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Abstract

Metastatic castration recurrent prostate cancer (mCRPC) remains incurable and is one of the 

leading causes of cancer-related death among American men. Therefore, detection of prostate 

cancer (PCa) at early stages may reduce PCa-related mortality in men. We show that lipid 

quantification by vibrational Raman Microspectroscopy and Biomolecular Component Analysis 

may serve as a potential biomarker in PCa. Transcript levels of lipogenic genes including sterol 

regulatory element-binding protein-1 (SREBP-1) and its downstream effector fatty acid synthase 

(FASN), and rate-limiting enzyme acetyl CoA carboxylase (ACACA) were upregulated 

corresponding to both Gleason score and pathologic T stage in the PRAD TCGA cohort. Increased 

lipid accumulation in late-stage transgenic adenocarcinoma of mouse prostate (TRAMP) tumors 

compared to early-stage TRAMP and normal prostate tissues were observed. FASN along with 

other lipogenesis enzymes, and SREBP-1 proteins were upregulated in TRAMP tumors compared 

to wild-type prostatic tissues. Genetic alterations of key lipogenic genes predicted the overall 

patient survival using TCGA PRAD cohort. Correlation between lipid accumulation and tumor 

stage provides quantitative marker for PCa diagnosis. Thus, Raman spectroscopy-based lipid 

quantification could be sensitive and reliable tool for PCa diagnosis and staging.
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1. Introduction

Prostate cancer (PCa) is the second leading cause of cancer-related death in American men 

[1]. Despite recent advances in targeted therapies, specifically against the androgen receptor, 

metastatic castration-recurrent prostate cancer (mCRPC) remains incurable [2]. By 

definition, mCRPC is resistant to androgen deprivation therapy (ADT), but most aggressive 

mCRPCs also develop resistance to various chemotherapeutic agents [3]. Thus, alternative 

approaches to detect this advanced disease state must be identified to prevent progression 

and recurrence of PCa.

It is established that tumor cells require more energy than normal cells and metabolic 

alterations are required to sustain the proliferative potential of growing tumors [4, 5]. One 

such metabolic alteration is endogenous or de novo lipogenesis by cancer cells, which 

usually takes place in liver and adipose tissues but not in other normal tissues [6]. Several 

recent studies determined that cancer cells of numerous origins fulfill their requirement of 

fatty acids through de novo lipogenesis [7–9]. Due to their high proliferation rate, cancer 

cells require a substantial amount of metabolic energy in order to synthesize cellular and 

subcellular membranes, which are mainly composed of fatty acids. Lipids in cancer cells are 

the main fuel source for membrane synthesis and act as one of the major drivers in tumor 

cells, especially PCa, for growth and membrane synthesis [10]. Moreover, the rate of fatty 

acid synthesis and accumulation has been reported to accelerate in hypoxic PCa cells and 

tumor core as a survival response to hypoxic stress [11]. Following re-oxygenation, the 

accumulated lipids support growth and aggressiveness of PCa [8, 11]. Recently, Rysman et 

al. reported that de novo lipogenesis protects cancer cells from endogenous and exogenous 

stresses like ROS and chemotherapeutic drugs. These evidences further emphasize the 

importance of de novo lipogenesis in averting cancer cell death causing cancer progression 

[12]. For example, de novo lipogenesis protects cancer cells from lipid peroxidation and 

subsequent cell death due to free radicals by enhancing saturation of membrane lipids [12]. 

A brief overview of the key lipogenic steps is highlighted in Figure 1. Briefly, pyruvate is 

synthesized from glucose by glycolysis, and this pyruvate is converted to Acetyl-CoA either 

inside mitochondria (via pyruvate dehydrogenase complex) or in the cytosol through citrate 

derived from TCA cycle. In the cytosol, Acetyl-CoA is carboxylated by acetyl-CoA 

carboxylase (gene: ACACA, protein: ACC) to form malonyl-CoA. In the next rate-limiting 

step, malonyl-CoA is synthesized into palmitic acid and various other fatty acids via fatty 

acid synthase (FASN). These fatty acids are accumulated and stored as lipid droplets, which 

can be used as fuel source in proliferating tumor cells. FASN and other enzymes involved in 

de novo lipogenesis are under control of the lipogenic transcription factor sterol regulatory 

element binding protein 1 (SREBP-1). In addition, miRNAs miR-27b and miR-222 have 

also been predicted to negatively regulate lipogenesis, as miR-27b targets FASN and 

miR-222 targets both the ACACA and FASN mRNA for degradation [2].
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A link between lipogenesis and PCa progression has been investigated in the past few 

decades [8, 12–15]. Various studies have determined that inhibition of the key lipogenic 

enzyme FASN in PCa cells slows growth and proliferation, while increasing apoptosis of 

PCa cells [16–18]. In addition, ACC inhibition in PCa cells resulted in sensitization to 

chemotherapeutic agents [12]. De novo lipogenesis is also crucial for development of 

mCRPC because of reactivation of AR signaling by de novo steroidogenesis [19, 20]. In this 

manuscript, we implemented a systemic approach to verify the role of lipogenesis in PCa 

progression and validate the impact of lipogenic transcript levels for the evaluation of PCa 

biomarkers. Specifically, we employed vibrational Raman Microspectroscopy and 

Biomolecular Component Analysis (BCA) approach to quantify expression of major types 

of biomolecules: DNA, proteins and lipids in prostate tumor tissues [21]. This label-free 

optical approach has unraveled a significant correlation elevation in the lipid content during 

the PCa progression. We suggest that macromolecular lipid quantification by microRaman-

BCA approach can serve as quantitative marker for general categorization of the lesions as 

well as for clinical prognosis.

2. Materials and Methods

2.1. Analysis from publicly available datasets

The TCGA prostate adenocarcinoma (PRAD) dataset (version 2016-08-16) was retrieved 

from the UCSC Xena Browser. The polyA+ IlluminaHiSeq gene expression dataset was 

downloaded in its normalized format. RNA-seq values were grouped between tumor and 

matched-normal samples and the tumor samples were further divided according to Gleason 

score or pathologic T-score. The average transcript reads were calculated for each group. 

The RPKM method was used to quantify gene expression from RNA sequencing data by 

normalizing for total read length and the number of sequencing reads. A student’s T-test was 

performed between matched normal and each Gleason score or pathologic T-score. 

cBioportal [22, 23] was used to download the Trento/Cornell/Broad Neuroendocrine (2016) 

dataset and the PRAD TCGA (provisional) dataset for heat map generation, OncoPrint 

analyses, co-expression analyses, and survivorship analysis.

2.2. Whole tissue lysates preparation and Western blotting

Murine prostate tumors (TRAMP) were generated as previously described [24]. Briefly, 

mice hemizygous for the Pb-Tag transgene were crossed with non-transgenic FVB mice to 

obtain non-transgenic (WT) and transgenic (TRAMP) males. Animal experiments were 

performed according to the protocols approved by the Institutional Animal Care and Use 

Committee at the department of Laboratory Animal Resources, Roswell Park Cancer 

Institute, Buffalo, NY. Whole tissue lysates from WT prostate and TRAMP tumor tissues 

were prepared by homogenization and lysed in RIPA buffer (50 mM Tris, pH 7.5, 150 mM 

NaCl, 0.1% SDS, 0.1% sodium deoxycholate, 1% Triton X-100, 1 mM EDTA, 1 mM 

dithiothreitol (DTT) supplemented with protease inhibitors (1 mM PMSF, 1% aprotinin, 1 

mM leupeptin, 1 mg/ml pepstatin A and 1 mg/ml chymostatin). Thirty micrograms protein 

samples were loaded on 4–20% SDS polyacrylamide gels for Western blotting. The 

membrane was probed with indicated primary antibodies and corresponding HRP-

conjugated secondary antibodies followed by immunodetection using ECL reagent (BioRad, 
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Hercules, CA). Antibodies against SREBP1 and β-Actin-HRP were procured from Santa 

Cruz Biotech, Dallas, TX. FASN, ACC, AceCS1, ACL, and ACSL1 antibodies were 

procured from Cell signaling, Danvers, MA.

2.3. Raman Micro-spectroscopy

A confocal Raman microscope used to acquire spectra from individual tissue cells is 

equipped with an inverted Nikon TE200 microscope, fiber-coupled MS3501i imaging 

monochromator/spectrograph (Solar TII), a Hamamatsu S9974 CCD camera cooled down to 

−60°C, and a 532 nm DPSSL excitation laser. This configuration enables the measurements 

within the range of Raman shifts of 600–3000 cm−1. The spectral resolution for the fixed 

diffraction grating position (wave number interval of 1210 cm−1) was ~1.5 cm−1. An 

excitation laser beam of ~20 mW power was focused onto the sample in a spot of ~0.8 μm, 

using a 100× NA=1.3 Nikon oil-immersion objective lens. A 100 μm pinhole ensures for 

confocal acquisition of Raman signal. The integration time for spectra acquisition was 20 

sec for all our experiments. The measurements performed in bovine serum albumin solution 

demonstrated that experimental error of Raman spectra measurements does not exceed 5% 

within the Raman shift range of 700–1700 cm−1.

2.4. Biomolecular component analysis

For assessment of intranuclear macromolecular content the biomolecular component 

analysis (BCA) [27–29] was applied to pre-processed Raman spectra. This method is based 

on an accurate spectral fit of a model spectrum - the linear summation of the weighted 

spectra of the basic components (Linear Combination Modeling (LCM) [30–33]), into a pre-

processed Raman spectrum of nuclei. The spectral weights (coefficients), which are varied 

during the fitting procedure, are considered as the specific contributions of the basic spectra 

into the resulting spectrum and relate directly to the concentrations of basic macromolecules. 

In our case LCM of the acquired Raman spectra was utilized for experimental evaluation of 

the local biomolecular composition tissue cells nuclei by generating a model spectrum 

through a linear summation of weighted Raman spectra of the basic classes of bio-

molecules, DNA, RNA, proteins, lipids, which make the largest contribution to nuclear 

Raman spectrum [28]. In other words it means to obtain a numerical value of the fractional 

fit contribution (weight, Ci) of each component, i, to Raman spectrum of measured nuclear 

domain (rtotal): rtotal = C1r1+C2r2+C3r3+C4r4, where ri is Raman spectrum of i-component. 

More detailed description of BCA used in this study can be found in our previous 

publications [28, 29]. For initial step of BCA we used protein component (r1), obtained from 

our previous studies of HeLa cell culture corresponding to 100 ml/mg of bovine serum 

albumin (C1=1) equivalent of concentration. Preprocessed Raman spectra of extracted DNA, 

RNA, and lipid droplets from HeLa cells, calibrated to 20 mg/ml of calf thymus DNA, S. 
cerevisiae RNA and bovine heart lipid extract equivalents of concentration accordingly, were 

used as the reference spectra of the DNA, RNA and lipids components (ri, i=2,3,4 with Ci=1, 

i=2,3,4).

The LCM algorithm was coded in Matlab environment and includes preprocessing 

procedures subtracting the background, Savitzky-Golay smoothing (2nd polynom order, 13 
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points smoothing frame) and baseline correction. Background spectrum was modeled by 

fitting the five background components for each measurement [29].

2.5 Free fatty acid (FFA) and total cholesterol content estimation

FFA and total cholesterol content in WT prostate and TRAMP tissues were quantitated by 

free fatty acid fluorometric assay kit and cholesterol fluorometric assay kit, respectively 

(Cayman Chemical, Ann Arbor) as per manufacturer’s instructions. Briefly, 10 mg of WT 

prostate and TRAMP tissues were homogenized in 200 μl of Chloroform/Triton X-100 (1% 

v/v) and incubated on ice for 30 min for FFA extraction. Cholesterol was extracted by 

homogenization of 10 mg tissue in 200 μl of Chloroform:Isopropanol:NP-40 (7:11:0.1 v/v). 

Tissue homogenates were centrifuged at 12000 rpm for 10 min at 4°C. Lower organic phase 

was collected for FFA, whereas all liquid was collected for cholesterol. The collected 

samples were transferred to new tubes and dried on a heat block at 50°C for 2 hours 

followed by vacuum dry for 1 hour to remove traces of chloroform. Dried lipids were 

dissolved in either 200 μl of FFA assay buffer for assaying FFA content or 200 μl of 

cholesterol assay buffer for assaying total cholesterol content using the instructions provided 

in the respective assay kits.

3. Results

3.1. Upregulation of key lipogenic genes correlates with the PCa progression

To better understand a link between increased lipogenesis and PCa progression, a large 

cohort of sample specimens (N = 551) were stratified based on different criteria for disease 

progression and was correlated to transcript levels of key lipogenic genes (Figure 2A–F). 

SREBP-1, FASN, and ACACA were all upregulated with respect to patient Gleason score 

(Figure 2A–C). Similarly, upregulation of SREBP-1, FASN, and ACACA is directly linked 

to patient T-score (Figure 2D–F). Thus, transcript levels of these key lipogenic genes are 

increased as the tumor becomes more undifferentiated and metastatic, which is characteristic 

of aggressive disease. Since transcript levels of these key lipogenic genes are significantly 

upregulated in prostate tumors, known negative regulators of these genes were assayed to 

understand if their suppression is correlated to increased lipogenic gene transcription. 

Indeed, the down regulators of lipogenesis, miR-222 and miR-27b, seem to be functional in 

this cohort of patients, as an increase in their level of transcript reads negatively correlated to 

transcript reads of FASN and ACACA and vice versa (Figure 3A). Interestingly, transcript 

reads of both miRNAs significantly decreased with respect to both Gleason score (Figure 3B 

and C) and T-score (Figure 3D and E). Thus, miRNA downregulation may contribute to an 

increased lipogenesis in advanced PCa.

3.2 The lipogenic pathway correlates with aggressive signatures in prostate 
adenocarcinoma

We found that when lipogenic transcription factor SREBP-1 is overexpressed, protein levels 

of FASN, as well as ACACA and its active state S79 phosphorylation are significantly 

elevated, suggesting an activation of the lipogenic pathway (Figure 4A). Additionally, when 

FASN protein is expressed, several notable oncogenes such as MAPK and its active state 

phospho-T180/Y182, as well as the active state of ERBB2 (phospho-Y1248) were 
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overexpressed (Figure 4B). Interestingly, several tumor suppressor proteins are 

downregulated when FASN is upregulated, including direct IAP binding protein with low pI 

(DIABLO) and dipeptidyl peptidase 4 (DPP4) (Figure 4B). Similar to lipogenic genes, 

CPT1B (carnitine palmitoyltransferase 1B) mRNA expression was also upregulated in 

accordance with Gleason score and pathologic T stages. CPT1 is a mitochondrial key 

enzyme for fatty acid oxidation or β-oxidation and therefore important for utilizing the 

stored lipid for energy demands. Thus, not only does the lipogenic pathway seem to be 

active in this cohort of PCa patients, but also may correlate with an induction of hallmark 

proto-oncogenic pathways.

3.3. Lipogenesis is upregulated in transgenic adenocarcinoma of mouse prostate (TRAMP) 
tumors

To characterize the resulting impact of lipogenesis on molecular makeup of PCa lesions, 

levels of lipids, as well DNA and proteins were assayed via Raman microspectroscopy 

(Figure 5A–C). Prostate tumors produced from TRAMP model are poorly differentiated, 

mimic the neuroendocrine (NEPC) phenotype of PCa, the predominant phenotype observed 

in the clinic in response to ADT-resistance and is extremely aggressive [24, 34–36]. 

Therefore, TRAMP tumors were used for this analysis. In comparison to WT normal 

prostatic tissues and TRAMP lesions with prostatic intraepithelial neoplasia (PIN), TRAMP 

tumors had highly elevated levels of both lipid and DNA content. To further correlate lipid 

profile in WT prostate and tumor tissues, we also assayed FFA and total cholesterol content 

in these tissues as secondary method to quantitate lipid content in WT and TRAMP prostatic 

tissues. As shown in Figure 5D and E, the levels of both forms of lipids were significantly 

elevated in TRAMP tissues compared to WT normal prostatic tissues, thus supporting lipid 

quantification by Raman microspectroscopy. Increased lipid content indicates elevation of 

lipogenesis and activation of the lipogenic pathways. To further confirm these results, we 

assayed the levels of SREBP1 and other enzymes involved in the lipogenesis pathway 

including FASN, ACC, AceCS1, ACL and ACSL1 in WT prostate and TRAMP tissues by 

Western blotting. We observed that FASN, ACC, AceCS1, ACL and ACSL were upregulated 

in TRAMP lysates compared to normal prostate tissues. The levels of processed or mature 

SREBP-1 (~ 68 kDa) were upregulated in TRAMP tissues compared to WT counterpart.

3.4. Lipogenic enzymes are upregulated in human prostate cancer and predict poor 
prognosis

The TRAMP model mainly represents the NEPC phenotype and not adenocarcinoma, 

however, the cohort of specimens analyzed in previous TCGA figures displayed 

adenocarcinoma. Therefore, to understand the translational impact of this study related to 

neuroendocrine disease in humans, we validated these findings using the human NEPC 

cohort. Notably, gene alterations in ACACA, SREBP1 and FASN occurred in 62% of 

patients present with CRPC, including both adenocarcinoma and neuroendocrine phenotypes 

(Figure 6A). Transcript levels of multiple lipogenic genes tend to significantly co-occur 

together, indicating that lipogenic pathway is indeed active in these patients (Figure 6B).

As our data demonstrated that lipogenic genes positively correlate to disease progression in 

prostate adenocarcinoma (Figure 2), we determined if these key lipogenic genes could 
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predict prognosis. Although genetic alterations in the genes occur in only 17% of patients in 

this cohort, these alterations are sufficient to predict overall survival (Figure 6C–D). 

Interestingly, patients without alterations in key lipogenic genes survived longer than 

patients with alterations. Thus this observation validates our earlier findings and our notion 

that lipid content measurement using this non-invasive technique can be utilized as a 

biomarker in PCa diagnosis.

4. Discussion

Lipids are essential macromolecules that are required for cellular viability and prostate 

cancer progression. Normal cells predominantly utilize circulating lipids derived from diet, 

but cancer cells synthesize their own lipids by activating de novo lipogenesis pathways [37, 

38]. Not surprisingly, aberrant lipogenesis has been extensively studied in various cancers, 

including prostate to identify new therapeutic targets [8, 39, 40]. These studies also suggest 

that lipids are accumulated in significant quantities in tumor tissues compared to normal 

tissues. In this study, we provide evidence using the TRAMP model of PCa that lipid 

estimation by non-invasive Raman microspectroscopy can be used as a reliable biomarker 

tool to predict incidence of PCa. In addition, we also broadened the scope of knowledge on 

the role of lipogenesis in PCa by studying large cohorts of samples from publicly available 

datasets from TCGA and cBioportal. Through these databases, we verified the previous 

noteworthy observations that may play a large role in the context of PCa progression. In 

general, many types of tumor cells require lipids to meet their energy and growth demands, 

but this requirement of lipids in the case of PCa is unique because the use of lipids is 

required A) as an energy source, B) as building blocks for cellular and subcellular 

membranes and C) as precursor reagents for de novo steroidogenesis. PCa is primarily a 

hormone-driven cancer and need androgens to grow, which is why androgen deprivation 

therapy (castration and administration of anti-androgens) or ADT is mostly employed by 

clinicians to manage this cancer [41]. Unfortunately, PCa re-emerges with time (termed as 

CRPC), which is more aggressive and resistant against current therapeutics, and reactivation 

of AR signaling promotes the return of PCa [42–45]. Sustained activation of AR signaling 

following ADT has been attributed to de novo steroidogenesis by PCa cells [46–49]. De 
novo synthesized lipids (mainly cholesterol) are utilized as the precursor for androgen 

synthesis by PCa cells. In this regard, we determined that ACACA, FASN and the lipogenic 

transcription factor SREBP-1 are transcriptionally upregulated with respect to disease state 

and this upregulation has been very well correlated with the Gleason score of PCa patients. 

Therefore, it can be suggested that the lipogenic pathway seems to be active in patients with 

prostate adenocarcinoma, specifically progression to androgen independence [19, 20, 49]. 

Strikingly, in our dataset analysis we also noted that FASN protein expression coincided 

with enhanced expression of hallmark proto-oncogenes such as MAPK, ERBB2, GAB2, 

PI3K and STAT along with down regulation of pro-apoptotic proteins like DIABLO and 

DDP4 (dipeptidyl peptidase IV). Specifically, the active forms of MAPK and ERBB2 are 

reported to be involved with cell cycle regulation and involved in metastasis and resistance 

to androgen deprivation therapy, respectively [50–52]. Whereas, GAB2 is a known regulator 

of PI3K and STAT5A is critical for PCa cell survival and growth, and overexpression of both 

proteins coincides with FASN expression [53, 54]. Interestingly, DIABLO and DDP4 were 
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under-expressed with FASN expression. These findings can explain in part the importance of 

FASN in PCa progression as previous reports suggest that pharmacological inhibition or 

siRNA-mediated downregulation of FASN in cancer cells including PCa is sufficient to 

induce growth arrest and apoptosis in vitro as well as in vivo tumor models [55–58]. 

Furthermore, the expression of SREBP1 also correlates with progression of PCa, as this 

transcription factor regulates the expression of all lipogenic genes that contain sterol 

response elements in their promoter region [49, 59, 60]. Correspondingly, it has been 

observed that overexpression of SREBP1 alone is sufficient to drive PCa growth and 

progression [13]. We have also indicated that miRNA-222 and miRNA-27b are under-

expressed with respect to disease state and may contribute to the observed overexpression of 

the three key lipogenic genes, which coincides with the observations made by Li, et al [2].

In this study, we adjusted and employed a microRaman-BCA approach to probe PCa lesions. 

The use of Raman microscopy as a tool for detecting PCa progression has been previously 

reviewed [61]. Our contribution to this field is application of BCA approach, which uniquely 

enabled a quantification of proteins, lipids and DNA in the samples. This approach enabled 

us to validate lipid accumulation in the TRAMP model, and we highlighted the notion that 

lipogenesis may play an even a larger role in NEPC, as key lipogenic genes are altered in 

62% of CRPC patients (which includes both adenocarcinoma and NEPC phenotypes), 

compared to 17% of prostate adenocarcinoma patients. Thus, Raman microscopy may be 

used down the line as a tool to non-invasively assess PCa progression via detection of lipid 

accumulation. The results of Raman microscopy were further validated by direct 

quantitation of lipid content in TRAMP tumor tissues by estimating FFA and cholesterol 

content. The non-invasive capabilities of Raman technology could be further applied for 

diagnostics and prognostics of PCa with minimal stress to patients. Finally, we have 

determined that the overall genetic alterations within SREBP-1, FASN, and ACACA add up 

to only 17% of patients within the TCGA prostate adenocarcinoma dataset. However, these 

genetic alterations, though small in number, are sufficient to predict overall survival of 

patients (Figure 6A and B). These results are startling because as we have previously 

mentioned, 62% of CRPC patients contain alteration in the three lipogenic genes. Thus, 

lipogenic transcripts/proteins may play an implemental role in promoting and diagnosing 

PCa, but may have an even larger role in poorly differentiated, neuroendocrine-like disease. 

Overall, these findings significantly highlight the importance of lipids in PCa growth, 

progression and emergence of mCRPC and suggest that detection of lipid accumulation in 

PCa tumor can be utilized as a predictive biomarker tool.
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FASN fatty acid synthase

ACC acetyl Co-A carboxylase
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SREBP1 sterol regulatory element binding protein 1

TRAMP transgenic adenocarcinoma of the mouse prostate

Pca prostate cancer

mCRPC metastatic castration recurrent prostate cancer

CRPC castration recurrent prostate cancer

ADT androgen deprivation therapy

AR androgen receptor

BCA biomolecular component analysis

WT wild-type

FFA free fatty acids

CPT1 carnitine palmitoyltransferase

PIN prostatic intraepithelial neoplasia

NEPC neuroendocrine prostate cancer

PRAD prostate adenocarcinoma

TCA tricarboxylic acid

AceCS1 acetyl-coA synthetase 1

ACSL1 acetyl-coA synthetase long chain family member 1

ACL ATP-citrate lyase
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Highlights

• Lipid accumulation may provide quantitative marker for prostate cancer 

diagnosis.

• Micro-Raman-BCA lipid quantification serves as a novel approach in prostate 

tumor staging.

• Upregulation of lipogenic molecules correlates with aggressive disease in 

prostate cancer.
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Figure 1. Schematic of key steps in lipogenesis
Acetyl-CoA is carboxylated by acetyl-CoA carboxylase (ACC) to form malonyl-CoA. In the 

rate-limiting step, malonyl-CoA is synthesized into palmitic acid and various other fatty 

acids via fatty acid synthase (FASN). These fatty acids are accumulated and stored as lipid 

droplets, which can be used as fuel source in proliferating tumor cells.
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Figure 2. Key lipogenic genes are upregulated with respect to disease progression
RNA-seq datasets derived from human PCa patient samples were retrieved from TCGA 

(version 2016-08-16) in their normalized format. RNA-seq values for SREBP-1, FASN and 

ACACA were grouped by matched normal tissue and Gleason score (A–C) or MN and 

pathologic T score (D–F). A Student’s T-Test was performed to determine statistical 

difference between MN and other groups (*=p<0.05)
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Figure 3. Negative regulators of key lipogenic genes are repressed with respect to disease 
progression
A) Heatmaps representing the correlation between levels of miR-222 and miR-27b with 

transcript levels of FASN and ACACA, respectively, in the TCGA PRAD dataset (generated 

via cBioportal). Patient samples were retrieved from TCGA (version 2016-08-16) in their 

normalized format. miRNA-seq values for miR-222 and miR27b were grouped by matched 

normal tissue and Gleason score (B&C) or MN and pathologic T score (D&E). A Student’s 

T-Test was performed to determine statistical difference between MN and other groups 

(*=p<0.05)
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Figure 4. The lipogenic pathway is active in patients with prostate adenocarcinoma and 
correlates with induction of aggressive pathways
Patient protein data from TCGA PRAD (Provisional) was acquired via cBioportal. A) 

Protein co-expression analysis was performed in patients with enriched SREBP-1 

expression. Arrow identifies notable proteins that were co-expressed with SREBP-1. B) 

Protein co-expression analysis was performed in patients with enriched FASN expression. 

Arrow identifies notable proteins that were co-expressed with FASN. RNA-seq datasets 

derived from human PCa patient samples were retrieved from TCGA (version 2016-08-16) 

in their normalized format. RNA-seq values for CPT1B were grouped by matched normal 

tissue and Gleason score (C) or MN and pathologic T score (D). A Student’s T-Test was 

performed to determine statistical difference between MN and other groups (*=p<0.05)
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Figure 5. Lipogenesis is upregulated in poorly differentiated PCa
A) DNA versus Protein distribution in cell nuclei of different tissue slices B) Lipid versus 

Protein distribution in cell nuclei of different tissue slices. Ratios DNA/P = 0.23 (A) and 

Lipids/P = 0.10 (B) represent interface lines between 3normal2 (lower part) and 3tumor2 

(upper part) cells. C) Mean value of weight fraction of proteins, DNA and Lipids in normal 

and tumor cell nucleus. D) Total cholesterol content was measured and quantitates in 25 wk 

WT and 25 wk TRAMP prostatic tissue as described in material and methods and 

represented as mg/dL. E) Free fatty acid content was measured and quantitates in 25 wk WT 

and 25 wk TRAMP prostatic tissue as described in material and methods and represented as 

μM. A Student’s T-Test was performed to determine statistical difference between WT and 

TRAMP groups (n=3, *=p<0.05). F) Protein expression levels of SREBP-1 and key 
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lipogenic enzymes like FASN, ACC, AceCS1, ACL and ACSL1 in 25 wk WT and 25 wk 

TRAMP prostatic tissue lysates were analyzed by western blotting as described in Material 

and Methods. Membranes were probed with β-Actin as a loading control.
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Figure 6. Alterations in key lipogenic genes predict overall survival in patients with prostate 
adenocarcinoma
A) Genetic and mRNA alteration of key lipogenic genes in patients with neuroendocrine 

PCa, made publicly available by cBioportal. B) Chart depicting the probability that 

alterations in the key lipogenic genes co-occur together in patients with CRPC (including 

both PRAD and NEPC phenotypes) made available by cBioportal. C) Genetic and mRNA 

alterations of key lipogenic genes in patients with prostate adenocarcinoma (TCGA PRAD, 

provisional), made publicly available by cBioportal. D) Kaplan-Meier curve depicting 

overall survival between patients with no genetic alterations (blue line) and patients with 

genetic alterations (red line) in the key lipogenic proteins. Kaplan-Meier curve was 
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generated via cBioportal. Abbreviations: CRPC = castrate recurrent prostate cancer, NE = 

neuroendocrine, Adeno = adenocarcinoma.
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