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1 INTRODUCTION  

1.1 Background  

1.1.1 Cancer and society 

Cancer is the second leading cause of death in the United States and is one of the most 

prevalent diseases in the developed world[1], [2], [3]. It is the name given to a group of diseases in 

which the body’s cells begin to divide without any checks or balances to stop their proliferation 

and spread into surrounding tissues[1]. It can arise almost anywhere in the body and be composed 

of any type of cell. Because of their accelerated growth rate, it can quickly outnumber and force 

out the “normal” cells within the tissue, forming a tumor.  

Under normal conditions, cells undergo a natural death process. When the cell has found 

itself inviable due to abnormalities in shape, function or DNA damage, released signals force the 

defective unit to proceed into a programmed cell death[4]. These programmed cell deaths can 

include apoptosis or autophagy[5]. Necrosis, a third type of cell death, only arises as a result of 

infection or injury[4]. Cancerous cells, however, find alternative pathways to circumvent 

programmed cell death, allowing them to continue replicating, unhindered[6]. This leaves 

researchers searching for ways in which to induce appropriate death progressions to halt tumor 

growth and cancerous invasion.  

Effective treatment for these diseases can vary greatly throughout tissue type and cell 

subtype due to the vast array of surface markers and alternate pathways for cancer cell survival[6]. 

Additionally, current cancer treatments aim to inhibit cell proliferation, incurring in negative side-

effects, such as the death and slow cell growth of healthy, normal cells[6]. This type of treatment 

leads to the debilitated, sick state often associated with cancer patients undergoing aggressive 

chemotherapy[7]. Therefore, the field of cancer research has been interested in finding targeted 
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approaches, aimed at attacking molecules within the cancer cells that might trigger pathways of 

natural cell death.  

1.1.2 Unique molecular patterns of cancer cells 

As mentioned earlier, cancer cells employ the use of several alternative living pathways in 

order to ensure their survival. These alterations become the biochemical foundation of the cell’s 

tumor-building capacity, aggressiveness and potential for metastasis [8]. Some of the alternative 

metabolisms favored by cancer cells are aerobic glycolysis, glutamine dependent anaplerosis, 

which allow cells to migrate from the primary tumor and become viable metastases, and de novo 

lipid generation[8].  

Lipid metabolism has been well characterized within cancer cells[9], [10]. The major 

component of cell membranes are phospholipids, along with other integral lipids, such as sterols 

and sphingolipids. Due to the constantly replicating nature of cancer cells, they require a steady 

supply of both structural and energy-providing lipids[10]. This need is what has prompted cancer 

cells to develop the ability to undergo de novo lipogenesis, an ability possessed by only liver, 

adipose, and lactating breast tissue once the organism enters adulthood[11]. The cells activate lipid 

anabolic metabolism and attached signaling for subsequent generation of new membranes, storage 

of energy and as a primary energy source (via fatty acid oxidation) during energy-deficient 

periods[8].  

The cycling of fatty acids (FA) for structural and energetic purposes lies at the center of 

the lipid metabolism network[10]. These FA can generate metabolic intermediates used in anabolic 

processes for membrane building blocks or as signaling molecules to activate oncogenic 

cascades[8] [10]. The balance of FA synthesis and FA oxidation is imperative for the survival of 

cancer cells. FA are created and stored in reservoirs, known as lipid droplets (LDs), which remain 
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inactive until needed by the cell. Following the degradation of these LDs, the components created 

during FA oxidation can aid in the synthesis of membranes, ATP and NADPH required for other 

processes, and can be used as building blocks for another round of FA synthesis[12] [13] [14] [15]. 

Because of its important role in cancer cell survival the targeting of lipid metabolism by anticancer 

medication could very well be the next target for chemotherapies.  

1.1.3 Lipid droplets 

The demand for FA storage vessels in cancer cells defines a major morphological 

trademark in cell pathology. In order to have these base materials handy, the cells have employed 

the use of a special compartment called lipid droplets (LDs), a naturally-occurring organelles that 

can be found among most eukaryotic cell types[15]. They consist of a phospholipid monolayer 

studded with integral proteins such as perilipins, that surround a core of triglycerides and sterols. 

The perilipins allow for the droplets to be enzymatically degraded, so that its contents can be 

quickly processed for whatever purposes they are needed[15].  

It is known that, with the exception of adipocytes, cancer cells possess a higher abundance 

of these reservoirs, generally of significantly greater size, than normal cell types[10] [16]. While 

adipocytes use these LDs as more or less static storage units, cancer cells have developed a 

dynamic life cycle for these vesicles[14]. Due to these differences in metabolic fates, LDs in adipose 

cells are large and few in number, taking up most of the volume of the cell, while the same 

organelles in cancer cells are both smaller and more abundant[12] [14]. Their smaller size increases 

their surface to volume ratio, increasing the rate at which they can be degraded and formed[14].  
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Figure 1.1.1 Schematic representation of lipid droplet structure and its fates 

 

Although there is no definitive mechanism for the creation of LDs, the most compelling 

model states that LDs are created in the endoplasmic reticulum (ER), through a mechanism named 

membrane budding [12] [13] [14] [15]. Neutral fatty acids, such as triglycerides and sterols are 

synthesized in the ER where the components form a film against the membrane[12] [14]. The 

phospholipid membrane forms a leaflet that then invaginates the neutral lipids of the core before 

dissociating from the rest of the ER[12]. This results in the creation of a monolayered vacuole with 

a core of neutral lipids that adopts a naturally round shape. Alternative theories posit that LDs are 
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extricated from both leaflets of the ER, giving rise to a bicelle[12]. Some scientists favor this theory 

due to the abundance of surface proteins that seemingly are related to several ER processes[14]. 

Regardless of how the LDs arise, their presence allows cancer cells to have all the materials 

they need for rapid proliferation readily available, cutting down on division time and expended 

energy[15]. In order to unpack the components within LDs, intracellular lipases must hydrolyze the 

core lipids. These lipids can then be oxidized by the mitochondria to create ATP[14] [15]. 

Alternatively, they can be shipped elsewhere in the cell for other purposes. In the case of 

triglycerides (TGs), their release is governed by hormones and activation of protein kinase A 

(PKA)[15]. PKA phosphorylates the proteins perilipin and hormone-sensitive lipase (HSL), present 

on the LD surface[12] [15] [14]. This activates a catabolic cascade that ends in the hydrolysis of TGs 

into fatty acids and glycerol that must be released from the cytosol to avoid cell toxicity[14] [12, 17].  

Considering the range of functions which LDs serve in cancer cells, it would help to 

consider these reservoirs as ideal targets for anticancer treatments. By focusing action on 

metabolically active LDs, normal cells with little to no lipid droplets, and those with LDs with 

more static metabolisms would be largely unscathed[18].  

1.1.4 Monoethanolamine and its anticancer effects 

In cells, the balance of FAs, phospholipids and other lipids is kept through the 

interconnection of lipid biosynthesis and the Kennedy pathways[18]. Within these pathways, 

materials broken down into acetyl-CoA from glycolysis or oxidation are reduced to FAs. These 

molecules are then either converted to FA-CoA and transported to the mitochondria for oxidation 

or made into phospholipids and exported to the membrane. Disruption of this balance, either by 

blocking signaling cascades or the sequestration and introduction of materials, would have major 

implications in cell function and survival.  
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Previously, our lab has characterized the anticancer effect of monoethanolamine (Etn) on 

different cancer cell lines. Etn is a small, polar molecule, that serves as a precursor within the 

Kennedy phospholipid biosynthesis pathway[19]. Once this molecule is phosphorylated to form 

phosphoethanolamine (PhosE), it can continue down the pathway to create 

phosphatidylethanolamine (PE), the second most abundant phospholipid present in cells[20] [19] [21]. 

Due to its ties to these pathways, it is possible that the drug’s efficacy in vitro is due to a 

dysregulation within the lipid metabolism[22]. Therefore, the purpose of this study was to evaluate 

the effect of Etn treatment on a prostate cancer cell line (PC3-luc) signaling mechanisms and its 

plausible effects on lipid metabolism.   

 

1.2 Overall Objectives  

The purpose of this thesis work is to identify the physical and molecular changes relating 

to the accumulation, storage and metabolism of lipids within prostate cancer cells as a direct result 

of Etn treatment. To achieve this objective, work will be split up into four aims: 

• Aim 1: Histological evaluation of changes in lipid content 

• Aim 2: Signaling changes in PC3 cells  

• Aim 3: Identification of key players in lipid metabolism-related cell death 

• Aim 4: Molecular changes in PC3 cells  

1.3 Hypothesis 

The effectiveness of Etn as an anticancer substance has been proven in previous work. This 

drug triggers apoptotic death through the activation of pathways and causes shifts in the abundance 

of molecules, namely phospholipids, which are intimately related to the lipid pathways. Therefore, 
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we believe that a portion of Etn’s killing potential lies in its ability to disrupt lipid metabolism in 

a manner that induces cell death.   
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2 AIM 1: MORPHOLOGICAL EVALUATION OF CHANGES IN LIPID CONTENT 

2.1 Introduction  

Morphological evaluation of cells has, historically, been a tool used to determine cell structure and 

function. Because structure and function are closely related, the study of tissues under the 

microscope, whether stained or unstained, has been a historically used practice to describe and 

compare cell types or differences between cells[23]. Before the development of biochemical 

techniques, histology was used to determine the malignancy of abnormal-looking tissues. The idea 

behind this evaluation is that, because normal structure of tissue had been characterized, any 

anomaly can be readily identified and attributed to disease.  Today, with the use of affinity-based 

stains, markers, and biochemical assays, we can extract more information from cell and tissue 

samples than ever before. However, the observation of general morphology of the cells in question 

still serves as a primary technique to test for differences between two samples.  

Individual cancer lines have been developed and immortalized from tumor sources and 

evaluated both geno- and phenotypically[24]. As such, every cancer type has a certain morphology 

it follows depending on what tissue it originates from, its capabilities for metastasis, its dependence 

on adhesion for survival, and whether or not it lives in clusters or single cell populations. The 

importance of this information is not only to help identify cancerous cells apart from “normal” 

tissue, but to assess whether or not an intended treatment is having any effect on the essential 

processes of the cell, changing its characteristics to make it unsuitable for further replication, and 

eventually dying. This type of characterization has been done for the model cell used in this paper, 

a prostate cancer cell line derived from a bone metastasis, PC3.  

The prostatic carcinoma cell line (PC3) was established in 1979 by Kaighn, et al. They 

reported of an epithelial cell line that originally derived from the human prostate and could invade 
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bone to form metastases that they thought would be “useful in investigating the biochemical 

changes in advanced prostatic cancer cells and in assessing their response to chemotherapeutic 

agents.[25]” This cell line, while anchorage independent, was well suited for growing in 

monolayers, agar, 3D soft matrices and suspension. PC3 cells flourish above normal prostate cells 

in their reduced need for serum and their independence of androgen-specific hormones and growth 

factors[25]. They are generally spindle-shaped and will anchor flat to the tissue culture surface when 

grown in monolayer and tend to form close-clustering colonies. These cells also bear physical 

resemblance to other neoplastic cells with features such as abnormal nuclei, abnormal 

mitochondria, annulate lamellae and lipoidal bodies[25]. 

This last feature, the presence of lipoidal bodies, more commonly known as lipid droplets 

(LDs), has been the basis for research in several fields, including obesity, diabetes, neuroscience, 

and cancer[12] [15]. They are cytoplasmic organelles that consist of a phospholipid monolayer 

studded with integral proteins such as perilipins, that surround a core of triglycerides and sterols[15] 

[14]. It has been shown that these fatty acids extracted through LD hydrolysis has been shown to be 

incorporated more efficiently into critical pathways compared to those taken up by the cell from 

the extracellular environment[15]. LDs allow cancer cells to have all the materials they need for 

rapid proliferation readily available, cutting down on division time, expended energy and making 

energy sources available for the cell’s use. The importance of this structure in the survival of cancer 

cells make it an ideal target for therapeutics.  

In monolayer tissue culture, LDs can be visualized through the use of staining techniques 

and high magnification imaging. Oil Red-O (ORO) is a diazol dye that stains neutral lipid and 

cholesteryl esters in bright red but does not stain biological membranes. This diazol dye has little 

affinity for the solvent that it is in, a mixture of miscible alcohol and water, but has high affinity 
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for lipids, especially those found within LDs[26]. This effectively incorporates the dye into the cell 

and tags all of the reservoirs. The addition of a counterstain, such as hematoxylin for nuclear and 

cytoplasmic differentiation allows to distinguish LDs within the cell, as opposed to LDs released 

by lysed cells that have not been removed from the slide with the washing steps.  

Following fixing and staining of the monolayer cultures, cells can be visualized on a 

brightfield microscope with a high magnification, such as 100 x. Because the dye can be visualized 

within the visible light spectrum, there is no need for lasers or specialized lamps in order to 

quantitate the results. Additionally, through the image acquisition of several fields of view (FOV) 

per sample, the relative density of LDs per FOV can be calculated. This is achieved through the 

use of the National Institute of Health’s (NIH) software, ImageJ[27]. Essentially, the amount of red 

within an image, or “positive ORO staining area” is measured relative to the amount of blue 

counterstain, or “total area occupied by a cell”, under a set of permanent parameters[28]. This 

staining and image quantification technique is a low-cost, robust, quantitative manner to identify 

average amount of lipid staining in cancer cells whether they be grown under normal conditions 

or with the addition of a therapeutic. 

Treatment of prostate cancer cells with exogenous Etn has been shown to induce apoptosis 

in prostate cancer cells[19]. Within the cell Etn is one of many molecules involved in the 

phospholipid biosynthesis pathway. Its metabolism yields the creation of lipids, fatty acids, 

phospholipids, and sterols that are the building blocks of new cells[11]. There is no definitive answer 

as to how Etn affects the cell in order to induce apoptosis. Therefore, it was of interest to see 

whether Etn treatment affected lipid reservoirs in the cells. The combination of ORO staining and 

image analysis with ImageJ would allow for the visualization of any possible changes within the 

cytoplasmic content of LDs between Etn treated and control cultures.   
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2.2 Aim 1 Objectives 

• Validate cancer cell model by identifying LDs in cancer cell line PC3-luc 

• Visualize morphological changes between treated and untreated cells (shape, size, LD 

number, etc) 

• Use software to digitally quantify relative amount of lipids in each sample 

 

2.3 Hypothesis 

Due to its anticancer properties, the use of exogenous Etn should have a visible physical 

impact on the morphology of the PC3 cell line. Previous studies in the Aneja lab have shown that 

treatment with Etn causes the reduction of certain phospholipids within the cell, including 

phosphatidyl choline, sphingomyelin, phosphatidyl serine and phosphatidyl ethanolamine. All 

these are present within the monolayer of the LDs[19]. Therefore, Etn’s use on cancer cells should 

affect LDs by either distorting their surface to volume ratio or the disruption of their protective 

phospholipid monolayer.  

 

2.4 Materials and Methods 

 

Figure 2.4.1 Schematic overview of methodology used in Aim 1 
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2.4.1 Cell culture 

PC-3-luc cells (Perkin Elmer) were cultured in complete media containing 10% fetal 

bovine serum (FBS, GE Health) and 1% penicillin-streptomycin (Pen-Strep, Corning), under 

normal culturing conditions (37 °C, 5% CO2).  

 

2.4.2 Oil Red-O staining 

Oil Red-O staining (Sigma, cat #O-0625) was done on control and 2mg/mL Etn-treated 

PC-3-luc cells cultured in 35 mm Petri dishes. Plates were then incubated under normal conditions, 

and taken down in matched pairs at 1, 4, 8, 16, and 24 hrs. At each timepoint, cells were fixed in 

place with 4% paraformaldehyde for fifteen minutes and washed with phosphate buffered saline 

(PBS). Samples were washed with 60% isopropyl alcohol and stained with Oil Red-O dye (5 mM, 

5 mins) before washing under tap water until solution ran clear. Dishes were counterstained with 

Harris’ hematoxylin solution (Sigma, cat # HHS16, 1 min) and washed as before. Coverslips were 

mounted with glycerol and dishes were kept in the refrigerator until imaging.  

 

2.4.3 Oil Red-O imaging and analysis  

Fixed, stained dishes were imaged on a Zeiss Axio A-100 microscope with a 100x 

magnification, oil-immersion objective. 10-15 images (Axio 2 Imager 2 LED camera) were taken 

per timepoint, per group for densitometry analysis. Images were color thresholded on ImageJ 

software, to select all red pigmentation, and measured relative to the amount of space occupied by 

cells in each FOV. Percent of staining was calculated as follows: 
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Figure 2.4.2 Selection of LDs and cell body for ImageJ analysis 

 

Percent of staining was calculated as follows: 

 %Oil Red-O staining= 
𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑂𝑅𝑂 𝑠𝑡𝑎𝑖𝑛𝑖𝑛𝑔 𝑎𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑎𝑟𝑒𝑎
  X 100 

Measurements of each group, per timepoint were compared via ANOVA with Tukey’s. P-

values were determined with unpaired t-tests.  

 

2.5 Results  

PC3 cells have been characterized and in use for the purpose of drug research since their 

development in 1979. As their other cancerous relatives, they contain LDs that allow them to thrive 

in their environment by providing energy and structural components for rapid proliferation. These 

LDs could be targeted as part of an anticancer therapeutic. Given Etn’s proven effectiveness 

against several cancer cell lines, including PC3, the purpose of this study was to observe its effect, 

if any, on the LD population within the cell and quantify that effect using digital analysis 

techniques.  

In cell samples treated with Etn, there were a few notable morphological changes when 

compared to the control. These cells are epithelial-like in shape, and so, they extend out their 

cytoplasm to increase their available surface area for nutrient exchange. Within the first three time 
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points (1, 4 and 8 hrs) there appears to be cell rounding in the treated group (Figure 2.5.1 F-H) 

when compared to the control group at the same time points (Figure 2.5.1 A-C). This cell rounding 

comes accompanied with the loss of definition of the borders of the cell’s cytoplasm, suggesting a 

weakening, loss of elasticity or adverse effects to cell adhesion properties of the cytoplasmic 

membrane in the presence of Etn. Additionally, vacuole-like structures are present in the cytoplasm 

of treated cells that are not present in the control group (black arrow heads). In general, there is a 

visible reduction of LD content in treated cells as compared to their respective controls.  

Densitometry analysis of ORO staining required the relative amounts of red in the image, 

known as “positive ORO staining area” be ratiometrically compared to the total area of the FOV 

that was occupied, or “total occupied area”, as previously described in the methods. ORO staining 

comparison between control and treated groups resulted in the significant decrease of positive red 

staining in treated groups (Figure 2.5.1 K) for the first four time points. This reduction correlates 

with the visual decrease of LDs seen in panels A-J.  
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Figure 2.5.1 Oil Red-O Quantification of stained PC3 cells at various timepoints. 

Representative images of monolayer culture of PC3 cells under control (A-E) and treated (F-J) at 

all time points. Quantification of positive Oil Red-O staining (K) uncovered significant differences 

in lipid droplet content. Treated cells (gray bars) show a significant decrease in positive Oil Red-

O staining at several time points when compared against control (black). Results seen as mean  

standard deviation. Scale bars = 5 m. Significant differences defined as * = p value < 0.05, ** 

= p value <0.01, *** =p value < 0.005, ****=p value < 0.0001.  
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2.6 Discussion 

LDs are a cell organelle found in most eukaryotic cells and are part of the cell’s dynamic 

lipid metabolism. In cancer cell lines, these LDs provide the energy and materials necessary for 

the cell to quickly divide and flourish in low-nutrient environment. The framework of this 

experiment sought to uncover whether the Etn’s mode of action involved, in part, the disruption 

of the cell’s lipid metabolism. Through the use of basic lab techniques such as cell culture, cell 

staining and microscopy, it was possible to visually compare the amount of positive lipid staining 

in PC3 cells under either normal growth medium conditions or Etn treatment.  

Gross visual analysis of the cell’s morphology revealed a change in cell shape of Etn treated 

groups at early time points in the form of filopodia retraction and cytoplasmic disruption. This 

caused the cells at earlier time points to appear rounded and vacuole-like structures in the 

cytoplasm in Etn-treated samples, characteristics not present in the control group. Additionally, 

the confines of the cell, as established by the cell membrane, did not exhibit the opaque or feathered 

edges seen in the treated group. Poorly defined borders might be a sign of cell membrane weakness 

brought on by treatment. Moreover, the number of LDs visible within the cell cytoplasm seemed 

to be reduced in the experimental group. This reduction might help explain the loss of cell 

membrane definition, as there are less sterols and lipids on hand to create the membrane, the cells 

make do with whatever materials present. Cell shape and LD number seemed to normalize by 24 

hrs.  

Images acquired for each of the samples were further analyzed through the software ImageJ. 

About 10-15 images per group, per time point were evaluated under the same hue, saturation and 

brightness thresholds in order to subjectively analyze LD density within cells. Quantitative 

analysis of ORO staining was concurrent with the gross analysis of images. Within the first four 
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time points (1, 4, 8 and 16 hrs.), there was significant decrease in LD density in the cytoplasm of 

Etn-treated cells than their control group counterparts. Much like the cell shape recovery, LD 

density also normalized within 24 hours of treatment. This can be due to the combination of the 

degradation of Etn in the media along with the fact that these cells undergo a division 

approximately every 23 hrs. Any Etn-resistant cells, which would have been unaffected by 

treatment, would have divided into a new generation on the plate, reestablishing the LD levels in 

the cytoplasm per FOV. 

 

2.7 Conclusion 

Etn is a small molecule with proven anticancer properties. While its mechanism of action 

is not entirely known, previous publications have linked its therapeutic use in cancer cells in the 

activation of several pathways that lead to cell death. The purpose of this study was to determine 

whether Etn activates pathways that disrupt the lipid metabolism by affecting change to the cell’s 

lipid reservoirs. Through staining, microscopy and digital analysis of acquired images, it was 

determined that Etn does, indeed, affect LD content in cell cytoplasm when compared to control 

population, at several time points. Although cell population recovers LD content at 24 hrs, Etn’s 

targeted impact on the LD population at early stages of treatment make it a strong candidate as a 

non-toxic, daily, oral anti-cancer regimen in order to maximize its effects. Additionally, Etn 

treatment brings about a change in general cell morphology. In conclusion, Etn causes a disruption 

in lipid metabolism that can be appreciated through low-cost computational methods. With these 

results in mind, the next step was to identify what signaling pathways related to apoptotic death 

were affected by this metabolism disruption.  
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3 AIM 2: SIGNALING CHANGES IN PC3 CELLS 

3.1 Introduction 

Calcium, in its ionic form Ca2+, is the most common signal transduction molecule in cells of all 

types[29] [30]. Ca2+ is essential for cell growth and survival, and due to the extent of its effects upon 

the cellular network, it is difficult to assign its effects to one universal mechanism. Intranuclear 

Ca2+ increases initiate gene expression and cell cycle progression, but also can activate degradative 

processes in programmed cell death[31]. This is due to the fact that prolonged high calcium 

concentration ([Ca2+]) activates nucleases that cleave DNA and degrade cell chromatin[31]. 

Therefore, the concentrations of Ca2+ inside and outside the cell have to be tightly regulated, lest 

they trigger the cell’s own demise.  

 Though required for normal cell functions, calcium cannot be metabolized in the same way 

other second-messengers are recycled[29]. Under normal physiological conditions, the 

concentration of intracellular calcium ([Ca2+]i) is approximately 100nM, which is about 20,000-

fold lower than the average [Ca2+] in the extracellular environment[29]. Increased [Ca2+] within the 

cell can cause toxicity and will eventually lead to cell death, which means that the cell has to 

develop mechanisms to chelate and store Ca2+ in an inert state to maintain stable [Ca2+]i
[29]. For 

this purpose, the cell employs two types of Ca2+ buffers, both mobile and immobile, that will trap 

and bind the ions in a secure formation until needed.  

From a molecular standpoint, Ca2+ ions are able to coordinate a large amount of oxygen 

atoms in their primary array spheres (4-12 atoms)[29] [32], though common coordination spheres 

arrange 6-8 oxygen atoms per calcium ion[32]. Specific calcium-binding proteins use this 

coordination to tightly sequester the ion through glutamate and aspartate residues that are charged 

at biologically relevant pH[29]. This sequestration acts as a Ca2+ buffer that increases in binding 
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Figure 5.5.3 Low wavenumber region FT-IR spectra 

FT-IR spectra of low wavenumber (top) accompanied by second derivative analysis (bottom). 

Areas of dissimilitude between control (black line) and Etn-treated (grey) samples are noted with 

a red notch on spectra and red circles on second derivative graph. Rubber band baseline 

corrected, and spectra normalized to Amide I n=32 scans/sample, N=3.  
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Figure A.2 Calcium-dependent fluorescent imaging of PC3 cells.  

Fura-2am fluorescent ratio before, during and after Etn treatment (A-C) shows fluctuation of Ca2+ 

within the cell, according to fluorescent intensity (H). Images before and after treatment in 

brightfield are shown in G & I, and merged in D-F. 
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Figure A.3. Mitochondrial polarization-dependent fluorescent imaging of PC3 cells. 

TMRE fluorescent imaging before, during and after Etn treatment (A-C) shows fluctuation of 

membrane potential in the mitochondria, according to fluorescent intensity (H). Images before 

and after treatment in brightfield are shown in G & I, and merged in D-F. 

 

 

 


