and intracellular trafficking (36). PEITC feeding to TRAMP mice resulted in a 

significant decrease in plasma levels of total free fatty acids (Fig. 5A), total phospholipids 

(Fig. 5B), and triglyceride (Fig. 5C).

Mean total free fatty acid level in the tumors of PEITC-treated TRAMP mice was lower by 

about 25% when compared to control group (Fig. 6A), but the difference was not significant 

(P= 0.06). On the other hand, PEITC administration to TRAMP mice resulted in a 

significant decrease in prostate tumor levels of total phospholipids (Fig. 6A). The difference 

was not significant for prostate tumor level of triglyceride between control and PEITC 

treatment groups (Fig. 6A; P= 0.09). Nevertheless, tumor ATP level was lower by 32% (P= 

0.03) in the PEITC treatment group compared to control (Fig. 6A).

Figure 6B depicts BODIPY staining (neutral lipids) in a representative prostate tumor 

section of a control and a PEITC-treated TRAMP mouse (white dots in the images represent 

neutral lipid droplets). The mean number of neutral lipid droplets/cell was significantly 

lower in the prostate tumor sections of PEITC-treated mice when compared with control 

(Fig. 6C). A cartoon summarizing fatty acid metabolism as well as PEITC-mediated 

suppression of fatty acid synthesis enzyme proteins and intermediates is shown in Fig. 6D.

Discussion

The present study demonstrates, for the first time, significant downregulation of FASN 

protein and mRNA expression upon PEITC treatment in prostate cancer cells in vitro and in 
vivo leading to a decrease in levels of total free fatty acids and total phospholipids. Evidence 

is quite strong for an oncogenic role of FASN in prostate cancer. For example, 

immunohistochemistry and fluorescence in situ hybridization analysis in paraffin-embedded 

tissue microarrays revealed FASN gene copy gain as well as protein overexpression in 

prostate adenocarcinoma specimens (37). Increased FASN gene expression was documented 

in nearly 50% of all prostate tissues with elevated FASN protein levels (37). Overexpression 

of FASN in an immortalized normal human prostate epithelial cell line (iPrEC) resulted in 

palmitoylation of Wnt1 as well as cytoplasmic stabilization of β-catenin (38). Consistent 

with these results, overexpression of FASN in iPrECs and prostate cancer cells (LNCaP) 

increased cell proliferation and soft agar growth (39). More importantly, transgenic 

expression of FASN in mice produced prostatic intraepithelial neoplasia at 7 months of age 

(39). In radical prostatectomy needle biopsy cores, elevated fatty acid synthase expression 

was suggested to predict upgraded Gleason score (40). Even though FASN is a legitimate 

therapeutic target in prostate cancer, clinical development of natural or synthetic FASN 
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inhibitor has been challenging due to a variety of reasons, including stability (Cerulenin), 

bioavailability (epigallocatechin- 3-gallate and Orlistat), and side effects (appetite 

suppression and weight loss through direct activation of CPT1 (41,42). PEITC, on the other 

hand, has excellent oral bioavailability and is well-tolerated in mice after chronic 

administration (27, 28).

In comparison to FASN, ACC is relatively less studied in the context of prostate cancer 

despite its rate limiting role in conversion of acetyl-CoA to malonyl-CoA. Nevertheless, 

pharmacological inhibition of ACC was shown to inhibit PC-3 prostate cancer cell migration 

(43). Chemical inhibition of ACC by 5-tetradecyl-oxy-2-furoic acid was accompanied by 

caspase-dependent cell death in prostate cancer cells regardless of the p53 status (44). RNA 

interference of ACC-α also resulted in inhibition of cell proliferation and caspase-dependent 

apoptosis in LNCaP prostate cancer cells (19). We have shown previously that PEITC 

treatment results in caspase-dependent apoptosis in cultured human prostate cancer cells (45, 

46). Surprisingly, prostate cancer chemoprevention by PEITC in the TRAMP model was not 

associated with increased tumor cell apoptosis (27). We conclude that ACC1 downregulation 

by PEITC may not be important for apoptosis induction, at least for this phytochemical.

This study shows a decrease in intracellular levels of acetyl-CoA in vitro by PEITC 

treatment in human prostate cancer cells. PEITC administration to TRAMP mice also results 

in lowering of plasma acetyl-CoA levels (present study). This intermediate not only is the 

building block of fatty acid synthesis but is also generated during β-oxidation of fatty acids. 

Because ACLY protein expression is not altered by PEITC treatment, at least in LNCaP and 

22Rv1 cells (present study), it is reasonable to postulate that PEITC-mediated decrease in 

acetyl-CoA level is most likely due to inhibition of fatty acid β-oxidation. However, further 

work is necessary to experimentally test this possibility.

In conclusion, the present study provides in vitro and in vivo evidence for PEITC-mediated 

downregulation of FASN expression that is accompanied by a decrease in plasma and/or 

tumor levels of total free fatty acids, phospholipids, and ATP. We propose that plasma free 

fatty acids and/or total phospholipids may serve as noninvasive biomarkers of PEITC in 

future clinical trials.
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Figure 1. 
PEITC treatment decreases ACC1 and FASN protein level in human prostate cancer cells 

(A) A simplified cartoon depicting metabolic conversion of gluconasturtiin to PEITC and 

their chemical structures. Immunocytochemical images showing expression of ACLY (B) 
ACC1 (C), and FASN protein (D) in LNCaP and 22Rv1 cells treated for 24 hours with 

DMSO (control) or 5 μmol/L PEITC. Similar results were observed in replicate experiments 

except for some morphological changes in ACLY staining especially in the LNCaP cell line 

for unclear reasons.
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Figure 2. 
PEITC downregulates ACC1 and FASN expression in human prostate cancer cells. (A) 
Immunoblotting for ACC1 and FASN proteins using lysates from control and PEITC-treated 

LNCaP and 22Rv1 cells. (B) Real-time quantitative PCR of FASN in LNCaP and 22Rv1 

cells after treatment with DMSO or PEITC. Results shown are mean ± SD (n= 3). 

*Significantly different (P < 0.05) compared with corresponding DMSO-treated control cells 

by one way ANOVA followed by Dunnett’s test. (C) Representative immunohistochemistry 

images showing expression of FASN protein in prostate adenocarcinoma of control and 

PEITC treated TRAMP mice. Lower panel shows hematoxylin and eosin-staining. (D) 
Quantitation of FASN expression (40x magnification, scale bar = 50 μm). Results shown are 

mean ± SD (n=5 for both groups). P value was determined by unpaired Student’s t test. Each 

experiment (A and B) was repeated at least twice and the results were generally consistent.
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Figure 3. 
PEITC decrease CPT1A expression. (A) Immunoblotting for CPT1A protein using lysates 

from control and PEITC-treated LNCaP and 22Rv1 cells. (B) Immunocytochemical images 

depicting CPT1A expression in control and PEITC treated LNCaP and 22Rv1 cells (24 hour 

treatment). (C) Real-time quantitative PCR for CPT1A in LNCaP and 22Rv1 cells after 8, 

16, and 24 hours of treatment with DMSO or PEITC. Results shown are mean ± SD (n= 3 

for each column). *Significantly different (P < 0.05) compared with corresponding DMSO-

treated control cells by one way ANOVA followed by Dunnett’s test. (D) Representative 

immunohistochemistry images showing expression of CPT1A protein in prostate 

adenocarcinoma of a control and a PEITC-treated TRAMP mouse. (E) Quantitation of 

CPT1A protein expression (40x magnification, scale bar = 50 μm). Results shown are mean 

± SD. Statistical significance was determined by unpaired Student’s t test. Each experiment 

(A to C) was repeated at least twice and the results were generally consistent.
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Figure 4. 
PEITC treatment decreases acetyl-CoA level in human prostate cancer cells and in plasma of 

TRAMP mice. (A) Acetyl-CoA levels in LNCaP and 22Rv1 cells treated for 24 hours with 

DMSO or PEITC. Results shown are mean ± SD (n= 3 for each column). *Significantly 

different (P < 0.05) compared with corresponding DMSO-treated control by one way 

ANOVA followed by Dunnett’s test. Acetyl-CoA levels in the plasma (B) and prostate 

adenocarcinoma of (C) TRAMP mice. Results shown are mean ± SD. Plasma (n = 17 for 

control group and n = 16 for PEITC treatment group) and tumor samples (n = 8 for control 

group and n = 4 for PEITC treatment group) from different mice of each group were used 

for determination of Acetyl-CoA levels. Statistical significance was determined by unpaired 

Student’s t test.
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Figure 5. 
Effect of PEITC administration on fatty acid metabolites in the plasma of TRAMP mice. 

Levels of total free fatty acids (A), total phospholipids (B) and triglyceride (C) in the plasma 

of control and PEITC-treated TRAMP mice. Results shown are mean ± SD (n = 17 for 

control group and n = 16 for PEITC treatment group). Plasma samples from different mice 

of each group were used for the assays. Statistical significance was determined by unpaired 

Student’s t test.

Singh and Singh Page 16

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
PEITC administration decreases fatty acid metabolite levels in the prostate adenocarcinoma 

of TRAMP mice. (A) Levels of total free fatty acids, total phospholipids, triglyceride, and 

ATP in prostate tumors of control and PEITC-treated TRAMP mice. Results shown are 

mean ± SD (n = 8 for control and n = 4 for PEITC treatment group). Tumor tissues from 

different mice of each group were used for the assays. Statistical significance was 

determined by unpaired Student’s t test. (B) Representative images for BODIPY493/503 

staining showing lipid droplets in prostate adenocarcinoma of a control and a PEITC-treated 

TRAMP mouse. (C) Quantitation of number of lipid droplets/cell (60x magnification, scale 

bar = 5 μm). Results shown are mean ± SD. Statistical significance was determined by 

unpaired Student’s t test. (D) A simplified cartoon for fatty acid synthesis. PEITC-mediated 

suppression of fatty acid metabolism proteins and intermediates is also summarized. 

Abbreviations: FACS- fatty acyl-CoA synthase; ACLY- ATP citrate lyase; ACC- acetyl-CoA 

carboxylase; FASN- fatty acid synthase; and CPT- carnitine palmitoyltransferase.

Singh and Singh Page 17

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Materials and Methods
	Ethics statement
	Reagents
	Cell lines and culture condition
	Confocal microscopy
	Western blotting
	Quantitative polymerase chain reaction (PCR)
	Immunohistochemistry
	Determination of metabolites
	Statistical analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

